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INTRODUCTION — Basic airway management (including positioning to open the airway and positive pressure ventilation
with mouth-to-mouth and bag and mask) will be reviewed here.
The following related topics are discussed separately:
● Advanced airway management in children (see "Emergency endotracheal intubation in children")
● Basic life support in infants and children (see "Pediatric basic life support for health care providers")
● The initial assessment and stabilization of critically ill or injured (see "Initial assessment and stabilization of children
with respiratory or circulatory compromise" and "Pediatric advanced life support (PALS)")
● Basic airway management in adults (see "Basic airway management in adults")
BACKGROUND — Effective airway support is an essential component of successful cardiopulmonary resuscitation.
Respiratory insufficiency leading to respiratory arrest typically precedes cardiac arrest for most children. Survival rates
between 43 and 82 percent have been reported for children who have been resuscitated from respiratory arrest [1,2]. In
comparison, between 4 and 14 percent of children who go on to develop cardiac arrest survive [1,3,4].
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ANATOMIC CONSIDERATIONS — A clear, patent airway is a fundamental requirement for effective resuscitation.
Anatomic features that make the airways of infants and children more susceptible to obstruction and that must be
considered in order to maintain an adequate airway include the following (see "Emergency airway management in
children: Unique pediatric considerations", section on 'Anatomic considerations'):
● The position of the larynx in infants and children is higher and more anterior than in adults. As a result, hyperextension
of the neck may worsen obstruction of the upper airway.
● Because the airways of children are smaller, they are more susceptible to obstruction from edema, mucous plugs, or
foreign body.
● A relatively larger occiput causes passive flexion of the cervical spine, which contributes to a tendency of the posterior
pharynx to buckle during resuscitation. This can be prevented by placing a rolled towel under the child's upper
shoulders to keep the chin tilted up.
● A common cause of airway obstruction in the unresponsive child is the tongue, which is relatively larger compared to
the oral cavity in the child than in the adult and can fall back against the hypopharynx in a child with a decreased level
of consciousness.
NONINVASIVE RELIEF OF OBSTRUCTION — The chin-lift and/or jaw-thrust maneuvers should be performed to open
the airway in an unresponsive child before any more invasive airway adjuncts are utilized [5]. These maneuvers place the
airway in a neutral position and move the tongue and palatal tissues away from the posterior wall of the pharynx. In-line
immobilization of the cervical spine is essential during these procedures if trauma is suspected. (See "Pediatric cervical
spine immobilization".)
The placement of an airway adjunct such as a nasopharyngeal or oral airway may be necessary if neither the chin-lift nor
the jaw thrust maneuvers open the airway. The indications and procedures for placement of these airways are discussed
below. (See 'Airway adjuncts' below.)
Chin lift — In this technique, the fingers of one hand are placed under the mandible, which is gently lifted upward to move
the chin anteriorly. The thumb of the same hand lightly depresses the lower lip to open the mouth. The thumb may also be
placed behind the lower incisors to gently lift the chin so that the lower central incisors are anterior to the maxillary central
https://www.uptodate.com/contents/basic-airway-management-in-children/print?source=see_link
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incisors. One hand may be placed on the child's forehead to gently tilt the head into a neutral position if there is no
suspicion of neck injury (figure 1 and picture 1).
During the chin lift procedure, care must be taken to avoid closing the mouth, pushing on the soft tissues under the chin, or
hyperextending the neck (figure 2) since these actions contribute to airway obstruction.
The head-tilt-chin-lift maneuver should not be used in children who are suspected of having head or neck injuries [6].
Jaw thrust — The jaw thrust is the preferred method for opening the airway when trauma is suspected, in which case,
cervical spine immobilization should also be maintained. (See "Pediatric cervical spine immobilization", section on 'Airway
management'.)
It is also useful when assisted ventilation with a bag-valve-mask is required. (See 'Bag-mask ventilation' below.)
The jaw thrust maneuver is performed by grasping the angles of the lower jaw with one hand on each side, and moving the
mandible forward so that the lower central incisors are anterior to the upper central incisors (picture 2). With no evidence of
cervical spine injury, a slight head tilt may be added when the jaw thrust alone does not restore airway patency [7].
Airway adjuncts — Oral and nasopharyngeal airways may be useful to improve ventilation, particularly when
oropharyngeal structures, such as the tongue, are obstructing the airway [8,9]
Oral airway — An oral airway can be used in an unconscious child to lift the tongue and pharyngeal soft tissues off of
the posterior pharynx to maintain a patent airway (picture 3) [9]. Direct contact with the tongue and supraglottic structures
may stimulate vomiting.
An oral airway is optimally used as a bridge to recovery for a patient whose condition is expected to be temporary (such as
a child who is post-ictal or recovering from sedation). However, prolonged tolerance of an oral airway usually suggests the
need for endotracheal (ET) intubation.
Selection of the appropriate size and careful placement are necessary to use this device effectively and safely [9]. To
choose the correctly sized oral airway, hold it along the side of the child's face with the flange at the corner of the mouth.
The tip of the airway should reach the angle of the mandible (picture 4). It should be inserted using a tongue depressor to
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push the tongue to the floor of the mouth to avoid pushing the device into the base of the tongue, thereby obstructing the
child's airway.
Nasopharyngeal airway — A flexible nasal airway bypasses obstruction caused by the tongue and pharyngeal soft
tissues with minimal contact with the tongue (picture 5) [9]. It is much less likely to induce emesis than an oral airway and
is frequently tolerated by conscious patients.
Thus, this device is particularly useful for children with soft tissue upper airway obstruction such as macroglossia or
tonsillar hypertrophy, who have normal mentation and respiratory function.
The correctly sized nasal airway should extend from the nostril to the tragus of the patient's ear [9]. It should be welllubricated and gently inserted into the nostril to avoid bleeding from injury to nasal mucosa or adenoidal tissue (picture 6).
VENTILATION — Once the airway has been secured, if the child is not breathing spontaneously, the rescuer should
administer two breaths. Each breath should be given over one second [6]. Breaths may be administered using mouth-tomouth, mouth-to-mouth-and-nose, mouth-to-nose techniques, or with bag-mask ventilation. Chest compressions should
also be initiated when there is no pulse or the heart rate is <60 beats per minute. One cycle of compressions should
precede the first breaths. (See "Pediatric basic life support for health care providers", section on 'Basic life support
algorithms'.)
General considerations — The following general principles should be applied no matter which method of ventilation is
used:
● Rescue breathing is performed while maintaining the airway with the chin lift or jaw thrust. Only the jaw thrust
maneuver should be performed in patients with head or neck trauma.
● The rescuer administers two slow breaths, delivering each breath over one second. There should be a short pause
between breaths to maximize oxygen content and minimize carbon dioxide concentration in the delivered breaths [10].
● The volume that is delivered should be sufficient to make the chest wall rise.
● Rescue breaths in perfusing patients who have inadequate breathing should be provided every three to five seconds
(12 to 20 breaths/minute) [6].
https://www.uptodate.com/contents/basic-airway-management-in-children/print?source=see_link
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● Rescue breaths during cardiopulmonary resuscitation should be provided every six to eight seconds (8 to 10
breaths/minute) for infants (under one year) and children (from one year until the start of puberty) if an endotracheal
tube is in place [6].
Rescue breathing, particularly if performed rapidly, may cause gastric distention. This can interfere with further rescue
breathing by elevating the diaphragm and compromising lung expansion. Gastric distention can be minimized by giving
rescue breaths slowly, which allows an effective tidal volume to be delivered at a lower inspiratory pressure [11]. Cricoid
pressure should be applied to compress the esophagus to reduce gastric distension when two rescuers are present;
compression of the esophagus also may decrease the risk of regurgitation and aspiration. (See "Rapid sequence
intubation (RSI) outside the operating room in children: Approach", section on 'External laryngeal manipulation (bimanual
laryngoscopy)'.)
The following compression to ventilation ratios are recommended during CPR (see "Pediatric basic life support for health
care providers", section on 'Basic life support algorithms'):
● For lone rescuers, two ventilations should be delivered during a short pause at the end of every 30th compression.
● For two rescuers, two ventilations should be delivered at the end of every 15th compression.
● Once the trachea is intubated, ventilations and compressions can be performed independently. For infants and
children, ventilations are given at a rate of 8 to 10 per minute. Compressions are delivered at a rate of 100 per minute
without pauses.
Coordination of compression and ventilation may be facilitated by counting compressions aloud or using an audioprompted rate guide [12].
Mouth-to-mouth/nose — A barrier should be used for infection control whenever possible during mouth-to mouth, mouthto-mouth-and-nose, and mouth-to-nose breathing [6].
In mouth-to-mouth breathing (for victims older than one year of age), the rescuer takes a deep breath and places his or her
mouth over the victim's mouth to create a tight seal, while pinching the victim's nose closed [6,9]. For victims younger than
one year, the rescuer takes a deep breath and places his or her mouth over the victim's mouth and nose.
https://www.uptodate.com/contents/basic-airway-management-in-children/print?source=see_link
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Mouth-to-nose breathing is a reasonable alternative to mouth-to- mouth-and-nose breathing for infants younger than one
year of age. When the mouth-to-nose technique is used, it is necessary for the rescuer to close the infant's mouth during
rescue breathing.
Bag-mask ventilation — Healthcare providers who are properly trained can use a bag and mask device to provide
ventilation during pediatric resuscitation [6].
Bag — Two types of ventilation bags are available, flow-inflating (anesthesia) or self-inflating bags. The self-inflating
bag is generally preferred for resuscitation. Advantages of this device include the following:
● The self-inflating bag reinflates when it is released and does not require a gas source to deliver breaths.
● The self-inflating bag is easier to use. When compared to the flow-inflating bag, effective bag-mask ventilation can be
performed more reliably by healthcare providers with variable levels of expertise using the self-inflating device [13,14].
Unlike the flow-inflating bag, the self-inflating ventilation bag requires an oxygen reservoir system to reliably deliver oxygen
concentrations above 40 percent. This is because room air is entrained in the system when the bag reinflates. With an
oxygen flow rate of 15 L/min, oxygen concentrations between 95 and 100 percent can be delivered using a 2.5 L bag
reservoir system [15]. Less oxygen is delivered at higher ventilation rates.
Self-inflating ventilation bags typically have a safety pop-off valve that reduces the risk of barotrauma by limiting peak
inspiratory pressures to between 35 and 45 cm H2O. However, higher levels of peak inspiratory pressure may be required
to provide adequate tidal volume and oxygenation when airway resistance is high or lung compliance is poor. In this
situation, the pop-off valve can usually be disabled [16]. Whenever possible, a manometer should be used to monitor peak
inspiratory pressure when the pop-off valve is disabled. Clinicians should be familiar with the type of ventilation bags that
are used in their facilities.
The ventilation bag should have a minimum volume of 450 to 500 mL, even for newly born full-term infants [10,17,18].
Mask — Effective bag-mask ventilation requires a mask that fits properly. The correct size is the smallest mask that
completely covers the victim's mouth and nose without covering the eyes or overlapping the chin (picture 7) [9].
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E-C clamp technique — The "E-C clamp technique" has been described by the American Heart Association [6].
Utilizing this method, the rescuer can optimally position the airway to deliver effective breaths, while applying the mask
tightly to the victim's face to avoid air leaks (picture 8). The technique is performed as follows [6]:
● Positioning of the child's head requires two maneuvers (picture 9):
• The neck is flexed forward on the shoulders, such that the external auditory canal is anterior to the shoulder. This
may be accomplished in children by placing a towel or roll under the occiput. In infants, the towel must be placed
under the shoulders to achieve this position, because of a prominent occiput.
• The head is then extended on the neck, such that the nose and mouth are pointing toward the ceiling.
● The mask is placed on the child's face, with the narrowest portion of the mask over the bridge of the nose.
● The little, ring, and middle fingers of one hand are then spread from the angle of the mandible forward along the
mandible forming the "E." These fingers lift the jaw, pulling the face into the mask.
● Finally, the thumb and forefinger of the same hand are placed over the top of the mask in a "C" shape to squeeze it
onto the face, forming a seal between the mask and the face.
For children with suspected injury to the cervical spine, positioning must be accomplished without moving the neck. In-line
manual stabilization must be maintained. (See "Pediatric cervical spine immobilization", section on 'Airway management'.)
Breaths are provided by using the other hand to compress the bag until the chest visibly rises. The rescuer should use only
the force and tidal volume required to make the chest rise.
For some patients, two rescuers may be required to provide effective ventilation (picture 10). In this situation, one rescuer
uses both hands (each hand in the "E-C" configuration on either side of the face) to maintain the airway and hold the
mask, while another rescuer compresses the ventilation bag. The effectiveness of two-person, bag-mask ventilation was
demonstrated in a prospective observational study in which greater peak pressures and mean tidal volumes per weight
were generated in manikin models with two-person, as compared with one-person, bag-mask ventilation [19].
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MONITORING ADEQUACY OF VENTILATION — Chest motion should be constantly monitored as an indicator of the
adequacy of ventilations. It must be assumed that if there is no chest motion during CPR, there is no ventilation. Possible
reasons for impaired ventilation in a child without an artificial airway include [9]:
● A foreign body in the airway (see "Airway foreign bodies in children")
● Venting of a pop-off valve on the ventilation bag
● Inadequate pressure of ventilation
● Profound abdominal distension elevating the diaphragm and compromising lung expansion; placement of a
nasogastric or orogastric tube can help to prevent this complication
● Bilateral pneumothoraces
SUMMARY AND RECOMMENDATIONS
● Respiratory insufficiency leading to respiratory arrest typically precedes cardiac arrest for most children. Patients are
much more likely to be successfully resuscitated from respiratory arrest as compared with cardiac arrest. (See
'Background' above.)
● Features of the pediatric airway make the airways of infants and children more susceptible to obstruction and must be
considered in order to maintain an adequate airway. (See 'Anatomic considerations' above.)
● Maneuvers to relieve airway obstruction include chin lift and jaw thrust (figure 1 and figure 3). Chin lift should not be
used for patients with suspected cervical spine injury. (See 'Noninvasive relief of obstruction' above.)
● Oral and nasopharyngeal airways may be useful to improve ventilation, particularly when oropharyngeal structures,
such as the tongue, are obstructing the airway (picture 4 and figure 4 and picture 5 and picture 6). Oral airways are
appropriate for unconscious patients. Nasopharyngeal airways are particularly useful for children with soft tissue upper
airway obstruction such as macroglossia or tonsillar hypertrophy, who have normal mentation and respiratory function.
(See 'Airway adjuncts' above.)
● Once the airway has been secured, if the child is not breathing spontaneously, the rescuer should administer two
breaths. Each breath should be given over one second. Breaths may be administered using mouth-to-mouth, mouthto-mouth-and-nose, mouth-to-nose techniques, or with bag-mask ventilation. Chest compressions should be initiated
https://www.uptodate.com/contents/basic-airway-management-in-children/print?source=see_link
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when there is no pulse or the heart rate is <60 beats per minute. One cycle of compressions should precede the first
breaths. (See 'Ventilation' above.)
● Rescue breathing is performed while maintaining the airway with the chin lift or jaw thrust. Only the jaw thrust
maneuver should be performed in patients with head or neck trauma. For patients in cardiac arrest, the ratio of
ventilations to compressions varies according to the number of rescuers. (See 'General considerations' above.)
● Ventilations should be delivered with sufficient pressure and volume to see the chest wall rise. Hyperventilation and
gastric extension can be minimized by delivering ventilations slowly (over one second) and with only enough force and
tidal volume required to make the chest wall visibly rise. (See 'Ventilation' above.)
● The E-C clamp technique is a useful method for bag-mask ventilation (picture 8). (See 'Bag-mask ventilation' above.)
● Poor chest wall movement suggests inadequate ventilation. (See 'Monitoring adequacy of ventilation' above.)
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GRAPHICS
Head-tilt/chin-lift maneuver

One of the rescuer's hands is used to tilt the head, extending the neck. The
index finger of the rescuer's other hand lifts the mandible outward, raising the
chin. Head tilt should not be performed if cervical spine injury is suspected.
Graphic 61533 Version 2.0
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Head-tilt/chin-lift maneuver

To relieve upper airway obstruction, the clinician uses two hands to extend the patient's neck.
While one hand applies downward pressure to the patient's forehead, the tips of the index and
middle finger of the second hand lift the mandible at the chin, which lifts the tongue from the
posterior pharynx. The head-tilt/chin-lift maneuver may be used in any patient in whom cervical
spine injury is NOT a concern.
Graphic 70710 Version 6.0
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Airway changes with hyperextension

During the chin-lift procedure, care must be taken to avoid hyperextending the neck,
which may cause airway obstruction (arrow).
Graphic 73382 Version 3.0
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Jaw-thrust maneuver

The jaw-thrust maneuver is used to relieve upper airway obstruction by moving
the tongue anteriorly with the mandible, minimizing the tongue's ability to
obstruct the airway. With the patient supine and the clinician standing at the
head of the bed, the technique is performed by placing the heels of both hands
on the parieto-occipital areas on each side of the patient's head, then grasping
the angles of the mandible with the index and long fingers, and displacing the
jaw anteriorly. The jaw-thrust maneuver may be used in the patient in whom
cervical spine injury is a concern.
Graphic 51547 Version 6.0
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Oropharyngeal airways

Graphic 50230 Version 2.0
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Oropharyngeal airway sizing

A rough method for choosing the correct oropharyngeal airway (OPA) size is to hold
the airway beside the patient's mandible, orienting it with the flange at the patient's
mouth and the tip directed toward the angle of the mandible. The tip of an
appropriately sized OPA should just reach the angle of the patient's mandible.
Graphic 77645 Version 3.0
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Nasopharyngeal airways

Graphic 69419 Version 2.0
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Nasopharyngeal airway insertion

The nasopharyngeal airway (NPA) should be coated with water-soluble lubricant or anesthetic
jelly. The device is then inserted along the floor of the naris into the posterior pharynx behind
the tongue. Clinicians should note that the floor of the naris inclines in a caudad orientation
approximately 15 degrees. The tube can be rotated slightly if resistance is encountered.
Graphic 79849 Version 4.0
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Choosing the proper size pediatric mask

The correct size mask is the smallest size that completely covers the child's nose and mouth
(photos on left), without covering the eyes or overlapping the chin (photos on right).
Graphic 76143 Version 5.0
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E-C clamp technique

The hand is positioned so that the little, ring, and middle fingers are spread over
the mandible from the angle of the jaw forward towards the chin in the
configuration of the letter "E". The jaw is then lifted, pulling the face into the
mask. The thumb and forefinger are placed over the mask in the shape of the
letter "C". The mask is squeezed onto the face and a seal is formed between the
mask and the face.
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Graphic 55539 Version 6.0
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Proper positioning for ventilation and intubation for
children older than two years of age
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(A) The oral (O), tracheal (T), and pharyngeal (P) axes are in divergent planes.
(B) A towel under the occiput brings the external auditory canal anterior to the
shoulder, aligning the T and P axes.
(C) The extension of the head on the neck, with the mouth and nose facing the
ceiling, aligns the O axis with the T and P axes.
Graphic 69636 Version 6.0
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Two rescuer bag-mask ventilation

Two rescuers may be necessary to provide ventilation. One rescuer may need
both hands to open the airway and make the seal between the child's face and
the mask. The second rescuer is then needed to provide positive pressure
ventilation.
Graphic 72516 Version 5.0
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Jaw thrust maneuver

The rescuer uses two or three fingers of each hand to lift the jaw upward and
outward so that the lower central incisors are anterior to the upper central
incisors. In children with traumatic injuries, the cervical spine must be
maintained in a neutral position during this maneuver.
Graphic 53277 Version 2.0
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Oropharyngeal airway insertion

When inserting an oropharyngeal airway (OPA), the clinician must avoid pushing the tongue into
the posterior pharynx. This can be accomplished by starting with the curve of the OPA inverted
(ie, directed cephalad) and then rotating it 180 degrees as its tip reaches the posterior pharynx.
Graphic 62820 Version 3.0
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INTRODUCTION — The initial evaluation of critically ill children must quickly identify those with respiratory or circulatory
compromise. Early recognition and treatment of a patient with deficiencies in oxygenation, ventilation, or perfusion
frequently prevents deterioration to respiratory or cardiac arrest. Outcomes for children who develop cardiopulmonary
arrest are poor [1,2].
This topic will review the clinical features that rapidly identify children with respiratory failure or circulatory compromise.
Priorities for initial stabilization are presented.
Airway management techniques, including rapid sequence intubation (RSI), are discussed separately. (See "Basic airway
management in children" and "Emergency endotracheal intubation in children" and "Rapid sequence intubation (RSI)
outside the operating room in children: Approach".)
More detailed discussions of assessment of circulation and the definition and treatment of shock are also discussed in
detail elsewhere. (See "Assessment of perfusion in pediatric resuscitation" and "Pathophysiology and classification of
shock in children".)
INITIAL ASSESSMENT — Most children with respiratory or cardiovascular compromise can be easily recognized during a
rapid initial assessment. Obvious examples include children with respiratory conditions such as severe asthma
https://www.uptodate.com/contents/initial-assessment-and-stabilization-of-children-with-respiratory-or-circulatory-compromise/print?source=see_link
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exacerbations, or inadequate perfusion, such as hypovolemic shock. (See "Assessment of perfusion in pediatric
resuscitation".)
Children with subtle features of physiologic compromise can also be identified with a systematic evaluation of key clinical
findings. Frequent reevaluation and close monitoring are essential to quickly recognize those whose conditions are
deteriorating.
Throughout the evaluation, interventions to provide oxygen, support ventilation, and improve perfusion should be promptly
administered as indicated. A detailed physical examination and ancillary studies, such as pulse oximetry and end-tidal CO2
(ETCO2) monitoring, will determine the need for more aggressive supportive care and guide treatment of the underlying
condition.
Pediatric assessment triangle — The pediatric assessment triangle (PAT) is a rapid assessment that relies on three
observations to quickly identify a child with respiratory or circulatory compromise, or both, who requires immediate
supportive care and has shown high reliability when used in pre-hospital and hospital settings [3-7]:
● Appearance
● Breathing
● Circulatory status
In addition to recognizing children who require stabilization with respiratory or cardiovascular interventions, the PAT also
identifies most children with a serious illness who should receive prompt evaluation. A child in respiratory failure may have
abnormal work of breathing with either abnormal appearance or circulation, while a patient with abnormalities in all three of
the components of the PAT is likely in impending cardiopulmonary arrest. In comparison, an infant with an abnormal
appearance alone may be physiologically stable but have a life-threatening infection, such as meningitis.
Appearance — Young children in an unfamiliar environment can be agitated, crying, or resist examination. Such
patients must be distinguished from children who are restless or anxious as the result of hypoxia, or somnolent from
hypercarbia, severe hypoxia, or shock. The following characteristics of a child's appearance (the "TICLS" mnemonic) help
the clinician distinguish between a developmentally appropriate response and signs of serious illness [6]:
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● Tone – What is the infant's muscle tone? Vigorous movement and normal muscle tone are reassuring. In comparison,
children who are seriously ill may have decreased muscle tone or appear limp and weak.
● Interactiveness – Is the child playful and interactive, or indifferent to distractions in the environment? A child who will
reach for a toy or exhibit developmentally appropriate stranger anxiety is less worrisome than one who does not
respond to a caregiver or appropriately resist examination.
● Consolability – Can the infant be consoled or distracted by a parent or caregiver? Crying may be a nonspecific
symptom that indicates anxiety or hunger, rather than severe discomfort.
● Look/gaze – Does the infant or child focus on people or objects in the environment, or is the gaze unfocused? An
unresponsive stare suggests an altered mental status.
● Speech/cry – Is the crying loud and strong, or weak [6-8]? Similar to decreased muscle tone, a weak cry is an
important indication of serious illness. In addition, a hoarse or muffled voice suggests upper airway obstruction.
A child who is alert, easily consolable when crying, has good muscle tone, and responds to a caregiver is unlikely to be
critically ill. On the other hand, the clinician should be very concerned about an infant who is limp, not interactive, listless,
and has a weak cry.
Work of breathing — Children with deficiencies in oxygenation and/or ventilation may have some evidence of
respiratory compromise, as indicated by increased work of breathing. Decreased work of breathing may be noted as the
patient becomes fatigued and progresses toward respiratory failure and respiratory arrest.
Assessment of airway sounds, the child's position of comfort, and use of accessory muscles provides information
regarding the patient's work of breathing.
● Airway sounds – Abnormal airway sounds that can be heard without a stethoscope are often an indication of
respiratory distress. These include stridor, snoring, grunting, and wheezing.
● Positioning – To maximize airway opening when there is obstruction, a child may assume the "sniffing position" (neck
flexed, head mildly extended) to align the airway axes and improve airflow. For older children, the tripod position, in
which the child is sitting up and leaning forward on outstretched hands, may be preferred.
https://www.uptodate.com/contents/initial-assessment-and-stabilization-of-children-with-respiratory-or-circulatory-compromise/print?source=see_link
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● Accessory muscle use – Patients with inadequate oxygenation or ventilation often use accessory muscles (such as
supraclavicular, intercostal, and/or substernal groups) to increase tidal volume, thereby improving minute ventilation.
Retractions result from the use of accessory muscles. They can be supraclavicular, intercostal, and/or substernal.
Severe retractions of more than one muscle group indicate significant hypoxia.
Head bobbing (extension of the head on inhalation and forward movement on exhalation) and nasal flaring (opening of the
nostrils to allow the passage of more air) are additional indicators of accessory muscle use and respiratory distress [7,8].
A child who has abnormal breathing sounds, is in a position to maximize airflow, and is using accessory muscles is in
respiratory distress.
These features are described in detail elsewhere. (See "Acute respiratory distress in children: Emergency evaluation and
initial stabilization", section on 'Physical examination'.)
Circulation to the skin — Pallor or cyanosis is a worrisome finding that may indicate hypoxemia or inadequate
perfusion to the skin. Poor capillary refill or cool skin also occurs with poor perfusion. (See "Assessment of perfusion in
pediatric resuscitation", section on 'Skin examination and capillary refill'.)
However, cool environmental temperatures can cause peripheral vasoconstriction in healthy young infants, resulting in a
mottled appearance to the skin in an infant who has normal circulation. Similarly, acrocyanosis (as the result of vasomotor
instability) may be a normal finding in infants less than two months of age [7,8].
Physical examination — Following the rapid initial assessment (PAT) and initiation of appropriate supportive care, a
thorough physical examination should be performed. This information may identify the underlying condition and guide
specific treatment. In addition, it establishes a baseline from which changes in the child's condition can be recognized and
supportive care and specific treatment modified. As an example, the condition of a child who was initially in severe
respiratory distress with an anxious appearance and now has decreased work of breathing and lethargy has deteriorated
from respiratory distress to respiratory failure. The patient may now require assisted ventilation, as well as supplemental
oxygen.
Vital signs should be obtained, particularly respiratory rate, heart rate, blood pressure, and pulse oximetry. Weight in
kilograms should also be recorded whenever possible.
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Estimation of weight — An accurate weight may not be available for a child who requires weight-based interventions
such as medications and fluid resuscitation. Health care provider weight estimates can be inaccurate [9]. While parent
estimation is most accurate (within 10 percent of actual body weight approximately 80 percent of the time), parents
frequently are not available during pediatric resuscitation.
When parent estimation is not available, we recommend the use of length-based measurements (eg, Broselow, PAWPER,
or Mercy tapes) rather than age-based methods. In a systematic review of 80 studies, the Broselow tape provided a weight
estimate within 10 percent of actual weight 54 percent of the time while the Mercy tape was accurate in 70 to 77 percent of
patients [9]. By contrast, in a retrospective evaluation of age-based formulas in over 1000 children from South Africa,
weight predicted by age-based formulas had critical errors (>20 percent difference from actual weight) 25 to 70 percent of
the time, depending upon the specific formula used [10].
These methods may underestimate the child's actual weight, especially for those over 25 kg living in resource-rich regions
[11-15]. By contrast, among children in resource-limited settings, length-based methods may significantly overestimate
weigh [9]. The PAWPER tape, which uses WHO weight-for-length data has body habitus adjustments for very thin to obese
children, and has performed well [16]. In a separate study, habitus adjustment of length-based formulas improved accuracy
by 40 percent [10].
Regardless, because most resuscitation drugs have a volume of distribution associated with lean weight, length-based
methods provide reasonable estimates when weights cannot be measured [9].
If neither parent estimation nor length-based methods are available, age-based methods can be used but will often be
highly inaccurate [10]. Of the age-based formulas, the modified European Pediatric Life Support formula appears to
perform best:
● 1 to 10 years of age: weight (kg) = 2 x (age in years + 4)
Key assessments — Essential aspects of the physical examination include the following:
● Respiratory evaluation – The respiratory rate and pattern of respiration should be noted. Auscultatory findings
provide essential information regarding tidal volume and localized disease processes (upper versus lower airway
sounds, symmetry of breath sounds, focally abnormal lower airway findings). A detailed discussion of the physical
https://www.uptodate.com/contents/initial-assessment-and-stabilization-of-children-with-respiratory-or-circulatory-compromise/print?source=see_link
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examination for children with respiratory distress can be found separately. (See "Acute respiratory distress in children:
Emergency evaluation and initial stabilization", section on 'Physical examination'.)
● Cardiac examination – Heart rate, blood pressure, and evaluation of end organ perfusion provide a more precise
evaluation of the child's circulatory status (see "Assessment of perfusion in pediatric resuscitation"). In addition,
abnormal heart sounds (such as a gallop rhythm or a murmur) may indicate a cardiac etiology, such as heart failure,
for the child's condition.
● Neurologic assessment – Level of consciousness provides an important indication of brain perfusion. It can be
quickly categorized using the AVPU scale, where A is alert, V responds to verbal commands, P responds to painful
stimuli, and U is unresponsive. Abnormal mental status may result from a non-neurologic cause (such as hypoxia or
hypovolemic shock) or from a primary neurologic disorder. Focal findings consistent with a neurologic process include
abnormalities in pupillary light response, extraocular movements, or motor activity.
● Skin – Examination of the skin may provide information regarding the patient's circulatory status, as well as clues to a
specific underlying condition. For instance, petechiae or purpura indicates an infectious process such as
meningococcemia, while urticaria suggests anaphylaxis.
Ancillary studies — The PAT and physical examination identify many of the critically ill children who require airway
support. Pulse oximetry provides rapid quantitative information regarding oxygenation. The addition of noninvasive
bedside technology to measure end-tidal CO2 allows the clinician to quickly identify patients with inadequate ventilation as
well.
Noninvasive measures of oxygenation and ventilation have limitations. Therefore, arterial samples may be required to
accurately assess oxygenation and ventilation for some patients.
Pulse oximetry — Pulse oximetry is a noninvasive technique in which a sensor is placed on the skin (usually a digit or
ear lobe). The sensor then measures the absorption of light by oxygenated and deoxygenated hemoglobin to determine
the percent of hemoglobin that is saturated with oxygen. The spectrophotometric principles of pulse oximetry are
discussed elsewhere. (See "Pulse oximetry in adults", section on 'Principles and equipment'.)
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Pulse oximetry should be monitored continuously for measurements at or below 94 percent. Within the range of PaO2 that
represents clinically significant hypoxemia, small changes in the level of saturated hemoglobin reflect much larger
decreases in PaO2 (figure 1). As an example, a SpO2 of 98 percent correlates with a PaO2 of approximately 100 mmHg,
95 percent with 80 mmHg, and 90 percent with 60 mmHg; the last value is a level that represents clinically significant
hypoxia.
Technical difficulties such as improper placement of the sensor or motion can create artifacts that make the oximeter
reading unreliable. In addition, low perfusion states, the presence of abnormal hemoglobin (such as carboxyhemoglobin or
methemoglobin), and anemia can also result in inaccurate pulse oximetry readings. (See "Noninvasive oxygen delivery
and oxygen monitoring in the newborn", section on 'Pulse oximetry' and "Pulse oximetry in adults" and "Pulse oximetry in
adults", section on 'Troubleshooting sources of error'.)
End-tidal carbon dioxide measurement — Capnographic devices measure end-tidal CO2 (ETCO2) and display
fluctuations in levels over the ventilatory cycle as a waveform [17]. They are routinely used for intubated patients to confirm
endotracheal tube placement and monitor ventilation. With a sidestream sampling technique, ETCO2 measurement can
also be used to assess ventilation in non-intubated patients [18-20].
ETCO2 measurement should be used, when available, to evaluate ventilation for any patient who may be at risk to develop
respiratory failure. It is particularly valuable for those receiving supplemental oxygen who can experience a significant
decrease in ventilation without a noticeable change in oxygen saturation, such as patients who are undergoing sedation
[17,21]. ETCO2 monitoring is reviewed in detail separately. (See "Carbon dioxide monitoring (capnography)".)
Transcutaneous CO2 measurement — Transcutaneous measurement of CO2 has been used primarily for neonates
and in the operating room for infants and children up to 16 years of age [18,22]. With this method, a heated electrode,
placed on the skin, measures changes in pH as a result of CO2 that has diffused from capillary beds to the skin. CO2 levels
are extrapolated from this measurement.
Similar to ETCO2, transcutaneous CO2 measurement (TCO2) can be useful to correlate clinical assessment with
ventilatory status. In one prospective study, an excellent correlation between TCO2 measurements and PaCO2 values from
simultaneously obtained arterial samples was noted [18]. However, TCO2 can be difficult to use in emergency situations
because it requires time to calibrate. In addition, transcutaneous CO2 measurement is unreliable in shock, hypothermia,
and for patients who are receiving vasoconstrictor medications [22].
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Arterial blood gas/venous blood gas — Accurate information regarding a critically ill patient's oxygenation,
ventilation, and acid base status is an essential determinant of optimum management. Sampling of arterial blood should be
performed in the following circumstances:
● To assess ventilation when ETCO2 or TCO2 measurements are not available
● To correlate with trends in noninvasive monitoring
● To measure PaO2 and PaCO2 when noninvasive measurements may be inaccurate
An arterial sample that is handled properly provides the most accurate information regarding a patient's oxygenation,
ventilation, and acid base status. The technique for performing an arterial puncture and specimen handling are discussed
separately, as is the interpretation of blood gas results. (See "Arterial puncture and cannulation in children" and
"Oxygenation and mechanisms of hypoxemia".)
Venous pH generally correlates well with arterial pH. However, the correlation between venous and arterial PaCO2 and
PaO2 is not sufficient to provide an accurate assessment of ventilation and oxygenation in critically ill patients [23,24].
INITIAL STABILIZATION — Children who have abnormalities identified using the pediatric assessment triangle (PAT) are
critically ill and require immediate intervention. Information from the physical examination and/or ancillary studies may also
provide indications for respiratory or circulatory support.
Supplemental oxygen — Supplemental oxygen should be considered for any child who appears seriously ill, as
determined by the PAT (appearance, breathing, circulation). As a general rule, patients with two or more abnormalities in
the PAT require oxygen therapy. In addition, most patients with an oxygen saturation ≤94 percent should receive
supplemental oxygen.
For children who are breathing spontaneously, low concentrations of oxygen can be delivered by blow-by, nasal cannula,
or a simple face mask. The choice of delivery system depends on factors such as the dose of oxygen required and how
well the child accepts the device. A nonrebreather mask with reservoir is required to deliver higher concentrations. (See
"Continuous oxygen delivery systems for infants, children, and adults".)
Pulse oximetry should be monitored for patients who are receiving supplemental oxygen.
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Assisted ventilation — Children with apnea or bradypnea require assisted ventilation. Others who need ventilatory
support may only be identified by CO2 measurement, either from an arterial blood gas or with ETCO2 or TCO2
measurement. As an example, a child with status epilepticus who is breathing spontaneously and receiving supplemental
oxygen may have an elevated ETCO2 or TCO2 with an oxygen saturation of 100 percent. Similarly, an infant with a
respiratory rate of 70 and a TCO2 measurement of 50 has significant respiratory compromise despite a pulse oximetry
reading of 98 percent.
Assisted ventilation should initially be provided with bag-mask ventilation (BMV). Endotracheal intubation may be
necessary for those who are not expected to improve quickly. (See "Basic airway management in children", section on
'Ventilation' and "Emergency endotracheal intubation in children".)
As a note of caution, children who resist BMV should be given supplemental oxygen and re-evaluated. Rapid sequence
intubation (RSI) should be considered for those who continue to have poor ventilation. (See "Rapid sequence intubation
(RSI) outside the operating room in children: Approach".)
Circulatory support — Patients with inadequate perfusion as indicated by decreased mental status, poor skin perfusion,
and/or abnormal vital signs are in shock. Vascular access should be established, and they should receive fluid
resuscitation. Vascular access and the initial management of shock are discussed elsewhere. (See "Vascular (venous)
access for pediatric resuscitation and other pediatric emergencies" and "Intraosseous infusion" and "Initial management of
shock in children".)
Monitoring — Children who are critically ill require frequent assessment and continuous monitoring of vital signs,
particularly heart rate and pulse oximetry. This is essential to evaluate the effectiveness of interventions and to identify
clinical deterioration.
SUMMARY AND RECOMMENDATIONS
● Rapid identification and stabilization of critically ill children with respiratory or circulatory compromise are essential
components of evaluation and management. Critically ill children who require immediate stabilization of respiratory
and circulatory function can generally be identified through the following evaluation (see 'Initial assessment' above):
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• Pediatric assessment triangle (PAT) – The three components of the PAT are appearance, breathing, and
circulation. (See 'Pediatric assessment triangle' above.)
- Appearance – Children who require prompt supportive care may have abnormal tone, decreased
interactiveness, poor color, abnormal stare, or a weak cry.
- Breathing – Abnormal airway sounds, a position of comfort that maximizes airway opening, and use of
accessory muscles indicate increased work of breathing.
- Circulation to the skin – Pallor or cyanosis may occur with decreased perfusion as well as with hypoxemia.
Poor capillary refill or cool skin also indicates poor perfusion.
• A thorough physical examination, with attention to assessment of respiratory, cardiovascular, neurologic
functions, and skin provides additional information to guide assessment and treatment. (See 'Physical
examination' above.)
• Parent estimation of weight is most accurate when an actual weight is not available. When parent estimation is
not available, we recommend the use of length-based measurements (eg, Broselow, PAWPER, or Mercy tapes)
rather than age-based methods. (See 'Estimation of weight' above.)
• Pulse oximetry and end-tidal or transcutaneous CO2 measurement often provide a rapid noninvasive evaluation
of oxygenation and ventilation. However, an arterial sample provides the most accurate measurement of PaO2,
PaCO2, and pH. (See 'Ancillary studies' above.)
● The initial stabilization of the critically ill child must occur concurrently with evaluation and treatment of the underlying
condition. We suggest the following approach (see 'Initial stabilization' above):
• Most children with two or more abnormalities in the PAT or an oxygen saturation ≤94 percent should receive
oxygen therapy.
• Oxygen should be provided at the highest concentration available through whatever device the child tolerates.
(See "Continuous oxygen delivery systems for infants, children, and adults".)
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• Children with respiratory failure or impending respiratory arrest (as suggested by apnea, bradypnea, or an
irregular respiratory pattern) should initially receive bag-mask ventilation. Further airway management, including
endotracheal intubation, may be required. (See "Basic airway management in children" and "Emergency
endotracheal intubation in children".)
• Critically ill children should be closely monitored with frequent vital signs and pulse oximetry to evaluate the
effectiveness of interventions and to identify clinical deterioration. (See 'Monitoring' above.)
Use of UpToDate is subject to the Subscription and License Agreement.
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Depicted here is the oxyhemoglobin dissociation curve for normal adult hemoglobin
(hemoglobin A, solid line). Note that at a partial pressure of oxygen of 27 mmHg on the
X axis, hemoglobin is 50 percent saturated with oxygen (the P50 is 27 mmHg), and at
an arterial partial pressure of oxygen of 100 mmHg, hemoglobin is
100 percent saturated. At the typical mixed venous oxygen tension of approximately 40
mmHg, the oxygen saturation of hemoglobin is approximately 75 percent. Shifting the
curve to the right (red line) can reduce oxygen saturation to 50 to 60 percent for the
partial oxygen pressure of 40 mmHg, meaning that less oxygen is bound to hemoglobin
and more oxygen is delivered to the tissues. The opposite occurs with left shifts (blue
line). A high proportion of fetal hemoglobin, which has high oxygen affinity, shifts this
curve to the left in newborns. The effect of right- or left-shifting of the curve is most
pronounced at low partial pressures of oxygen.
Graphic 81216 Version 8.0
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INTRODUCTION — Early recognition and treatment of sudden cardiac arrest improve survival for children and adults [1-3].
Basic life support (BLS) involves a systematic approach to initial patient assessment, activation of emergency medical
services, and the initiation of cardiopulmonary resuscitation (CPR), including defibrillation. Key components of effective
CPR include adequate ventilation and chest compressions.
BLS can be performed by trained laypersons, as well as by health care providers. This topic will review BLS principles for
health care providers. Basic airway management for children, neonatal resuscitation, and BLS for adults is discussed
separately. (See "Basic airway management in children" and "Neonatal resuscitation in the delivery room" and "Basic life
support (BLS) in adults".)
EPIDEMIOLOGY AND SURVIVAL — Cardiopulmonary arrest among infants and children is typically caused by
progressive tissue hypoxia and acidosis as the result of respiratory failure and/or shock [4]. Causes of respiratory failure
and shock leading to cardiopulmonary arrest in these age groups include trauma, sudden infant death syndrome,
respiratory distress, and sepsis [1,5-8]. This is in contrast to adults, for whom the most common cause of cardiac arrest is
ischemic cardiovascular disease. (See "Basic life support (BLS) in adults", section on 'Epidemiology and survival'.)
Survival following pediatric cardiac arrest varies according to the site of arrest:
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● Out-of-hospital arrest – Out-of-hospital pediatric arrests often occur at or near home and are frequently unwitnessed
[8,9]. Based upon observational studies, survival to discharge is approximately 3 to 9 percent for infants younger than
one year of age [6,7,10], and 9 to 19 percent for children 1 to 18 years of age [8,10,11] with the higher rates of survival
found in patients of all ages who received bystander cardiopulmonary resuscitation (CPR) [10].
Increased survival with favorable neurologic outcome occurs in pediatric patients who receive early cardiopulmonary
resuscitation (CPR) after a witnessed arrest, undergo public access defibrillation, and have an initial cardiac arrest
rhythm of ventricular fibrillation (VF) or pulseless ventricular tachycardia (pVT) [1,10-15].
Sudden cardiac arrest due to ventricular fibrillation (VF) or pulseless ventricular tachycardia (VT) occurs in up to 18
percent of all pediatric prehospital cardiac arrests, but is less commonly the presenting rhythm in younger children
between the ages of one and eight years (8 percent) and infants [12,16]. Predisposing conditions or causes of
ventricular rhythms in pediatric patients with pulseless arrest include hypertrophic cardiomyopathy, anomalous
coronary artery (from the pulmonary artery), long QT syndrome, myocarditis, drug intoxication (eg, tricyclic
antidepressants, digoxin, cocaine), and commotio cordis (ie, sharp blow to chest). (See appropriate topic reviews.)
● In-hospital arrest – Among children with in-hospital cardiopulmonary arrest, acute resuscitation survival approaches
78 percent and survival to discharge occurs in 39 to 65 percent of patients who receive CPR [17-20]. As an example,
in one multicenter observational study of 1031 children with in-hospital cardiopulmonary arrests occurring in academic
pediatric hospitals over a 10-year period (2000 to 2009), adjusted survival to discharge increased from 14 to 43
percent while the rates of significant neurologic disability remained stable [18]. This improvement in survival occurred
despite a high prevalence of asystole and pulseless electrical activity (PEA) found as the initial arrest rhythm (up to 85
percent of patients) and was similar regardless of the initial cardiac arrest rhythm (ventricular fibrillation, pulseless
ventricular tachycardia, asystole or PEA) although improved adjusted survival was seen in patients with an initial
rhythm of pulseless VT or pulseless electrical activity when compared to asystole (risk ratio [RR] 1.6 and 1.2,
respectively) [18]. The use of extracorporeal membrane oxygenation during resuscitation and postresuscitation care
(ECPR) significantly increased from 8 to 14 percent of patients during the study but was not associated with overall
survival to discharge.
In a separate retrospective observational study of over 2200 United States children younger than 18 years of age with
in-hospital cardiac arrest reported to a centralized registry from 2000 to 2014, tracheal intubation during cardiac arrest
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was associated with a significantly lower adjusted survival to hospital discharge compared to a propensity matched
cohort of patients who were not intubated (36 versus 41 percent, respectively) [21]. There was no significant
difference in return of spontaneous circulation or favorable neurologic outcome between the groups. Although
confounding cannot be fully excluded given the study design, this evidence suggests that the emphasis on early
tracheal intubation during pediatric in-hospital cardiac arrest warrants re-examination and further study [22].
Thus, rates of survival from cardiopulmonary arrest are higher for in-hospital pediatric cardiopulmonary arrests than for
out-of-hospital arrests and improved survival among children with in-hospital arrests cannot be attributed to differences in
initial cardiac arrest rhythm or ability to perform ECPR.
By contrast, if promptly treated, children with a respiratory arrest are much more likely to recover than those with a
cardiopulmonary arrest [1,23]. As an example, in an observational study of 95 children with out-of-hospital arrest, 82
percent of children with respiratory arrest were alive at one year compared with 14 percent of patients with a
cardiopulmonary arrest [1]. Thus, the best outcomes in critically ill children occur if cardiac arrest is avoided altogether.
INTERNATIONAL RESUSCITATION GUIDELINES — Based upon extensive review of clinical and laboratory evidence,
the American Heart Association (AHA) and the International Liaison Committee on Resuscitation (ILCOR) published
updated guidelines for pediatric basic life support (BLS) in 2015 [24,25]. For the purposes of these guidelines, a newborn
is defined as from birth to hospital discharge, an infant is younger than one year of age, and a child is from one year to the
start of puberty (axillary hair in males and breast development in females).
The approved international BLS algorithms are available here (single rescuer) and here (two or more rescuers).
The 2015 guidelines reaffirm that the circulation-airway-breathing (C-A-B) sequence is still preferred for pediatric
cardiopulmonary resuscitation (CPR) and that conventional CPR has better outcomes in children and is strongly preferred
to compression-only CPR [24,25].
The sequence for neonatal resuscitation is described separately. (See "Neonatal resuscitation in the delivery room",
section on 'Overview of resuscitative steps'.)
However, not all individual councils have adopted the 2015 pediatric basic life support updates. As an example, for a single
health care professional rescuer, ABC starting with the five stair step breaths and a 15:2 compression to breath ratio are
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still advocated by the Resuscitation Council of the United Kingdom instead of C-A-B [26].
BASIC LIFE SUPPORT ALGORITHMS — The recommended approach for basic life support (BLS) for one or two health
care providers is provided in the algorithms available here (single rescuer) and here (two or more rescuers) [24,25].
The key actions are as follows [24,25]:
● Verify scene safety – Before beginning BLS, rescuers must ensure that the scene is safe for them and the victim (eg,
removing the victim from a burning building or safely retrieving a drowning victim).
● Determine unresponsiveness, get help, and activate EMS (emergency medical response system) – If the
patient is unresponsive, then the rescuer should shout for nearby help and activate the emergency response system
via a mobile device (single rescuer outside of the hospital) or hospital system (eg, code button).
Alternatively, with two or more health care providers, one rescuer continues cares for the victim and a second rescuer
activates the emergency response system and retrieves an automated external defibrillator (AED) and other
emergency equipment (eg, code cart).
If the patient is responsive, the health care provider should determine additional medical needs and need for
activation of the emergency medical response system based upon the patient's condition.
● Assess breathing and pulse – The provider should determine if the patient is breathing or only gasping while
simultaneously checking for a pulse.
This assessment guides further actions as follows:
• No breathing or only gasping and no definite pulse after 10 seconds:
- Single rescuer – If this is not a witnessed sudden collapse then the provider should start cardiopulmonary
resuscitation (compressions-airway-breathing, C-A-B) with a ratio of 30 compressions to 2 breaths. (See
'Chest compressions' below and 'Compression to ventilation ratio' below.)
If this is a witnessed sudden collapse, then the provider should activate EMS (if not already done) and
retrieve an AED or, for advanced life support providers, defibrillator. The single rescuer should then use the
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AED or, for advanced life support providers, defibrillator as soon as it is available.
- Two or more rescuers – The providers should start CPR (compressions-airway-breathing, C-A-B), starting
with a ratio of 30 compressions to 2 breaths for a single rescuer and 15 compression to 2 breaths for two or
more rescuers.
In infants and children, the method of compressions and depth of compressions vary by age. (See 'Chest
compressions' below.)
Chest compressions in infants and children should always be accompanied by ventilation for infants and
children who remain pulseless after the initial sequence of compressions. (See 'Compression to ventilation
ratio' below.)
Substantial evidence indicates that health care providers are often unable to quickly determine whether or not a
pulse is present [27]. Consequently, when a pulse is not definitely identified within 10 seconds, CPR should be
initiated.
• No normal breathing but pulse is present (same actions for single or multiple rescuers):
- Start rescue breathing by providing 1 breath every 3 to 5 seconds (12 to 20 breaths/min).
- Add compressions if pulse remains ≤60/min with poor perfusion.
- Activate EMS, if not already done.
- Continue rescue breathing. Check pulse every 2 minutes. If no pulse, start CPR (compressions-airwaybreathing, C-A-B), starting with a ratio of 30 compressions to 2 breaths for a single rescuer and 15
compressions to 2 breaths for two or more rescuers.
In infants and children, the method of compressions and depth of compressions vary by age. (See 'Chest
compressions' below.)
Chest compressions in infants and children should always be accompanied by ventilation for infants and
children who remain pulseless after the initial sequence of compressions. (See 'Compression to ventilation
ratio' below.)
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• Normal breathing and pulse is present (same action for single or multiple rescuers):
- Monitor the patient until emergency responders arrive.
● Initiate CPR – The actions that constitute CPR are performing chest compressions, opening the airway, and providing
ventilations (rescue breaths) or C-A-B. (See 'Chest compressions' below and "Basic airway management in children",
section on 'Noninvasive relief of obstruction' and 'Ventilation' below.)
The sequence in which the actions of CPR for infants and children should be performed by health care providers is as
follows:
• Initiate CPR in an infant or child who is unresponsive, has no normal breathing, and no definite pulse after 10
seconds.
• Start compressions BEFORE performing airway or breathing maneuvers (C-A-B).
• After 30 compressions (15 compressions if two rescuers), open the airway and give 2 breaths. (See 'Ventilation'
below.)
• If the pulse is ≥60 beats per minute (bpm) after about 2 minutes of CPR, continue ventilation.
• Apply the AED or defibrillator according to the algorithms:
- Single rescuer – For a witnessed collapse, retrieve the AED or, for advanced life support providers, the
defibrillator and use it as soon as possible. For an unwitnessed collapse, perform about 2 minutes of CPR
and then activate EMS (if not already done) and retrieve the AED or, for advanced life support providers, the
defibrillator.
- Two or more rescuers – One rescuer initiates CPR while the other rescuer activates EMS and retrieves the
AED or, for advanced life support providers, the defibrillator. The AED or defibrillator is then used as soon as
it is available. (See "Defibrillation and cardioversion in children (including automated external defibrillation)",
section on 'Procedure' and "Defibrillation and cardioversion in children (including automated external
defibrillation)", section on 'Automated external defibrillator use in infants and children'.)
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• Proceed based upon AED analysis as follows:
- Shockable rhythm – Give 1 shock and resume CPR immediately for about 2 minutes or until prompted by
the AED. Continue until advanced life support providers take over or the victim starts to move.
- No shockable rhythm – Resume CPR immediately for about 2 minutes or until prompted by the AED.
Continue until advanced life support providers take over or the victim starts to move.
High-quality CPR focuses on the effective delivery of chest compressions with limited interruptions and avoidance of
excessive ventilation. (See 'Chest compressions' below.)
The algorithms for a single and two or more rescuers are designed so that CPR is performed for approximately 2
minutes (five cycles) before using an AED in a patient with an unwitnessed arrest. This approach is based upon
limited evidence in adults that even for prolonged arrest from ventricular fibrillation (VF), an initial period of CPR
improves the likelihood of successful defibrillation. (See "Basic life support (BLS) in adults", section on 'Phases of
resuscitation'.)
CHEST COMPRESSIONS — The 2015 international resuscitation guidelines continue to emphasize the importance of
proper technique when performing chest compression, with full chest recoil and minimal interruptions [24,25]. Evidence in
adults and animals suggest that these are the essential elements for effective chest compressions [28-30].
Chest compressions should be performed over the lower half of the sternum [24,25,31]. Compression of the xiphoid
process can cause trauma to the liver, spleen, or stomach, and must be avoided. The effectiveness of compressions can
be maximized by attention to the following:
● The chest should be depressed at least one-third of its anterior-posterior diameter with each compression
(approximately 4 cm [1.5 inches] in most infants and 5 cm [2 inches] in most children). Compressions in adolescents
should attain the recommended adult depth of 5 to 6 cm, but should not exceed 6 cm (2.4 inches).
● The optimum rate of compressions is approximately 100 to 120 per minute. Each compression and decompression
phase should be of equal duration.
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The use of a metronome is associated with a higher achievement of the optimal rate of compressions. As an example,
in a crossover trial of 155 medical personnel (medical students, pediatric residents and fellows, and pediatric nurses)
who performed compressions on a pediatric manikin with or without a metronome, compressions occurred at the
recommended rate significantly more often when a metronome was used (72 versus 50 percent) [32]. In this study,
rescuers tended to perform compressions too fast when they did not use a metronome.
● The sternum should return briefly to its normal position at the end of each compression, allowing the chest to recoil
fully.
● A smooth compression-decompression rhythm, with minimal interruption, should be developed.
Infants — Chest compressions for infants (younger than one year) may be performed with either two fingers or with the
two thumb-encircling hands technique as described below. No outcome studies have compared these two techniques in
children with cardiac arrest [23-25,28,29].
Two fingers — This technique is recommended by the American Heart Association (AHA) when there is a single
rescuer [23-25,33]. Compressions are performed with index and middle fingers, placed on the sternum just below the
nipples (figure 1). Because of the infant's large occiput, slight neck extension and the placement of a hand or rolled towel
beneath the upper thorax and shoulders may be necessary to ensure that the work of compression is focused on the heart
[34].
Rescuer fatigue has been raised as a concern with this method and data are conflicting. In one randomized study of
cardiopulmonary resuscitation (CPR) on infant manikins by 16 experienced pediatric health care providers, rescuer fatigue
did not significantly differ between the two finger and thumb encirclement techniques [35]. However, in a randomized
crossover study of 20 health care providers that compared the two fingers versus the two thumb technique, the two thumb
technique was associated with better compression depth, rate, and consistency than the two finger technique [36].
Providers also reported that the two thumb technique was less tiring and that performing compressions on a table rather
than on the floor or in a radiant warmer was most comfortable. On the other hand, providers noted that the two finger
technique permitted easier transition from compressions to ventilation and allowed the provider to maintain the head tilt
during compressions which prevented the need for repositioning for ventilation when performing one-person infant CPR.
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Two thumb-encircling hands — The two thumb-encircling hands technique is suggested when there are two rescuers
[23-25]. The thorax is encircled with both hands and cardiac compressions are performed with the thumbs (figure 2). The
thumbs compress over the lower half of the sternum, avoiding the xiphoid process, while the fingers are spread around the
thorax.
The following evidence supports the recommendation of the two thumb-encircling hands technique:
● In a pediatric animal model, arterial and coronary perfusion pressures were improved with circumferential
compression [37].
● In a similar study using an infant mannequin, the two-thumb method provided higher blood and perfusion pressures
than the two-finger method [38].
● A randomized trial compared the adequacy of compressions performed on an infant mannequin by health care
providers using either the two-thumb or two-finger method [39]. Although 71 percent of participants failed to give a
sufficient number of adequate compressions by either method, the depth of compression was significantly better using
the two-thumb method.
Children — For children (from one year until the start of puberty), compressions should be performed over the lower half
of the sternum with either the heel of one hand or with two hands (picture 1 and picture 2).
No outcome studies have compared these two techniques in children with cardiac arrest [24,25,27]. Evidence to support
using two hands to perform chest compressions for children is limited. In a small randomized trial that compared the
pressure generated by one and two handed compressions on a pediatric mannequin, significantly higher pressures were
generated using two hands [40]. The two-hand method for CPR has not been associated with increased rescuer fatigue
versus the one-hand method in randomized studies that used manikins [35,41]. However, the rate of compression slowed
significantly more among emergency department staff who used the one-hand method versus the two-hand method
(decrease of 7 versus 3 compressions per minute during 1 minute, respectively) [41].
COMPRESSION TO VENTILATION RATIO — Chest compressions in infants and children should always be accompanied
by ventilation for infants and children who remain pulseless after the initial sequence of compressions [23-25,27,33,42].
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However, every effort should be made to avoid excessive ventilation and to limit interruptions of chest compressions to
less than 10 seconds.
For lone rescuers, two ventilations should be delivered during a short pause at the end of every 30th compression. For two
rescuers, two ventilations should be delivered at the end of every 15th compression.
Once the trachea is intubated, ventilation and compression can be performed independently. For infants and children,
ventilations are given at a rate of 8 to 10 per minute. Compressions are delivered at a rate of 100 to 120 per minute
without pauses.
Experimental evidence in animals indicates that coronary artery perfusion pressure declines with interruptions in chest
compressions [29,30]. Observational reports suggest that long interruptions in cardiopulmonary resuscitation (CPR) occur
commonly [43,44]. Compression to ventilation ratios of 30 to 2 and 15 to 2 are recommended to minimize interruption and
for ease of teaching and retention [27,42].
Coordination of compression and ventilation may be facilitated by counting compressions aloud or using an audioprompted rate guide [45].
The compression to ventilation ratio for newborns is discussed separately. (See "Neonatal resuscitation in the delivery
room", section on 'Chest compressions'.)
Conventional versus compression-only CPR — We suggest that rescuers provide conventional CPR to infants and
children with cardiac arrest, regardless of whether the arrest occurs within or outside of the hospital [24,25,27,42,46].
Although compression-only CPR (CO-CPR) for bystanders is suggested in limited situations in adults with cardiac arrest
(see "Basic life support (BLS) in adults", section on 'Compression-only CPR (CO-CPR)'), conventional CPR is
recommended in infants and children because cardiac arrest in this population is more commonly due to hypoxia when
compared with adults [23,27,42]. (See 'Epidemiology and survival' above.)
Several studies have compared survival for children receiving conventional CPR or CO-CPR after an out-of-hospital
cardiac arrest:
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● One nationwide, observational study of 5158 children ≤17 years of age, who had an out-of-hospital arrest, found that,
among the children who suffered arrests from noncardiac causes, those who received conventional CPR were
significantly more likely to have favorable neurologic outcomes at one month than those who received CO-CPR (7.2
versus 1.6 percent, odds ratio [OR] 5.5; 95% CI 2.5-17.0) [47]. Neurologic outcomes were similar between
conventional CPR and CO-CPR for children who suffered arrests from cardiac etiologies (10 versus 9 percent, OR
1.2; 95% CI 0.6-2.7). Favorable neurologic outcome was more common in patients who received bystander CPR
compared with no CPR (5.1 versus 1.5 percent, OR 4.17, 95% CI: 2.4-7.3). Infants had poor outcomes regardless of
the type of CPR received.
● An observational study of 759 children sampled from the same national database also showed significantly improved
survival (1.6 percent absolute difference, adjusted OR 1.2, 95% CI 1.1-1.3) and neurologically favorable survival
(absolute difference 1 percent, OR 1.2, 95% CI 1.0-1.4) at one month in children who received conventional CPR
although the difference was not as great as the prior study [48].
● In addition, in another observational study of almost 2200 children with cardiac arrest reported to a national
emergency medical service database, conventional CPR was associated with significantly higher survival with
favorable neurologic outcome compared to CO-CPR (26 versus 9 percent, unadjusted OR 3.4, 95% CI 2.5-4.8).
However, this finding was no longer statistically significant after multivariable adjustment (adjusted OR 1.52, 95% CI
0.93-2.49) [46].
Because the cause of an arrest is not typically known in the out of hospital setting and the majority of pediatric arrests are
due to noncardiac causes, the available evidence supports conventional CPR as the method that is associated with the
best neurologic outcome in infants and children. Either conventional CPR or compression-only CPR is preferable to no
CPR in children suffering out-of-hospital arrests.
VENTILATION — Ventilations can be provided with mouth-to-mouth, mouth-to-nose, or with a bag and mask. (See "Basic
airway management in children", section on 'Ventilation'.)
Evidence in adults and animals suggest that hyperventilation is associated with increased intrathoracic pressure and
decreased coronary and cerebral perfusion (see "Basic life support (BLS) in adults", section on 'Ventilations'). These data
are the basis for the following recommendations [23,49]:
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● Each rescue breath should be delivered over 1 second.
● The volume of each breath should be sufficient to see the chest wall rise.
● A child with a pulse ≥60 bpm who is not breathing should receive 1 breath every 3 to 5 seconds (12 to 20 breaths per
minute).
● Infants and children who require chest compressions should receive 2 breaths per 30 chest compressions for a lone
rescuer and 2 breaths per 15 chest compressions for two rescuers. (See 'Compression to ventilation ratio' above.)
● Intubated infants and children should be ventilated at a rate of 8 to 10 breaths per minute without any interruption of
chest compressions. (See 'Compression to ventilation ratio' above.)
AUTOMATED EXTERNAL DEFIBRILLATOR — The 2015 international resuscitation guidelines recommend that, if a
manual defibrillator is not available, an automated external defibrillator (AED) be used as soon as possible for infants and
children who experience a witnessed cardiac arrest [23-25,27,33,42]. For patients with an unwitnessed arrest, the
algorithms for a single and two or more rescuers are designed so that cardiopulmonary resuscitation (CPR) is performed
for approximately 2 minutes (five cycles) before using an AED. (See 'Basic life support algorithms' above.)
For infants and children <8 years of age, an AED with a pediatric dose attenuating system should be used whenever
possible. However, if a manual defibrillator or an AED with a pediatric dose attenuating system is not available, then use of
an AED without a dose attenuator is advised [23,33]. (See "Defibrillation and cardioversion in children (including
automated external defibrillation)", section on 'Automated external defibrillator use in infants and children'.)
AEDs are portable devices that have been used extensively to provide prompt defibrillation to adults in cardiac arrest. They
are designed to be used by untrained bystanders and are increasingly available in public locations such as airports,
athletic events, and the workplace. The device identifies rhythms that should be treated with defibrillation. It then instructs
the operator how to use the device to deliver a standard shock to the patient. (See "Automated external defibrillators".)
In observational series, 6 to 19 percent of infants and children in cardiac arrest had ventricular fibrillation (VF) as the initial
rhythm, indicating that a substantial number of children in cardiac arrest might benefit from early defibrillation [1,6,7,16,50].
Limited evidence suggests that AEDs can be appropriately and safely used for infants and children [51-56]. The American
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Academy of Pediatrics (AAP) recommends that lay rescuer AED programs (such as in schools) be implemented as part of
comprehensive emergency response plans, rather than as programs focused on a single piece of equipment [57].
INFORMATION FOR PATIENTS — UpToDate offers two types of patient education materials, "The Basics" and "Beyond
the Basics." The Basics patient education pieces are written in plain language, at the 5th to 6th grade reading level, and
they answer the four or five key questions a patient might have about a given condition. These articles are best for patients
who want a general overview and who prefer short, easy-to-read materials. Beyond the Basics patient education pieces
are longer, more sophisticated, and more detailed. These articles are written at the 10th to 12th grade reading level and are
best for patients who want in-depth information and are comfortable with some medical jargon.
Here are the patient education articles that are relevant to this topic. We encourage you to print or e-mail these topics to
your patients. (You can also locate patient education articles on a variety of subjects by searching on "patient info" and the
keyword(s) of interest.)
● Basics topic (see "Patient education: CPR for children (The Basics)")
SUMMARY AND RECOMMENDATIONS
● Cardiopulmonary arrest among children is typically caused by progressive tissue hypoxia and acidosis as the result of
respiratory failure and/or shock. Survival rates for children with cardiac arrest depend upon setting (outpatient versus
inpatient arrest) and are improved by prompt initiation of cardiopulmonary resuscitation (CPR). (See 'Epidemiology
and survival' above.)
● The American Heart Association (AHA) and the International Liaison Committee on Resuscitation (ILCOR) published
updated guidelines for basic life support (BLS) and advanced cardiac life support (ACLS) in late 2015 (2010
guidelines). The most important elements of the BLS guidelines are included in the summary below. We suggest the
practices described in the 2015 guidelines and summarized below be followed when providing BLS to patients (Grade
2C). Among the specific elements of the BLS guidelines, we suggest that infants and children with cardiac arrest
receive conventional CPR rather than compression-only CPR (Grade 2C). (See 'Conventional versus compressiononly CPR' above.)
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● The approved international basic life support algorithms are available here (single rescuer) and here (two or more
rescuers). (See 'Basic life support algorithms' above.)
● CPR should be started in patients with no or abnormal breathing and no definite pulse after 10 seconds. Key
components of CPR include:
• Chest compressions should be initiated BEFORE ventilation in infants and children with cardiac arrest. (See
'Basic life support algorithms' above.)
• Each chest compression should depress the chest by a minimum of one-third of its anterior-posterior diameter, at
a rate of about 100 compressions per minute. The chest should fully recoil at the end of each compression.
Interruptions in chest compressions should be minimal (less than 10 seconds). The use of a metronome may help
to optimize the rate of compressions. (See 'Chest compressions' above.)
• Ventilations should be delivered over 1 second with enough volume to see the chest wall rise. Excessive
ventilation should be avoided. (See 'Ventilation' above.)
• The compression to ventilation ratio varies depending on the circumstance (see 'Compression to ventilation ratio'
above):
- 30 compressions followed by 2 breaths for a lone rescuer
- 15 compressions followed by 2 breaths for two rescuers resuscitating an infant (<1 year of age) or child (≥1
year to start of puberty)
- Intubated infants and children should be ventilated at a rate of 8 to 10 breaths per minute without any
interruption of chest compressions
● If a manual defibrillator for use by an advanced life support provider is not available, an automated defibrillator (AED)
should be used as soon as possible for all infants and children with a witnessed arrest. The algorithms for a single and
two or more rescuers are designed so that CPR is performed for approximately 2 minutes (five cycles) before using an
AED in a patient with an unwitnessed arrest. (See 'Automated external defibrillator' above.)
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● Recommendations for the resuscitation of newborns are reviewed separately. (See "Neonatal resuscitation in the
delivery room".)
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GRAPHICS
Chest compression for infant resuscitation: Two finger
technique
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Chest compressions for infants (under one year) may be performed with two
fingers placed on the sternum just below the nipples. This picture shows the site
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of compressions. When compressions are performed the two fingers used should
be perpendicular to the chest and straight.
Graphic 73038 Version 5.0
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Chest compression for infant resuscitation: Two thumb
technique
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The thorax is encircled with the hands and cardiac compressions are performed
with both thumbs. The compression site is approximately one finger's breadth
below the intermammary line. The area over the xiphoid process should be
avoided to prevent injury to the liver, spleen, or stomach.
Graphic 77050 Version 2.0
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One-handed chest compressions

For children (from one year until the start of puberty), chest compressions may
be performed with the heel of one hand placed over the lower half of the
sternum.
Graphic 62171 Version 2.0
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Two-handed chest compressions

For children (from one year until the start of puberty), chest compressions may
be performed with two hands placed over the lower half of the sternum.
Graphic 59710 Version 2.0
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INTRODUCTION — This topic will discuss the advanced components of recognition and treatment of respiratory failure,
shock, cardiopulmonary failure, and cardiac arrhythmias in children.
Basic life support in children and guidelines for cardiac resuscitation in adults are discussed separately. (See "Pediatric
basic life support for health care providers" and "Advanced cardiac life support (ACLS) in adults".)
BACKGROUND — The American Heart Association (AHA) PALS program provides a structured approach to the
assessment and treatment of the critically ill pediatric patient [1,2]. The AHA guidelines for pediatric resuscitation were
updated in 2015 to reflect advances and research in clinical care using new evidence from a variety of sources ranging
from large clinical trials to animal models.
The PALS content includes:
● Overview of assessment
● Recognition and management of respiratory distress and failure
● Recognition and management of shock
● Recognition and management of cardiac arrhythmias
● Recognition and management of cardiac arrest
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● Postresuscitation management of patients with pulmonary and cardiac arrest
● Review of pharmacology
The clinician should primarily focus on prevention of cardiopulmonary failure through early recognition and management of
respiratory distress, respiratory failure, and shock that can lead to cardiac arrest from hypoxia, acidosis, and ischemia.
ASSESSMENT — The assessment of respiratory distress and circulatory compromise in children, including the common
findings, is covered in greater detail separately. (See "Initial assessment and stabilization of children with respiratory or
circulatory compromise".)
PALS uses an assessment model that facilitates rapid evaluation and intervention for life-threatening conditions. In infants
and children, most cardiac arrests result from progressive respiratory failure and/or shock, and one of the aims of this rapid
assessment model is to prevent progression to cardiac arrest.
The evaluation includes:
● Initial impression (brief visual and auditory observation of child's overall appearance, work of breathing, circulation)
(see "Initial assessment and stabilization of children with respiratory or circulatory compromise", section on 'Pediatric
assessment triangle')
● Primary assessment – The clinician should in rapid sequence assess:
• Airway (patent, patent with maneuvers/adjuncts, partially or completely obstructed)
• Breathing (respiratory rate, effort, tidal volume, lung sounds, pulse oximetry)
• Circulation (skin color and temperature, heart rate and rhythm, blood pressure, peripheral and central pulses,
capillary refill time)
• Disability
- AVPU pediatric response scale: Alert, Voice, Pain, Unresponsive
- Pupillary response to light
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- Presence of hypoglycemia (rapid bedside glucose or response to empiric administration of dextrose)
- Glasgow Coma Scale: Eye Opening, Verbal Response, Motor Response (table 1) (for trauma patients)
• Exposure (fever or hypothermia, skin findings, evidence of trauma)
● Secondary assessment – This portion of the evaluation includes a thorough head to toe physical examination, as well
as a focused medical history that consists of the "SAMPLE" history:
• S: Signs and symptoms
• A: Allergies
• M: Medications
• P: Past medical history
• L: Last meal
• E: Events leading to current illness
● Tertiary assessment – Injury and infection are common causes of life-threatening illness in children. Thus, ancillary
studies are frequently directed towards identifying the extent of trauma or an infectious focus. (See "Trauma
management: Approach to the unstable child", section on 'Adjuncts to the primary survey' and "Trauma management:
Approach to the unstable child", section on 'Adjuncts to the secondary survey' and "Initial evaluation of shock in
children", section on 'Evaluation' and "Approach to the ill-appearing infant (younger than 90 days of age)", section on
'Ancillary studies for infectious etiologies'.)
Respiratory distress and failure — Recognition and treatment of respiratory conditions amenable to simple measures
(eg, supplemental oxygen or inhaled bronchodilators) are major goals of PALS [3]. The clinician may also have to treat
rapidly progressive conditions and intervene with advanced therapies to avoid cardiopulmonary arrest in patients with
respiratory failure. Early detection and treatment improve overall outcome.
There are many causes of acute respiratory compromise in children (table 2). The clinician should strive to categorize
respiratory distress or failure into one or more of the following [3] (see "Acute respiratory distress in children: Emergency
evaluation and initial stabilization"):
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● Upper airway obstruction (eg, croup, epiglottitis)
● Lower airway obstruction (eg, bronchiolitis, status asthmaticus)
● Lung tissue (parenchymal) disease (eg, bronchopneumonia)
● Disordered control of breathing (eg, seizure, coma, muscle weakness)
Initial management supports airway, breathing, and circulation:
● Airway – Key steps in basic airway management include (see "Basic airway management in children"):
• Provide 100 percent inspired oxygen
• Allow child to assume position of comfort or manually open airway
• Clear airway (suction)
• Insert an airway adjunct if consciousness is impaired (eg, nasopharyngeal airway or, if gag reflex absent,
oropharyngeal airway)
● Breathing – The clinician should:
• Assist ventilation manually in patients not responding to basic airway maneuvers or with inadequate or ineffective
respiratory effort
• Monitor oxygenation by pulse oximetry
• Monitor ventilation by end-tidal carbon dioxide (EtCO2) if available
• Administer medications as needed (eg, albuterol, epinephrine)
In preparation for intubation, 100 percent oxygen should be applied via non-rebreather mask or other high
concentration device. If the patient has evidence of respiratory failure, positive pressure ventilation should be initiated
with a bag-valve-mask or flow-inflating device to oxygenate and improve ventilation. (See "Basic airway management
in children".)
Children who cannot maintain their airway, oxygenation, or ventilatory requirements should undergo placement of an
artificial airway, usually via endotracheal intubation and less commonly with a laryngeal mask airway or alternative
device. Certain populations of patients with upper airway obstruction and/or respiratory failure may respond to
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noninvasive ventilation (CPAP or BiPAP) if airway reflexes are preserved. A rapid overview describes the steps in
performing rapid sequence intubation (table 3). (See "Noninvasive ventilation for acute and impending respiratory
failure in children" and "Emergency endotracheal intubation in children" and "Rapid sequence intubation (RSI) outside
the operating room in children: Approach".)
● Circulation – Key interventions consist of monitoring heart rate and rhythm and establishing vascular access to
provide volume administration and/or medications for resuscitation. (See "Vascular (venous) access for pediatric
resuscitation and other pediatric emergencies".)
Shock — The goal is to recognize and categorize the type of shock in order to prioritize treatment options (algorithm 1).
Early treatment of shock may prevent the progression to cardiopulmonary failure (algorithm 2). The management of shock
is discussed separately. (See "Initial management of shock in children" and "Septic shock: Rapid recognition and initial
resuscitation in children".)
Shock may occur with normal, increased, or decreased systolic blood pressure. Shock in children is usually related to low
cardiac output, but some patients may have high cardiac output, such as with sepsis or severe anemia. (See "Initial
evaluation of shock in children".)
Shock severity is usually categorized by its effect on systolic blood pressure [3]:
● Compensated shock – Compensated shock occurs when compensatory mechanisms (including tachycardia,
increased systemic vascular resistance, increased inotropy, and increased venous tone) maintain a systolic blood
pressure within a normal range. The calculators provide the percentile of blood pressure by height for boys, age 2 to
17 years (calculator 1) and girls, age 2 to 17 years (calculator 2).
● Hypotensive shock (or decompensated shock) – Hypotensive shock occurs when compensatory mechanisms fail
to maintain systolic blood pressure.
The definition of hypotension varies by age [3]:
• In term infants 0 to 1 month of age, systolic pressure <60 mmHg
• For infants 1 to 12 months of age, hypotension is defined by systolic pressure <70 mmHg
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• In children 1 to 10 years of age, hypotension is defined as:
Systolic pressure (5th percentile) < (70 mmHg + [child's age in years x 2])
• In children over 10 years of age, systolic blood pressure <90 mmHg
Hypotensive shock may rapidly progress to cardiopulmonary failure.
● Shock categorization – There are four major categories of shock [3] (see "Initial evaluation of shock in children"):
• Hypovolemic shock – Hypovolemic shock is characterized by inadequate circulating blood volume. Common
causes of fluid loss include diarrhea, hemorrhage (internal and external), vomiting, inadequate fluid intake,
osmotic diuresis (eg, diabetic ketoacidosis), third-space losses, and burns.
• Distributive shock – Distributive shock describes inappropriately distributed blood volume typically associated
with decreased systemic vascular resistance. Common causes include septic shock, anaphylactic shock, and
neurogenic shock (eg, head injury, spinal injury).
• Cardiogenic shock – Cardiogenic shock refers to impairment of heart contractility. Common causes include
congenital heart disease, myocarditis, cardiomyopathy, arrhythmias, sepsis, poisoning or drug toxicity, and
myocardial injury (trauma).
• Obstructive shock – In this form of shock, hypotension arises from obstructed blood flow to the heart or great
vessels. Common causes include cardiac tamponade, tension pneumothorax, ductal dependent congenital heart
lesions, and massive pulmonary embolism.
Any given patient may suffer from more than one type of shock. For example, a child in septic shock may develop
hypovolemia during the prodrome phase, distributive shock during the early phase of sepsis, and cardiogenic
shock later in the course.
Cardiopulmonary failure — Respiratory failure and hypotensive shock are the most common conditions preceding
cardiac arrest.
● Causes of respiratory failure include:
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• Upper airway obstruction (choking, infection)
• Lower airway obstruction (asthma, foreign body aspiration)
• Parenchymal disease (pneumonia, acute pulmonary edema)
• Disordered control of breathing (coma, toxic ingestion, status epilepticus)
● Causes of hypotensive shock include:
• Hypovolemia (dehydration, hemorrhage)
• Cardiac failure (eg, due to myocarditis or valvular disease)
• Distributive shock (septic, neurogenic)
• Metabolic/electrolyte disturbances
• Acute myocardial infarction/ischemia
• Toxicologic ingestions
• Pulmonary embolism
● The following physical findings often precede cardiopulmonary failure:
• Airway – Stridor, stertor, drooling, and/or severe retractions
• Breathing – Bradypnea, irregular, ineffective respiration, gasping, and/or cyanosis
• Circulation – Bradycardia, capillary refill >5 seconds, weak central pulses, no peripheral pulses, hypotension,
cool extremities, and/or mottled/cyanotic skin
• Disability – Diminished level of consciousness
The patient in cardiopulmonary failure will progress rapidly to cardiac arrest without aggressive intervention. Positive
pressure ventilations with 100 percent inspired oxygen, chest compressions for heart rate <60 beats per minute in patients
with poor perfusion, and administration of intravenous fluids and medications tailored to treat the underlying cause are
indicated. (See "Basic airway management in children" and "Pediatric basic life support for health care providers".)
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Heart rate and rhythm — In children, the heart rate is classified as bradycardia, tachycardia, and pulseless arrest.
Interpretation of the cardiac rhythm requires knowledge of the child's typical heart rate (table 4) and baseline rhythm as
well as level of activity and clinical condition.
Bradycardia — Bradyarrhythmias are common pre-arrest rhythms in children and are often due to hypoxia.
Bradycardia with symptoms of shock (eg, poor systemic perfusion, hypotension, altered consciousness) requires urgent
treatment to prevent cardiac arrest (algorithm 3). (See 'Bradycardia algorithm' below.)
Bradycardia is defined as a heart rate that is slow compared with normal heart rates for the patient's age (table 4) [3].
Primary bradycardia is the result of congenital and acquired heart conditions that directly slow the spontaneous
depolarization rate of the heart's pacemaker or slow conduction through the heart's conduction system.
Secondary bradycardia is the result of conditions that alter the normal function of the heart, including hypoxia, acidosis,
hypotension, hypothermia, and drug effects.
● Signs and symptoms – Pathologic bradycardia frequently causes a change in the level of consciousness,
lightheadedness, dizziness, syncope, or fatigue. Shock associated with bradycardia can manifest with hypotension,
poor end-organ perfusion, altered consciousness, and/or sudden collapse.
Electrocardiogram (ECG) findings associated with bradycardia include (see "Bradycardia in children"):
• Slow heart rate relative to normal rates (table 4)
• P waves that may or may not be visible
• QRS complex that is narrow (electrical conduction arising from the atrium or high nodal area) or wide (electrical
conduction from low nodal or ventricular region)
• P wave and QRS complex may be unrelated (ie, atrioventricular dissociation) or have an abnormally long period
between them (atrioventricular block)
Typical bradyarrhythmias include:
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● Sinus bradycardia – Sinus bradycardia is commonly an incidental finding in healthy children as a normal
consequence of reduced metabolic demand (sleep, rest) or increased stroke volume (well-conditioned athlete)
(waveform 1). Pathologic causes include hypoxia, hypothermia, poisoning, electrolyte disorders, infection, sleep
apnea, drug effects, hypoglycemia, hypothyroidism, and increased intracranial pressure. (See "Bradycardia in
children", section on 'Sinus bradycardia'.)
● Atrioventricular block – Atrioventricular (AV) block is defined as a delay or interruption in the transmission of an
atrial impulse to the ventricles due to an anatomical or functional impairment in the conduction system. Heart block is
categorized into three types:
• First degree – First degree AV block is characterized by a prolonged PR interval for age caused by slow
conduction through the AV node without missed ventricular beats (waveform 2). Of note, first degree AV block
does not cause bradycardia. In general, the normal PR-intervals are: 70 to 170 msec in newborns, and 80 to 200
msec in young children and adults. (See "Bradycardia in children", section on 'First degree AV block'.)
• Second degree – In second degree AV block, the organized atrial impulse fails to be conducted to the ventricle in
a 1:1 ratio. There are two types of second degree AV block (see "Bradycardia in children", section on 'Second
degree AV block'):
- Mobitz type I (Wenckebach phenomenon) – On ECG, there is progressive prolongation of the PR-interval
until a P wave fails to be conducted (waveform 3). The block is located at the level of the AV node and is
usually not associated with other significant conduction system disease or symptoms.
- Mobitz type II – This block occurs below the AV node and has consistent inhibition of a specific proportion of
atrial impulses, usually with a 2:1 atrial to ventricular rate (waveform 4). It has a less predictable course and
frequently progresses to complete heart block.
• Third degree – In third-degree AV block, also referred to as complete heart block, there is complete failure of the
atrial impulse to be conducted to the ventricles (waveform 5). The atrial and ventricular activity is independent of
one another. The ventricular escape rhythm that is generated is dictated by the location of the block. It is usually
slower than the lower limits of normal for age, resulting in clinically significant bradycardia. (See "Bradycardia in
children", section on 'Third degree AV block'.)
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Tachycardia — Relative tachycardia is a heart rate that is too fast for the child's age, level of activity, and clinical
condition (table 4). In children, sinus tachycardia usually represents hypovolemia, fever, physiologic response to stress or
fear, or drug effect (such as with beta agonists). (See "Approach to the child with tachycardia".)
Tachyarrhythmias are fast abnormal rhythms originating in the atria or the ventricles. Certain arrhythmias, such as
supraventricular tachycardia and ventricular tachycardia, can lead to shock and cardiac arrest. Unstable rhythms lead to
poor tissue perfusion with a fall in cardiac output, poor coronary artery perfusion, and increased myocardial oxygen
demand, which can all lead to cardiogenic shock.
Signs and symptoms in children with tachycardia are often nonspecific and vary by age. They may include palpitations,
lightheadedness, dizziness, fatigue and syncope. In infants, prolonged tachycardia may cause poor feeding, tachypnea,
and irritability with signs of heart failure. (See "Approach to the child with palpitations" and "Emergent evaluation of
syncope in children and adolescents".)
Important ECG findings include:
● Heart rate that is fast compared with normal rates (table 4)
● P waves that may or may not be visible
● QRS interval that is narrow or wide
Treatment priorities in managing tachycardias rely on whether hemodynamic instability is present and differentiating
between tachycardia with narrow QRS complex (sinus tachycardia, supraventricular tachycardia, atrial flutter) and wide
QRS complex tachycardias (ventricular tachycardia, supraventricular tachycardia with aberrant intraventricular conduction)
(algorithm 4):
● Sinus tachycardia – Sinus tachycardia is characterized by a rate of sinus node discharge that is faster than normal
for the patient's age (table 4). This rhythm usually represents the body's increased need for cardiac output or oxygen
delivery. The heart rate is not fixed and varies with other factors, including fever, stress, and level of activity. Causes
include tissue hypoxia, hypovolemia, fever, metabolic stress, injury, pain, anxiety, toxins/poisons/drugs, and anemia.
Less common causes include cardiac tamponade, tension pneumothorax, and thromboembolism. (See "Approach to
the child with tachycardia".)
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Typical ECG findings in patients with sinus tachycardia include:
• Heart rate is usually <220/min in infants, <180/min in children, and exhibits beat to beat variability in rate.
• P waves are present with normal appearance.
• PR interval is constant and exhibits a normal duration for age.
• R-R interval is variable.
• QRS complex is narrow.
● Supraventricular tachycardia – Supraventricular tachycardia (SVT) can be defined as an abnormally rapid heart
rhythm originating above the ventricles, often (but not always) with a narrow QRS complex; it conventionally excludes
atrial flutter and atrial fibrillation. The two most common forms of SVT in children are atrioventricular reentrant
tachycardia (AVRT), including the Wolff-Parkinson-White (WPW) syndrome (waveform 6), and atrioventricular nodal
reentrant tachycardia (AVNRT).
• Signs and symptoms – SVT typically has an abrupt onset and intermittent presentation. Signs and symptoms in
infants include poor feeding, tachypnea, irritability, increased sleepiness, diaphoresis, pallor, and/or vomiting.
Older children may have palpitations, shortness of breath, chest pain/discomfort, dizziness, lightheadedness,
and/or fainting. Infants and children with prolonged SVT may display clinical findings of heart failure. (See
"Supraventricular tachycardia in children: AV reentrant tachycardia (including WPW) and AV nodal reentrant
tachycardia", section on 'Clinical features'.)
Typical ECG findings in patients with SVT include [3]:
- Heart rate that is usually >220/min in infants, >180/min in children, and has no or minimal beat to beat
variability.
- P waves are absent or abnormal.
- PR interval may not be present or short PR interval with ectopic atrial tachycardia.
- R-R interval is usually constant.
- QRS is usually narrow. Conduction delay along the ventricular system may lead to an appearance of wide
complex tachycardia, known as SVT with aberrant conduction.
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● Ventricular tachycardia – Ventricular tachycardia (VT) originates from the ventricular myocardium or Purkinje cells
below the bifurcation of the bundle of His (waveform 7). VT may present with or without pulses. VT is associated with
sudden cardiac death. As a result, patients who develop VT or are at risk for developing VT must be identified,
evaluated, and treated, if necessary.
VT with pulses can vary in rate from near normal to >200 beats per minute. Faster rates can compromise stroke
volume and cardiac output leading to pulseless VT or ventricular fibrillation (VF). Causes of VT include underlying
heart disease or cardiac surgery, prolonged QT syndrome or other channelopathies, or myocarditis/cardiomyopathy.
Other causes include hyperkalemia and toxic ingestions (eg, tricyclic antidepressants, cocaine) (table 5).
Findings of ventricular tachycardia on ECG include (waveform 7):
• Ventricular rate is >120 beats per minute and regular.
• P waves are often not identifiable, may have AV dissociation, or may have retrograde depolarization.
• QRS is typically wide (>0.09 seconds).
• T waves are often opposite in polarity from the QRS complex.
Ventricular fibrillation, causes of wide complex QRS, and treatment of pulseless arrest are discussed separately. (See
'Pulseless arrest' below and "Causes of wide QRS complex tachycardia in children", section on 'Ventricular
tachycardia' and 'Pulseless arrest algorithm' below.)
Pulseless arrest — Pulseless arrest refers to the cessation of blood circulation caused by absent or ineffective cardiac
mechanical activity. Most pediatric cardiac arrests are hypoxic/asphyxial arrests that result from a progression of
respiratory distress, respiratory failure, or shock rather than from primary cardiac arrhythmias ("sudden cardiac arrest").
Children with pulseless arrest appear apneic or display a few agonal gasps. They have no palpable pulses, and are
unresponsive.
The arrest rhythms consist of:
● Shockable rhythms:
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• Ventricular fibrillation – Ventricular fibrillation is characterized by no organized rhythm and no coordinated
contractions (waveform 8). Electrical activity is chaotic. Causes overlap with etiologies of ventricular tachycardia,
including hyperkalemia, congenital or acquired heart disease, toxic exposures, electrical or lightning shocks, and
submersion.
• Pulseless ventricular tachycardia – Pulseless VT is a cardiac arrest of ventricular origin characterized by
organized, wide QRS complexes (waveform 7). Any cause of VT with pulses can lead to pulseless VT. (See
'Tachycardia' above.)
• Torsades de pointes – Torsades de pointes or polymorphic VT displays a QRS complex that changes in polarity
and amplitude, appearing to rotate around the ECG isoelectric line (translation: "twisting of the points") (waveform
9). This arrhythmia is associated with markedly prolonged QTc interval from congenital conditions (long QT
syndrome), drug toxicity (antiarrhythmic drugs, tricyclic antidepressants, calcium channel blockers,
phenothiazine), and electrolyte disturbances (eg, hypomagnesemia arising from anorexia nervosa). Ventricular
tachycardia, including torsades de pointes, can deteriorate into ventricular fibrillation.
● Asystole – Children with asystole have cardiac standstill with no discernible electrical activity (waveform 8). The most
common cause is respiratory failure progressing to critical hypoxemia, bradycardia, and then cardiac standstill.
Underlying conditions include airway obstruction, pneumonia, submersion, hypothermia, sepsis, and poisoning (eg,
carbon monoxide poisoning, sedative-hypnotics) leading to hypoxia and acidosis.
● Pulseless electrical activity – Pulseless electrical activity (PEA) consists of any organized electrical activity
observed on ECG in a patient with no central palpable pulse. Reversible conditions may underlie PEA, including:
• Hypovolemia
• Hypoxia
• Hydrogen ion (acidosis)
• Hypo-/hyperkalemia
• Hypoglycemia
• Hypothermia
• Toxins
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• Tamponade, cardiac
• Tension pneumothorax
• Thrombosis (coronary or pulmonary)
• Trauma
These can be remembered as the H's and T's of PEA [3].
RESUSCITATION GUIDELINES — The approach presented here is based upon the 2010 international resuscitation
guidelines developed by the International Liaison Committee on Resuscitation (ILCOR) and used as the basis for the
American Heart Association (AJA) Guidelines on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care [46]. In 2015, both the ILCOR consensus on science and the AHA Guidelines represent updates rather than a
comprehensive review of all recommendations. For the 2015 AHA/ILCOR update, the algorithm for pediatric cardiac arrest
was revised but the guidelines for bradyarrhythmias and tachyarrhythmias remained unchanged [1,2].
Bradycardia algorithm — The management of bradycardia focuses on (algorithm 3):
● Reestablishing or optimizing oxygenation and ventilation (see "Basic airway management in children")
● Supporting circulation with chest compressions for patients with poor perfusion and a heart rate <60 beats per minute
● Using medications (ie, epinephrine or atropine) to increase heart rate and cardiac output
If these measures fail, transcutaneous pacing can be attempted; however, the same factors that are producing refractory
bradycardia (eg, hypoxia, hypothermia, electrolyte disturbance, or drug overdose) may prevent effective electrical capture.
(See "Bradycardia in children", section on 'Poor perfusion'.)
Tachycardia algorithm — The management of sinus tachycardia focuses on treatment of the underlying physiologic
derangement and is largely supportive.
The management of tachyarrhythmias that are not sinus in origin is guided by the appearance of the QRS complex, and by
the patient's status, whether unstable or stable (algorithm 4):
● Unstable – Patients with a pulse and either narrow or wide complex tachycardia who have significantly impaired
consciousness and hypotensive shock should be treated with synchronized cardioversion (initial dose: 0.5 to 1 J/kg)
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(algorithm 4). (See "Defibrillation and cardioversion in children (including automated external defibrillation)", section on
'Methods: Manual defibrillator use'.)
● Stable – For patients who are mentating and not hypotensive, treatment is determined by the QRS complex:
• Narrow QRS (≤0.09 seconds) – For narrow complex tachycardia suggestive of supraventricular tachycardia
(SVT), vagal maneuvers may be attempted while preparing for medication administration. Appropriate vagal
maneuvers include application of ice to the face or, in a cooperative child, a Valsalva maneuver by bearing down
or blowing into an occluded straw.
The first recommended medication for SVT is adenosine, 0.1 mg/kg (maximum dose 6 mg) administered rapidly
IV/IO and followed by a rapid saline flush (table 6). (See "Management of supraventricular tachycardia in
children", section on 'Antiarrhythmic therapy'.)
• Wide QRS (>0.09 seconds) – If the wide-complex rhythm is monomorphic and regular, it is acceptable to
administer a dose of adenosine to determine if the rhythm is actually supraventricular tachycardia with aberrant
conduction.
Antiarrhythmic therapy of wide-complex tachycardia involves agents with significant side effects (eg, amiodarone
or procainamide) and consultation with a pediatric cardiology specialist is strongly recommended. (See
"Management and evaluation of wide QRS complex tachycardia in children", section on 'Management'.)
Pulseless arrest algorithm — Treatment of a pediatric cardiac arrest is provided in the 2015 Pediatric Cardiac Arrest
Algorithm and summarized below [1,2]. The epidemiology of cardiac arrest in children is discussed separately. (See
"Pediatric basic life support for health care providers", section on 'Epidemiology and survival'.)
Start CPR — The first step is to initiate cardiopulmonary resuscitation according to the algorithms available here (one
rescuer) and here (two or more rescuers) [7,8]. (See "Pediatric basic life support for health care providers", section on
'Basic life support algorithms'.)
For highly effective chest compressions, the individual performing the compressions needs to push at an adequate rate
and depth, avoid leaning on the chest (allow full recoil), and minimize interruptions in chest compressions. The person
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performing chest compressions should be rotated approximately every two minutes, regardless of whether he/she feels
capable of continuing.
The clinician should only interrupt compressions for rhythm check at the appropriately defined intervals, shock delivery,
and for insertion of breaths for patients without a secure airway at a ratio of 30 compressions to 2 ventilations (one rescuer
or age or puberty and older) or 15 compressions to two ventilations (two rescuers and infants and children). Once the
patient’s airway is secured by endotracheal intubation, perform continuous chest compressions and ventilate at a rate of 8
to 10 breaths/minute (approximately one breath every six seconds).
Infants and children should receive both chest compressions and ventilations rather than compression-only CPR based
upon large population studies demonstrating improved survival and neurologic outcome. (See "Pediatric basic life support
for health care providers", section on 'Chest compressions' and "Pediatric basic life support for health care providers",
section on 'Conventional versus compression-only CPR'.)
Shockable rhythm — Patients with ventricular fibrillation (VF) or pulseless ventricular tachycardia (pVT) should receive
immediate CPR and defibrillation at 2 J/kg as soon as a device is available (2015 Pediatric Cardiac Arrest Algorithm). After
delivering the shock, perform approximately two minutes of CPR (10 cycles for two person CPR or 5 cycles for one person
CPR) before checking the rhythm [1,2].
If the rhythm has not converted with defibrillation, the patient should receive a repeated defibrillation at a higher dose (4
J/kg) followed by additional cycles of CPR as described above [1,2]. Subsequent defibrillations should be provided at a
minimum of 4 J/kg, up to 10 J/kg or the adult energy dose (typically 120 to 200 J for a biphasic defibrillator and 360 J for a
monophasic defibrillator).
Although manual defibrillators operated by advanced life support providers or automated external defibrillators with
pediatric attenuating devices are preferred for use in infants and children, automated external defibrillators without
pediatric attenuating devices may be used if they are the only option available. (See "Pediatric basic life support for health
care providers", section on 'Automated external defibrillator' and "Defibrillation and cardioversion in children (including
automated external defibrillation)", section on 'Methods: Manual defibrillator use'.)
Persistent VF or pVT requires the addition of medications such as parenteral epinephrine every three to five minutes and
antiarrhythmic therapy (eg, amiodarone or lidocaine for VF or pVT as shown in the 2015 Pediatric Cardiac Arrest
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Algorithm) or magnesium sulfate for torsades de pointes [1,2]. When giving medications, the IO or IV route is always
preferred to administration through the endotracheal tube. Attempts at vascular or intraosseous access should not
interrupt chest compressions. During CPR, intraosseous access may be pursued initially, or simultaneously with peripheral
vascular access. (See "Intraosseous infusion" and "Vascular (venous) access for pediatric resuscitation and other pediatric
emergencies", section on 'General approach'.)
Drug doses are as follows (table 6) [1,2]:
● Epinephrine – The IV/IO dose of epinephrine is 0.01 mg/kg (0.1 mL/kg of the 0.1 mg/mL concentration [ratio
1:10,000]) given every three to five minutes; maximum single dose: 1 mg (10 mL). When epinephrine is administered
via endotracheal tube, use a 10-fold higher dose or 0.1 mg/kg (0.1 mL/kg of the 1 mg/mL concentration [ratio 1:1000])
every three to five minutes. (See "Primary drugs in pediatric resuscitation", section on 'Epinephrine'.)
● Amiodarone – The initial IV/IO dose of amiodarone is 5 mg/kg (maximum single dose 300 mg). The 5 mg/kg
(maximum 300 mg) dose can be repeated twice. (See "Primary drugs in pediatric resuscitation", section on
'Amiodarone'.)
● Lidocaine – The initial IV/IO bolus dose of lidocaine is 1 mg/kg. This may be followed by an infusion of 20 to 50
mcg/kg/min. The bolus dose should be repeated if the lidocaine infusion is started more than 15 minutes after the
initial bolus. Although lidocaine can be given through the endotracheal tube, the optimal dose is unknown. An increase
of two- to threefold is suggested. (See "Primary drugs in pediatric resuscitation", section on 'Lidocaine' and "Primary
drugs in pediatric resuscitation", section on 'Endotracheal drug administration'.)
● Magnesium sulfate – The IV/IO dose is 25 to 50 mg/kg (maximum dose 2 g) given as an infusion of magnesium
sulfate diluted in a 5 percent dextrose solution (D5W) to a concentration of 20 percent or less and, in an arrested
patient, infused over one to two minutes. (See "Primary drugs in pediatric resuscitation", section on 'Magnesium
sulfate'.)
Resuscitation medications given through an IO or peripheral IV should be followed with a 5 to 10 mL flush of normal saline
to move the drug from the peripheral to the central circulation.
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Asystole or pulseless electrical activity — Patients with asystole or pulseless electrical activity should receive
cardiopulmonary resuscitation and epinephrine as soon as possible after arrest (2015 Pediatric Cardiac Arrest Algorithm)
[1,2].
During the course of the resuscitation, the clinician should evaluate for and treat underlying causes (H's and T's) for the
pulseless arrest [1,2]. When giving medications, the IO or IV route is always preferred to administration through the
endotracheal tube. Attempts at vascular or intraosseous access should NOT interrupt chest compressions. During CPR,
intraosseous access may be pursued initially, or simultaneously with peripheral vascular access. (See "Vascular (venous)
access for pediatric resuscitation and other pediatric emergencies", section on 'General approach'.)
The IV/IO dose of epinephrine is 0.01 mg/kg (0.1 mL/kg of the 0.1 mg/mL concentration [ratio 1:10,000]) given every three
to five minutes; maximum single dose: 1 mg (10 mL). Epinephrine given through an IO or peripheral IV should be followed
with a 5 to 10 mL flush of normal saline to move the drug from the peripheral to the central circulation. IV/IO administration
is strongly preferred to endotracheal (ET) administration. When epinephrine is administered via ET tube, the dose should
be increased 10-fold to 0.1 mg/kg (0.1 mL/kg of the 1 mg/mL concentration [ratio 1:1000]) every three to five minutes. (See
"Primary drugs in pediatric resuscitation", section on 'Epinephrine' and "Primary drugs in pediatric resuscitation", section
on 'Endotracheal drug administration'.)
Among children who arrest in an inpatient setting and who do not have rapid return of spontaneous circulation with
initiation of basic life support, timely administration of epinephrine is associated with improved survival. As an example, in
a retrospective review of registry data on 1558 children with inpatient arrest and a documented non-shockable initial
rhythm, the median time to the first dose of epinephrine was one minute [9,10]. Adjusted survival to discharge was seen in
up to 37 percent of patients receiving epinephrine one minute or less after arrest and decreased 5 percent for every
additional minute delay in epinephrine administration. Survival with favorable neurologic outcome at discharge occurred in
approximately 16 percent of patients and also decreased 5 percent for every additional minute of delay in epinephrine
administration based upon adjusted analysis.
Monitoring — Given the importance of high quality chest compressions, techniques to measure and monitor CPR
performance have been developed. Feedback devices for pediatric patients are not widely available, and there are no
studies evaluating the effect of their use on outcome. (See "Pediatric basic life support for health care providers", section
on 'Chest compressions'.)
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In adults, end-tidal carbon dioxide (EtCO2) measurements from continuous waveform capnography also accurately reflect
cardiac output and cerebral perfusion pressure, and therefore the quality of CPR. A decline in EtCO2 during resuscitation
may indicate inadequate effectiveness of compressions, dislodgement of an endotracheal tube, or disruption of pulmonary
blood flow (eg, massive pulmonary embolus). Whether EtCO2 has similar ability to identify the quality of CPR during
pediatric resuscitations and specific values to guide therapy have not been established [1,2]. (See "Advanced cardiac life
support (ACLS) in adults", section on 'Monitoring' and "Carbon dioxide monitoring (capnography)", section on
'Effectiveness of CPR'.)
In pediatric patients with a declining EtCO2, efforts to improve the quality of compressions and to avoid excessive
ventilation are appropriate. Thus, in addition to monitoring rate and clinical effectiveness of ventilation, we use EtCO2
measurements from continuous waveform capnography whenever possible during pediatric cardiac arrest. Sudden,
sustained increases in EtCO2 during CPR are associated with a return of spontaneous circulation (ROSC). (See "Carbon
dioxide monitoring (capnography)", section on 'Return of spontaneous circulation'.)
In adults, measurements of arterial relaxation provide a reasonable approximation of coronary perfusion pressure. During
CPR, a reasonable goal is to maintain the arterial relaxation (or "diastole") pressure above 20 mmHg. Similarly, in adult
patients, central venous oxygen saturation (SCVO2) provides information about oxygen delivery and cardiac output. During
CPR, a reasonable goal is to maintain SCVO2 above 30 percent (see "Advanced cardiac life support (ACLS) in adults",
section on 'Monitoring'). Data from other physiologic monitors are less likely to be available in children with pulseless
arrest, but measurements obtained from arterial and central venous catheters can provide useful feedback about the
quality of CPR and the presence of ROSC. However, specific targets for blood pressure or SCVO2 have not been
established in children during cardiac arrest [1,2].
Extracorporeal membrane oxygenation (ECMO) with CPR — Extracorporeal membrane oxygenation with CPR
(ECPR) for infants and children with inpatient hospital cardiac arrests is used in approximately 1 percent of arrests and has
not been associated with overall benefit when compared with conventional CPR in most studies [1,2,11]. Other
observational studies indicate improved outcomes only for patients with underlying cardiac diseases (eg, cardiomyopathy,
myocarditis, or congenital cardiac anomalies) [12-14]. For such patients, intact survival approaching 50 percent has been
described [13]. Furthermore, intact survival has occurred even after prolonged periods of chest compressions (>60
minutes) in these patients.
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In one multicenter prospective cohort study of 3756 children with inpatient cardiac arrests, ECPR was associated with
overall increased rates of survival to discharge and favorable neurologic outcomes on adjusted analysis [15]. However, the
study pooled patients with cardiac and noncardiac etiologies even though ECPR was much more likely to be used in
surgical cardiac patients. When these groups were analyzed separately, only the cardiac patients had statistically
significant improved outcomes.
Thus, use of ECPR in settings with existing ECMO protocols, expertise, and equipment may be beneficial for selected
patients who fail conventional CPR after inpatient cardiac arrest. Our approach is to prepare for possible ECPR after
approximately 10 minutes of failed conventional resuscitation in patients with conditions that may be reversible after a
period of ECPR (eg, myocarditis, pulmonary or air embolus, sudden arrest after cardiac surgery, poisoning, or primary
hypothermic arrest) or who are candidates for the use of ECPR as a bridge to therapies such as cardiac transplantation.
Termination of resuscitation — Although certain factors are associated with better or worse outcomes after cardiac
arrest in infants and children, no single factor is reliable enough to accurately guide whether termination efforts should
cease or continue [1,2].
Thus, the decision to terminate resuscitation should be individualized and multiple factors considered including:
● Duration of cardiac arrest, including when the patient was discovered relative to initial presentation (eg, patients with
sudden Infant Death Syndrome who are found with evidence of lividity would have CPR discontinued earlier than
patients with in hospital arrests)
● Presenting rhythm (eg, shockable versus asystole or pulseless electrical activity)
● Underlying disease or cause, if known (eg, cardiac disease, trauma, respiratory failure, or sepsis)
● Setting and available resources
● Do not resuscitate status
Intact survival after prolonged resuscitation (>30 minutes) has occurred in patients with the following conditions [3]:
● Poisoning
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● Primary hypothermic arrest (see "Hypothermia in children: Management", section on 'Nonperfusing cardiac rhythms')
● Patients with cardiac disease resuscitated with ECPR (see 'Extracorporeal membrane oxygenation (ECMO) with CPR'
above)
Early postresuscitation management — The early postresuscitation period involves the time soon after return of
spontaneous circulation or recovery from circulatory or respiratory failure. During this time, the clinician must continue to
treat the underlying cause of the life-threatening event and monitor for common respiratory or circulatory problems that
may cause secondary morbidity or death.
Maintain airway — All intubated children require continued assessment to ensure proper endotracheal tube
positioning, continuous monitoring of oxygenation (pulse oximetry), and ongoing monitoring of ventilation (eg, continuous
EtCO2 monitoring, if available, and/or intermittent blood gas assessment). Insertion of a gastric tube helps to reduce
gastric distension and may prevent vomiting.
The causes of sudden decompensation in a child who has been successfully intubated with an artificial airway is described
by the mnemonic "DOPE" [3]:
● D: Dislodged or displaced endotracheal tube (right mainstem or esophageal location)
● O: Obstructed endotracheal tube (eg, mucous plug, kinked endotracheal tube)
● P: Pneumothorax
● E: Equipment failure (eg, ventilator malfunction, oxygen disconnected or off)
Avoid low and high arterial oxygen — Once return of spontaneous circulation has been achieved, the clinician should
titrate inspired oxygen to maintain pulse oximetry between 94 and 99 percent to avoid hypo- or hyperoxemia [1,2,6,16].
Small observational studies have failed to show an association between arterial oxygenation and mortality in resuscitated
children [17-19]. However, in one large, retrospective, multicenter observational pediatric study of 1875 infants and
children who survived to pediatric intensive care unit (PICU) admission, multivariate analysis showed that both hypoxemia
(PaO2 <60 mmHg) and hyperoxemia (PaO2 ≥300 mmHg) independently and significantly increased the estimated risk of
death by 90 and 25 percent, respectively [16]. Overall mortality prior to PICU discharge was 39 percent in this study.
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Monitor ventilation — The 2015 international resuscitation guidelines provide a recommendation that PaCO2 after
return of spontaneous circulation may be targeted based upon the patient's specific condition and that exposure to severe
hypocapnia (PaCO2 <30 mmHg) or hypercapnia (PaCO2 >50 mmHg) should be limited [1,2].
In one prospective, multicenter observational study of 223 infants and children who sustained an in-hospital arrest, hypoor hypercapnia upon return of spontaneous circulation was associated with a mortality of 50 or 59 percent, respectively,
compared with 33 percent mortality if the PaCO2 was 30 to 50 mmHg [17].
Hypocapnia should also be avoided since indirect evidence suggests that hyperventilation may cause cerebral ischemia in
pediatric patients with severe brain injury. (See "Severe traumatic brain injury in children: Initial evaluation and
management", section on 'Ventilation'.)
Avoid recurrent shock — The 2015 international guidelines recommend that parenteral fluids and vasoactive
medications be used to maintain the systolic blood pressure >5th percentile for age [1,2]. Hypotension after ROSC is
associated with decreased survival to hospital discharge [20-22] and, for infants and children with an inpatient arrest,
decreased survival with favorable neurologic outcome [20].
After return of spontaneous circulation (ROSC) in a child, circulatory instability may recur as the result of ongoing fluid loss,
decreased cardiac function, and/or harmful alterations in systemic vascular resistance. Recurrent shock should be
managed according to physiologic endpoints (eg, skin perfusion, quality of pulses, blood pressure, urine output and mental
status). Of note, cardiogenic shock occurs frequently in survivors of cardiac arrest. If hypovolemia is suspected in a patient
with cardiogenic shock, the clinician should carefully infuse 5 to 10 mL/kg of isotonic fluids (eg, normal saline or Ringer's
lactate) over 10 to 20 minutes followed by reevaluation of endpoints (algorithm 2). (See "Initial management of shock in
children", section on 'Fluid administration'.)
Maintain normal blood glucose — The clinician should monitor blood glucose levels and promptly treat hypoglycemia.
(See "Approach to hypoglycemia in infants and children", section on 'Immediate management'.)
Sustained hyperglycemia (blood glucose >180 mg/dL [10 mmol/L]) is associated with higher mortality in critically ill children
and should be avoided [23,24]. Evidence indicates that blood glucose should be maintained below this threshold, but the
role of "tight control" that uses insulin to achieve a specified blood glucose range is of uncertain value in children after
cardiac arrest [6]. If performed, tight glucose control requires close monitoring of blood glucose and avoidance of
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hypoglycemia. Intensive insulin therapy in adults to maintain a blood glucose range of 80 to 110 mg/dL (4.4 to 6.1 mmol/L)
increases the risk of hypoglycemia without demonstrated benefit. (See "Glycemic control and intensive insulin therapy in
critical illness", section on 'General approach'.)
EEG monitoring — Based upon small observational studies, seizures are common following resuscitation from
pediatric cardiac arrest occurring in approximately 33 to 50 percent of patients [25-27]. Nonconvulsive status epilepticus
has also been described and may affect a significant proportion of patients. As an example, nonconvulsive status
epilepticus was found after cardiac arrest in 6 of 19 children in one series [25]. For this reason, infants and children who
remain comatose after cardiac arrest should have electroencephalogram (EEG) evaluation for the presence of seizures,
with prompt management to reduce the risk of worsening neurologic injury.
The management of nonconvulsive and convulsive status epilepticus are discussed separately. (See "Nonconvulsive
status epilepticus", section on 'Treatment' and "Management of convulsive status epilepticus in children".)
Information from post-arrest EEG monitoring should not be used as the sole criterion for prognostication following pediatric
cardiac arrest.
Targeted temperature management — Targeted temperature management describes measures to keep core body
temperature in a pre-defined range after resuscitation. In our institution, we use a target core body temperature of 36 to
37.5°C with the goal of avoiding fever (temperature >38°C) in children following cardiac arrest. Based upon the available
evidence and international resuscitation guidelines, it is reasonable to either provide five days of normothermia
(temperature 36 to 37.5°C), or to provide two days of therapeutic hypothermia followed by three days of continuous
normothermia for comatose infants and children after an out-of-hospital cardiac arrest [1,2]. Regardless of the approach
chosen, fever (T >38°C) should be strictly avoided.
Elevated temperature following resuscitation is associated with worse outcomes in neonates and adult patients and is
presumed to be harmful in children as well although there is no direct evidence in this population [28]. Fever is common in
children after resuscitation from cardiac arrest; thus, defining the target range for temperature and careful core
temperature monitoring are indicated. Prompt availability and anticipatory use of cooling blankets and anti-pyretics are
routine in our practice.
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Therapeutic hypothermia to maintain core body temperature below normal (typically 32 to 34°C) has been evaluated in
children based upon evidence for improved neurologic outcome in neonates and selected adults. For children resuscitated
from out-of-hospital cardiac arrest, therapeutic hypothermia has not shown improved outcomes as follows (see "Clinical
features, diagnosis, and treatment of neonatal encephalopathy", section on 'Therapeutic hypothermia' and "Post-cardiac
arrest management in adults", section on 'Targeted temperature management (TTM) and therapeutic hypothermia (TH)'):
● In a multicenter trial involving children who were resuscitated from an out-of-hospital cardiac arrest, 260 patients (48
hours to 18 years of age) were randomized to either therapeutic hypothermia with a target core body temperature of
33°C or therapeutic normothermia to maintain a target temperature of 36.8°C. One year survival with good neurologic
function was not significantly different in patients undergoing therapeutic hypothermia compared with therapeutic
normothermia (20 versus 12 percent, respectively, relative likelihood 1.54, 95% CI 0.86-2.76) [28]. The groups also did
not significantly differ with respect to incidence of adverse effects including infections or serious arrhythmias and 28day mortality. Similarly, these investigators, using the same methodology, found no benefit of therapeutic hypothermia
compared with therapeutic normothermia in 329 children resuscitated from in-hospital cardiac arrest [29]. This trial
was stopped early for futility.
Of note, the number of patients randomized in both trials was insufficient to exclude an important benefit or harm from
therapeutic hypothermia and further study may be warranted. The lack of benefit from hypothermia may be related to
improved outcomes in the control groups of these two trials, both of whom received active controlled normothermia
which may also be beneficial in patients with cardiac arrest.
● Several observational studies have shown no benefit for therapeutic hypothermia after out-of-hospital cardiac arrest in
children [28,30-32] while one small retrospective series showed improved survival [33].
Taken together, available evidence suggests that temperature management in children after cardiac arrest should include
measures to avoid fever and maintain core body temperature at or near normal. Further studies, are needed to establish
the optimal temperature target and duration of targeted temperature management.
Transfer to a pediatric center — If the child is not being treated in a center with pediatric emergency and critical care
expertise, the child should be stabilized and rapidly transferred for definitive care at a regional pediatric center. Critically ill
or injured children typically benefit from transport by a team with pediatric expertise and advanced pediatric treatment
capability, although in some isolated cases (eg, expanding epidural hematoma) more rapid transport by an immediately
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available non-pediatric team may be advantageous. (See "Prehospital pediatrics and emergency medical services (EMS)",
section on 'Inter-facility transport'.)
Prior to transfer, the clinician responsible for the child's care at the transferring hospital should speak directly to the
clinician who will be taking charge of the patient at the receiving hospital. All documentation of care (eg, medical chart,
medication administration record, laboratory results, copies of ancillary studies [radiographs, ECGs]) should be sent with
the patient. (See "Prehospital pediatrics and emergency medical services (EMS)", section on 'Inter-facility transport'.)
Rapid response teams — A rapid response team (RRT), also known as a medical emergency team (MET), consists of
personnel from medical, nursing and/or respiratory therapy who have critical care training and are available 24 hours per
day, seven days a week for evaluation and treatment of patients who show signs of clinical deterioration and are located in
non-critical care settings (eg, medical or surgical inpatient wards. Implementation of a RRT has been promoted as a major
strategy for improving patient safety in hospitals [34]. Infants and children with high-risk conditions who are managed on
general inpatient units may benefit from rapid response teams that can provide prompt assessment and management if
clinical deterioration occurs although results from large studies are not consistent [1,2,35-38]:
● A meta-analysis of five pediatric prospective observational studies with a total of 347,618 patient admissions found
that implementation of a RRT was associated with a significant reduction in deaths from cardiac arrest when
compared to historical control periods (0.05 versus 0.17 percent, relative risk [RR] 0.6, 95% CI 0.5-0.8) [35]. However,
decreased mortality after implementation of a RRT was not found in all studies.
● A cohort study of 29,294 patient admissions (7257 admissions after institution of a RRT) that was included in the
meta-analysis compared hospital-wide mortality rates and rates of respiratory and cardiopulmonary arrests outside of
the intensive care unit before and after implementation of an RRT in a 264-bed freestanding children's hospital [36].
Major findings included:
• The mean monthly mortality rate decreased from 1.0 to 0.8 deaths per 100 discharges (18 percent decrease,
95% CI 5-30 percent).
• The mean monthly code rate (respiratory or cardiopulmonary arrest) decreased from 2.5 to 0.7 codes per 1000
patient admissions (RR 0.3, 95% CI 0.1-0.7). A possible explanation for this finding is that early activation of the
RRT in a critically ill patient might have prevented codes.
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• Over 18 months, the RRT was activated 143 times, most commonly for respiratory distress, hypotension,
hypoxemia, altered mental status, and tachycardia. The most common actions by the RRT were respiratory
support, fluid resuscitation, airway management, and transfer to the intensive care unit.
● A multicenter, prospective observational study of the implementation of a clinician-led pediatric RRT in four pediatric
academic centers found that initiation of an RRT was associated with a significant reduction in pediatric intensive care
unit mortality rate after readmission from a medical or surgical unit (0.3 to 0.1 deaths per 1000 hospital admissions)
but no significant decline in the rate of cardiopulmonary arrests [37].
However, these observations do not prove that the RRT was responsible for the improvement in outcomes. Support for this
concern comes from an observational study in a children's hospital that did not implement an RRT but also found a
significant reduction in mortality over the same time period in which other pediatric centers reported decreased mortality in
association with RRT implementation [38].
Thus, the benefit of an RRT is not consistent across all settings, and it is possible that explanations other than the RRT
may be responsible for at least part of the benefit. In addition, the quality and generalizability of the evidence describing
the effectiveness of implementing RRTs is limited by features such as before and after observation design, selection of
primary and secondary outcome measures, and varied indications for RRT activation. In addition, because the mortality
following pediatric intensive care unit (PICU) admission is typically low, its utility as an outcome measure may be limited.
Finally, the systems being studied are complex, making it difficult to identify confounding factors such as changes in
secular trends or indirect benefits derived from the RRT implementation. However, institutions may choose to implement
and maintain RRTs based upon their own safety priorities.
Family presence during resuscitation — Observational studies indicate that caretakers should be given the option of
being present during the in-hospital resuscitation of their child [6].
Key findings include:
● Most parents want the opportunity to remain with their child during resuscitation [6] and believe it is their right [39].
● Caretakers present during the resuscitation of a family member frequently reported that their presence during the
resuscitation was beneficial to the patient [39-41].
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● Two-thirds of caretakers present during the resuscitation of a child who died reported that their presence helped with
their adjustment to the death and the grieving process [41].
● Studies of hospital personnel suggest that the presence of a family member, in most instances, was not stressful to
staff and did not negatively impact staff performance [39,40,42].
When family members are present during a pediatric resuscitation, a staff member with clinical knowledge, empathy, and
strong interpersonal skills should be present with them to provide support and answer questions.
In the rare instance that family presence is disruptive to team resuscitation efforts, the family members should be
respectfully asked to leave.
SUMMARY AND RECOMMENDATIONS
● The principal aim for Pediatric Advanced Life Support (PALS) is to prevent cardiopulmonary failure and arrest through
early recognition and management of respiratory distress, respiratory failure, and shock. (See 'Assessment' above
and "Initial assessment and stabilization of children with respiratory or circulatory compromise".)
● A major goal of pediatric advanced life support is to recognize and treat respiratory conditions amenable to simple
measures (eg, supplemental oxygen, inhaled albuterol) (table 2). The clinician may also have to treat rapidly
progressive conditions and intervene with advanced therapies to avoid cardiopulmonary arrest in patients with
respiratory failure. Early detection and treatment improve overall outcome. (See 'Respiratory distress and failure'
above.)
● Key steps in basic airway management include (see 'Respiratory distress and failure' above):
• Provide 100 percent inspired oxygen
• Allow child to assume position of comfort or manually open airway
• Clear airway (suction)
• Insert an airway adjunct if consciousness is impaired (eg, nasopharyngeal airway or, if gag reflex absent,
oropharyngeal airway)
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● The clinician should assist ventilation manually in patients not responding to basic airway maneuvers, monitor
oxygenation by pulse oximetry, monitor ventilation by end-tidal carbon dioxide (EtCO2) if available, and administer
medications as needed (eg, albuterol or racemic epinephrine). In preparation for intubation, the patient should receive
100 percent oxygen via a high-concentration mask, or if indicated, positive pressure ventilation with a bag-valve-mask
to preoxygenate and improve ventilation. (See 'Respiratory distress and failure' above.)
● Children who cannot maintain an effective airway, oxygenation, or ventilation should receive noninvasive ventilation
(NIV) or undergo endotracheal intubation. A rapid overview provides the steps in performing rapid sequence
intubation (table 3). Initiation of NIV is discussed separately. (See "Rapid sequence intubation (RSI) outside the
operating room in children: Approach" and "Noninvasive ventilation for acute and impending respiratory failure in
children".)
● Proper treatment of shock in children requires the clinician to recognize and eventually categorize the type of shock in
order to prioritize treatment options (algorithm 1). Early treatment of shock may prevent the progression to
cardiopulmonary failure (algorithm 2). (See "Initial evaluation of shock in children" and "Initial management of shock in
children" and 'Shock' above.)
● We suggest that treatment of bradycardia (algorithm 3), tachycardia (algorithm 4), and pulseless arrest 2015 Pediatric
Cardiac Arrest Algorithm be managed according to the 2010 (bradycardia and tachycardia) and 2015 (pulseless
arrest) American Heart Association (AHA) and Internal Liaison Committee on Resuscitation (ILCOR) guidelines
(Grade 2C). (See 'Bradycardia algorithm' above and 'Tachycardia algorithm' above and 'Pulseless arrest algorithm'
above.)
● Key measures after resuscitation are as follows (see 'Early postresuscitation management' above):
• Continue specific management of the underlying cause of the life-threatening event
• Titrate inspired oxygen to maintain pulse oximetry between 94 and 99 percent
• In intubated patients, ensure proper endotracheal tube position and ongoing monitoring of ventilation
• Avoid recurrent shock and hypotension (blood pressure <5th percentile for age) by administering parenteral fluids
and vasoactive medications as needed and according to physiologic endpoints and cardiac function
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• Avoid hypoglycemia while maintaining blood glucose <180 mg/dL (10 mmol/L)
• Monitor for and treat seizures aggressively if they occur
• Prevent elevated core body temperature using cooling measures, as needed
● If the child is not being treated in a center with pediatric emergency and critical care expertise, the child should be
stabilized and rapidly transferred for definitive care at a regional pediatric center. (See 'Early postresuscitation
management' above.)
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GRAPHICS
Glasgow Coma Scale and Pediatric Glasgow Coma Scale
Sign
Eye
opening

Verbal
response

Motor
response

Glasgow Coma
Scale [1]

Pediatric Glasgow Coma Scale [2]

Score

Spontaneous

Spontaneous

4

To command

To sound

3

To pain

To pain

2

None

None

1

Oriented

Age-appropriate vocalization, smile, or orientation to sound, interacts (coos,
babbles), follows objects

5

Confused, disoriented

Cries, irritable

4

Inappropriate words

Cries to pain

3

Incomprehensible
sounds

Moans to pain

2

None

None

1

Obeys commands

Spontaneous movements (obeys verbal command)

6

Localizes pain

Withdraws to touch (localizes pain)

5

Withdraws

Withdraws to pain

4

Abnormal flexion to pain

Abnormal flexion to pain (decorticate posture)

3

Abnormal extension to
pain

Abnormal extension to pain (decerebrate posture)

2

None

None

1

Best total score

15

The Glasgow Coma Scale (GCS) is scored between 3 and 15, 3 being the worst, and 15 the best. It is composed of three
parameters: best eye response (E), best verbal response (V), and best motor response (M). The components of the GCS should
be recorded individually; for example, E2V3M4 results in a GCS of 9. A score of 13 or higher correlates with mild brain injury; a
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score of 9 to 12 correlates with moderate injury; and a score of 8 or less represents severe brain injury. The pediatric Glasgow
coma scale (PGCS) was validated in children two years of age or younger.
Data from:
1. Teasdale G, Jennett B. Assessment of coma and impaired consciousness. A practical scale. Lancet 1974; 2:81.
2. Holmes JF, Palchak MJ, MacFarlane T, Kuppermann N. Performance of the pediatric Glasgow coma scale in children with blunt head
trauma. Acad Emerg Med 2005; 12:814.
Graphic 59662 Version 11.0
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Causes of acute respiratory distress in children
Respiratory tract
Infection
Uvulitis
Epiglottitis*
Retropharyngeal abscess
Peritonsillar abscess
Croup
Tracheitis
Bronchiolitis
Pneumonia

Asthma
Anaphylaxis*
Foreign body (upper airway*, lower airway, esophagus)
Airway anomalies (eg, laryngomalacia, laryngospasm, tracheoesophageal fistula, tracheal stenosis, tracheal ring or sling)
Biologic or chemical weapons* (eg, anthrax, tularemia, phosgene, nitrogen mustard, nerve agents, ricin)
Chest wall trauma or abnormalities (eg, flail chest*, open pneumothorax*, thoracic dystrophy)
Thoracic cavity trauma or conditions (eg, pneumothorax*, hemothorax*, pleural effusion, empyema, mediastinal mass)
Pulmonary trauma or conditions (contusion, embolism, hemorrhage)
Smoke inhalation*
Chemical agent exposures* (eg, phosgene, chlorine, cyanide)
Submersion injury (near-drowning)*

Cardiovascular
Congenital heart disease*
Acute decompensated heart failure*
Myocarditis*
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Pericarditis
Arrhythmia*
Shock*
Cardiac tamponade*
Myocardial infarction*

Nervous system
Depressed ventilation* (eg, ingestion, CNS trauma, seizures, or CNS infection)
Hypotonia* (conditions causing poor airway or respiratory muscle tone and ineffective respiratory effort)
Pulmonary aspiration due to loss of airway protective reflexes

Gastrointestinal
Hypoventilation due to abdominal pain or distention (eg, intraabdominal trauma, small bowel obstruction, bowel perforation)
Gastroesophageal reflux with pulmonary aspiration

Metabolic and endocrine diseases
Metabolic acidosis (eg, diabetic ketoacidosis, severe dehydration, sepsis, toxic ingestions, inborn errors of metabolism)
Hyperthyroidism
Hypothyroidism
Hyperammonemia
Hypocalcemia (laryngospasm)

Hematologic
Decreased O 2 carrying capacity (eg, acute severe anemia from hemolysis, methemoglobinemia, carbon monoxide poisoning)
Acute chest syndrome (patients with sickle cell disease)*

*Condition that can be immediately life threatening.
CNS: central nervous system; O2: oxygen.
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Rapid overview of rapid sequence intubation in children
Preparation: Utilize an active checklist to:
Begin preoxygenation as described below.
Identify conditions that will affect choice of medications (eg, increased intracranial pressure, septic shock, bronchospasm, status
epilepticus, or, if succinylcholine use is planned, absolute contraindications for its use as listed below).
Identify conditions that will predict difficult intubation or bag-mask ventilation (eg, small chin, inability to fully open the mouth,
upper airway trauma, or infection).
Assemble equipment and check for function.
Develop contingency plan for failed intubation (refer to UpToDate topics on devices for difficult endotracheal intubation).

Preoxygenation
Begin preoxygenation as soon as rapid sequence intubation is potentially needed:
Spontaneously breathing: 100% FiO 2 (7 L/min oxygen flow) by nonrebreather mask for 3 minutes
Apneic or inadequate breathing: Bag-mask ventilation with small tidal breaths using 100% FiO 2
During induction and paralysis, apneic oxygenation via nasal cannula at flow rate of 1 L/kg/min (maximum flow 15 L/min)
may be provided
Administer oxygen at the highest concentration available.

Pretreatment (optional)
Atropine: Although not routinely recommended, many experts suggest atropine as pretreatment for:
Children ≤1 year
Children in shock
Children <5 years receiving succinylcholine
Older children receiving a second dose of succinylcholine
Dose: 0.02 mg/kg IV without a minimum dose (maximum single dose 0.5 mg; if no IV access, can be given IM).
Fentanyl: Optional for increased intracranial pressure in patients with normal or elevated blood pressure. Dose: 1 to 3 mcg/kg
given over 30 to 60 seconds to avoid respiratory depression and chest wall rigidity. Give 3 minutes before induction agent is
administered.
Lidocaine: Optional for increased intracranial pressure (not recommended for pretreatment in children by some airway experts).
Dose: 1 to 2 mg/kg IV (maximum dose 200 mg). Give 2 to 3 minutes before intubation.
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Sedation
Etomidate:
Safe with hemodynamic instability, neuroprotective, transient adrenal cortico-suppression. Do not use routinely in patients
with septic shock.
Dose: 0.3 mg/kg IV.
Ketamine:
Safe with hemodynamic instability if patient is not catecholamine depleted. Use in patients with bronchospasm and septic
shock. Use with caution in hypertensive patients with increased intracranial pressure.
Dose: 1 to 2 mg/kg IV (if no IV access, can be given IM dose: 3 to 7 mg/kg).
Propofol:
Causes hypotension. May use in hemodynamically stable patients with status epilepticus.
Dose 1 to 1.5 mg/kg IV.
Midazolam:
May use in hemodynamically stable patients with status epilepticus. Time to clinical effect is longer, inconsistently induces
unconsciousness. May cause hemodynamic instability at doses required for sedation.
Dose: 0.2 to 0.3 mg/kg IV (maximum dose 10 mg, onset of effect requires 2 to 3 minutes).
Fentanyl:
Optional for cardiogenic shock or catecholamine-depleted shock (eg, persistent hypotension despite vasopressor therapy).
Limited evidence in children.
Dose 1 to 5 mcg/kg titrated to effect. Start at lower end of range in hypotensive patients. Give over 30 to 60 seconds to avoid
respiratory depression or chest wall rigidity.
Thiopental:
Neuroprotective. Do not use with hemodynamic instability.
Dose: 3 to 5 mg/kg IV.*

Paralytic
Rocuronium:
Use for children with contraindication for succinylcholine or as primary paralytic if sugammadex is immediately available.
Dose: 1 mg/kg IV. ¶
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Succinycholine:
Do not use with extensive crush injury with rhabdomyolysis, chronic skeletal muscle disease (eg, Becker muscular
dystrophy) or denervating neuromuscular disease (eg, cerebral palsy with paralysis); 48 to 72 hours after burn, multiple
trauma, or denervating injury; patients with history or malignant hyperthermia; or pre-existing hyperkalemia.
Dose: Infants and children ≤2 years: 2 mg/kg IV, older children and adolescents: 1 to 1.5 mg/kg IV (if IV access
unobtainable, can be given IM, dose: 3 to 5 mg/kg). Δ

Protection and positioning
Maintain manual cervical spine immobilization during intubation in the trauma patient.
If cervical spine injury is not potentially present, put the patient in the "sniffing position" (ie, head forward so that the external
auditory canal is anterior to the shoulder and the nose and mouth point to the ceiling).
Utilize external laryngeal manipulation or, in infants, gentle cricoid pressure to optimize the view of the glottis during direct
laryngoscopy if the initial view is suboptimal or inadequate despite correct laryngoscope blade positioning. ◊

Positioning, with placement
Confirm tracheal tube placement with end-tidal CO 2 detection and auscultation.

Postintubation management
Obtain a chest radiograph to confirm the depth of tracheal tube insertion.
Provide ongoing sedation (eg, midazolam), analgesia (eg, fentanyl 1 mcg/kg), and, if indicated, paralysis. §

If IV access unobtainable, intraosseous administration of drugs listed is an acceptable alternative.
IM: intramuscularly; IV: intravenously.
* Not available in many countries, including the United States and Canada.
¶ Sugammadex in a dose of 16 mg/kg can provide immediate reversal of paralysis when given approximately 3 minutes after a single
dose of rocuronium. Vecuronium may be used in children with contraindications to succinylcholine and when rocuronium is not available.
Suggested dose for rapid sequence intubation: 0.15 to 0.2 mg/kg. Patients may experience prolonged and unpredictable duration of
paralysis at this dose.
Δ Defasciculating agents (eg, rocuronium or vecuronium at one-tenth of the paralyzing dose) are not routinely recommended for children
receiving succinylcholine.
◊ Bimanual laryngoscopy, also called external laryngeal manipulation (ELM), entails manipulating the thyroid cartilage or hyoid bone with
the right hand during laryngoscopy in order to improve the view of the glottis. For a description of how to perform ELM, refer to topics on
emergency endotracheal intubation in children and rapid sequence intubation in children.
§ If decompensation occurs after successful intubation, use the DOPE mnemonic to find the cause:
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D: Dislodgement of the tube (right mainstem or esophageal)
O: Obstruction of tube
P: Pneumothorax
E: Equipment failure (ventilator malfunction, oxygen disconnected or not on)
Graphic 51456 Version 34.0
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Approach to the classification of undifferentiated shock in
children
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Initial management of shock in children
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DKA: diabetic ketoacidosis.
* For possible cardiogenic shock with hypovolemia, give 5 to 10 mL/kg of isotonic fluids (eg, normal saline or
Ringers lactate), infused over 10 to 20 minutes. Evaluate target endpoints and slowly give another 5 to 10
mL/kg if there has been improvement or no change. For patients with diabetic ketoacidosis, give 10 mL/kg of
isotonic fluids over one hour.
¶ Such as inotropes or vasodilators. For newborns, prostaglandin E 1 .
Δ For patients with DKA who do not improve with 20 mL/kg, look for another cause of shock before
administering additional crystalloid. For possible cardiogenic shock, slowly give another 5 to 10 mL/kg if there
has been improvement or no change.
◊ Dopamine if normotensive, norepinephrine if hypotensive and vasodilated, and epinephrine if hypotensive

and vasoconstricted.
Adapted from: Carcillo JA, Fields AI. Clinical practice parameters for hemodynamic support of pediatric and
neonatal patients in septic shock. Crit Care Med 2002; 30:1365.
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Pediatric respiratory rate and heart rate by age*

Age group

Respiratory rate

Heart rate

Median
(1st-99th percentile)

Median
(1st-99th percentile)

0 to 3 months

43 (25-66)

143 (107-181); term newborn at birth: 127 (90164)

3 to 6 months

41 (24-64)

140 (104-175)

6 to 9 months

39 (23-61)

134 (98-168)

9 to 12 months

37 (22-58)

128 (93-161)

12 to 18 months

35 (21-53)

123 (88-156)

18 to 24 months

31 (19-46)

116 (82-149)

2 to 3 years

28 (18-38)

110 (76-142)

3 to 4 years

25 (17-33)

104 (70-136)

4 to 6 years

23 (17-29)

98 (65-131)

6 to 8 years

21 (16-27)

91 (59-123)

8 to 12 years

19 (14-25)

84 (52-115)

12 to 15 years

18 (12-23)

78 (47-108)

15 to 18 years

16 (11-22)

73 (43-104)

* The respiratory and heart rates provided are based upon measurements in awake, healthy infants and children at rest. Many clinical
findings besides the actual vital sign measurement must be taken into account when determining whether a specific vital sign is normal in
an individual patient. Values for heart rate or respiratory rate that fall within normal limits for age may still represent abnormal findings
that are caused by underlying disease in a particular infant or child.
Data from: Fleming S, Thompson M, Stevens R, et al. Normal ranges of heart rate and respiratory rate in children from birth to 18 years
of age: a systematic review of observational studies. Lancet 2011; 377:1011.
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Pediatric bradycardia algorithm (with a pulse and poor perfusion)

PALS: pediatric advanced life support; CPR: cardiopulmonary resuscitation; IO: intraosseous; IV:
intravenous; HR: heart rate; AV: atrioventricular; ABCs: airway, breathing, circulation.
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Reprinted with permission. Pediatric Advanced Life Support: 2010. American Heart Association
Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. © 2010
American Heart Association, Inc. This algorithm remains unchanged in the 2015 update.
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Single lead electrocardiogram (ECG) showing sinus bradycardia

Marked sinus bradycardia at a rate of 25 to 30 beats/min. The normal P waves (upright in lead
II) and PR interval are consistent with a sinus mechanism with normal atrioventricular (AV)
conduction.
Courtesy of Ary Goldberger, MD.
Graphic 52675 Version 4.0

Normal rhythm strip

Normal rhythm strip in lead II. The PR interval is 0.15 sec and the QRS
duration is 0.08 sec. Both the P and T waves are upright.
Courtesy of Morton F Arnsdorf, MD.
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Single-lead electrocardiogram (ECG) showing first
degree atrioventricular (AV) block I

Electrocardiogram of lead II showing normal sinus rhythm, first degree
atrioventricular block with a prolonged PR interval of 0.30 sec, and a QRS
complex of normal duration. The tall P waves and P wave duration of
approximately 0.12 sec suggest concurrent right atrial enlargement.
Courtesy of Morton Arnsdorf, MD.
Graphic 67882 Version 3.0

Normal rhythm strip

Normal rhythm strip in lead II. The PR interval is 0.15 sec and the QRS
duration is 0.08 sec. Both the P and T waves are upright.
Courtesy of Morton F Arnsdorf, MD.
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Electrocardiogram (ECG) showing Mobitz type I
(Wenckebach) Atrioventricular (AV) block

Single lead electrocardiogram (ECG) showing Mobitz type I (Wenckebach)
second degree AV block with 5:4 conduction. The characteristics of this
arrhythmia include: a progressively increasing PR interval until a P wave is not
conducted (arrow); a progressive decrease in the increment in the PR interval; a
progressive decrease in the RR interval; and the RR interval that includes the
dropped beat (0.96 sec) is less than twice the RR interval between conducted
beats (0.53 to 0.57 sec).
Courtesy of Morton Arnsdorf, MD.
Graphic 73051 Version 4.0

Normal rhythm strip
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Normal rhythm strip in lead II. The PR interval is 0.15 sec and the QRS
duration is 0.08 sec. Both the P and T waves are upright.
Courtesy of Morton F Arnsdorf, MD.
Graphic 59022 Version 3.0
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II ECG of mobitz II second degree heart block

The lead II rhythm strip shows four sinus beats with P wave followed by a QRS complex; the
fifth P wave is not followed by a QRS complex and represents second degree heart block. There
is no change in the PR interval prior to or after the blocked P wave and thus this is Mobitz II
second degree heart block. A second episode of second degree heart block can be seen after
the seventh QRS complex.
Reproduced with permission by Samuel Levy, MD.
Graphic 51492 Version 2.0
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Third degree (complete) atrioventricular block with narrow QRS
escape rhythm

The P waves are completely dissociated from the QRS complexes. The QRS complexes are
narrow, indicating a junctional escape rhythm. The atrial and ventricular rates are stable;
the former is faster than the latter.
Graphic 65545 Version 5.0

Normal rhythm strip

Normal rhythm strip in lead II. The PR interval is 0.15 sec and the QRS
duration is 0.08 sec. Both the P and T waves are upright.
Courtesy of Morton F Arnsdorf, MD.
Graphic 59022 Version 3.0
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Pediatric tachycardia algorithm (with a pulse and poor perfusion)
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PALS: pediatric advanced life support; IO: intraosseous; IV: intravenous; ECG: electrocardiogram; HR: heart rate.
* Vagal manuevers: In infants or young children, place a plastic bag filled with ice and cold water over the face for 15
to 30 seconds or stimulate the rectum with a thermometer. In older children, encourage bearing down (Valsalva
maneuver) for 15 to 20 seconds. Carotid massage and orbital pressure should not be performed in children.
Reprinted with permission. Pediatric Advanced Life Support: 2010. American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. © 2010 American Heart Association, Inc. This
algorithm remains unchanged in the 2015 update.
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AV reentrant tachycardia

AV reentrant tachycardia breaking to sinus rhythm with Wolff-Parkinson-White
syndrome.
Graphic 77867 Version 2.0
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Single lead electrocardiogram (ECG) showing monomorphic
ventricular tachycardia

Three or more successive ventricular beats are defined as ventricular tachycardia (VT).
This VT is monomorphic since all of the QRS complexes have an identical appearance.
Although the P waves are not distinct, they can be seen altering the QRS complex and
ST-T waves in an irregular fashion, indicating the absence of a relationship between
the P waves and the QRS complexes; ie, AV dissociation is present.
AV: atrioventricular.
Graphic 63176 Version 6.0
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Normal rhythm strip in lead II. The PR interval is 0.15 sec and the QRS
duration is 0.08 sec. Both the P and T waves are upright.
Courtesy of Morton F Arnsdorf, MD.
Graphic 59022 Version 3.0
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Drug- and toxin-induced electrocardiographic abnormalities
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Quinolones (eg, ciprofloxacin)

Arsenic
Thallium
Fluoride
Citrate
Lithium
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Continuous electrocardigraphic (ECG) strip during an episode of
ventricular fibrillation (VF) that progresses to fine VF and then
asystole

At the onset of ventricular fibrillation (VF), the QRS complexes are regular, widened, and of
tall amplitude, suggesting a more organized ventricular tachyarrhythmia. Over a brief period
of time, the rhythm becomes more disorganized with high amplitude fibrillatory waves; this
is coarse VF. After a longer period of time, the fibrillatory waves become fine, culminating in
asystole.
Graphic 67777 Version 3.0
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Single lead electrocardiogram (ECG) showing torsades
de pointes

This is an atypical, rapid, and bizarre form of ventricular tachycardia that is
characterized by a continuously changing axis of polymorphic QRS
morphologies.
Graphic 53891 Version 4.0
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Pharmacologic agents for pediatric advanced life support
Agent
Adenosine*

Indications
Supraventricular tachycardia (SVT)

Dose
Initial dose 0.1 mg/kg (children >50 kg receive
6 mg) given as rapid IV or IO push closest to
central circulation; follow immediately with 5
mL saline flush (10 to 20 mL saline flush for
larger child or adolescent)
If not responsive in 2 minutes, give second dose
of 0.2 mg/kg (children >50 kg receive 12 mg)
follow immediately with 5 mL saline flush; if not
responsive after additional 2 minutes, give third
dose of 0.3 mg/kg (maximum 12 mg) follow
immediately with 5 mL saline flush

Amiodarone ¶

Pulseless ventricular arrhythmias not responsive to
CPR, defibrillation, and epinephrine
Stable ventricular tachycardia
SVT refractory to adenosine

Atropine

Vagally mediated bradycardia
Primary atrioventricular block
Bradycardia not responsive to oxygen, airway
support, and epinephrine administration
Prevention of bradycardia during endotracheal
intubation for children <1 year of age, children 1-5
years of age receiving succinylcholine, and children
over 5 years of age receiving a second dose of
succinylcholine

Calcium chloride §

Hypocalcemia

Cardiac arrest: 5 mg/kg rapid IV or IO bolus
(maximum dose 300 mg); may repeat 5 mg/kg
dose two times up to a maximum of 15 mg/kg
Perfusing patient: 5 mg/kg IV or IO
(maximum dose 300 mg) dilute to 2 mg/mL or
less and infuse over 20 to 60 minutes; may
repeat 5 mg/kg dose two times up to a
maximum of 15 mg/kg during acute treatment
0.02 mg/kg IV or IO (minimum 0.1 mg Δ,
maximum single dose 0.5 mg for child or 1 mg
for adolescent); may repeat once in 3 to 5
minutes
Maximum total dose 1 mg (child) or 2 mg
(adolescent) ◊
Only if IV and IO not available, may give via
endotracheal tube (ET) 0.04 to 0.06 mg/kg
diluted with 3 to 5 mL saline; repeat once if
needed (IV or IO are preferred)
Cardiac arrest: 20 mg/kg given as 0.2 mL/kg
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Hypermagnesemia

of 10% calcium chloride solution, maximum 2 g

Hyperkalemia

(20 mL, 14 mmol) per dose; dilute in an equal
amount of D5W or NS and give slow IV or IO
push; repeat in 10 minutes if needed

Calcium channel blocker (CCB) overdose

Perfusing patient: 10 to 20 mg/kg given as
0.1 to 0.2 mL/kg of 10% calcium chloride
solution, maximum 2 g (20 mL, 14 mmol) per
dose; dilute in an equal amount of D5W or NS
and give IV or IO over 5 to 10 minutes (for
initial stabilization in CCB overdose or severe
symptomatic hyperkalemia); or dilute in 10 to
50 mL D5W or NS and give IV or IO over 10 to
20 minutes in perfusing patient with severe
symptomatic hypocalcemia (eg, tetany,
carpopedal spasm, or seizure); may repeat in
10 minutes if needed
Conversions: 10% calcium chloride = 100
mg/mL calcium chloride = 27.3 mg/mL
elemental calcium = 0.68 mmol/mL calcium
Peripheral administration of calcium chloride is
not recommended §
Forms precipitate with sodium bicarbonate, do
not co-infuse
Calcium gluconate

Hypocalcemia
Hypermagnesemia
Hyperkalemia
Calcium channel blocker (CCB) overdose
(Alternate to calcium chloride for perfusing patient;
provides slower correction of ionized calcium
concentration but less likely to cause tissue injury
when given by peripheral IV)

Cardiac arrest: 60 mg/kg given as 0.6 mL/kg
of 10% calcium gluconate solution, maximum 3
g (30 mL, 7 mmol) per dose; dilute in an equal
amount of D5W or NS and give slow IV
or IO push; repeat in 10 minutes if needed.
Calcium chloride preferred if available and
patient has central venous access.
Perfusing patient: 60 mg/kg given as 0.6
mL/kg of 10% calcium gluconate solution,
maximum 2 g (20 mL, 4.5 mmol) per dose;
dilute in an equal amount of D5W or NS and
give IV or IO over 5 to 10 minutes for initial
stabilization in CCB overdose or severe
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symptomatic hyperkalemia, may repeat if
needed or follow by continuous infusion (CCB
overdose); or dilute in 10 to 50 mL D5W or NS
and give IV or IO over 10 to 20 minutes in
perfusing patient with severe symptomatic
hypocalcemia (eg, tetany, carpopedal spasm, or
seizures); may repeat in 10 minutes if needed
Conversions: 10% calcium gluconate = 100
mg/mL calcium gluconate = 9.3 mg/mL
elemental calcium = 0.23 mmol/mL calcium
Forms precipitate with sodium bicarbonate, do
not co-infuse
Epinephrine ¥

Asystole
Pulseless electrical activity
Pulseless ventricular arrhythmias not responsive to
initial defibrillation
Bradycardia not responsive to oxygen and support
of airway and breathing

0.01 mg/kg IV or IO given as 0.1 mL/kg using
the 0.1 mg/mL (1:10,000) solution up to 1 mg
per dose
Repeat every 3 to 5 minutes as needed; not
compatible with sodium bicarbonate
Only if IV and IO are not available, may
give endotracheal (ET) 0.1 mg/kg as 0.1 mL/kg
using the 1 mg/mL (1:1000) solution up to 2.5
mg per dose diluted to 3 to 5 mL with saline;
repeat every 3 to 5 minutes as needed (IV or IO
are preferred)
Examples of epinephrine infusion for refractory
anaphylaxis (perfusing patient) are provided as
separate tables in UpToDate

Glucose (dextrose)

Documented blood glucose ≤40 mg/dL (2.2
mmol/L) ‡

0.5 to 1 g/kg, IV or IO, as follows:
Infants and children <5 years: 5 to 10 mL/kg
of 10% dextrose solution
Children ≥5 years: 2 to 4 mL/kg of 25%
dextrose solution (preferred) or 1 to 2 mL/kg
of 50% dextrose solution

Lidocaine

Pulseless ventricular arrhythmias not responsive to
CPR, defibrillation, and epinephrine

1 mg/kg rapid IV or IO bolus
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an infusion of 20 to
50 mcg/kg/minute. If the start of the
infusion will be delayed longer than 15
minutes, then a second IV or IO bolus
dose of 1 mg/kg is suggested
Follow the bolus with

Only if IV and IO not available, may give via
endotracheal tube (ET) 2 to 3 mg/kg, flush with
5 mL NS and follow with 5 assisted manual
ventilations (IV and IO are preferred)
Magnesium sulfate

Polymorphic ventricular tachycardia (torsades de
pointes)
Documented hypomagnesemia

Cardiac arrest (pulseless torsades): 25 to 50
mg/kg; given as 0.05 to 0.1 mL/kg of 50%
magnesium sulfate solution up to maximum 2 g
(4 mL) per dose; dilute in 10 mL D5W, give IV
or IO over 1 to 2 minutes
Perfusing patient (torsades,
hypomagnesemia, status asthmaticus) †: Same
dose as for cardiac arrest, except dilute dose in
10 to 50 mL D5W or NS and infuse over 15
minutes (maximum 150 mg per minute)
Conversions: 50% magnesium sulfate = 500
mg/mL magnesium sulfate = 2 mmol/mL
magnesium

Oxygen

All infants and children outside of the neonatal
period

Procainamide**

Stable ventricular tachycardia
SVT in patients with WPW syndrome or refractory
to adenosine

100% initial dose via nonrebreathing face mask or
bag-mask ventilation, wean as clinically indicated
Loading dose:
Infants and children <1 year: 7 to 10 mg/kg
IV or IO over 30 to 60 minutes
Children ≥1 year: 15 mg/kg IV or IO over
30 to 60 minutes
Maximum: 500 mg in 30 minutes
Follow loading dose with a continuous infusion
at 40 to 50 mcg/kg per minute (maximum 2
g/24 hours) and obtain plasma levels 4 hours
after loading dose

¶¶
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Sodium bicarbonate ¶¶

Hyperkalemia

Infants <6 months: 1 mEq/kg IV or IO given as

Poisoning by sodium channel blocking agents (eg,
cyclic antidepressants, type Ia antiarrhythmic
agents) with prolongation of QRS interval (>0.1
msec)

2 mL/kg of 4.2% solution

Prolonged cardiac arrest with documented severe
metabolic acidosis (routine use in resuscitation is
NOT recommended)
Shock with documented metabolic acidosis

Infants ≥6 months and children: 1 mEq/kg IV
or IO given as 1 mL/kg of 8.4% solution
Maximum single dose 50 mEq (child) to 100
mEq (adolescent)
0.5 mEq/kg subsequent doses after 10 minutes
given as:
Child: 0.5 mL/kg of 8.4% solution
Infants under 6 months: 1 mL/kg of 4.2%
solution
Forms precipitate with calcium and can
inactivate epinephrine, do not co-infuse

Recommendations in this table are generally consistent with Pediatric Advanced Life Support (PALS) guidelines and American
Academy of Pediatrics (AAP) guidance [1,2]. Detail concerning dilution and administration of emergency drugs are based upon
recommendations used at experienced pediatric centers. Protocols vary. For additional detail, refer to the individual drug
monographs provided by Lexicomp that are included with UpToDate.
IV: intravenous; IO: intraosseous; ET: endotracheally; CCB: calcium channel blocker.
* May cause atrial fibrillation with progression to ventricular fibrillation in children with Wolff-Parkinson-White syndrome. Avoid in children
with wide complex tachycardia because severe hemodynamic deterioration may occur in patients with ventricular tachycardia. Early
consultation with pediatric cardiologist is recommended.
¶ Amiodarone should not be administered with other drugs that may cause QT prolongation (eg, procainamide) without cardiology
consultation or to patients with congenital long QT syndrome. Cardiology consult is recommended prior to use when patient has a
perfusing rhythm.
Δ A weight based dose of 0.02 mg/kg atropine is used by some experts for infants and small children weighing less than 5 kg. (Refer to
UpToDate topics on pediatric resuscitation drugs.)
◊ Patients with poisoning from cholinesterase inhibiting agents may require much higher doses of atropine to dry bronchial secretions.

(Refer to UpToDate topics on organophosphate and carbamate poisoning.)
§ Rapid administration can cause bradycardia or asystole. Calcium chloride should be given through central venous or intraosseous
access, if possible to avoid potential tissue necrosis or sloughing in the event of extravasation.
¥ Care must be taken to use the correct concentration: 0.1 mg/mL (1:10,000) for IV/IO versus 1 mg/mL (1:1000) via ET.
‡ Routine administration of glucose without evaluation of the serum glucose is not recommended. Empiric treatment with glucose may be
appropriate if bedside glucose determination is not available and the infant or child has symptoms of hypoglycemia or is at risk for
developing hypoglycemia. Lower doses of glucose (eg, 0.25 g/kg or 2.5 mL/kg of 10 percent dextrose solution) have been proposed by
some experts to avoid osmotic diuresis. (Refer to UpToDate topics on hypoglycemia in infants and children.)
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† Rapid infusions of magnesium sulfate in perfusing patients are associated with hypotension and asystole.
** May be used safely in children with Wolff-Parkinson-White syndrome. Should not be used in patients who have received other drugs
that prolong the QT interval (eg, amiodarone) without cardiology consultation or in patients with congenital prolonged QT syndrome.
¶¶ Sodium bicarbonate should only be administered to children with adequate ventilation. Flush well with normal saline before and after
administration to avoid alkaline inactivation of epinephrine or precipitation with calcium containing solutions.
Courtesy of Pamela Bailey, MD and Susan B Torrey, MD with additional data from:
1. Kleinman ME, Chameides L, Schexnayder SM, et al. Part 14: Pediatric Advanced Life Support (PALS): 2010 American Heart
Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation 2010; 122(18 Suppl
3):S876 as updated by de Caen A, Berg M, Chameides L et al. Part 12: Pediatric Advanced Life Support (PALS): 2015 American
Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation 2015; 132(suppl
2):S526.
2. Hegenbarth MA. Preparing for Pediatric Emergencies: Drugs to Consider. Pediatrics 2008; 121:433.
Graphic 70539 Version 16.0
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All topics are updated as new evidence becomes available and our peer review process is
complete.
Literature review current through: Jul 2017. | This topic last updated: Jul 13, 2017.
INTRODUCTION — This topic will discuss the approach to RSI outside of the operating room in
children, including the steps involved in performing RSI and the selection of sedative and
paralytic agents according to patient characteristics. The medications commonly used for
sedation and paralysis outside of the operating room during RSI in children are discussed
separately. (See "Rapid sequence intubation (RSI) outside of the operating room in children:
Medications for sedation and paralysis".)
Procedures for pediatric laryngoscopy and intubation and the approach to the difficult pediatric
airway, including rescue devices when endotracheal intubation is challenging are also discussed
separately. (See "Emergency endotracheal intubation in children" and "The difficult pediatric
airway" and "Emergency rescue devices for difficult pediatric airway management".)
DEFINITION — RSI describes a sequential process of preparation, sedation, and paralysis to
facilitate safe, emergency tracheal intubation. Pharmacologic sedation and paralysis are induced
in rapid succession to quickly and effectively perform laryngoscopy and tracheal intubation.
Outside of the operating room, RSI is generally the preferred method for emergently intubating
patients who have varying levels of consciousness and are presumed to have a full stomach [1].
INDICATIONS — RSI provides optimal conditions for emergent intubation. We recommend that
clinicians who are trained in tracheal intubation use RSI for most children who require emergent
intubation and who are not in cardiac arrest or already deeply comatose. The goal of RSI is to
intubate patients quickly and safely using sedation and paralysis. RSI is generally recommended
because it is more successful and safer than intubation without sedation and paralysis for
patients with varying levels of consciousness, active protective airway reflexes, and/or a full
stomach.
A simple, systematic approach to preparation and execution of the procedure is necessary (table
1 and figure 1). In the majority of situations, RSI, from the decision to intubate to successful
intubation, is accomplished in less than 10 minutes (table 2).
https://www.uptodate.com/contents/rapid-sequence-intubation-rsi-outside-the-operating-room-in-children-approach/print?source=see_link
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Emergency intubations in children can be performed with or without sedation and paralysis.
However, up to 80 percent are performed using RSI [2,3]. The superiority of RSI, as compared
with intubation without sedation and paralysis, has been demonstrated by clinical experience and
several small retrospective as well as one large prospective observational series in which
success rates for intubation were significantly higher and the incidence of adverse events was
significantly lower using RSI in the emergency department [2-9]. As an example, in one large
multicenter prospective surveillance study of over 1000 pediatric intubations, RSI was associated
with a significantly higher first past success rate (83 percent) than sedation without paralysis (55
percent) [3].
RSI can be safely performed by emergency physicians trained in advanced airway management,
including the use of medications for sedation and paralysis. This has been demonstrated in
multiple large series of adult patients and several small pediatric series [2,8-11].
Sedation and paralysis are unnecessary prior to intubation for some patients, such as those who
are in cardiac arrest or already deeply comatose.
PRECAUTIONS — There are no absolute contraindications to RSI. However, because sedation
and paralysis eliminate protective airway reflexes and spontaneous respiration, RSI must be
modified for the patient for whom bag-mask ventilation and intubation may be more difficult. An
alternative plan is warranted for these patients that may involve alternatives such as special
airway devices, assistance from subspecialists (anesthesiologists, otorhinolaryngologists, or
intensivists), if available, and/or intubation with sedation, but without paralysis. (See "The difficult
pediatric airway", section on 'Identification of the difficult pediatric airway' and "The difficult
pediatric airway", section on 'Management'.)
APPROACH — The sequence of steps in pediatric RSI are (table 2): preoxygenation,
preparation, administration of pretreatment medications (optional), sedation and paralysis, airway
protection and positioning, endotracheal tube placement with confirmation, and postintubation
management. Each of the steps is discussed in detail in the remainder of the topic.
Preparation — In the preparation phase of RSI, a treatment plan for intubation based upon the
patient's clinical condition must be quickly developed. This is done as the patient is being
preoxygenated.
We support the active use of intubation checklists that are customized to the setting and include
items on patient assessment, required equipment, and medications as a means to reduce the
frequency of errors during RSI (figure 1).
A rapid review of key aspects of the child's history, as well as a targeted physical examination
helps identify conditions that affect the optimal choices of medications for pretreatment, sedation,
paralysis, and postintubation management, as well as a contingency plan in the event of a failed
intubation. In addition, equipment for monitoring and airway management should be assembled
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and its function checked. (See "Emergency endotracheal intubation in children", section on
'Materials, equipment, and personnel'.)
Assessment — A rapid review of key aspects of the child's history, as well as a targeted
physical examination must identify the following conditions:
● Preexisting or current conditions that may be adversely affected by medications or airway
manipulation (particularly cardiovascular compromise, increased intracranial pressure (ICP),
bronchospasm, and, if succinylcholine use is planned, presence of contraindications as listed
below) (see 'Focused history' below)
● Clinical features that may make bag-mask ventilation (BMV), laryngoscopy and/or tracheal
intubation difficult (table 3 and table 4) (see "The difficult pediatric airway", section on
'Identification of the difficult pediatric airway')
Focused history — The following historical information is useful for selecting medications
for RSI, as well as anticipating possible difficulties with airway or ventilation.
● Previous difficulty with intubation
● Previous adverse effects from anesthesia
● If succinylcholine use is planned, absolute contraindications for the use of succinylcholine:
• Chronic myopathy (eg, Becker or Duchenne muscular dystrophy)
• Denervating neuromuscular disease (eg, cerebral palsy with paralysis)
• 48 to 72 hours after burns, multiple trauma, or an acute denervating event (eg, stroke or
spinal cord injury)
• Extensive crush injury with rhabdomyolysis
• History of malignant hyperthermia in patient or family
• Significant hyperkalemia (eg, suggested by characteristic changes on
electrocardiogram)
● History of asthma – Laryngoscopy may precipitate bronchospasm in children with asthma. In
addition, patients with bronchospasm may be difficult to ventilate.
● Noisy breathing, particularly in sleep – This history suggests some degree of anatomic upper
airway obstruction (such as enlarged tonsils or tongue) that may interfere with laryngoscopy
or BMV.
● Allergies to medications
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Physical examination — Evidence of the following conditions will influence the choice of
medications for pretreatment, induction, and paralysis (see 'Selection of sedative agent' below
and 'Selection of paralytic agent' below):
● Hemodynamic instability suggested by tachycardia, poor peripheral perfusion, or hypotension
● Increased ICP, including altered mental status or focal neurologic signs
● Bronchospasm
● Status epilepticus
● Any condition that is a contraindication to using succinylcholine
Problems with effective BMV or difficult laryngoscopy and intubation can occur in children with
certain physical features. These features include the following (table 3 and table 4) (see "The
difficult pediatric airway", section on 'Identification of the difficult pediatric airway'):
● Hoarseness, stridor, drooling, or an upright position of comfort ("tripod" or "sniffing" position)
indicates the presence of upper airway obstruction. (See "Emergency evaluation of acute
upper airway obstruction in children", section on 'Determining the cause of upper airway
obstruction'.)
● A child with a prominent occiput or misshapen head may be difficult to position optimally for
BMV or laryngoscopy.
● Facial anomalies, burns, or other trauma, can make it difficult to obtain an adequate seal for
BMV. (See "Basic airway management in children".)
● Small mouth, abnormal palate, large tongue, or a small mandible all suggest that
laryngoscopy will be difficult because of decreased space within the oral cavity and
mandible.
● Short neck or poor mobility of the neck (congenital anomaly, cervical spine immobilization)
may interfere with positioning of the head and neck.
Intubation treatment plan — In addition to choosing medications, an intubation treatment
plan should include the following:
● Medications for pretreatment, sedation, paralysis, and postintubation management should be
drawn up in weight or length-based doses, doses verified, and syringes carefully labeled.
● A contingency plan for failed intubation must be delineated when a difficult airway is
anticipated. Specialized equipment should be immediately available (eg, gum elastic bougie,
supraglottic airway [laryngeal mask airway, if not contraindicated by upper airway anatomic
distortion], and a video laryngoscope). (See "Devices for difficult endotracheal intubation in
children", section on 'Intubating introducers (gum elastic bougie)' and "Devices for difficult
endotracheal intubation in children", section on 'Video laryngoscope' and "Emergency rescue
devices for difficult pediatric airway management".)
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Emergency involvement of additional airway specialists (eg, anesthesiologist, intensivist, and
otolaryngologist) should occur whenever possible when a difficult airway is expected. (See
"The difficult pediatric airway", section on 'Management'.)
● Roles should be clearly assigned to each health care provider, including an assistant to the
intubator and someone to maintain external laryngeal manipulation or, in young infants,
cricoid pressure. (See 'External laryngeal manipulation (bimanual laryngoscopy)' below.)
Equipment and monitoring — No medications for induction or paralysis should be
administered until all necessary personnel, monitoring, and equipment are present and ready
(figure 1).
The equipment and monitoring that are necessary for children receiving RSI are the same as for
any patient requiring advanced airway management:
● Monitoring of oxygen saturation, heart rate, respiratory rate, blood pressure, and end-tidal
carbon dioxide (EtCO2) detection
● At least one, and preferably two functioning intravenous lines
● Tested and functioning suction (Yankauer and flexible catheter) and airway equipment
A calculator for determining the appropriate sized endotracheal tube for children age 1 to 8
years is provided (calculator 1). Beyond the newborn period, cuffed endotracheal tubes are
equally as safe as uncuffed tubes. When using cuffed tubes, care must be taken to monitor
and limit cuff pressures to <20 to 25 cm H2O, to avoid the risk of tracheal mucosal ischemia.
(See "Emergency endotracheal intubation in children", section on 'Endotracheal tube'.)
Preoxygenation — Preoxygenation with 100 percent inspired oxygen should begin as soon as
possible once the need for endotracheal intubation becomes evident:
● Spontaneously breathing patients – Apply a nonrebreather mask for a minimum of 3
minutes. From a practical viewpoint, oxygen should be administered at the highest
concentration available as soon as RSI is potentially needed.
● Apneic or inadequately breathing patients – Perform careful BMV with small tidal volumes
and 100 percent oxygen at a flow rate >7 L/min with the goals of achieving an oxygen
saturation of 100 percent or as high as possible and filling the residual capacity of the lungs
with oxygen (typically 1 to 2 minutes). Limited evidence suggests that cricoid pressure during
BMV may prevent gastric insufflation which reduces the risk of regurgitation and aspiration.
Its use is optional during BMV [12]. (See 'Protection' below and "Rapid sequence intubation
for adults outside the operating room", section on 'Protection (cricoid pressure) and
positioning'.)
● During induction and paralysis – Provide apneic oxygenation via nasal cannula at a flow
rate of 1 L/kg per year of age (maximum 15 L/min) to extend the period of adequate oxygen
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saturation although evidence is lacking regarding effectiveness in children undergoing RSI.
(See "Rapid sequence intubation for adults outside the operating room", section on
'Preoxygenation'.)
Preoxygenation establishes a reservoir of oxygen within the lungs, as well as an oxygen surplus
throughout the body. The patient can then tolerate longer periods of apnea without oxygen
desaturation, permitting intubation to proceed without BMV [13].
Preoxygenation is particularly important for infants and children. Compared with adults, young
patients have a higher oxygen consumption rate, with lower functional residual capacity and
alveolar volume [14,15]. Consequently, oxygen desaturation occurs much more rapidly [13,14].
As an example, arterial oxygen desaturation to 80 percent may occur in a preoxygenated apneic
10 kg infant in less than 4 minutes, as compared to over 8 minutes in a healthy 70 kg adult.
Pretreatment — Pretreatment medications are optional for selected patients as described below.
RSI becomes more complex and takes longer with the addition of each medication.
Consequently, the decision of whether or not to use additional agents must include consideration
of the potential benefit to the patient, as well as possible adverse consequences of a prolonged
procedure or unanticipated drug responses. In general, pretreatment medications are used less
often than in the past. As an example, in one multicenter, prospective observational study that
evaluated the use of pretreatment medications over 10 years (2002 to 2012), the use of any
pretreatment medication (eg, atropine, lidocaine, fentanyl, or defasciculating doses of
neuromuscular blocking agents) fell to <30 percent of intubations by the end of the study [3].
Despite this trend, certain patients may potentially beneficial from pretreatment medications prior
to RSI as follows:
● Infants younger than 1 year of age – Although atropine is not routinely recommended for
pretreatment prior to endotracheal intubation, we frequently use it for pretreatment during
RSI for infants younger than 1 year of age because of their predilection for vagally-induced
bradycardia. If used, the dose of atropine for pretreatment during RSI is 0.02 mg/kg
(maximum 1 mg) IV without a minimum dose. (See "Primary drugs in pediatric resuscitation",
section on 'Atropine'.)
Infants and young children may have a pronounced vagal response (eg, bradycardia with
poor perfusion) to laryngoscopy, which, in healthy patients, will typically resolve with
oxygenation and cessation of laryngoscopy and is not associated with poor outcomes [16].
However, in our experience, bradycardia may limit the duration of laryngoscopy and prevent
prompt securing of the airway in a critically ill infant or child. Observational studies in infants
and children and small trials in critically ill neonates suggest that pretreatment with atropine
limits or prevents bradycardia without inducing ventricular arrhythmias [17-20].
However, atropine may hamper the ability to assess the patient's oxygenation, heart rate,
and neurologic status:
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• The effect of atropine on heart rate may persist for several hours [21]. Atropine may also
prevent the bradycardic response to hypoxemia [22]. Patients should be monitored for
hypoxemia with pulse oximetry during and after endotracheal intubation.
• Atropine dilates the pupils although it does not eliminate pupil constriction in response to
light. However, it may still complicate the ability to evaluate a change in neurologic
status once the patient is paralyzed. (See "Primary drugs in pediatric resuscitation",
section on 'Atropine'.)
By contrast, rare cases of ventricular tachycardia and fibrillation after atropine pretreatment
in children undergoing routine anesthesia have been reported [23,24]. In that setting,
atropine is no longer routinely used.
● Infants and children with signs of septic shock or late stage hypovolemic shock –
Although evidence is lacking, atropine may be beneficial for children with septic shock or late
stage hypovolemia because it may prevent progressive unstable bradycardia by
counteracting reflex bradycardia [16,25].
● Patients receiving succinylcholine for paralysis – Administration of succinylcholine has
been associated with bradycardia and asystole in children [16,22,26]. Although some experts
question the need for atropine when a single dose of succinylcholine is used in children [22],
atropine has long been used as a pretreatment to counteract these effects, and the AHA
guidelines indicate that atropine pretreatment is appropriate for patients undergoing muscle
paralysis with succinylcholine as follows [27,28]:
• Children 5 years of age or younger who are receiving succinylcholine
• Children older than 5 years of age who are receiving a second dose of succinylcholine
Defasciculating agents (eg, rocuronium or vecuronium at one-tenth of the paralyzing dose)
are not routinely recommended for children receiving succinylcholine.
● Patients with suspected increased intracranial pressure (ICP) — Evidence is lacking to
show that lidocaine or ultra-short-acting opioids (eg, fentanyl) improves upon neuroprotection
provided by commonly used induction agents such as etomidate or thiopental in children
undergoing RSI. If time permits, lidocaine or, in hemodynamically stable patients, ultra-shortacting opioids (eg, fentanyl) may also be provided but may not have any additional benefit
during laryngoscopy:
• Ultra-short-acting opioids – Based upon experience in adults, ultra-short-acting
opioids (usually fentanyl) can attenuate the reflex sympathetic response that occurs with
laryngoscopy and may be used in normotensive or hypertensive patients whose
condition could be exacerbated by an elevation in ICP (eg, meningitis, encephalitis,
severe traumatic brain injury, or cerebral edema). The dose is 1 to 3 mcg/kg given over
30 to 60 seconds approximately 3 minutes before the induction medication is
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administered. (See "Pretreatment medications for rapid sequence intubation in adults
outside the operating room", section on 'Short-acting opioid' and "Pretreatment
medications for rapid sequence intubation in adults outside the operating room", section
on 'Elevated intracranial pressure'.)
However, evidence is lacking for improved clinical outcomes for this use in children.
Adverse reactions, particularly hypotension or respiratory depression (that may interfere
with preoxygenation), can occur when opioids are used in conjunction with other
sedating medications.
Analgesia with opioids should be provided as part of postintubation care. (See
'Postintubation management' below.)
• Lidocaine – In the past, the use of intravenous lidocaine to lessen any additional
increase in ICP associated with laryngoscopy and intubation has been suggested for
RSI in children who may have increased ICP [1,15]. However, some airway experts do
not recommend its use for pretreatment during RSI in children [29]. Furthermore, RSI
should not be delayed in a decompensating patient in order to administer or to wait for
lidocaine to take effect.
Evidence regarding the effectiveness of lidocaine for preventing a further increase in ICP
comes from studies in adults and is inconsistent. Any benefit may be related to
suppression of cough and gag reflexes as well as to effects on cerebral perfusion [30]. If
given, the dose of lidocaine for pretreatment in RSI is 1 to 2 mg/kg IV, maximum dose
200 mg, and it should be given 3 to 5 minutes prior to endotracheal intubation. (See
"Emergency airway management in the patient with elevated ICP", section on 'Lidocaine'
and "Pretreatment medications for rapid sequence intubation in adults outside the
operating room", section on 'Lidocaine'.)
Sedation with paralysis — A sedative for induction and a paralytic are the two essential
medications used in RSI. The sedative agent must always be administered first, followed rapidly
by a paralytic, once the child becomes unconscious.
Selection of sedative agent — Sedation for RSI should rapidly induce unconsciousness and
have a short duration of action, with minimal side effects. The rapid overview provides a list of
medications with doses and indications (table 1).
For hemodynamically stable children without other complicating clinical features, we suggest
etomidate for sedation during RSI. If available, thiopental is also an acceptable choice.
In children with specific clinical features, we suggest the following:
● Hypotension other than septic shock – Etomidate. Fentanyl is preferred by some experts
for sedation of children with cardiogenic shock.
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● Septic shock – Ketamine, unless otherwise contraindicated (eg, suspected open globe
injury or catecholamine depletion [eg, hypotensive despite receiving vasopressor
medications]).
Etomidate should not be used routinely in children with septic shock but may be appropriate
if ketamine is otherwise contraindicated or unavailable. If etomidate is used, there is a
potential for adrenal suppression. The emergency clinician should inform the physician
assuming care in the intensive care unit that etomidate has been used and should avoid
repeated bolus doses or etomidate infusion to maintain sedation after intubation. (See
"Septic shock: Rapid recognition and initial resuscitation in children", section on 'Airway and
breathing'.)
Although evidence is lacking, fentanyl is preferred by some experts for sedation of children
with septic shock and suspected catecholamine depletion.
● Increased ICP – Etomidate or, in patients who are hemodynamically stable, propofol or, in
countries where it is available, thiopental.
● Hypotensive with head injury – Etomidate.
● Status asthmaticus – Ketamine or etomidate.
● Status epilepticus – Choice depends upon hemodynamic status:
• Hemodynamically stable – Midazolam, propofol, or, if available, thiopental.
• Hypotensive – Etomidate.
More information on sedative agents used for RSI outside of the operating room in children is
discussed separately. (See "Rapid sequence intubation (RSI) outside of the operating room
in children: Medications for sedation and paralysis", section on 'Sedative agents'.)
Selection of paralytic agent — Paralytic agents provide complete muscle relaxation, which
facilitates rapid tracheal intubation. They do not provide sedation, analgesia, or amnesia. Thus, a
sedative agent must also be used both for RSI and when paralysis is maintained after intubation.
For paralysis of children undergoing RSI, we suggest using succinylcholine, if not contraindicated,
or rocuronium with sugammadex immediately available for reversal. However, sugammadex has
limited availability in most emergency departments. The physician must evaluate for a significant
number of absolute and relative contraindications if he or she plans to use succinylcholine.
When succinylcholine cannot be used because of contraindications, we recommend rocuronium
rather than vecuronium or pancuronium, regardless of the availability of sugammadex, because
of its shorter duration of action.
The use of succinylcholine is absolutely contraindicated under the following circumstances (see
"Rapid sequence intubation (RSI) outside of the operating room in children: Medications for
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sedation and paralysis", section on 'Succinylcholine'):
● Chronic myopathy or denervating neuromuscular disease
● 48 to 72 hours after burns, multiple trauma, or an acute denervating event
● Extensive crush injury
● History of malignant hyperthermia
● Preexisting hyperkalemia
Relative contraindications to the use of succinylcholine include:
● Increased intracranial pressure (ICP) – Although evidence supports elevated ICP with the
use of succinylcholine in patients with brain tumors, most experts do not regard the potential
for increased ICP as a contraindication to use succinylcholine in patients with traumatic brain
injury. (See "Rapid sequence intubation (RSI) outside of the operating room in children:
Medications for sedation and paralysis", section on 'Succinylcholine'.)
● Increased intraocular pressure
● Known pseudocholinesterase deficiency (eg, organophosphate poisoning) which risks
prolonged paralysis
More information on paralytic agents used for RSI outside of the operating room in children is
discussed separately. (See "Rapid sequence intubation (RSI) outside of the operating room in
children: Medications for sedation and paralysis", section on 'Paralytic agents'.)
Protection — Protection during RSI refers to protecting the airway by preventing regurgitation of
gastric contents and aspiration and maintenance of cervical spine precautions when neck trauma
is suspected.
Every effort must be made to avoid BMV during RSI, because of the increased risk of vomiting
and aspiration that can occur with gastric distention following BMV. However, in patients who
cannot be adequately preoxygenated, BMV with 100 percent oxygen with small tidal volumes and
cricoid pressure is preferable to intubating a hypoxic patient. (See 'Preoxygenation' above.)
Cricoid pressure (Sellick maneuver) involves posterior pressure applied to the cricoid cartilage
with the thumb and forefinger with the purpose of occluding the esophagus (figure 2 and figure 3).
Cricoid pressure may help prevent gastric insufflation during BMV and is considered optional for
this purpose. If cricoid pressure makes BMV more difficult due to occlusion of the airway, then it
should be relaxed or removed.
In the past, cricoid pressure was considered essential for the protection of the airway from
regurgitated stomach contents during RSI and is still used routinely by many anesthesiologists for
rapid sequence intubation with induction of anesthesia. However, evidence supporting the
effectiveness of the technique for preventing regurgitation during laryngoscopy is limited and
conflicting. Risks with cricoid pressure include worsening the glottic view, occluding the airway,
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cervical spine movement in trauma patients and esophageal injury in actively vomiting patients.
(See "Rapid sequence intubation for adults outside the operating room", section on 'Protection
(cricoid pressure) and positioning' and "Rapid sequence induction and intubation (RSII) for
anesthesia", section on 'Cricoid pressure'.)
Positioning for intubation — Proper positioning aligns the pharyngeal, tracheal, and oral
axes (picture 1). (See "Emergency endotracheal intubation in children", section on 'Positioning'.)
For children with suspected injury of the cervical spine, positioning must be accomplished without
moving the neck. In-line manual stabilization must be maintained. (See "Emergency endotracheal
intubation in children", section on 'Cervical spine immobilization'.)
External laryngeal manipulation (bimanual laryngoscopy) — Ideally, with appropriate
positioning and laryngoscopy, the vocal cords and glottis will be quickly identified.
If little or none of the glottic opening is visualized, external laryngeal manipulation (ELM, also
called bimanual laryngoscopy) may improve the view although evidence is limited for this
technique in infants. ELM entails manipulating the larynx with the right hand in order to improve
the view of the glottis (figure 3 and picture 2):
● While holding the laryngoscope in the left hand, posterior displacement of the larynx is
achieved with external pressure applied at the thyroid cartilage with the right hand.
● Once the optimal glottic view is obtained, the laryngoscopist has an assistant place their
fingers in exactly the same spot on the thyroid cartilage, using the same direction and degree
of force necessary to maintain the view.
Bimanual laryngoscopy may help the intubator identify the glottic anatomy or optimize the
laryngeal view when visualization is suboptimal or inadequate despite appropriate laryngoscope
blade positioning. (See "Emergency endotracheal intubation in children", section on
'Laryngoscopy'.)
Alternatively, backward-upward-rightward pressure (BURP) is applied to the larynx by an
assistant. However, this approach may not optimize the glottic view as effectively as bimanual
laryngoscopy. (See "Direct laryngoscopy and endotracheal intubation in adults", section on
'Bimanual laryngoscopy (external laryngeal manipulation)'.)
Cricoid pressure — Gentle cricoid pressure, applied over the anterior neck at the cricoid
cartilage, may improve the glottic view in young infants due to the anterior position of the glottis.
When used, it should be applied after the sedative is administered and the patient becomes
unconscious. If cricoid pressure worsens the view, it should be removed immediately and ELM
attempted. Because ELM may better improve visualization of the glottis, we generally prefer to
use this technique rather than cricoid pressure during laryngoscopy. (See 'External laryngeal
manipulation (bimanual laryngoscopy)' above.)
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Placement, with confirmation — Onset of paralysis generally occurs within 30 to 60 seconds
following the administration of succinylcholine or rocuronium. Once the child has become apneic,
muscle relaxation can be confirmed by testing the jaw for flaccidity. Relaxation is adequate when
the jaw can be easily opened.
After adequate muscle relaxation is confirmed, laryngoscopy can be performed with careful
attention to proper technique. Oropharyngeal injury can be minimized, while effectively exposing
the glottis. After the tracheal tube has been placed and stylet removed, tube placement must be
confirmed.
The procedure of laryngoscopy is discussed in greater detail separately. (See "Emergency
endotracheal intubation in children", section on 'Laryngoscopy' and "Emergency endotracheal
intubation in children", section on 'Confirming tube position'.)
Postintubation management — Following placement and confirmation, the tracheal tube should
be appropriately secured and a chest radiograph obtained to document proper placement and
evaluate pulmonary status. (See "Emergency endotracheal intubation in children", section on
'Post-intubation care'.)
Ongoing sedation and analgesia, generally with paralysis, should be maintained during the
immediate postintubation period. Hemodynamic considerations generally dictate which
pharmacologic agents should be used. A benzodiazepine is often used in combination with
pancuronium or vecuronium. (See "Rapid sequence intubation (RSI) outside of the operating
room in children: Medications for sedation and paralysis".)
For children who are hemodynamically stable, opioid analgesia (such as fentanyl or morphine)
should be added.
SUMMARY AND RECOMMENDATIONS
● RSI provides optimal conditions for emergent intubation. We recommend that clinicians who
are trained in endotracheal intubation use RSI for most children who require emergent
intubation and who are not in cardiac arrest or already deeply comatose (Grade 1B). (See
'Indications' above.)
● RSI must be modified for the patient for whom bag-mask ventilation (BMV) and intubation
may be more difficult. An alternative plan is warranted for these patients that may involve
alternatives such as special airway devices, assistance from subspecialists
(anesthesiologists, otorhinolaryngologists, or intensivists), if available, and/or intubation with
sedation, but without paralysis. (See "The difficult pediatric airway", section on 'Identification
of the difficult pediatric airway' and "The difficult pediatric airway", section on 'Management'.)
● The sequential steps involved in RSI are (table 1):
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• Preparation – A checklist can ensure that all key aspects of preparation occur (figure 1).
In the preparation phase of RSI, a rapid review of key aspects of the child's history, as
well as a targeted physical examination, helps identify conditions that affect the optimal
choices of medications and the need for specialty assistance to manage the airway
(table 3 and table 4). In addition, equipment for monitoring and airway management
should be assembled and its function checked. This is done as the patient is being
preoxygenated. (See 'Preparation' above.)
• Preoxygenation – Oxygen should be administered at the highest concentration
available as soon as RSI is being considered. Children who have insufficient respiratory
reserve or who are experiencing apnea may require careful BMV with small tidal
volumes to achieve adequate preoxygenation. Cricoid pressure (Sellick maneuver
(figure 2)) is optional to help prevent gastric insufflation during BMV but should be
immediately removed if it causes obstruction of the airway. (See 'Preoxygenation' above
and 'Protection' above.)
• Pretreatment – Pretreatment medications are optional for selected patients as
described in the rapid overview (table 1) and above and are used in a minority of
children undergoing RSI. (See 'Pretreatment' above.)
• Sedation – The following are our recommendations for the preferred sedative agent for
RSI depending upon patient characteristics (see 'Selection of sedative agent' above):
- Hemodynamically stable – For hemodynamically stable children without other
complicating clinical features, we suggest etomidate for sedation during RSI. If
available, thiopental is also an acceptable choice (Grade 2C). We recognize that
thiopental may not be commercially available, and others may choose etomidate
because of concern for unanticipated hypotension with thiopental in patients who
initially appear stable.
- Increased intracranial pressure (ICP) – For children with suspected increased
ICP who are hemodynamically stable, we suggest using etomidate, propofol, or, if
available, thiopental as the sedative agent for RSI (Grade 2C). For children with
suspected increased ICP who are hemodynamically unstable, we suggest using
etomidate (Grade 2C).
- Septic shock – For children with septic shock, we suggest administering ketamine
for sedation during RSI (Grade 2C). However, whenever possible, hemodynamically
unstable patients should receive rapid fluid infusion and, if needed, vasopressor
agents prior to RSI. For hemodynamically unstable children in septic shock with
contraindications to ketamine or if ketamine is unavailable, we suggest using
etomidate or, if in a potentially catecholamine-depleted stated, fentanyl as a
sedative agent for RSI (Grade 2C). If etomidate is used, the emergency clinician
should inform the physician assuming care in the intensive care unit that etomidate
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has been used and should avoid repeated bolus doses or etomidate infusion to
maintain sedation after intubation.
- Status asthmaticus – For children with status asthmaticus, we suggest
administering ketamine for sedation during RSI (Grade 2C).
- Status epilepticus – For hemodynamically stable children in status epilepticus, we
suggest using midazolam, propofol, or, if available, thiopental for sedation (Grade
2C). For the patient in status epilepticus who is hemodynamically unstable, we
suggest using etomidate (Grade 2C).
• Paralysis – Paralytic agents provide complete muscle relaxation, which facilitates rapid
tracheal intubation. They do not provide sedation, analgesia, or amnesia. Thus, a
sedative agent must also be used both for RSI and when paralysis is maintained after
intubation:
Our recommendations for preferred paralytics during RSI in children are as follows (see
'Selection of paralytic agent' above):
- For paralysis of children undergoing RSI, we suggest using succinylcholine, if not
contraindicated, or rocuronium with sugammadex immediately available for reversal
(Grade 2B).
- When succinylcholine cannot be used because of contraindications, we recommend
rocuronium rather than vecuronium or pancuronium, regardless of the availability of
sugammadex, because of its shorter duration of action (Grade 1B).
• Protection and positioning – Ideally, with appropriate positioning (picture 1) and
laryngoscopy, the vocal cords and glottis will be quickly identified. If little or none of the
glottic opening is visualized:
- External laryngeal manipulation (ELM) may improve the view although evidence is
limited for this technique in infants (figure 3 and picture 2). (See 'External laryngeal
manipulation (bimanual laryngoscopy)' above.)
- In young infants, gentle cricoid pressure, applied over the anterior neck at the
cricoid cartilage, may also improve the glottic view. When used, cricoid pressure
(Sellick maneuver (figure 2))should be applied after the sedative is administered
and the patient becomes unconscious. If cricoid pressure worsens the view, it
should be removed immediately and ELM attempted. (See 'Cricoid pressure'
above.)
- Every effort must be made to avoid BMV during RSI. However, if significant
hypoxemia occurs, BMV may be necessary. Cricoid pressure during BMV is
optional and may prevent gastric distension. (See 'Protection' above.)
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• Placement, with confirmation – Tracheal placement should be confirmed by primary
methods (such as auscultation for breath sounds over lung fields and stomach, the
appearance of mist inside the tracheal tube, and symmetric chest rise with positive
pressure ventilation) as well as confirmation with detection of end-tidal carbon dioxide
(EtCO2). (See 'Placement, with confirmation' above and "Carbon dioxide monitoring
(capnography)".)
• Postintubation management – Following placement and confirmation, the tracheal
tube should be appropriately secured. A chest radiograph should also be obtained to
document proper depth of placement and evaluate pulmonary status. Ongoing sedation
with benzodiazepines, analgesia (eg, fentanyl or, if hemodynamically stable, morphine),
and paralysis are typically required immediately after RSI. (See 'Postintubation
management' above.)
● The factors underlying the decision to intubate, as well as procedures for laryngoscopy and
intubation are discussed separately. (See "Emergency endotracheal intubation in children",
section on 'Indications' and "Emergency endotracheal intubation in children", section on
'Procedure'.)
Use of UpToDate is subject to the Subscription and License Agreement.
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GRAPHICS
Rapid overview of rapid sequence intubation in children
Preparation: Utilize an active checklist to:
Begin preoxygenation as described below.
Identify conditions that will affect choice of medications (eg, increased intracranial pressure, septic
shock, bronchospasm, status epilepticus, or, if succinylcholine use is planned, absolute
contraindications for its use as listed below).
Identify conditions that will predict difficult intubation or bag-mask ventilation (eg, small chin,
inability to fully open the mouth, upper airway trauma, or infection).
Assemble equipment and check for function.
Develop contingency plan for failed intubation (refer to UpToDate topics on devices for difficult
endotracheal intubation).

Preoxygenation
Begin preoxygenation as soon as rapid sequence intubation is potentially needed:
Spontaneously breathing: 100% FiO 2 (7 L/min oxygen flow) by nonrebreather mask for 3
minutes
Apneic or inadequate breathing: Bag-mask ventilation with small tidal breaths using 100%
FiO 2
During induction and paralysis, apneic oxygenation via nasal cannula at flow rate of 1
L/kg/min (maximum flow 15 L/min) may be provided
Administer oxygen at the highest concentration available.

Pretreatment (optional)
Atropine: Although not routinely recommended, many experts suggest atropine as pretreatment
for:
Children ≤1 year
Children in shock
Children <5 years receiving succinylcholine
Older children receiving a second dose of succinylcholine
Dose: 0.02 mg/kg IV without a minimum dose (maximum single dose 0.5 mg; if no IV access, can
be given IM).
Fentanyl: Optional for increased intracranial pressure in patients with normal or elevated blood
pressure. Dose: 1 to 3 mcg/kg given over 30 to 60 seconds to avoid respiratory depression and
chest wall rigidity. Give 3 minutes before induction agent is administered.
Lidocaine: Optional for increased intracranial pressure (not recommended for pretreatment in
children by some airway experts). Dose: 1 to 2 mg/kg IV (maximum dose 200 mg). Give 2 to 3
minutes before intubation.

Sedation
Etomidate:
Safe with hemodynamic instability, neuroprotective, transient adrenal cortico-suppression. Do
not use routinely in patients with septic shock.
https://www.uptodate.com/contents/rapid-sequence-intubation-rsi-outside-the-operating-room-in-children-approach/print?source=see_link
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Dose: 0.3 mg/kg IV.
Ketamine:
Safe with hemodynamic instability if patient is not catecholamine depleted. Use in patients with
bronchospasm and septic shock. Use with caution in hypertensive patients with increased
intracranial pressure.
Dose: 1 to 2 mg/kg IV (if no IV access, can be given IM dose: 3 to 7 mg/kg).
Propofol:
Causes hypotension. May use in hemodynamically stable patients with status epilepticus.
Dose 1 to 1.5 mg/kg IV.
Midazolam:
May use in hemodynamically stable patients with status epilepticus. Time to clinical effect is
longer, inconsistently induces unconsciousness. May cause hemodynamic instability at doses
required for sedation.
Dose: 0.2 to 0.3 mg/kg IV (maximum dose 10 mg, onset of effect requires 2 to 3 minutes).
Fentanyl:
Optional for cardiogenic shock or catecholamine-depleted shock (eg, persistent hypotension
despite vasopressor therapy). Limited evidence in children.
Dose 1 to 5 mcg/kg titrated to effect. Start at lower end of range in hypotensive patients. Give
over 30 to 60 seconds to avoid respiratory depression or chest wall rigidity.
Thiopental:
Neuroprotective. Do not use with hemodynamic instability.
Dose: 3 to 5 mg/kg IV.*

Paralytic
Rocuronium:
Use for children with contraindication for succinylcholine or as primary paralytic if sugammadex
is immediately available.
Dose: 1 mg/kg IV. ¶
Succinycholine:
Do not use with extensive crush injury with rhabdomyolysis, chronic skeletal muscle disease (eg,
Becker muscular dystrophy) or denervating neuromuscular disease (eg, cerebral palsy with
paralysis); 48 to 72 hours after burn, multiple trauma, or denervating injury; patients with
history or malignant hyperthermia; or pre-existing hyperkalemia.
Dose: Infants and children ≤2 years: 2 mg/kg IV, older children and adolescents: 1 to 1.5 mg/kg
IV (if IV access unobtainable, can be given IM, dose: 3 to 5 mg/kg). Δ

Protection and positioning
Maintain manual cervical spine immobilization during intubation in the trauma patient.
If cervical spine injury is not potentially present, put the patient in the "sniffing position" (ie, head
forward so that the external auditory canal is anterior to the shoulder and the nose and mouth
point to the ceiling).
Utilize external laryngeal manipulation or, in infants, gentle cricoid pressure to optimize the view of
the glottis during direct laryngoscopy if the initial view is suboptimal or inadequate despite correct
laryngoscope blade positioning. ◊
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Positioning, with placement
Confirm tracheal tube placement with end-tidal CO 2 detection and auscultation.

Postintubation management
Obtain a chest radiograph to confirm the depth of tracheal tube insertion.
Provide ongoing sedation (eg, midazolam), analgesia (eg, fentanyl 1 mcg/kg), and, if indicated,
paralysis. §

If IV access unobtainable, intraosseous administration of drugs listed is an acceptable alternative.
IM: intramuscularly; IV: intravenously.
* Not available in many countries, including the United States and Canada.
¶ Sugammadex in a dose of 16 mg/kg can provide immediate reversal of paralysis when given
approximately 3 minutes after a single dose of rocuronium. Vecuronium may be used in children with
contraindications to succinylcholine and when rocuronium is not available. Suggested dose for rapid
sequence intubation: 0.15 to 0.2 mg/kg. Patients may experience prolonged and unpredictable duration of
paralysis at this dose.
Δ Defasciculating agents (eg, rocuronium or vecuronium at one-tenth of the paralyzing dose) are not
routinely recommended for children receiving succinylcholine.
◊ Bimanual laryngoscopy, also called external laryngeal manipulation (ELM), entails manipulating the
thyroid cartilage or hyoid bone with the right hand during laryngoscopy in order to improve the view of the
glottis. For a description of how to perform ELM, refer to topics on emergency endotracheal intubation in
children and rapid sequence intubation in children.
§ If decompensation occurs after successful intubation, use the DOPE mnemonic to find the cause:
D: Dislodgement of the tube (right mainstem or esophageal)
O: Obstruction of tube
P: Pneumothorax
E: Equipment failure (ventilator malfunction, oxygen disconnected or not on)
Graphic 51456 Version 34.0
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Example of an emergency pre-intubation checklist

RN: registered nurse; ORL: otorhinolaryngology; IVF: intravenous fluid; C-spine: cervical spine; NRB: nonrebreather bag; ETTs: endotracheal tubes; RSI: rapid sequence intubation; ETCO 2 : end-tidal carbon dioxide.
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Developed by Matthew Eisenberg, MD, and members of the Division of Emergency Medicine, Children's Hospital,
Boston, Massachusetts, USA.
Graphic 111721 Version 1.0
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Summary: The Seven Ps of rapid sequence intubation
Action

Time

Preparation

10 minutes before intubation

Preoxygenation

5 minutes before intubation

Pretreatment

3 minutes before intubation

Paralysis with induction

Induction

Protection

30 seconds after induction

Placement (Intubation)

45 seconds after induction

Post-intubation management

60 seconds after induction

Graphic 77060 Version 3.0
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Physical assessment to identify signs of a difficult airway in children
Difficulty

Signs

Positioning

Prominent or misshapen occiput, short neck, poor neck mobility

Bag-mask
ventilation

Facial anomalies, facial trauma (including burns)

Laryngoscopy

Small mouth, small mandible, abnormal palate, large tongue

Intubation

Signs of upper airway obstruction (hoarseness, stridor, drooling, upright position
of comfort)

Graphic 71326 Version 2.0
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The LEMON© mnemonic for predicting the difficult emergency airway
Look externally
Evaluate 3-3-2
Mallampati
Obstruction/Obesity
Neck mobility
Adapted from: Brown III CA, Walls RM. Identification of the difficult and failed airway. In: The Walls Manual
of Emergency Airway Management, 5th ed, Brown III CA, Sakles JC, Mick NW (Eds), Wolters Kluwer,
Philadelphia 2018.
Graphic 64336 Version 5.0
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Cricoid pressure (Sellick maneuver)

Cricoid pressure (Sellick maneuver). Posterior displacement of the airway cartilages occludes
the compliant esophagus. In infants and young children, the tracheal cartilage is also very
compliant, and excessive force while applying cricoid pressure may impair airway patency.
Reproduced with permission from: King C, Rappaport LD. Emergent endotracheal intubation. In:
Textbook of Pediatric Emergency Procedures, 2nd ed, King C, Henretig FM (Eds), Lippincott
Williams & Wilkins, Philadelphia 2008. Copyright © 2008 Lippincott Williams & Wilkins.
www.lww.com.
Graphic 71800 Version 12.0
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Bimanual laryngoscopy in a child

While performing direct laryngoscopy, the laryngoscopist uses the right hand to sweep the
thyroid cartilage to the right and upward until the optimal glottis view is obtained. At that
point, the laryngoscopist instructs an assistant to place their fingers in the exact same spot and
apply the same direction and degree of force so that the endotracheal tube can be placed.
Graphic 111812 Version 1.0
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Proper positioning for ventilation and intubation for
children older than two years of age

(A) The oral (O), tracheal (T), and pharyngeal (P) axes are in divergent planes.
(B) A towel under the occiput brings the external auditory canal anterior to the
shoulder, aligning the T and P axes.
(C) The extension of the head on the neck, with the mouth and nose facing the
ceiling, aligns the O axis with the T and P axes.
Graphic 69636 Version 6.0
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View of glottis with and without external laryngeal
manipulation

ELM improves the glottic view in more than 50 percent of patients with inadequate
initial views. The photos show the view of the glottis without (A) and with (B) ELM.
ELM: external laryngeal manipulation.
Reproduced with permission from: Orebaugh SL. Direct laryngoscopy. In: Atlas of Airway
Management: Techniques and Tools, Lippincott Williams & Wilkins, Philadelphia 2007.
Copyright © 2007 Lippincott Williams & Wilkins. www.lww.com.
Graphic 64433 Version 12.0
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INTRODUCTION — This topic will review conditions in children that can make airway
management difficult, anatomic characteristics that may identify those conditions, and
management strategies.
General principles of airway management in children, including rapid sequence intubation are
discussed separately. (See "Basic airway management in children" and "Emergency
endotracheal intubation in children" and "Rapid sequence intubation (RSI) outside the operating
room in children: Approach".)
BACKGROUND — Effective airway management includes anticipating and planning for
problems. Difficulties frequently occur as the result of patient characteristics that interfere with
spontaneous breathing, bag mask ventilation, laryngoscopy, and/or intubation of the trachea.
Identifying characteristics of the difficult airway and developing a plan for managing problems
are essential principles of anesthesia practice [1]. These principles have been modified and
effectively used to evaluate adults in the emergency department [2].
Children infrequently require aggressive airway management and difficulties do not often occur
[3,4]. Many of the difficult airway predictors, particularly anatomic abnormalities, are more
common in adults. As a result, evidence specific for children regarding identification and
management of difficult airways is limited [5,6]. Nevertheless, a reasonable, systematic
approach for children can be developed from experience with adult patients in the operating
room and emergency department.
DEFINITION — A difficult airway is generally defined as a situation in which a clinician
experiences difficulty with face mask ventilation, laryngoscopy, or intubation [1,2]. In an
emergency setting, this also includes difficulty performing an emergency surgical airway, such
as needle cricothyroidotomy.
These difficulties may arise whenever any of the following maneuvers cannot be successfully
performed:
https://www.uptodate.com/contents/the-difficult-pediatric-airway/print?source=search_result&search=pediatric%20airway&selectedTitle=2~150
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● Positioning to optimally align the pharyngeal and tracheal axes (picture 1 and picture 2).
● Achieving sufficient positive pressure with a resuscitation bag to inflate the lungs.
● Opening the mouth and controlling oral structures with the laryngoscope blade.
● Visualizing the larynx and intubating the trachea.
● Identifying landmarks in the neck for performing a surgical airway.
CAUSES OF THE DIFFICULT PEDIATRIC AIRWAY
Normal pediatric airway — Predictable differences in the pediatric airway (as compared with
adult airway anatomy) may make management difficult. These differences, most evident in
children less than two to three years of age, include the following (see "Emergency airway
management in children: Unique pediatric considerations"):
● A large occiput affects positioning.
● A large tongue and small mouth may make laryngoscopy difficult.
● The larynx may be harder to locate with the laryngoscope because it is higher and more
anterior than in an adult.
● The epiglottis is large and floppy and may difficult to control.
Anatomic features of the normal pediatric airway are reviewed separately. (See "Basic airway
management in children", section on 'Anatomic considerations' and "Emergency endotracheal
intubation in children".)
Congenital abnormalities — Numerous congenital conditions have features that may make
airway management difficult (table 1). In addition, children with underlying airway abnormalities
who acquire an acute condition (such as croup or an upper respiratory tract infection) may
quickly develop respiratory compromise. Congenital features that may interfere with airway
management include the following:
● Misshapen head – Positioning of the head to optimally align the pharyngeal and tracheal
axes may be difficult if the head is misshapen, as can occur with craniosynostosis (such as
Apert's or Crouzon's syndrome) or macrocephaly. (See "Craniosynostosis syndromes" and
"Macrocephaly in infants and children: Etiology and evaluation".)
● Facial abnormalities – Facial asymmetry or underdevelopment may make it difficult to
achieve a good seal between the face and a mask, creating difficulties with bag mask
ventilation (picture 3). As examples, maxillary hypoplasia is a feature of Apert's syndrome,
while Goldenhar syndrome includes unilateral hypoplasia of the mandible. (See
"Syndromes with craniofacial abnormalities".)
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● Abnormal neck mobility – Limited neck mobility (as occurs with Klippel- Feil syndrome) or
cervical spine instability (which can occur with Down syndrome and the
mucopolysaccharidoses) may interfere with positioning of the head. (See "Down syndrome:
Clinical features and diagnosis", section on 'Atlantoaxial instability' and
"Mucopolysaccharidoses: Complications", section on 'Anesthesia'.)
● Small oral aperture – Opening the mouth for laryngoscopy may be difficult in children with
microstomia, which is a feature of Freeman-Sheldon and Hallermann-Streiff syndromes.
● Small oral cavity – Children with small mandibles or palatal abnormalities (such as high
arched or cleft palates) have a smaller oral cavity. This may make laryngoscopy and
control of oral structures difficult. For instance, mandibular hypoplasia is a feature of the
Robin sequence and Treacher Collins' syndrome (picture 4).
● Large tongue – A large tongue may obstruct the airway during bag mask ventilation or be
difficult to control during laryngoscopy. Macroglossia occurs in several conditions (such as
hypothyroidism, Beckwith-Wiedeman syndrome, and Down syndrome). It is also a feature
of infiltrative diseases such as the mucopolysaccharidoses.
● Masses – Masses in the neck (such as cystic hygromas) may interfere with positioning.
Masses within the airway (such as teratomas or hemangiomas) may obstruct the airway
and interfere with visualization of the larynx. Mediastinal masses may make tube
placement difficult and interfere with ventilation after successful intubation [7]. (See
"Congenital anomalies of the jaw, mouth, oral cavity, and pharynx" and "Infantile
hemangiomas: Epidemiology, pathogenesis, clinical features, and complications", section
on 'Airway hemangiomas'.)
● Laryngeal and subglottic abnormalities – Abnormalities of the larynx or subglottic
trachea may interfere with intubation (picture 5).
Acquired conditions — Acquired conditions that can cause difficulties with airway
management may develop as the result of infection, allergic reactions, trauma, or aspiration of a
foreign body.
Infection — The specific difficulties in airway management that arise because of infection
depend upon where the infection is located within the airway.
● Retropharyngeal and peritonsillar abscesses may interfere with laryngoscopy and
visualization of the larynx. These conditions do not typically require emergency airway
management. (See "Retropharyngeal infections in children".)
● Epiglottitis is characterized by rapidly progressive inflammation and edema of the
supraglottic structures. Airway management is difficult because laryngeal anatomy is
distorted and the glottic opening may be small and difficult to identify. Since the introduction
https://www.uptodate.com/contents/the-difficult-pediatric-airway/print?source=search_result&search=pediatric%20airway&selectedTitle=2~150
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of conjugate Haemophilus influenza type B vaccines, the incidence of epiglottitis in children
has declined dramatically. (See "Epiglottitis (supraglottitis): Clinical features and
diagnosis".)
● Croup and tracheitis cause subglottic airway obstruction. As a result, it may be difficult to
deliver effective bag mask ventilation or to pass an endotracheal tube through the
subglottic trachea. Fortunately, both conditions generally respond to medical management.
(See "Croup: Clinical features, evaluation, and diagnosis", section on 'Pathogenesis' and
"Croup: Approach to management".)
Anaphylaxis — Edema involving the tongue, retropharynx, and/or larynx, that can interfere
with laryngoscopy and visualization of the larynx, may develop as the result of anaphylaxis.
Symptoms typically respond to aggressive medical management (table 2).
Trauma — Injury to the face or airway (as the result of blunt or penetrating trauma, thermal
burns, or caustic ingestions) may complicate airway management:
● Facial burns may make it difficult to deliver bag mask ventilation because an adequate seal
between the mask and face cannot be achieved.
● An expanding hematoma in the pharynx can interfere with laryngoscopy.
● Injury to the midface (eg, LeFort fracture), larynx, or subglottic trachea may be exacerbated
by intubation and make securing of the airway difficult.
● Spinal immobilization with a rigid cervical collar, regardless of the presence of injury can
make direct laryngoscopy difficult because the clinician is unable to optimally position the
patient in the sniffing position and adequately align the visual axis. (See 'Management'
below.)
Foreign body — A foreign body in the airway may cause significant obstruction and require
immediate treatment. Identification and removal of the foreign body during laryngoscopy can be
challenging. In addition, normal anatomic landmarks may be distorted by the foreign body. (See
"Emergency evaluation of acute upper airway obstruction in children", section on 'Causes'.)
Piercings around the mouth and tongue may interfere with or become dislodged during
laryngoscopy [8].
Other causes — Other acquired conditions in children that may make airway management
difficult include tumors, previous surgery, radiation treatment, or obesity [9].
IDENTIFICATION OF THE DIFFICULT PEDIATRIC AIRWAY — The initial evaluation of any
critically ill or injured child should include a brief, systematic assessment of the airway to
identify characteristics that may complicate management. These characteristics must be taken
into consideration when developing an airway management plan. (See "Emergency
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endotracheal intubation in children" and "Rapid sequence intubation (RSI) outside the operating
room in children: Approach", section on 'Preparation'.)
Anesthesiologists have used bedside evaluation tools to identify patients for whom airway
management may be difficult [1]. None of these indicators has been tested in emergency
departments or in children. Nevertheless, a reasonable approach can be developed using
evidence from the operating room and clinical experience in the emergency department to
identify children who may have difficult airways [2].
Bag mask ventilation — Bag mask ventilation may be difficult in children with the following
features:
● A misshapen head (as the result of trauma or a congenital anomaly) or limited neck
mobility (such as a patient whose cervical spine is immobilized) can interfere with proper
positioning (picture 1).
● Facial burns or any disruption of lower facial continuity (as can occur with facial trauma or a
congenital anomaly with facial asymmetry) can make it difficult to achieve an adequate seal
between the face and the mask.
● Patients who are obese or who have significant lung disease (such as severe asthma) may
be difficult to ventilate with a bag and mask [10].
Laryngoscopy or intubation — A combination of several clinical features appears to be a
sensitive predictor of difficult laryngoscopy or intubation for adults [11-13]. These features
include:
● Interincisor gap is the distance between the upper and lower incisors with the mouth open
as wide as possible. For adult patients, the width of three of the patient's fingers is
considered an adequate distance for laryngoscopy [2].
● Mallampati score assesses the view of the posterior pharynx with the mouth wide open
(figure 1). Intubation may be difficult for patients with a poor view (Class III or IV). However,
when used alone, the score has limited accuracy for predicting a difficult airway [14].
● Thyromental distance is the distance between the tip of the chin and the thyroid notch.
Typically, the width of three of the patient's fingers is considered normal for adults [2].
Difficulty visualizing the larynx may occur when the distance is longer or shorter.
Cricothyroidotomy — Needle cricothyroidotomy, which permits percutaneous transtracheal
ventilation, should always be considered a difficult technique in children because normal
landmarks are difficult to identify and the caliber of the airway is small. In addition, few if any
practitioners are able to gain proficiency with these techniques because clinical scenarios that
require them occur rarely. (See 'Surgical airway' below.)
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The LEMON approach to difficult airway assessment — The mnemonic LEMON has been
developed by researchers in emergency airway management as a tool for rapidly identifying
adult patients who may have a difficult airway (table 3) [2,15]. The tool has not been tested in
children. Components of the mnemonic include the following:
● L: Look externally for indicators of a difficult airway (such as a misshapen head, facial
abnormalities, or neck masses).
● E: Evaluate mouth opening, thyromental distance, and the distance between the mandible
and the thyroid cartilage (this correlates with the distance between the base of the tongue
and the larynx) (picture 6). Adequate mouth opening and thyromental distance should be
the width of three of the patient's fingers. The distance between the mandible and thyroid
cartilage should be the width of two fingers.
● M: Mallampati score: Assigning a Mallampati score may be difficult in young children. For
the obtunded, supine patient, a crude assessment can be made using a tongue blade
(figure 1) [2].
● O: Obstruction: Signs of airway obstruction (such as stridor, a muffled voice, or difficulty
handling secretions) always indicate that airway management may be difficult. Upper
airway obstruction can interfere with bag mask ventilation, as well as with laryngoscopy
and intubation.
● N: Neck mobility: Conditions that limit neck mobility (such as congenital anomalies or
cervical spine immobilization) can usually be identified by observation.
ALTERNATIVE AIRWAY TECHNIQUES — Alternative strategies for providing oxygenation and
ventilation must be considered for the child who may be difficult to intubate with direct
laryngoscopy. These techniques may be temporizing (such as laryngeal mask airway,
Combitube, or a percutaneous needle cricothyrotomy) or provide alternative approaches to
tracheal intubation (eg, intubating introducers, fiberoptic intubation, or a lighted stylet). Several
factors impact the choice of device including the clinical situation, type of airway difficulty, and
experience of the operator.
Devices for difficult intubation in children are discussed in detail separately. (See "Devices for
difficult endotracheal intubation in children", section on 'Choice of device' and "Emergency
rescue devices for difficult pediatric airway management", section on 'Choice of device'.)
Laryngeal mask airway — We suggest that an LMA be used as the initial rescue device for a
child with a failed airway who does not have complete upper airway obstruction or an airway
condition that could be worsened by injury from attempts to place an LMA.
The device is available in multiple sizes suitable for infants, children, and adults. The
appropriate size is based upon the patient's weight (table 4). The Classic LMA is a scaled down
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version of the adult LMA while the pediatric Proseal LMA has specific design features that may
permit a better seal and greater protection against aspiration, especially in infants and young
children, including a gastric channel which permits passage of a nasogastric tube and gastric
decompression while the LMA is in place. In anesthesia studies in children, LMAs can be
successfully inserted on the first attempt 80 to 100 percent of the time, depending upon the
technique (rotational, lateral, or standard placement) and specific device (Classic LMA or
Proseal LMA) used. Although experience with the device as a rescue airway in children is
limited [16], case series and reports suggest that an adequate airway can be achieved with an
LMA in neonates when bag-mask ventilation and tracheal intubation have failed [17].(See
"Emergency rescue devices for difficult pediatric airway management", section on 'Laryngeal
mask airway (LMA)'.)
The LMA should be avoided in patients with airway obstruction (eg, croup, asthma) or distorted
airway anatomy (eg, laryngeal trauma, congenital anomalies of the larynx, or epiglottitis). (See
"Emergency rescue devices for difficult pediatric airway management", section on
'Contraindications'.)
The technique for placing an LMA is discussed separately. (See "Emergency rescue devices for
difficult pediatric airway management", section on 'Choice of technique'.)
Intubating introducers (gum elastic bougie) — Intubating introducers are helpful when the
epiglottis is visible but the vocal cords cannot be seen. These devices are semi-rigid solid or
hollow rods with the distal tip bent at a 30 degree angle (picture 7 and picture 8). Pediatric sized
introducers permit placement of endotracheal tubes as small as 4.0 mm (internal diameter).
Intubating introducers are unlikely to be beneficial when the airway anatomy is not visible. In
addition, airway guides should be used with caution when there is possible laryngeal or tracheal
injury. (See "Devices for difficult endotracheal intubation in children", section on 'Intubating
introducers (gum elastic bougie)'.)
Lighted stylet — The pediatric lighted stylet is a rescue device that does not require direct
visualization of the vocal cords [18]. A stylet with a fiberoptic light source is inserted into an
endotracheal tube that is then blindly placed into the posterior pharynx and advanced. The tube
is usually located in the trachea when a cherry-red glow is noted at the suprasternal notch. The
stylet can then be carefully removed, endotracheal tube placement confirmed, and the tube
secured. The major disadvantages of the lightwand technique include longer times to intubation
and lower success rate for inexperienced users (fewer than 20 intubations using the device).
Thus, for clinicians with limited opportunity to manage difficult pediatric airways, most experts
would recommend use of a device which is easier to learn and use (eg, fiberoptic stylet). (See
"Devices for difficult endotracheal intubation in children", section on 'Lighted stylet'.)
This technique has been used successfully for infants and children but has a relatively low
success rate (75 to 83 percent) when the technique is performed by inexperienced users
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[19,20]. It can often be performed with minimal movement of the patient's head and neck,
making it particularly useful for trauma patients whose cervical spines are immobilized [21].
(See "Devices for difficult endotracheal intubation in children", section on 'Lighted stylet'.)
Fiberoptic stylets — These devices combine features of the lighted stylet with features of a
flexible fiberoptic bronchoscope to create a device that can be used for blind intubation similar
to a lighted stylet or visually guided intubation. With this technique an endotracheal tube is
loaded onto a stylet with a fiberoptic lens that allows the clinician to visualize the glottis. The
endotracheal tube is then threaded through the glottis and secured. The fiberoptic stylet is
especially useful when standard laryngoscopy is difficult or impossible because the patient has
limited mouth opening or neck mobility. It is also useful when the patient has certain anatomic
abnormalities that make endotracheal intubation difficult (eg, small mandible, large tongue, very
anterior airway). This device may be used in conjunction with the laryngeal mask airway. (See
"Devices for difficult endotracheal intubation in children", section on 'Fiberoptic stylets'.)
Flexible fiberoptic intubation — Flexible fiberoptic techniques have been used extensively by
anesthesiologists for difficult intubations [1,22]. Experience with this approach in the emergency
department is almost exclusively in adult patients [23]. Typically, an endotracheal tube is
threaded onto the end of a flexible fiberoptic bronchoscope. The scope is then introduced into
the nose or mouth. The trachea is visualized and intubated with the scope and endotracheal
tube. The scope is then withdrawn, placement of the endotracheal tube in the trachea is
confirmed, and the tube is secured. (See "Devices for difficult endotracheal intubation in
children", section on 'Flexible fiberoptic bronchoscope'.)
Fiberoptic intubation should be considered in cases where the pre-intubation assessment
suggests that orotracheal intubation via RSI (preferred in most emergency department
intubation scenarios) is unlikely to be successful. Examples include congenital airway
anomalies such as micrognathia or conditions where difficulty aligning the oral, pharyngeal, and
laryngeal axes is predicted (such as when neck mobility is limited). The small size of the nasal
passages in very young children may preclude the nasal route for intubation.
In the hands of an experienced clinician, flexible fiberoptic laryngoscopy is an excellent method
for endotracheal intubation for a patient with a difficult airway who is breathing spontaneously.
Availability of equipment and experienced personnel, as well as time considerations, are usually
the limiting factors for using this technique for emergency airway management.
Video laryngoscopy — Video laryngoscopes provide indirect laryngoscopy and display the
glottic view on a video monitor during endotracheal intubation. Several devices are available in
sizes appropriate for infants and children. Video laryngoscopy is not necessarily associated with
improved performance of pediatric endotracheal intubation, especially when performed by
inexperienced providers. However, practitioners with airway training and experience, even
those who are relatively early in their careers (ie, anesthesiology residents), can use these
advanced laryngoscopes effectively with little additional training and orientation. In selected
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patients with limited neck or mouth opening, video laryngoscopy may markedly improve the
ability to secure the airway. (See "Devices for difficult endotracheal intubation in children",
section on 'Video laryngoscope'.)
Combitube — The Combitube is a dual-cuff, dual-lumen tube that is placed blindly in the
esophagus. The distal balloon is designed to occlude the esophagus, while the proximal balloon
will occlude the hypopharynx. Positive pressure ventilation can be delivered through side ports
when the tube is in the esophagus or through the tip when it is placed in the trachea, which
rarely occurs. Minimal training is required to use the device effectively, and it can be placed
quickly, with minimal movement of the cervical spine [24]. The Combitube does not provide a
definitive airway. In addition, it is only available in sizes appropriate for patients taller than 48
inches (1.2 m) [25]. (See "Emergency rescue devices for difficult pediatric airway
management", section on 'Combitube'.)
Complications may occur more commonly with the Combitube than with an LMA [26]. Reported
complications with the Combitube include esophageal rupture, pyriform sinus perforation, and
tongue engorgement [27-29]. Mucosal ischemia may occur as the result of pressure from the
balloons [30].
Surgical airway — Rarely, noninvasive rescue devices fail to provide an airway. As a result,
emergency healthcare providers should be familiar with surgical airway techniques, such as
needle or surgical cricothyroidotomy; although in reality, few if any practitioners have enough
opportunity with these approaches to gain proficiency. Surgical cricothyroidotomy should be
avoided in infants and young children.
Equipment required for needle and surgical cricothyroidotomy, particularly a setup for delivering
transtracheal ventilation, should be organized in advance and readily available in locations
where emergency airway procedures are performed. (See "Needle cricothyroidotomy with
percutaneous transtracheal ventilation", section on 'Equipment'.)
Step by step instructions on how to perform needle or surgical cricothyroidotomy and on how to
perform percutaneous transtracheal ventilation are discussed separately. (See "Needle
cricothyroidotomy with percutaneous transtracheal ventilation" and "Emergency cricothyrotomy
(cricothyroidotomy)".)
We prefer manually controlled ventilation to jet ventilation during transtracheal ventilation in
children because of a lower chance of barotrauma.
MANAGEMENT — Anticipating and preparing for advanced airway management, including
intubation, for a critically ill or injured child who may have a difficult airway should begin before
the patient arrives in the emergency department. Emergency departments should have
equipment and supplies available in a readily identifiable location, such as a "difficult airway
box". (See 'Alternative airway techniques' above.)
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Once the child with a difficult airway is identified, a specific plan for management must be
developed that includes mobilizing appropriate personnel and assembling specialized
equipment (algorithm 1A and algorithm 1B and algorithm 1C). The child may improve with
supportive care and aggressive treatment of the underlying condition. For children who require
intubation, airway management must include a rescue plan and preparation for a failed airway
(algorithm 1D).
Supportive care — Care for all patients with respiratory difficulties who may have a difficult
airway should include the following:
● Provide supportive care and careful monitoring. Children who are developing respiratory
compromise must be rapidly identified. (See "Initial assessment and stabilization of
children with respiratory or circulatory compromise".)
● Aggressively treat the underlying condition. As an example, a patient with a congenitally
abnormal airway who develops croup should quickly receive nebulized epinephrine and
corticosteroids. In most cases, the child's condition will improve and advanced airway
management will not be necessary. (See "Croup: Approach to management".)
● Avoid situations that could worsen airway compromise. As an example, a child with a
retropharyngeal abscess who requires sedation for imaging studies should receive
reversible agents, whenever possible. (See "Procedural sedation in children outside of the
operating room".)
● Anticipate the need for advanced airway management. Children with conditions that rapidly
and predictably progress to involve edema and distortion of normal airway anatomy despite
aggressive medical management (such as thermal or chemical airway burns) should be
intubated early, in as controlled a setting as possible.
Airway management — In the case of a predicted difficult airway, the first intervention should
be to “call for help” if such help is available. The most expert physician available may be from
anesthesia or otorhinolaryngology rather than emergency medicine or pediatrics, and they may
provide valuable assistance in the rare case of a difficult pediatric airway. An approach to
management decisions should consider the urgency of establishing an airway ("crash airway")
and the likelihood that rapid sequence intubation (RSI) will be successful. In comparison to
adults, fewer interventions are available for children who have a failed airway.
Crash airway — Children who are in extremis are considered a "crash airway" and should
receive bag mask ventilation, followed by orotracheal intubation (algorithm 1C). Numerous
studies have demonstrated that effective BMV, especially in the prehospital arena, is an
effective means of supporting respirations [31,32]. BMV may provide oxygenation and
ventilation as personnel and equipment are being mobilized for endotracheal intubation, even in
situations with significant soft tissue obstruction such as epiglottitis [33]. Alternative airway
techniques (such as laryngeal mask airway or needle cricothyrotomy) should be employed
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when attempts to intubate the trachea are unsuccessful. (See 'Alternative airway techniques'
above and 'Approach to the failed airway' below.)
Rapid sequence intubation — Rapid sequence intubation should be considered for
children who are not in extremis when the clinician is confident that the child can be adequately
ventilated with a bag and mask and that oral tracheal intubation will be successful (algorithm
1A). Preparations should always be made for alternative airway management (such as a
laryngeal mask airway). (See "Rapid sequence intubation (RSI) outside the operating room in
children: Approach" and 'Alternative airway techniques' above.)
Awake intubation — Awake intubation, using sedation and local anesthesia, is an approach
that is frequently used for adults [34]. With this technique, the patient is sedated but not
paralyzed and continues to breath spontaneously. There are no reports describing experience
with this technique for children in the emergency department. It is likely that the degree of
sedation required to perform awake intubation in a frightened young child would depress airway
protective reflexes and spontaneous respiration, placing the patient at risk for aspiration and
hypoxia.
Alternative airway techniques — Alternatives for airway management when RSI or awake
intubation are not feasible include a laryngeal mask airway or fiberoptic intubation. (See
'Alternative airway techniques' above and 'Approach to the failed airway' below.)
Forced to act scenario — Certain circumstances (ie, anaphylaxis or thermal injury with rapidly
progressive airway swelling) may fall short of a "crash" intubation but due to the time sensitive
nature of the condition, there may not be sufficient time to call additional resources to the
bedside. In these scenarios, the clinician may elect to perform rapid sequence intubation and
create conditions for the best, first attempt at airway management rather than delaying to
consider other, potentially impossible approaches due to the time dependent nature of the
underlying condition, understanding that if oral intubation fails, the patient would then transition
to the failed airway algorithm (algorithm 1D).
Approach to the failed airway — A child with respiratory failure for whom bag mask ventilation
is not effective and the trachea cannot be intubated has a failed airway. This situation is often
referred to as a "can't ventilate, can't intubate" scenario [2]. Prompt intervention to improve
oxygenation and ventilation is essential (algorithm 1D). The most expert clinician available
should be managing the airway.
There is no evidence to guide recommendations for management of these rare, but lifethreatening, situations. Therefore, any intervention that could be possibly helpful and is unlikely
to worsen the patient's condition, should be considered.
An LMA should be used initially for most children with failed airways who do not have complete
airway obstruction. Positive pressure ventilation through a device that is sealed around the
larynx may be effective for those with partial airway obstruction, even if the obstruction is
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subglottic (such as with croup or a subglottic foreign body). Temporary improvement in
oxygenation may be life-saving, while other interventions are implemented.
A surgical airway should be performed for a child with a complete upper airway obstruction.
Needle cricothyroidotomy is recommended for children ≤10 years of age. A surgical airway
should also be considered for children with airway conditions that could be worsened by injury
from attempts to place an LMA (such as expanding hematomas, significant midface trauma, or
large abscesses). (See "Needle cricothyroidotomy with percutaneous transtracheal ventilation".)
SUMMARY AND RECOMMENDATIONS — Effective airway management includes anticipating
and planning for difficulties. A reasonable, systematic approach for children can be developed
from experience with adult patients.
● Problems with airway management can occur with positioning, positive pressure
ventilation, laryngoscopy, visualizing and/or intubating the trachea, or identifying landmarks
for performing a surgical airway. (See 'Definition' above.)
● Conditions in children that may make airway management difficult include characteristics of
the normal airway and congenital or acquired conditions. (See 'Causes of the difficult
pediatric airway' above.)
● Airway characteristics that may identify a difficult airway can be rapidly assessed using the
mnemonic LEMON (table 3). (See 'The LEMON approach to difficult airway assessment'
above.)
• L: Look externally for indicators of a difficult airway
• E: Evaluate mouth opening, thyromental distance, and the distance between the
mandible and the thyroid cartilage (picture 6)
• M: Mallampati score (figure 1)
• O: Obstruction: Signs of airway obstruction
• N: Neck mobility
● Alternative airway techniques that may be useful for managing a difficult airway include a
laryngeal mask airway (LMA), fiberoptic laryngoscopy, video laryngoscopy, a lighted stylet,
performing a surgical airway, or, in children four feet in height or taller, a Combitube. (See
'Alternative airway techniques' above.)
● General management issues for all patients include providing supportive care, monitoring,
treating the underlying condition, avoiding situations that could worsen airway compromise,
and anticipating the need for advanced airway management. (See 'Management' above.)
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● Once the child with a difficult airway is identified, a specific plan for management must be
developed that includes mobilizing appropriate personnel and assembling specialized
equipment (algorithm 1A-D). The child may improve with supportive care and aggressive
treatment of the underlying condition. For children who require intubation, airway
management must include a rescue plan and preparation for a failed airway (algorithm 1D).
● We suggest that an LMA be used as the initial rescue device for a child with a failed airway
who does not have complete upper airway obstruction or an airway condition that could be
worsened by injury from attempts to place an LMA (Grade 2C). (See 'Laryngeal mask
airway' above and 'Approach to the failed airway' above.)
● A surgical airway is the only option for a child who has a failed airway with complete upper
airway obstruction or an airway condition that could be worsened by injury from attempts to
place an LMA. Children ≤10 years of age should receive a needle cricothyrotomy. For
children who are older than 10 years, the surgical approach may be dictated by experience
of the clinician. (See 'Approach to the failed airway' above and "Needle cricothyroidotomy
with percutaneous transtracheal ventilation".)
Use of UpToDate is subject to the Subscription and License Agreement.
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GRAPHICS
Proper positioning for ventilation and intubation for
children older than two years of age

(A) The oral (O), tracheal (T), and pharyngeal (P) axes are in divergent planes.
(B) A towel under the occiput brings the external auditory canal anterior to the
shoulder, aligning the T and P axes.
(C) The extension of the head on the neck, with the mouth and nose facing the
ceiling, aligns the O axis with the T and P axes.
Graphic 69636 Version 6.0
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Prominent occiput with pediatric airway obstruction

Without support under the shoulders, the prominent occiput causes the head to flex
forward and obstruct the airway in this sedated infant (A). With a shoulder roll in place, the
airway is now in neutral position and clear (B).
Reproduced from: Santillanes, G, Gausche-Hill, M. Pediatric airway management. Emerg Med Clin
North Am 2008; 26:961. Illustration used with the permission of Elsevier Inc. All rights reserved.
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Congenital features associated with airway abnormalities
Features

Abnormalities*

Misshapen head

Apert syndrome, Crouzon syndrome, Pfeiffer syndrome

Maxillary
hypolasia

Apert syndrome, Crouzon syndrome, Pfeiffer syndrome

Abnormal neck
mobility

Down syndrome, Klippel-Feil syndrome, mucopolysaccharidoses

Microstomia

Freeman-Sheldon syndrome, Hallermann-Streiff syndrome

Mandibular
hypoplasia

Hallermann-Streiff syndrome, Pierre-Robin sequence, Treacher-Collins
syndrome, unilateral hypoplasia of the mandible (Goldenhar syndrome)

High arched or
narrow palate

Achondroplasia, Apert syndrome, Crouzon syndrome, de Lange syndrome,
Hallermann-Streiff syndrome, Pfeiffer syndrome, Treacher-Collins syndrome

Cleft palate

Branchio-Oculo-Facial syndrome, Cleft lip sequence, Ectrodactyly-Ectodermal
Dysplasia-Clefting syndrome

Large or protuding
tongue

Beckwith-Wiedemann syndrome, Down syndrome, mucopolysaccharidoses,
Pierre-Robin sequence

Neck masses

Cystic hygroma, hemangioma

Laryngeal or
subglottic
abnormalities

Laryngeal cystes or webs, subglottic stenosis

* Partial list of representative disorders.
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Hemifacial microsomia

Left-sided hemifacial microsomia. Bilateral hearing aids for mixed sensorineural
and conductive loss.
Reproduced with permission from: Gold DH, Weingeist TA. Color Atlas of the Eye in
Systemic Disease. Baltimore: Lippincott Williams & Wilkins, 2001. Copyright ©2001
Lippincott Williams & Wilkins.
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Pierre Robin sequence

(A) The small, undershot chin and mandible give a birdlike facial appearance. The
resultant inspiratory ball valve airway obstruction caused by glossoptosis within these tiny
jaw confines made tracheostomy necessary.
(B) Isolated cleft palate.
Reproduced with permission from: Gold DH, Weingeist TA. Color Atlas of the Eye in Systemic
Disease. Baltimore: Lippincott Williams & Wilkins, 2001. Copyright ©2001 Lippincott Williams &
Wilkins.
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Cyst of aryepiglottic fold

Note obstruction of the glottic opening.
c: cyst.
Courtesy of Ellen S Deutsch, MD.
Graphic 69715 Version 2.0

https://www.uptodate.com/contents/the-difficult-pediatric-airway/print?source=search_result&search=pediatric%20airway&selectedTitle=2~150

21/34

8/29/2017

The difficult pediatric airway - UpToDate

Rapid overview: Emergent management of anaphylaxis in infants and
children*
Diagnosis is made clinically:
The most common signs and symptoms are cutaneous (eg, sudden onset of generalized urticaria,
angioedema, flushing, pruritus). However, 10 to 20% of patients have no skin findings.
Danger signs: Rapid progression of symptoms, evidence of respiratory distress (eg,
stridor, wheezing, dyspnea, increased work of breathing, retractions, persistent cough,
cyanosis), signs of poor perfusion, abdominal pain, vomiting, dysrhythmia,
hypotension, collapse.

Acute management:
The first and most important therapy in anaphylaxis is epinephrine. There are NO absolute
contraindications to epinephrine in the setting of anaphylaxis.
Airway: Immediate intubation if evidence of impending airway obstruction from angioedema.
Delay may lead to complete obstruction. Intubation can be difficult and should be performed by
the most experienced clinician available. Cricothyrotomy may be necessary.
IM epinephrine (1 mg/mL preparation): Epinephrine 0.01 mg/kg should be injected
intramuscularly in the mid-outer thigh. For large children (>50 kg), the maximum is 0.5 mg per
dose. If there is no response or the response is inadequate, the injection can be repeated in 5 to
15 minutes (or more frequently). If epinephrine is injected promptly IM, patients respond to one,
two, or at most, three injections. If signs of poor perfusion are present or symptoms are not
responding to epinephrine injections, prepare IV epinephrine for infusion (see below).
Place patient in recumbent position, if tolerated, and elevate lower extremities.
Oxygen: Give 8 to 10 L/minute via facemask or up to 100% oxygen, as needed.
Normal saline rapid bolus: Treat poor perfusion with rapid infusion of 20 mL/kg. Re-evaluate
and repeat fluid boluses (20 mL/kg), as needed. Massive fluid shifts with severe loss of
intravascular volume can occur. Monitor urine output.
Albuterol: For bronchospasm resistant to IM epinephrine, give albuterol 0.15 mg/kg (minimum
dose: 2.5 mg) in 3 mL saline inhaled via nebulizer. Repeat, as needed.
H1 antihistamine: Consider giving diphenhydramine 1 mg/kg (max 40 mg) IV.
H2 antihistamine: Consider giving ranitidine 1 mg/kg (max 50 mg) IV.
Glucocorticoid: Consider giving methylprednisolone 1 mg/kg (max 125 mg) IV.
Monitoring: Continuous noninvasive hemodynamic monitoring and pulse oximetry monitoring
should be performed. Urine output should be monitored in patients receiving IV fluid resuscitation
for severe hypotension or shock.

Treatment of refractory symptoms:
Epinephrine infusion ¶: In patients with inadequate response to IM epinephrine and IV saline,
give epinephrine continuous infusion at 0.1 to 1 mcg/kg/minute, titrated to effect.
Vasopressors ¶: Patients may require large amounts of IV crystalloid to maintain blood
pressure. Some patients may require a second vasopressor (in addition to epinephrine). All
vasopressors should be given by infusion pump, with the doses titrated continuously according to
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blood pressure and cardiac rate/function monitored continuously and oxygenation monitored by
pulse oximetry.
IM: intramuscular; IV: intravenous.
* A child is defined as a prepubertal patient weighing less than 40 kg.
¶ All patients receiving an infusion of epinephrine and/or another vasopressor require continuous
noninvasive monitoring of blood pressure, heart rate and function, and oxygen saturation. We suggest
that pediatric centers provide instructions for preparation of standard concentrations and also provide
charts for established infusion rate for epinephrine and other vasopressors in infants and children.
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The modified Mallampati classification for difficult laryngoscopy and
intubation

The modified Mallampati classification [1] is a simple scoring system that relates the amount of
mouth opening to the size of the tongue, and provides an estimate of space available for oral
intubation by direct laryngoscopy. According to the Mallampati scale, class I is present when the soft
palate, uvula, and pillars are visible; class II when the soft palate and base of the uvula are visible;
class III when only the soft palate is visible; and class IV when only the hard palate is visible.
Reference:
1. Samsoon GL, Young JR. Difficult tracheal intubation: a retrospective study. Anaesthesia 1987;
42:487.
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The LEMON© mnemonic for predicting the difficult emergency airway
Look externally
Evaluate 3-3-2
Mallampati
Obstruction/Obesity
Neck mobility
Adapted from: Brown III CA, Walls RM. Identification of the difficult and failed airway. In: The Walls
Manual of Emergency Airway Management, 5th ed, Brown III CA, Sakles JC, Mick NW (Eds), Wolters
Kluwer, Philadelphia 2018.
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The 3-3-2 rule for identifying a difficult airway

The spatial relationships depicted here are important determinants of successful direct
laryngoscopy.
(A) The patient can open his/her mouth sufficiently to admit three of his/her own fingers.
(B) The distance between the mentum and the neck/mandible junction (near the hyoid bone) is the
length of three of the patient's fingers.
(C) The space between the superior notch of the thyroid cartilage and the neck/mandible junction,
near the hyoid bone, is the length of two of the patient's fingers.
Graphic 60507 Version 5.0
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Choosing an larnygeal mask airway (LMA)
LMA size

Patient weight (kgs)

1

up to 5 kgs

1.5

5 to 10 kgs

2

10 to 20 kgs

2.5

20 to 30 kgs

3

30 to 50 kgs

4

50 to 70 kgs
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Frova introducer (bougie)

The Frova tracheal tube introducer includes a fenestrated tip to allow
oxygentation.
Reproduced with permission from: Cook Incorporated. Copyright ©2008 Cook
Incorporated.
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Sun-Med tracheal tube introducer (bougie)

The flexible endotracheal tube introducer (often referred to as a "bougie") is an
invaluable tool for difficult airway management. Once inserted into the trachea,
the introducer serves as a conduit for an endotracheal tube, as shown in the
picture.
Reproduced with permission from: Sun-Med. Copyright © 2008 Sun-Med.
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Main emergency airway management algorithm©

RSI: rapid sequence intubation.
Reproduced with permission from: The Difficult Airway Course®: Emergency and Walls RM, Murphy MF.
Manual of Emergency Airway Management, 4th ed, Lippincott Williams & Wilkins, Philadelphia 2012.
Copyright © 2012 Lippincott Williams & Wilkins. www.lww.com.
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Difficult airway management outside the operating room

BMV: bag-mask ventilation; EGD: extra-glottic device; ILMA: intubating laryngeal
mask airway; OR: operating room; PIM: post intubation management; RSI: rapid
sequence intubation.
Reproduced with permission from: The Difficult Airway Course®: Emergency and
Walls RM, Murphy MF. Manual of Emergency Airway Management, 4th ed, Lippincott
Williams & Wilkins, Philadelphia 2012. Copyright © 2012 Lippincott Williams &
Wilkins. www.lww.com.
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The crash airway algorithm©

Reproduced with permission from: The Difficult Airway Course®: Emergency and
Walls RM, Murphy MF. Manual of Emergency Airway Management, 4th ed, Lippincott
Williams & Wilkins, Philadelphia 2012. Copyright © 2012 Lippincott Williams &
Wilkins. www.lww.com.
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Failed airway algorithm

* Placement of an extra-glottic device is contraindicated in the setting of severe
hypopharyngeal pathology, such as epiglottitis. Should a surgical airway be needed in
these circumstances, one attempt at tracheal intubation using a video laryngoscope
or direct laryngoscopy may be performed, provided preparations for a surgical airway
occur simultaneously.
¶ In children under 8 years of age an uncuffed or cuffed endotracheal tube may be
placed. In neonates, uncuffed endotracheal tubes should be placed.
Reproduced with permission from: The Difficult Airway Course®: Emergency and
Walls RM, Murphy MF. Manual of Emergency Airway Management, 4th ed, Lippincott
Williams & Wilkins, Philadelphia 2012. Copyright © 2012 Lippincott Williams &
Wilkins. www.lww.com.
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ARTICLE

Conventional Mechanical Ventilation:
Traditional and New Strategies
Waldemar A. Carlo, MD* and Namasivayam Ambalavanan, MD†
OBJECTIVES
After completing this article, readers should be able to:
1.
2.
3.

Describe which mechanical properties of the respiratory system affect
the interaction between the ventilator and the infant.
Delineate the factors on which ventilator adjustments should be
based.
Describe which effects of mechanical ventilation may cause lung
injury.

Introduction
Important breakthroughs in neonatology, particularly in prevention
and treatment of respiratory disorders, have extended the limits of
viability to lower gestational ages.
Despite these advances, conventional
mechanical ventilation (CMV) (usually pressure-limited intermittent
mandatory ventilation in neonates)
remains an essential therapy in neonatal intensive care. Advances in
CMV, exogenous surfactant supplementation, and antenatal steroids
have resulted in improved outcomes
of critically ill neonates. Despite
newer alternative ventilatory modes,
such as high-frequency ventilation
and patient-initiated mechanical ventilation, CMV continues to be the
mainstay in the care of neonates.
Improved survival due to
advances in neonatal care has
resulted in an increased number of
infants who are at risk for chronic
lung disease and air leaks. Although
the etiology of lung injury is multifactorial, recent animal and clinical
data indicate that lung injury is
largely dependent on the ventilatory
strategies used. Optimal ventilatory
strategies may improve the benefitto-risk ratio by providing the best
gas exchange with the smallest
amount of lung injury. This article
highlights the concepts of pulmonary mechanics, gas exchange, control of breathing, and lung injury
*Professor of Pediatrics; Director, Division
of Neonatology.
†

Assistant Professor of Pediatrics, University
of Alabama at Birmingham, Birmingham,
AL.
NeoReviews

that can be used to optimize CMV.
Alternative modes of ventilation also
are addressed. This evidenced-based
review uses data from integrative
studies (eg, meta-analyses, randomized clinical trials) whenever possible. However, because many controversies surrounding CMV have not
been resolved with clinical studies,
lesser levels of evidence are used as
appropriate.

Gas Exchange
The general goal of CMV is to
achieve normal blood gases, but
ventilator adjustments also should be
based on other factors, such as pulmonary mechanics, gas exchange
mechanisms, control of breathing,
and lung injury. A thorough understanding of these factors can help to
guide the selection of ventilatory
strategies. Neonates are vulnerable
to impaired gas exchange, a common occurrence in this population,
because of their high metabolic rate,
decreased functional residual capacity, decreased compliance, and
potential for right-to-left shunts
through the ductus arteriosus or
foramen ovale. Hypercapnia and
hypoxemia may coexist, although
some disorders may affect gas
exchange differentially.
HYPERCAPNIA

Hypercapnia usually is caused by
hypoventilation or severe
ventilation-perfusion mismatch. Carbon dioxide normally diffuses
readily from the blood into the alveoli. Elimination of carbon dioxide
from the alveoli is directly propor-

tional to alveolar minute ventilation
(Fig. 1), which is determined by the
product of tidal volume (minus dead
space ventilation) and frequency.
Thus, the alveolar minute ventilation
is calculated as:
alveolar minute ventilation 5
(tidal volume 2 dead space)
3 frequency

Tidal volume is the volume of
gas inhaled (or exhaled) with each
breath. Frequency is the number of
breaths per minute. Dead space is
that part of the tidal volume not
involved in gas exchange, such as
the volume of gas that fills the conducting airways. Because dead space
is relatively constant, increases in
either tidal volume or frequency
increase alveolar ventilation and
decrease PaCO2. Also, because dead
space ventilation is constant,
changes in tidal volume appear to be
more effective at altering carbon
dioxide elimination than alterations
in frequency or other ventilatory
parameters. For example, a 50%
increase of tidal volume from 6 to
9 mL/kg, with dead space at a constant 3 mL/kg, doubles alveolar ventilation (from 3 to 6 mL/kg x frequency). However, increases in tidal
volume may augment the risk of
“volutrauma.” Tidal volume depends
largely on the compliance of the
respiratory system and on the pressure difference (ie, peak inspiratory

ABBREVIATIONS
CMV:

conventional mechanical
ventilation
CPAP: continuous positive airway
pressure
FiO2:
fraction of inspired oxygen
concentration
I:E:
inspiratory-to-expiratory time
MAP: mean airway pressure
PEEP: positive end-expiratory
pressure
PIP:
peak inspiratory pressure
RDS:
respiratory distress syndrome
TE:
expiratory time
TI:
inspiratory time
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FIGURE 1. Relationships among various ventilator-controlled (shaded circles) and
pulmonary mechanics (unshaded circles) that determine minute ventilation during
pressure-limited, time-cycled ventilation. The relationships between the circles joined
by solid lines are described by simple mathematical equations. The dashed lines
represent relationships that cannot be calculated precisely without considering other
variables, such as pulmonary mechanics. Thus, simple mathematical equations
determine the time constant of the lungs, the pressure gradient, and the inspiratory
time. These, in turn, determine the delivered tidal volume, which when multiplied by
the respiratory frequency, gives the minute ventilation. Alveolar ventilation can be
calculated from the product of tidal volume and frequency when dead space is
subtracted from the former. From Carlo WA, Greenough A, Chatburn RL. Advances
in conventional mechanical ventilation. In: Boynton BR, Carlo WA, Jobe AH, eds.
New Therapies for Neonatal Respiratory Failure. Boston, Mass: Cambridge
University Press; 1994.

pressure minus positive end expiratory pressure).
HYPOXEMIA

Hypoxemia is usually due to
ventilation-perfusion mismatch or
right-to-left shunting, although diffusion abnormalities and hypoventilation (eg, apnea) also may be at fault.
Ventilation-perfusion mismatch is a
major cause of hypoxemia in infants
who have respiratory distress syndrome (RDS) and other types of
respiratory failure. Ventilationperfusion mismatch usually is
caused by poor ventilation of alveoli
relative to their perfusion. Shunting
can be intra- or extracardiac
(eg, pulmonary).
During conventional ventilation,
oxygenation is determined by the
fraction of inspired oxygen concentration (FiO2) and the mean airway
pressure (MAP) (Fig. 2). MAP is
e118

the average airway pressure during
the respiratory cycle and can be calculated by dividing the area under
the airway pressure curve by the
duration of the cycle, from which
the following equation is derived:
MAP 5 K (PIP 2 PEEP)

(TI/TI 1 TE) 1 PEEP

K is a constant determined by the
flow rate and the rate of rise of the
airway pressure curve, PIP is peak
inspiratory pressure, PEEP is positive end-expiratory pressure, TI is
inspiratory time, and TE is expiratory time. This equation indicates
why MAP increases with increasing
PIP, PEEP, inspiratory-to-expiratory
time (I:E) ratio, and flow (increases
K by creating a more square
waveform).
The mechanism by which
increases in MAP generally improve

oxygenation seems to be the
increased lung volume and improved
ventilation-perfusion matching.
Although there is a direct relationship between MAP and oxygenation,
there are some exceptions. For the
same change in MAP, increases in
PIP and PEEP will enhance oxygenation more than will changes in the
I:E ratio. Increases in PEEP are not
as effective once an elevated level
(.5 to 6 cm H2O) is reached and
may, in fact, not improve oxygenation at all for the following reasons. A very high MAP may overdistend alveoli, leading to right-toleft shunting of blood in the lungs.
If a very high MAP is transmitted to
the intrathoracic structures, cardiac
output may decrease, and thus, even
with adequate oxygenation of blood,
systemic oxygen transport (arterial
oxygen content x cardiac output)
may decrease. Blood oxygen content
is largely dependent on oxygen saturation and hemoglobin level. It has
been common to transfuse packed
red blood cells into infants who
have impaired oxygenation. Transfusion is most beneficial when anemia
is severe (hematocrit ,0.25 to 0.30
[,25% to 30%]). Oxygenation also
depends on oxygen unloading at the
tissue level, which is strongly determined by the oxygen dissociation
curve. Acidosis and postnatal
increases in 2,3-diphosphoglycerate
and adult hemoglobin levels reduce
oxygen affinity to hemoglobin,
thereby favoring oxygen delivery to
the tissues.

Pulmonary Mechanics
The interaction between the ventilator and the infant is strongly dependent on the mechanical properties of
the respiratory system. A pressure
gradient between the airway opening
and the alveoli must exist to drive
the flow of gases during both inspiration and expiration. The necessary
pressure gradient is determined by
the compliance, resistance, and inertance of the lungs and can be calculated from the equation of motion:
pressure 5 (volume/compliance)
1 resistance 3 flow
1 inertance 3 acceleration

Inertial forces during CMV are negligible when compared with compli-

NeoReviews
Downloaded from http://pedsinreview.aappublications.org/ by guest on August 31, 2017

December 1999

RESPIRATORY DISEASE
Conventional Mechanical Ventilation
per unit change in pressure:
compliance
5 D volume/D pressure

FIGURE 2. Determinants of oxygenation during
pressure-limited, time-cycled ventilation. Shaded
circles represent ventilator-controlled variables.
Solid lines represent the simple mathematical
relationships that determine mean airway
pressure and oxygenation, and dashed lines
represent relationships that cannot be quantified
with a simple mathematical method. From Carlo
WA, Greenough A, Chatburn RL. Advances in
conventional mechanical ventilation. In: Boynton
BR, Carlo WA, Jobe AH, eds. New Therapies for
Neonatal Respiratory Failure. Boston, Mass:
Cambridge University Press; 1994.

ance and resistance forces. Thus, the
equation can be simplified to:
pressure 5 (volume/compliance)
1 resistance 3 flow

COMPLIANCE

Compliance describes the elasticity
or distensibility (eg, lungs, chest
wall, respiratory system) and is calculated from the change in volume

RESISTANCE

Resistance describes the
inherent capacity of the air
conducting system (eg, airways, endotracheal tube) and
tissues to oppose airflow and
is expressed as the change in
pressure per unit change in flow:
resistance 5 D pressure/D flow

Airway resistance depends on:
1) radii of the airways (total crosssectional area), 2) length of airways,
3) flow rate, and 4) density and viscosity of gas breathed. Distal airways normally contribute less to
airway resistance because of their
larger cross-sectional area, unless
bronchospasm, mucosal edema, and
interstitial edema decrease the
lumen. Small endotracheal
tubes that may contribute significantly to airway resistance
are also important, especially
when high flow rates that
lead to turbulent flow are
used. Total (airway 1 tissue)
respiratory resistance values
for normal neonates range
from 20 to 40 cm H2O/L/s
and from 50 to 150 cm H2O/
L/s in intubated neonates.

FIGURE 3. Percentage change in pressure in
relation to the time (in time constants) allowed
for equilibration. As a longer time is allowed
for equilibration, a higher percentage change in
pressure will occur. The same rules govern the
equilibration for step changes in volume.
NeoReviews

Therefore, the higher the
compliance, the larger the
delivered volume per unit of
change in pressure. Normally, the chest wall is compliant in neonates and does
not impose a substantial elastic load compared with the
lungs. Total respiratory system compliance (lungs 1
chest wall) in neonates who
have normal lungs ranges
from 0.003 to 0.006 L/cm
H2O compared with compliance in neonates who have
RDS, which may be as low as
0.0005 to 0.001 L/cm H2O.

TIME CONSTANT

Compliance and resistance
can be used to describe the
time necessary for an instantaneous or step change in air-

way pressure to equilibrate throughout the lungs. The time constant of
the respiratory system is a measure
of the time necessary for the alveolar pressure to reach 63% of the
change in airway pressure (Fig. 3).
Time constant is the product of
resistance and compliance, as
follows:
time constant
5 resistance 3 compliance

Thus, the time constant of the respiratory system is proportional to the
compliance and the resistance. When
a longer time is allowed for equilibration, a higher percentage of airway pressure will equilibrate
throughout the lungs. For example,
the lungs of a healthy neonate with
a compliance of 0.004 L/cm H2O
and a resistance of 30 cm H2O/L/s
have a time constant of 0.12 seconds. The longer the duration of the
inspiratory (or expiratory) time
allowed for equilibration, the higher
the percentage of equilibration. For
practical purposes, delivery of pressure and volume is complete (95%
to 99%) after three to five time constants. The resulting time constant of
0.12 seconds indicates a need for an
inspiratory or expiratory phase of
0.36 to 0.6 seconds. In contrast,
lungs that have decreased compliance (such as in RDS) have a
shorter time constant. Lungs that
have a shorter time constant complete inflation and deflation faster
than normal lungs. The clinical
application of the concept of time
constant is that very short inspiratory times may lead to incomplete
delivery of tidal volume and, therefore, lower PIP and MAP, resulting
in hypercapnia and hypoxemia
(Fig. 4).
Similarly, insufficient expiratory
time may lead to increases in functional residual capacity and inadvertent PEEP, which are evidence of
gas trapping that, in turn, decreases
compliance and may impair cardiac
output. A short expiratory time, a
prolonged time constant, or an elevated tidal volume can result in gas
trapping. Gas trapping during
mechanical ventilation may manifest
as carbon dioxide retention and lung
hyperexpansion. Although PaO2 may
be adequate during gas trapping,
venous return to the heart and car-
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changes in the time conmography or other techniques. At
stant of the respiratory systhe bedside, chest wall motion can
tem to clinical events and
be measured with appropriately
interventions. Inspiratory or placed heart rate/respiration leads
expiratory times then can
used for routine clinical monitoring
be adjusted appropriately.
(Fig. 5). Careful visual assessment
In summary, the time necof chest wall motion can suffice.
essary for lungs to inflate
The shape of the inspiratory and
or deflate depends on the
expiratory phases can be analyzed.
mechanical characteristics
A rapid rise in inspiratory chest wall
of this organ, specifically
motion (or volume) with a plateau
resistance and compliance.
indicates complete inspiration.
In addition to using the
A rise without a plateau indicates
clinical findings as well as
incomplete inspiration. In this situacompliance and resistance
tion, prolongation of the inspiratory
measurements to calculate
time results in more inspiratory
time constant, a plot of
chest wall motion and tidal volume
volume-time or volumedelivery. A prolonged inspiratory
flow can be used to make
plateau indicates that inspiratory
FIGURE 4. Effects of incomplete inspiration (A)
this
estimation.
The
pattern
time may be too long; shortening
or incomplete expiration (B) on gas exchange. An
of volume changes obtained inspiratory time does not decrease
incomplete inspiration leads to decreases in tidal
by integrating the signal
inspiratory chest wall motion or
volume and mean airway pressure. Hypercapnia
from a flow transducer can
tidal volume delivery and does not
and hypoxemia may result. An incomplete
expiration may lead to decreases in compliance
provide an estimate of the
eliminate the plateau. The expiratory
and tidal volume and an increase in mean airway
time constant. However,
pattern of chest wall motion can be
pressure. Hypercapnia with a decrease in PaO2
flow measurements are
analyzed similarly.
may result. However, gas trapping and its
somewhat invasive, timeresulting increase in mean airway pressure may
consuming, and frequently
decrease venous return, reducing cardiac output
Control of Breathing
not available. Furthermore,
and impairing oxygen delivery. From Carlo WA,
Important physiologic concepts of
pulmonary mechanics are
Greenough A, Chatburn RL. Advances in
control of breathing need to be condynamic, frequently changconventional mechanical ventilation. In: Boynton
sidered to understand some aspects
ing over time, and affected
BR, Carlo WA, Jobe AH, eds. New Therapies for
of the interaction between the ventiby adding a flow sensor to
Neonatal Respiratory Failure. Boston, Mass:
Cambridge University Press; 1994.
lator and the respiratory system.
the gas delivery circuit.
Respiratory drive is servocontrolled
An alternative technique
diac output may be impaired, which
by the brain to minimize variations
that may be more useful in clinical
can decrease oxygen delivery. Clini- practice is using chest wall motion
in arterial blood gases and pH
cal findings that may suggest the
despite changes in the efficiency of
as a semiquantitative estimate of
presence of gas trapping include:
tidal volume. Chest wall motion can gas exchange and moment-to1) need for high ventilatory rates,
be recorded with inductance plethys- moment changes in oxygen con2) a prolonged time constant (eg,
high resistance), 3) radiographic evidence of lung overexpansion,
4) decreased thoracic movement
despite high PIP, and 5) impaired
cardiovascular function (increased
central venous pressure, decreased
systemic blood pressure, metabolic
acidosis, peripheral edema, and
decreased urinary output).
Because values of compliance
and resistance differ throughout
inspiration and expiration, a single
time constant cannot be assumed.
With heterogeneous lung disease,
such as bronchopulmonary dysplasia, different lung regions may have
different time constants because of
varying compliances and resistances,
partly accounting for the coexistence
of atelectasis and hyperexpansion.
FIGURE 5. Estimation of optimal inspiratory and expiratory times based on chest
The astute clinician can correlate
wall motion.
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sumption and carbon dioxide production. Ventilation is maintained by
fine adjustments in tidal volume and
respiratory rate that minimize the
work of breathing. This fine adjustment is accomplished by motoneurons in the central nervous system
that regulate inspiratory and expiratory muscles. These neurons receive
input primarily from chemoreceptors
and mechanoreceptors. These two
components of respiratory control
provide feedback to adjust ventilation continuously. Mechanical ventilation results in changes in chemoreceptor and mechanoreceptor
stimulation.
When PaCO2 changes, ventilation
is adjusted largely because of the
activity of chemoreceptors in the
brain stem. An increase in PaCO2
increases respiratory drive. Because
the chemoreceptors most likely
sense the hydrogen ion concentration, metabolic acidosis and alkalosis have strong effects on respiratory
drive that are somewhat independent
of PaCO2 values. In contrast, most of
the changes in ventilation and respiratory drive produced by PaO2
changes depend on the peripheral
chemoreceptors, which include the
carotid bodies and, to a lesser
extent, the aortic bodies. In neonates, acute hypoxia produces a
transient increase in ventilation that
disappears quickly. Moderate or profound respiratory depression can be
observed after a couple of minutes
of hypoxia, and it is believed that
this decline in respiratory drive is an
important cause of hypoventilation
or apnea in the newborn period.
It is also important to consider
the role of mechanoreceptors in the
regulation of breathing, particularly
during neonatal life and infancy.
Stretch receptors in airway smooth
muscles respond to changes in tidal
volume. For example, immediately
following an inflation, a brief period
of decreased or absent respiratory
effort can be detected. This is called
the Hering-Breuer inflation reflex,
and usually it is observed in neonates during CMV when a large
enough tidal volume is delivered.
The presence of the Hering-Breuer
inflation reflex is a clinical indication that a relatively good tidal volume is delivered. This reflex will be
absent if the ventilator tidal volume
NeoReviews

is very small, such as when the
endotracheal tube is plugged. The
Hering-Breuer reflex is also timerelated (ie, a longer inspiration tends
to stimulate the reflex more). Thus,
for the same tidal volume, a breath
with a longer inspiratory time will
elicit a stronger Hering-Breuer
reflex and a longer respiratory
pause.
At slow ventilator rates, large
tidal volumes will stimulate augmented inspirations (Head paradoxical reflex). This reflex reflects
improved lung compliance, and its
occurrence is increased by administration of theophylline. This may be
one of the mechanisms by which
theophylline hastens weaning from
CMV.
Mechanoreceptors also are altered
by changes in functional residual
capacity. An increase in functional
residual capacity leads to a longer
expiratory time because the next
inspiratory effort is delayed. High
continuous distending pressure (continuous positive airway pressure or
PEEP) can prolong expiratory time
and even decrease the respiratory
rate due to the intercostal phrenic
inhibitory and Hering-Breuer
reflexes. Also, it is important to
remember that during weaning from
a ventilator, a high PEEP may
decrease the spontaneous respiratory
rate.
Other components of the mechanoreceptor system are the juxtamedullary (J) receptors, which are
located in the interstitium of the
alveolar wall and are stimulated by
interstitial edema and fibrosis as
well as by pulmonary capillary
engorgement (eg, congestive heart
failure). Stimulation of the J receptors increases respiratory rate and
may explain the rapid, shallow

breathing frequently observed in
patients who have these conditions.
Another reflex that affects breathing is the baroreflex. Arterial hypertension can lead to reflex hypoventilation or apnea through aortic and
carotid sinus baroceptors. Conversely, a decrease in blood pressure
may result in hyperventilation.

Ventilatory Support
CONTINUOUS POSITIVE AIRWAY
PRESSURE (CPAP)

CPAP has been an important tool in
the treatment of neonates who have
RDS. The mechanisms by which
CPAP produces its beneficial effects
include: 1) increased alveolar volumes, 2) alveolar recruitment and
stability, and 3) redistribution of
lung water (Table 1). The results are
usually an improvement in
ventilation-perfusion matching.
However, high CPAP levels may
lead to side effects (Table 1).
Multiple clinical trials have evaluated the use of CPAP in neonates
who have respiratory disorders.
Meta-analyses generally conclude
that CPAP is most beneficial early
in the therapy of neonates who have
established RDS. Prophylactic CPAP
in preterm infants does not decrease
the incidence or severity of RDS
and does not reduce the rate of complications or death. Once the diagnosis of RDS is established, the
administration of CPAP decreases
oxygen requirements and the need
for mechanical ventilation and may
reduce mortality. However, the incidence of air leaks is increased
among infants who receive CPAP.
The optimal time to start CPAP
depends on the severity of RDS.
“Early” CPAP (ie, when the arterial-

TABLE 1. CPAP or High PEEP in Infants Who Have RDS
PROS
●
●
●
●
●

Increased alveolar volume and FRC
Alveolar recruitment
Alveolar stability
Redistribution of lung water
Improved V/Q matching

CONS
●
●
●
●
●
●

Increased risk for air leaks
Overdistention
CO2 retention
Cardiovascular impairment
Decreased compliance
Potential to increase PVR

FRC: functional residual capacity; V: ventilation; Q: perfusion; PVR: pulmonary vascular resistance.
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to-alveolar oxygen ratio is approximately higher than 0.20) decreases
the subsequent need for CMV and
the duration of respiratory assistance. These meta-analyses suggest
that CPAP should be initiated in
newborns who have RDS, for example, when the PaO2 is approximately
less than 50 torr and the FiO2 is 0.40
or more. Studies performed to determine whether CPAP facilitates successful extubation have not shown
consistent results.
CMV

Strategies for optimizing CMV have
been developed based on principles
of pulmonary mechanics and gas
exchange. It has been shown that
these ventilatory strategies result in
more frequent improvement of blood
gases than ventilatory changes that
follow alternate decisions. Nonetheless, the complexities of the multiple
patient presentations and available
ventilatory changes result in continued controversy in this area. Much
research remains to be done to clarify the relationship between the optimal ventilatory pattern and the
underlying lung pathology.
PIP

Changes in PIP affect both PaO2 (by
altering the MAP) and PaCO2 (by its
effects on tidal volume and, thus,
alveolar ventilation). Therefore, an
increase in PIP will improve oxygenation and decrease PaCO2. A high
PIP should be used cautiously
because it may increase the risk of
volutrauma, with resultant air leaks
and bronchopulmonary dysplasia.
Tidal volume can be measured, but
in most clinical settings, breath
sounds, chest excursions, and respiratory reflexes are good indicators
of appropriate tidal volume.
A common mistake made by clinicians is to relate PIP to weight
(eg, the misconception that larger
infants need a higher PIP). Rather,
PIP requirements are strongly determined by the compliance of the
respiratory system, and larger infants
tend to have more compliant lungs,
therefore requiring a lower PIP. In
addition to compliance, the factors
that should be considered in selecting the PIP level are blood gas
derangements, chest rise, and breath
e122

sounds. In contrast, weight, resistance, time constant, and PEEP
should not be considered in the
selection of the level of PIP.
PEEP

Adequate PEEP prevents alveolar
collapse, maintains lung volume at
end expiration, and improves
ventilation-perfusion matching.
Increases in PEEP will raise MAP
and functional residual capacity,
thereby improving oxygenation.
Nonetheless, use of a very elevated
PEEP does not benefit oxygenation
consistently (Table 1). For example,
older infants who have chronic lung
disease may tolerate higher levels of
PEEP with improvement in oxygenation, but a very high PEEP may
decrease venous return, cardiac output, and oxygen transport and
increase pulmonary vascular resistance. It is important to emphasize
that although increases in both PIP
and PEEP will increase MAP and
oxygenation, they usually have
opposite effects on carbon dioxide
elimination. By altering the delta
pressure (PIP minus PEEP), an elevation of PEEP may decrease tidal
volume and carbon dioxide elimination and, therefore, increase PaCO2.
However, if functional residual
capacity is low, an increase in PEEP
may improve ventilation-perfusion
matching and relieve both hypoxemia and hypercapnia.
Various approaches have been
proposed to optimize the effects of
PEEP. These include efforts to
reduce the physiologic shunt fraction, improve lung compliance,
increase maximal oxygen delivery,
and improve cardiac output. PEEP
in the range of 4 to 6 cm H2O
improves oxygenation in neonates
who have RDS without compromising lung mechanics, carbon dioxide
elimination, or hemodynamic stability. Careful assessment of tidal volumes and carbon dioxide elimination

suggests that PEEP levels in the
lower end of this range may be preferable in infants who have RDS.
PEEP has a variable effect on lung
compliance. An initial improvement
in compliance occurs in response to
low levels of end expiratory pressure, but it may worsen at higher
levels of PEEP (.5 to 6 cm H2O).
RATE

Changes in frequency alter alveolar
minute ventilation and, thus, PaCO2.
In large randomized trials, relatively
high ventilatory rates (60 breaths/
min) resulted in a decreased incidence of pneumothorax in preterm
infants who had RDS. An individualized approach should be taken,
with the goal of providing adequate
minute ventilation using minimal
mechanical force. Generally, a high
rate, low tidal volume strategy is
preferred (Table 2). However, if a
very short expiratory time is
employed, expiration may be incomplete. The gas trapped in the lungs
can increase functional residual
capacity and place the infant on the
flat part of the pressure-volume
curve, thus decreasing lung compliance. Furthermore, tidal volume
decreases as inspiratory time is
reduced beyond a critical level,
depending on the time constant of
the respiratory system. Thus, minute
ventilation is not a linear function of
frequency above a certain ventilator
rate during pressure-limited ventilation. Alveolar ventilation actually
may fall with higher ventilatory
rates as tidal volumes approach the
volume of the anatomic dead space
when inspiratory or expiratory times
become insufficient.
Frequency changes alone (with a
constant I:E ratio) usually do not
alter MAP or substantially affect
PaO2. In contrast, any changes in TI
that accompany frequency adjustments may affect the airway pres-

TABLE 2. High Rate, Low Tidal Volume (Low PIP)
PROS
●
●
●
●

Decreased
Decreased
Decreased
Decreased

CONS

air leaks
volutrauma
cardiovascular side effects
risk of pulmonary edema

●
●
●
●

Gas trapping/inadvertent PEEP
Generalized atelectasis
Maldistribution of gas
Increased resistance
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sure waveform and, thus, alter MAP
and oxygenation.
I:E RATIO

The major effect of an increase in
the I:E ratio is to increase MAP and
improve oxygenation (Table 3).
However, when corrected for MAP,
changes in the I:E ratio are not as
effective in increasing oxygenation
as are changes in PIP or PEEP.
A reversed I:E ratio (inspiratory
time longer than expiratory time) as
high as 4:1 has been shown to be
effective in increasing PaO2, but side
effects may occur (Table 3).
Although one study suggested a
decreased incidence of bronchopulmonary dysplasia with the use of
reversed I:E ratios, a large, wellcontrolled, randomized trial has
revealed only reductions in the duration of a high inspired oxygen concentration and PEEP exposure with
reversed I:E ratios and no differences in morbidity or mortality.
Changes in the I:E ratio usually do
not alter tidal volume unless TI and
TE become relatively too short.
Thus, carbon dioxide elimination
usually is not altered by changes in
I:E ratio.
TI AND TE

The effects of changes in TI and TE
on gas exchange are strongly influenced by the relationships of these
times to the inspiratory and expiratory time constant, respectively.
A TI that is three to five times

longer than the time constant of the
respiratory system allows relatively
complete inspiration. A long TI
increases the risk of pneumothorax.
Shortening TI is advantageous during weaning (Table 4). In a randomized trial, limitation of TI to 0.5 seconds rather than 1.0 second resulted
in a significantly shorter duration of
weaning. In contrast, patients who
have chronic lung disease may have
a prolonged time constant. In these
patients, a longer TI (around 0.8 sec)
may result in improved tidal volume
and better carbon dioxide
elimination.
FiO2

Changes in FiO2 alter alveolar oxygen pressure and, thus, oxygenation.
Because FiO2 and MAP both determine oxygenation, they can be balanced as follows. During increasing
support, FiO2 is increased initially
until it reaches about 0.6 to 0.7,
when additional increases in MAP
are warranted. During weaning, FiO2
is decreased initially (to about 0.4 to
0.7) before MAP is reduced because
maintaining an appropriate MAP
may allow substantial reduction in
FiO2. MAP should be reduced before
a very low FiO2 is reached because a
higher incidence of air leaks has
been observed if distending pressures are not weaned earlier.
FLOW

Changes in flow have not been well
studied in infants, but they probably

TABLE 3. High I:E Ratio/Long Inspiratory Time
PROS
●
●

CONS

Increased oxygenation
May improve gas distribution in
lungs that have atelectasis

●
●

●
●

Gas trapping/inadvertent PEEP
Increased risk of volutrauma
and air leaks
Impaired venous return
Increased pulmonary vascular
resistance

affect arterial blood gases minimally
as long as a sufficient flow is used.
In general, flows of 8 to 12 L/min
are sufficient in most neonates. High
flows are needed when inspiratory
time is shortened to maintain an
adequate tidal volume.

Pathophysiology-based
Ventilatory Strategies
RDS is characterized by low compliance and low functional residual
capacity. An optimal CMV strategy
may include conservative indications
for CMV, the lowest PIP and tidal
volume required, moderate PEEP
(3 to 5 cm H2O), permissive hypercapnia, judicious use of sedation/
paralysis, and aggressive weaning
(Table 5).
Chronic lung disease is usually
heterogeneous, with varying time
constants among lung areas. Resistance may be markedly increased,
and frequent exacerbations may
occur. A higher PEEP (4 to 6 cm
H2O) often is used, and longer TIs
and TEs with low flow rates are preferred. Hypercarbia and a compensated respiratory acidosis often are
tolerated to avoid increasing lung
injury with aggressive CMV.
Persistent pulmonary hypertension of the neonate may be primary
or associated with meconium aspiration syndrome, prolonged intrauterine hypoxia, congenital diaphragmatic hernia, or other causes.
Ventilatory management of these
infants often is controversial and
varies markedly among centers. In
general, FiO2 is adjusted to maintain
PaO2 between 80 and 100 torr to
minimize hypoxia-mediated pulmonary vasoconstriction. Ventilatory
rates and pressures are adjusted to
maintain an arterial pH between
7.45 and 7.55. Care should be taken
to prevent extremely low PaCO2
(,20 torr), which can cause cerebral
vasoconstriction. The addition of
inhaled nitric oxide to CMV reduces
the need for extracorporeal membrane oxygenation.

TABLE 4. Short Inspiratory Time
PROS
●
●
●

CONS

Faster weaning
Decreased risk for pneumothorax
Allows use of higher ventilator rate

NeoReviews

●
●

Insufficient tidal volume
May need high flow rates

Strategies to Prevent Lung
Injury
Recently emphasis is being placed
on the evidence that lung injury is
partially dependent on the particular
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TABLE 5. Suggested
Strategies for Conventional
Ventilation in RDS
●

Conservative indications for
conventional ventilation

●

Lowest PIP (tidal volume) that
inflates the lungs

●

Moderate PEEP (3 to 5 cm
H2O)

●

Permissive hypercapnia
(accept PaCO2 45 to 60 torr)

●

Judicious use of
sedation/paralysis

●

Aggressive weaning from
conventional ventilation

ventilatory strategies used. There is
an emerging consensus that CMV
leads to lung injury. It has been recommended that clinicians use more
gentle ventilatory strategies in which
gas trapping and alveolar overdistention are minimized while blood gas
targets are modified to accept
higher-than-normal PaCO2 values and
lower-than-normal PaO2 values.
There has been interest in a variety
of strategies of CMV that may
reduce the risk of lung injury in
neonates.
Ventilator-associated lung injury
traditionally has been thought to be
due to the use of high pressures;
thus, the term barotrauma. However,
recent laboratory-based and clinical
research has raised questions about
this purported mechanism. Experimentally, investigators have used
high and low volumes and pressures
in an attempt to determine if volume
or pressure is the major culprit
responsible for lung injury in the
immature animal. Using negative
pressure ventilation and chest strapping, investigators have dissociated
the magnitudes of volumes and pres-

sures. These studies consistently
demonstrate that markers of lung
injury (pulmonary edema, epithelial
injury, and hyaline membranes) are
present with the use of high volume
and low pressure, but not with the
use of low volume and high pressure (Table 6). Thus, many investigators and clinicians prefer the term
volutrauma to the more classic term
of barotrauma. The heterogeneity of
lung tissue involvement in many
respiratory diseases predisposes
some parts of the lung to volutrauma. Oxidant injury may be
another serious cause of ventilatorassociated lung injury. Furthermore,
immature lungs are particularly susceptible to lung injury.
PERMISSIVE HYPERCAPNIA

Permissive hypercapnia, or controlled mechanical hypoventilation,
is a strategy for the management of
patients receiving ventilatory assistance. When using this strategy, priority is given to the prevention or
limitation of overventilation rather
than to maintenance of normal blood
gases and the high alveolar ventilation that frequently is used. It is
beginning to be recognized that
respiratory acidosis and alveolar
hypoventilation may be an acceptable price for the prevention of pulmonary volutrauma. Two large
retrospective studies designed to
determine risk factors for lung
injury in neonates concurred on the
potential importance of this ventilatory strategy, noting that higher
PaCO2 values were associated with
less lung injury. Using multiple
logistic regression, these two studies
independently concluded that ventilatory strategies leading to hypocapnia during the early neonatal course
resulted in an increased risk of lung
injury. Thus, it is possible that ventilatory strategies that tolerate mild

hypercapnia or prevent hypocapnia,
particularly during the first days of
life, result in a reduced incidence
and severity of lung injury.
We performed a study to determine whether a ventilatory strategy
of permissive hypercapnia reduces
the duration of assisted ventilation
in surfactant-treated neonates.
Surfactant-treated infants (birthweight 8546163 g; gestational age
2661.4 wk) receiving assisted ventilation during the first 24 hours after
birth were randomized to permissive
hypercapnia (PaCO2 45 to 55 mm
Hg) or to normocapnia (PaCO2 35 to
45 mm Hg). The number of patients
receiving assisted ventilation during
the intervention period was lower in
the permissive hypercapnia group
(P,0.005). During that period, the
ventilated patients in the permissive
hypercapnia group had a higher
PaCO2 and lower PIP, MAP, and
ventilator rate than those in the normocapnia group. Larger studies to
determine if permissive hypercapnia
improves major outcome measures
are warranted.
LOW TIDAL VOLUME
VENTILATION

Ventilatory strategies for CMV in
infants should focus on prevention
of overdistention, use of relatively
small tidal volumes, maintenance of
adequate functional residual capacity, and use of sufficient TI and TE.
Because high maximal lung volume
appears to correlate best with lung
injury, selection of an appropriate
PIP and the functional residual
capacity (or operating lung volume)
are critical to preventing lung injury
during pressure-limited ventilation.
With the recognition that large tidal
volumes lead to lung injury, relatively small tidal volumes now are
recommended. Studies in healthy
infants report tidal volumes to range

TABLE 6. Volume Versus Pressure as a Cause of Lung Injury
EXPERIMENTAL DESIGN
VOLUME

PRESSURE

TYPE OF LUNG INJURY
PULMONARY
EDEMA

EPITHELIAL
INJURY

HYALINE
MEMBRANE

Iron lung

High

Low

Yes

Yes

Yes

Strapping

Low

High

No

No

No
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from 5 to 8 mL/kg compared with
4 to 6 mL/kg among infants who
have RDS. In our pilot study, tidal
volumes of 4 to 5 mL/kg per minute
generally were used in infants in the
permissive hypercapnia group
(unpublished observations). However, insufficient data are available
to recommend a specific size of
tidal volume in these infants. It
should be noted that infants who
have severe pulmonary disease
should be ventilated with small tidal
volumes because lung heterogeneity
and unexpanded alveoli will lead to
overdistention and injury of the
most compliant alveoli if a “normal”
tidal volume is used. Nonetheless,
maintenance of an adequate functional residual capacity is also
necessary.

Strategies Based on
Alternative Modes of
Ventilation
Technological advances, including
improvement in flow delivery systems, breath termination criteria,
guaranteed tidal volume delivery,
stability of PEEP, air leak compensation, prevention of pressure overshoot, on-line pulmonary function
monitoring, and triggering systems,
have resulted in better ventilators.
Patient-initiated mechanical ventilation, patient-triggered ventilation,
and synchronized intermittent mandatory ventilation are being used
increasingly in neonates. Highfrequency ventilation is another
mode that may reduce lung injury
and improve pulmonary outcome.
PATIENT-TRIGGERED
VENTILATION

The most frequently used ventilators
in neonates are time-triggered at a
preset frequency, but because of the
available bias flow, the patient also
can take spontaneous breaths. In
contrast, patient-triggered ventilation
(also called assist/control) uses
spontaneous respiratory efforts to
trigger the ventilator. With pressuretriggered ventilation airflow, chest
wall movement, airway pressure, or
esophageal pressure is used as an
indicator of the onset of the inspiratory effort. Once the ventilator
detects an inspiratory effort, it delivNeoReviews

ers a ventilator breath of predetermined settings (PIP, inspiratory
duration, and flow). Although
improved oxygenation has been
observed, patient-triggered ventilation frequently needs to be discontinued in some very immature
infants because of weak respiratory
efforts. A backup rate may be used
to reduce this problem.
SYNCHRONIZED INTERMITTENT
MANDATORY VENTILATION

This mode of ventilation achieves
synchrony between the patient and
the ventilator breaths. Synchrony
easily occurs in most neonates
because strong respiratory reflexes
during early life elicit relaxation of
respiratory muscles at the end of
lung inflation. Furthermore, inspiratory efforts usually start when lung
volume is decreased at the end of
exhalation. Synchrony may be
achieved by nearly matching the
ventilator frequency to the spontaneous respiratory rate or by simply
ventilating at relatively high rates
(60 to 120 breaths/min). Triggering
systems can be used to achieve synchronization when synchrony does
not occur with these maneuvers.
Synchronized intermittent mandatory
ventilation is as effective as CMV,
but no major benefits were observed
in a large randomized controlled
trial.
PROPORTIONAL ASSIST
VENTILATION

Both patient-triggered ventilation
and synchronized intermittent mandatory ventilation are designed to
synchronize only the onset of the
inspiratory support. In contrast, proportional assist ventilation matches
the onset and duration of both
inspiratory and expiratory support.
Furthermore, ventilatory support is
in proportion to the volume and
flow of the spontaneous breath.
Thus, the ventilator can decrease the
elastic or resistive work of breathing
selectively. The magnitude of the
support can be adjusted according to
the patient’s needs. When compared
with conventional and patienttriggered ventilation, proportional
assist ventilation reduces ventilatory
pressures while maintaining or
improving gas exchange. Random-

ized clinical trials are needed to
determine if proportional assist ventilation leads to major benefits compared with CMV.
TRACHEAL GAS INSUFFLATION

The added dead space of the endotracheal tube and the ventilator
adapter that connects to the endotracheal tube contributes to the anatomic dead space and reduces alveolar minute ventilation, leading to
reduced carbon dioxide elimination.
In smaller infants or with increasing
severity of pulmonary disease, dead
space becomes the largest proportion
of the tidal volume. With tracheal
gas insufflation, gas delivered to the
distal part of the endotracheal tube
during exhalation washes out this
dead space and the accompanying
carbon dioxide. Tracheal gas insufflation results in a decrease in
PaCO2, PIP, or both. If proven safe
and effective, tracheal gas insufflation should be useful in reducing
tidal volume and the accompanying
volutrauma, particularly in very preterm infants and infants who have
very decreased lung compliance.
HIGH-FREQUENCY VENTILATION

Because of its potential to reduce
volutrauma, there has been a surge
of interest in high-frequency ventilation in the past few years. Highfrequency ventilation may improve
blood gases because, in addition to
the gas transport by convection,
other mechanisms of gas exchange
may become active at high frequencies. There has been extensive clinical use of various high-frequency
ventilators in neonates. Controlled
trials with high-frequency positive
pressure using rates of 60 breaths/
min (versus 30 to 40 breaths/min for
CMV) reported a decreased incidence of air leaks. Small randomized trials suggest that bronchopulmonary dysplasia may be prevented
with high-frequency jet ventilation,
but results are inconclusive. The
largest randomized trial of highfrequency ventilation revealed that
early use of high-frequency oscillatory ventilation did not improve outcome. Although various randomized
controlled trials show heterogeneous
results, meta-analyses largely con-
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firm the original findings. However,
there are trends toward decreases in
bronchopulmonary dysplasia/chronic
lung disease, but increases in severe
intraventricular hemorrhage and
periventricular leukomalacia as well
as small increases in air leaks with
high-frequency oscillatory ventilation or high-frequency flow interrupters. High-frequency ventilation
is a safe alternative for infants who
fail CMV.

Summary
Many advances in neonatal care
have led to increased survival of
smaller and more critically ill
infants. CMV is being used on
smaller and sicker infants for longer
durations. Sound application of the
basic concepts of gas exchange, pulmonary mechanics, and control of
breathing is necessary to optimize
CMV. Employing pathophysiologybased ventilatory strategies, strategies to prevent lung injury, and
alternative modes of ventilation
should result in further improvement
in neonatal outcome.
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INTRODUCTION — Clinical decision making in the management of the child with an acute asthma
exacerbation includes the following questions:
● How sick is the child?
● Which drugs should be used for treatment?
● What are the optimal doses and delivery routes?
● When is more aggressive management necessary?
The approach to emergency department (ED) management of the child with an acute asthma
exacerbation is presented below. Management of acute asthma exacerbations in the home,
office/outpatient clinic, and inpatient settings are discussed in detail separately. Rescue
medications for acute symptoms are also reviewed elsewhere. (See "Acute asthma exacerbations
in children: Home/office management and severity assessment" and "Acute asthma exacerbations
in children: Inpatient management" and "Acute severe asthma exacerbations in children: Intensive
care unit management" and "Asthma in children younger than 12 years: Rescue treatment for acute
symptoms".)
The management of acute asthma exacerbations in adults is also discussed separately. (See
"Management of acute exacerbations of asthma in adults".)
OVERVIEW OF TREATMENT — The approach to the management of acute asthma exacerbations
described below is geared toward management in the emergency department (ED). Initial treatment
(beta-agonist therapy and oral glucocorticoids) is sometimes provided in the primary care setting or
even at home [1]. However, children with moderate to severe exacerbations require close
observation for clinical deterioration, frequent treatments, and repeated evaluation. Thus, most
children with moderate or severe asthma exacerbations should be managed in an ED setting. (See
"Acute asthma exacerbations in children: Home/office management and severity assessment".)
Initial assessment of severity — We use the Pulmonary Index Score (PIS) (table 1), one of
several ordinal scales for the assessment of the initial severity of the exacerbation and level of
treatment needed (ie, mild, moderate, or severe) [2]. Assessment of the severity of an acute
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asthma exacerbation, including review of other available scores, is discussed in detail separately.
(See "Acute asthma exacerbations in children: Home/office management and severity
assessment", section on 'Assessment of exacerbation severity'.)
Goals — The goals of therapy for an acute asthma exacerbation include [1]:
● Rapid reversal of airflow obstruction by administration of inhaled bronchodilators and early
institution of systemic glucocorticoids. (See 'Pharmacotherapy' below.)
● Correction of hypoxemia and/or severe hypercapnia, if present; hypoxemia is alleviated by
administration of supplemental oxygen as necessary; hypercapnia usually improves with
reversal of airflow obstruction. (See 'Oxygen therapy' below and 'Pharmacotherapy' below.)
● Reduction of likelihood of recurrence by ensuring adequate baseline controller therapy when
indicated. (See 'Discharge medications' below.)
General approach — The general approach to treatment of an acute asthma exacerbation
includes administration of inhaled bronchodilators (eg, albuterol), as well as anti-inflammatory
agents (ie, systemic glucocorticoids) in most patients (algorithm 1 and algorithm 2). Supportive care
for children with acute asthma exacerbations includes administration of supplemental oxygen and
fluids as necessary and frequent monitoring of response to therapy.
Medications — Inhaled, short-acting, selective beta-2-adrenergic agonists (beta-agonists or
SABAs) are the mainstay of emergent treatment of acute asthma exacerbations. For children with
mild exacerbations, systemic glucocorticoids are usually added if the symptoms and signs of airway
obstruction fail to resolve after the first treatment with inhaled beta-agonists. Children with
moderate or severe exacerbations should receive systemic glucocorticoids as soon as possible.
Additional pharmacotherapeutic agents that may be indicated in children with moderate or severe
asthma include nebulized ipratropium bromide, intravenous magnesium sulfate, and parenteral
beta-agonists. (See 'Pharmacotherapy' below.)
Oxygen therapy — Many patients with moderate to severe acute asthma exacerbations have
hypoxemia as a result of ventilation-perfusion (V/Q) mismatch, although, in most patients, the
hypoxemia is mild and does not require treatment with supplemental oxygen. Beta-agonists may
worsen this mismatch by causing pulmonary vasodilation in areas of the lung that are poorly
ventilated. Humidified oxygen should be provided as needed to maintain an oxygen saturation of
≥92 percent [3]. All nebulized medications should also be delivered with oxygen, generally at a flow
rate of 6 to 8 L/min. (See "Continuous oxygen delivery systems for infants, children, and adults".)
Monitoring — Ongoing monitoring of respiratory rate, heart rate, oxygen saturation, degree of
alertness, accessory muscle use, and retractions is crucial to decisions regarding treatment and
disposition [4].The frequency of monitoring varies depending upon the severity of illness and
response to initial therapy, but for most patients is typically every 20 to 30 minutes for the first hour
of therapy. Patients who require continuous nebulizer therapy continue to be monitored every 20 to
30 minutes. Clinicians may also find it helpful to measure peak expiratory flow rate (PEFR).
However, assessment of PEFR may have limited utility in the assessment of sicker or younger
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children. It is optimal if the child can make three attempts while standing (the best score is used),
and it is most useful when it can be compared with the child's known personal best score. (See
"Overview of pulmonary function testing in children", section on 'Peak expiratory flow rate (PEFR)'.)
Arterial blood gas — It is rarely necessary to obtain arterial blood gas (ABG) samples in
children with acute asthma. Oxyhemoglobin saturation can be assessed with pulse oximetry.
Many severely ill children have hypercapnia on arrival to the ED, but this usually improves after
therapy. In children who require admission to the intensive care unit (ICU), measurement of PaCO2
via ABG after a clinical plateau has been reached provides an objective measure of disease
severity. Alternatively, end tidal CO2 may be measured noninvasively via capnometry. In moderately
or severely ill children, ABGs obtained before aggressive intervention often are abnormal, but rarely
affect management. (See "Acute severe asthma exacerbations in children: Intensive care unit
management".)
Chest radiograph — Chest radiographs (CXRs) rarely provide information that alters the
management of children with acute asthma exacerbation [5,6]. Viral upper respiratory tract
infections are the most common trigger for wheezing in children, and the presence of low-grade
fever in children with acute asthma exacerbation often prompts clinicians to obtain CXRs to exclude
pneumonia. However, the rate of specific CXR findings in this setting is extremely low, except in the
presence of focal examination findings (eg, crackles or decreased breath sounds), fever (>39ºC), or
severe disease [5,7]. Consider obtaining CXRs to rule out pneumonia, atelectasis, and air leak if
there are focal examination findings (eg, crackles or decreased breath sounds), fever (>39ºC),
severe disease, uncertainty about the diagnosis, or tachypnea, hypoxemia, or chest pain that are
present after initial therapy has been given.
Mild exacerbation — For children with mild asthma exacerbation (PIS <7 (table 1)), we suggest
the following:
● Albuterol inhalation therapy administered via small volume nebulizer (SVN) at a dose of 0.15
mg/kg (minimum 2.5 mg and maximum 5 mg per dose) or metered-dose inhaler with spacer
(MDI-S) at a dose of one-quarter to one-third puff/kg (minimum two puffs and maximum eight
puffs per dose). If repeated doses are needed, they should be given every 20 to 30 minutes for
three doses [1]. (See 'Dosing and administration' below.)
Patients who do not respond after three doses should be reassessed and treated accordingly
(algorithm 1). Discharge criteria for patients who do respond to therapy are reviewed below.
(See 'Moderate exacerbation' below and 'Severe exacerbation' below and 'Discharge to home'
below.)
● Administration of systemic glucocorticoids to those who fail to show any improvement or
worsen after one inhalation therapy (table 2) or who have a history of severe or recurrent
exacerbations in the past. (See 'Systemic glucocorticoids' below.)
Moderate exacerbation — For children with moderate asthma exacerbation (PIS 7 to 11 (table 1)),
we suggest the following approach (algorithm 1):
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● Administration of supplemental oxygen if oxygen saturation ≤92 percent in room air. (See
'Oxygen therapy' above.)
● Albuterol nebulization (0.15 mg/kg, maximum 5 mg) combined with ipratropium bromide (250
microgram/dose if <20 kg; 500 microgram/dose if >20 kg) every 20 to 30 minutes for three
doses or continuously. (See 'Inhaled short-acting beta-agonists' below and 'Ipratropium
bromide' below.)
Many studies show comparable outcomes for patients who receive albuterol via SVN or MDI-S.
However, continuous delivery of the first three doses of albuterol via SVN in the first hour after
ED arrival helps to ensure compliance with national treatment guidelines. In addition, delivery
via SVN facilitates simultaneous administration of albuterol and ipratropium. Thus, many ED
clinicians choose to treat moderately to severely ill patients with albuterol delivered via SVN.
(See 'Nebulizer versus inhaler' below and 'Continuous delivery' below.)
Patients who have received three doses of intermittent therapy and require additional albuterol
therapy may be treated intermittently every 30 to 45 minutes or may be switched to continuous
therapy. (See 'Inhaled short-acting beta-agonists' below.)
● Administration of systemic glucocorticoids soon after arrival in the ED or after the first
inhalation therapy is initiated (table 2). (See 'Systemic glucocorticoids' below.)
● Administration of intravenous magnesium sulfate (75 mg/kg, maximum 2.5 g administered over
20 minutes) if there is lack of clinical improvement or clinical deterioration despite treatment
with beta-agonists, ipratropium bromide, and systemic glucocorticoids. (See 'Magnesium
sulfate' below.)
Severe exacerbation — For children with severe asthma exacerbation (PIS ≥12 (table 1)), we
suggest the following approach (algorithm 2):
● Administration of supplemental oxygen if oxygen saturation is ≤92 percent in room air. (See
'Oxygen therapy' above.)
● Albuterol nebulization (0.15 mg/kg, maximum 5 mg) combined with ipratropium bromide (250
microgram/dose if <20 kg; 500 microgram/dose if >20 kg), every 20 to 30 minutes for three
doses or continuously.
Patients who have received three doses of albuterol in the first hour after ED arrival and
require additional albuterol therapy may be treated intermittently every 30 to 45 minutes or may
be switched to continuous therapy.
● Children with poor inspiratory flow or children who cannot cooperate with nebulized therapy
can be treated with epinephrine or terbutaline (dose for both medications is 0.01 mL/kg of a 1
mg/mL solution; maximum dose of 0.4 mg or 0.4 mL) administered intramuscularly or
subcutaneously instead of inhaled albuterol and ipratropium. (See 'Inhaled short-acting betaagonists' below and 'Ipratropium bromide' below and 'Parenteral beta-agonists' below.)
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Subsequent management depends upon response to initial therapy:
● For patients who improve after the initial treatment, the approach is as described above for
moderate exacerbations. (See 'Moderate exacerbation' above.)
● For patients with a poor response to initial treatment, we recommend:
• Administration of intravenous methylprednisolone (1 to 2 mg/kg, maximum 125 mg), which
can be started as soon as intravenous access is obtained. (See 'Systemic glucocorticoids'
below.)
• Continuously nebulized albuterol (alternatively, can be administered intermittently every 30
to 45 minutes). (See 'Inhaled short-acting beta-agonists' below.)
• Administration of intravenous magnesium sulfate (75 mg/kg, maximum 2.5 g administered
over 20 minutes). (See 'Magnesium sulfate' below.)
For patients who do not respond to these interventions, administration of intravenous terbutaline
after completion of the magnesium sulfate infusion may be indicated: bolus with 10 microgram/kg
over 10 minutes, then 0.3 to 0.5 microgram/kg/minute; infusion may be increased by 0.5
microgram/kg/minute every 30 minutes to a maximum of 5 microgram/kg/minute. (See 'Parenteral
beta-agonists' below.)
Endotracheal intubation — Intubation should be approached cautiously in patients with status
asthmaticus because manipulation of the airway can cause increased airflow obstruction due to
exaggerated bronchial responsiveness. Clinicians must be prepared to manage acute deterioration
after intubation. Adequate venous access, noninvasive monitoring, and sedation should be
optimized before intubation. The clinician most experienced with airway management should
perform the intubation. The indications for endotracheal intubation in children with asthma and the
performance of the procedure are reviewed in detail separately. (See "Emergency endotracheal
intubation in children" and "Rapid sequence intubation (RSI) outside the operating room in children:
Approach" and "Acute severe asthma exacerbations in children: Endotracheal intubation and
mechanical ventilation", section on 'Endotracheal intubation and mechanical ventilation'.)
PHARMACOTHERAPY — The two primary agents used in the treatment of acute asthma
exacerbations are inhaled beta-agonists and systemic glucocorticoids. Additional agents are used
as needed, depending upon the severity of the exacerbation.
Inhaled short-acting beta-agonists — Inhaled, short-acting, selective beta-2-adrenergic agonists
(beta-agonists or SABAs) are the mainstay of emergent treatment of acute asthma exacerbations
[8-11]. Albuterol is the most widely used SABA in the acute setting.
Inhaled beta-agonists are administered by intermittent nebulization, continuous nebulization, or
metered-dose inhaler with a spacer (MDI-S, preferably a valved holding chamber [VHC]). These
delivery systems are discussed in detail separately. (See "Use of medication nebulizers in children"
and "The use of inhaler devices in children".)
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Nebulizer versus inhaler — Clinicians may use either small volume nebulizers (SVNs) or MDIS when administering inhaled beta-agonists intermittently. These methods appear to be equally
effective for children of all ages and with a wide range of illness severity. Thus, the choice of one
over the other mainly depends upon the frequency of dosing required. (See 'Moderate
exacerbation' above and 'Continuous delivery' below.)
Clinical trials and meta-analyses indicate that the administration of beta-agonists via MDI-S (4 to 12
puffs) is at least as effective and possibly superior to delivery of medication by SVN in reversing
bronchospasm in infants and children [1,12-14]. (See "The use of inhaler devices in children",
section on 'Pressurized MDI or nebulizer?'.)
Advantages of SVN delivery compared with MDI-S include the ability to simultaneously deliver
humidified oxygen and ipratropium bromide and to passively administer drug therapy to a child in
respiratory distress. However, when using SVNs, up to 90 percent of drug remains in the machine
or is lost to the atmosphere [15]. In addition, the portability of SVNs is limited by the need for an
external power source. (See "The use of inhaler devices in children", section on 'Spacers and
holding chambers'.)
Continuous delivery — Studies comparing continuous versus intermittent nebulized delivery of
beta-agonists have found similar outcomes and side effect profiles with both methods [8,9,16-18].
We suggest continuous therapy over intermittently nebulized or MDI-S therapy for children with
moderate to severe exacerbations. (See "Use of medication nebulizers in children", section on
'Continuous nebulization'.)
Continuous nebulizer therapy is less labor intensive than intermittent nebulizer therapy, resulting in
reduced respiratory therapy costs. In addition, it ensures that the goal of three treatments within the
first hour of care for moderately ill children is met. However, young children may not tolerate
wearing a facemask for long periods of time. (See 'Moderate exacerbation' above and "Delivery of
inhaled medication in children", section on 'Patient technique, acceptance, and preference'.)
Levalbuterol — Racemic albuterol (RA) is an equal mixture of two mirror-imaged enantiomers:
the active R-albuterol and S-albuterol. Levalbuterol (LA), on the other hand, is pure R-albuterol.
Data from animal studies and in vitro studies with human cells suggest that S-albuterol may be a
weak bronchoconstrictor [19-26]. Thus, in theory, pure active R-albuterol could be more effective
than RA because there is no bronchoconstricting effect from the S-isomer. However, studies of LA
for acute asthma in children have had conflicting results. In addition to its lack of proven superiority,
LA is substantially more expensive than RA. Thus, we suggest RA rather than LA as the drug of
choice for children with acute asthma exacerbations, except in patients with a known history of
adverse effects from albuterol. Use of LA is discussed in greater detail separately. (See "Beta
agonists in asthma: Acute administration and prophylactic use", section on 'Levalbuterol'.)
In the earliest trial, 547 children with acute asthma who were treated in the emergency department
(ED) were randomly assigned to treatment with 1.25 mg LA or 2.5 mg RA every 20 minutes for a
maximum of six doses [27]. The hospitalization rate was higher among children who received RA
(45 versus 36 percent). Three subsequent studies comparing RA with LA in the emergency
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department (ED) treatment of children with acute asthma found no differences in outcome
measures (changes from baseline clinical asthma score, changes in forced expiratory volume in
one second [FEV1], number of treatments, length of ED care, rate of hospitalization) [28-30]. It is
worth noting that the baseline admission rates in these three studies [28-30] were substantially
lower than in the first study [27].
Dosing and administration — The doses of medications commonly used in the management
of acute asthma exacerbations in children are listed in the table (table 2).
Albuterol via MDI-S — Optimal dosing for albuterol administered by metered-dose inhaler
with spacer (MDI-S) is not well established. The 2007 National Asthma Education and Prevention
Program (NAEPP) guidelines state that "equivalent bronchodilation can be achieved either by high
doses (4 to 12 puffs) of a short-acting beta-agonist by MDI-S with a VHC or by nebulizer"; they
suggest a dose of four to eight puffs [1].
One strategy is to administer one-quarter to one-third puff/kg (22.5 to 30 microgram/kg) with a
maximum of eight puffs (720 microgram). Thus, proportionately greater doses are provided for
young children weighing less than 20 to 30 kg (44 to 66 pounds), who are the least efficient users.
Another strategy is to use a dosing schedule, stratified by weight, as with continuous albuterol
nebulization:
● For children who weigh 5 to 10 kg, the dose is four puffs
● For children who weigh 10 to 20 kg, the dose is six puffs
● For children who weigh >20 kg, the dose is eight puffs
The dose can be repeated every 20 to 30 minutes for three doses, then every one to four hours as
needed.
To maximize drug delivery, a spacer (preferably a VHC) should be employed by all patients, and
infants and young children should use a spacer with a facemask, low dead space, and a low
resistance valve (picture 1). Mouthpieces are preferable to facemasks for older children to avoid
nasal filtering of drug, which may reduce lung deposition. (See "The use of inhaler devices in
children", section on 'Spacer devices'.)
Intermittent albuterol nebulization — The standard dose for nebulized albuterol is 0.15
mg/kg (minimum 2.5 mg; maximum 5 mg) (table 2) [1,31]. Nebulized albuterol can be administered
every 20 to 30 minutes for three doses [1]. Beyond that, frequency of therapy may be limited by
side effects, such as tachycardia, hypertension, or tremors. Patients who have shown little or no
improvement after three doses and who are not experiencing significant adverse effects may be
treated every 30 to 45 minutes or switched to continuous therapy.
Drug delivery is maximized by having a total solution volume of 3 to 4 mL and an oxygen flow rate
of 6 to 8 L/min [32-35], tapping the sides of the reservoir to renebulize droplets, and having older
children use a mouthpiece to avoid nasal deposition of drug (picture 1).
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Continuous albuterol nebulization — The optimal dose for continuous albuterol
nebulization therapy has not been determined. One dosing schedule, stratified by weight, is as
follows:
● For children who weigh 5 to 10 kg, the dose is 7.5 mg/hour
● For children who weigh 10 to 20 kg, the dose is 11.25 mg/hour
● For children who weigh >20 kg, the dose is 15 mg/hour
Glucocorticoids — The anti-inflammatory action of glucocorticoids effectively reduces the airway
edema and secretions associated with acute asthma exacerbations.
Systemic glucocorticoids — Systemic glucocorticoids are indicated for most children who
present to the ED with an acute asthma exacerbation, and their effects may be noted within two to
four hours of administration [2,36]. Systemic glucocorticoids are not indicated in children with mild
exacerbations who have not received beta-agonist therapy within a few hours of presenting for
medical care and who respond promptly to a single albuterol treatment in the ED. When indicated,
we recommend administering systemic glucocorticoids as soon as possible after arrival in the ED.
Oral administration is suitable for most patients. The dosing of systemic glucocorticoids is reviewed
in the table (table 2).
A study examined outcomes before and after initiation of a medical directive that allowed triage
nurse-initiated glucocorticoids before clinician assessment in 644 consecutive children presenting
with a moderate to severe asthma exacerbation [37]. Nursing initiation of glucocorticoids was
associated with a reduced likelihood of admission (odds ratio [OR] 0.56, 95% CI 0.36-0.87), as well
as significantly decreased times to clinical improvement and discharge.
The NAEPP guidelines suggest that oral administration of glucocorticoids is preferred to
intravenous administration because oral administration is less invasive and the effects are
equivalent [1]. Intramuscular administration of glucocorticoids (eg, dexamethasone) may be
warranted in patients who vomit orally administered glucocorticoids, yet do not require an
intravenous line for other purposes [38-40].
Orally administered prednisone/prednisolone or dexamethasone are each a reasonable choice for
ED therapy [41]. A meta-analysis comparing a three- to five-day course of oral prednisolone or
prednisone (2 mg/kg/day for the first day and then 1 to 2 mg/kg/day for the subsequent two to four
days) with dexamethasone given as a single intramuscular dose (0.3 to 1.7 mg/kg) or one to two
daily oral doses (0.6 mg/kg) for asthma exacerbations managed in the ED found that the treatments
were equivalent with regard to rate of relapse, defined as an unplanned clinic visit, return ED visit,
or unplanned hospitalization related to the initial asthma exacerbation [42]. Similar results were
seen in a subsequent randomized, open-label trial comparing a single oral dose of dexamethasone
(0.3 mg/kg) to a three-day course of prednisolone (1 mg/kg/day), with equivalent Pediatric
Respiratory Assessment Measure (PRAM) scores at day 4 after the ED visit [43]. In this study and
in the meta-analysis, lower rates of vomiting, both in the ED and at home, were seen in the groups
treated with dexamethasone via either route of administration compared with
prednisone/prednisolone [42,43]. However, newer and more palatable prednisone/prednisolone
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liquid formulations and oral dissolving tablets are far better tolerated with less frequent episodes of
emesis compared with older prednisone formulations.
It is not necessary to deliver glucocorticoids via the intravenous route, even among the subset of
patients being hospitalized. However, for severely ill patients, intravenous access should be
established and intravenous methylprednisolone may be administered (table 2).
The benefit of early administration (within one hour) of systemic glucocorticoids versus placebo in
patients presenting to the ED with acute asthma exacerbation was evaluated in a meta-analysis of
12 trials involving 863 patients [44]. The following results were reported:
● Early administration of systemic glucocorticoids reduced admission rates (pooled OR 0.40,
95% CI 0.21-0.78); eight patients (95% CI 5-21) would need to be treated to prevent one
admission.
● The benefit was more pronounced in those not receiving systemic glucocorticoids before ED
presentation (OR 0.37, 95% CI 0.19-0.7) and in those with more severe asthma (OR 0.35, 95%
CI 0.21-0.59).
● Oral glucocorticoids were effective in reducing hospital admission (OR 0.24, 95% CI 0.11-0.53)
compared with placebo in the three trials included in the meta-analysis that evaluated oral
glucocorticoids in children with an acute asthma exacerbation.
Inhaled glucocorticoids — The use of inhaled glucocorticoids to treat children with acute
asthma is an area of ongoing clinical research. Studies comparing the use of oral with inhaled
glucocorticoids in the ED management of children with acute asthma have thus far had mixed
results. Until more conclusive data are available, we do not suggest the routine use of inhaled
glucocorticoids in addition to, or instead of, systemic glucocorticoids in the management of acute
asthma exacerbation in children.
The following studies are illustrative:
● Some studies have found benefits of inhaled glucocorticoids compared with oral
glucocorticoids (eg, earlier discharge from the ED, less vomiting, decreased relapse rate,
improved clinical parameters, improved pulmonary function) [45,46].
● Other studies have found oral glucocorticoids and inhaled glucocorticoids to have similar
outcomes [47-49].
● One study found improved pulmonary function and a lower relapse rate with oral prednisone
compared with inhaled fluticasone [50].
● Two randomized trials found no additional benefit to adding nebulized budesonide to standard
therapy (systemic glucocorticoids, and inhaled albuterol and ipratropium) early in the course of
treatment [51,52].
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Ipratropium bromide — Ipratropium bromide is an anticholinergic agent that provides
bronchodilation through smooth muscle relaxation [53]. It is inexpensive and safe.
We recommend that children with moderate to severe asthma exacerbations be treated with
ipratropium bromide. We prefer the nebulized form (250 micrograms per dose for children who
weigh <20 kg; 500 micrograms per dose for children who weigh >20 kg). We administer ipratropium
bromide with each of the first three albuterol treatments [54]. Alternatively, ipratropium may be
administered with the second and third treatments [55].
In randomized trials, systematic reviews, and meta-analyses [54-58], multiple doses of inhaled
ipratropium combined with inhaled beta-agonists have been shown to reduce hospital admissions
and improve lung function in children with severe asthma exacerbations. In contrast, ipratropium
has not been shown to reduce the length of hospital stay or to prevent admission to the intensive
care unit (ICU) [59,60].
A systematic review of 20 randomized trials comparing combined inhaled beta-2-agonists and
anticholinergic agents (atropine sulfate and ipratropium bromide) with inhaled beta-agonists alone
found the following results [58]:
● Combination therapy reduced the risk of hospitalization (relative risk [RR] 0.73, 95% CI 0.630.85, 15 studies, 2497 children); 16 children (95% CI 12-29) with an asthma exacerbation of
any severity would need to be treated with combination therapy rather than inhaled betaagonists alone to avoid one hospital admission.
● The incidence of nausea and tremor was lower in the combination therapy group, but there
was no significant difference in the rate of vomiting.
Ipratropium can be administered via SVN or MDI-S. If administered by MDI-S, the NAEPP
guidelines recommend a dose of four to eight puffs (each puff is 18 micrograms) [1]. The NAEPP
guidelines also comment that the MDI dose is low and has not been studied in asthma
exacerbations. The MDI formulation that contains both ipratropium and albuterol should not be
administered to highly sensitive patients with allergy to peanut or soy, because it contains soy
lecithin, which may precipitate an allergic reaction (the MDI that contains ipratropium alone no
longer contains soy lecithin). (See "Management of food allergy: Avoidance", section on 'Soy
lecithin'.)
Magnesium sulfate — There is accumulating evidence that intravenous magnesium sulfate
benefits adults and children with severe asthma [61-66]. Magnesium is inexpensive, has minimal
adverse effects at the doses indicated, and is widely available. The NAEPP guidelines suggest 25
to 75 mg/kg (maximum 2 grams) for severe exacerbations unresponsive to initial treatments after
one hour and as add-on for life-threatening exacerbations [1]. We suggest using magnesium sulfate
in children with severe asthma exacerbations and in children with moderate asthma exacerbations
who have clinical deterioration despite treatment with beta-agonists, ipratropium bromide, and
systemic glucocorticoids. Given its relative safety and the critical importance of early effective
treatment, in our practice, we use a dose of 50 mg/kg (maximum 2 grams), given intravenously and
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administered over 20 minutes. A fluid bolus may be administered to prevent clinically significant
hypotension, a rare side effect of magnesium infusion. Magnesium infusion is relatively
contraindicated in renal failure.
The use of magnesium sulfate in the ED setting for treatment of children with asthma has been
evaluated in several small studies. Four of the five prospective, randomized, controlled trials of
intravenous magnesium sulfate (25 to 40 mg/kg) in children demonstrated benefit (improved
pulmonary function or clinical asthma scores) in children who had failed to respond to conventional
therapy with albuterol and glucocorticoids [64,65,67,68]. A fifth study found no significant effect of
magnesium sulfate (75 mg/kg) on Pulmonary Index Score (PIS), admission rate, or time to
discharge when administered as a component of initial therapy [69]. Serious adverse effects (eg,
hypotension) were not noted in any of the studies.
A meta-analysis of these studies found that magnesium sulfate was effective in preventing
hospitalization in children with moderate to severe acute asthma when added to bronchodilators
and glucocorticoids (absolute risk reduction 0.26, 95% CI 0.12-0.39) [70]. Four children would need
to be treated to avoid one hospitalization (95% CI 3-8). Two other systematic reviews and metaanalyses assessed the use of magnesium among 182 children unresponsive to beta-agonists in
five separate studies [71,72]. The use of magnesium was associated with significant benefits in
respiratory function tests and resulted in fewer hospitalizations.
Parenteral beta-agonists — Subcutaneous and intramuscular beta-agonists (eg, epinephrine,
terbutaline) are reserved for children with a severe asthma exacerbation who have poor inspiratory
flow or who cannot cooperate with nebulized therapy. Additionally, intravenous terbutaline can be
used in children with a severe asthma exacerbation who have not responded to initial therapy.
Subcutaneous or intramuscular epinephrine or terbutaline — The rapid subcutaneous or
intramuscular administration of beta-agonists may be superior to inhaled beta-agonists for children
with severe exacerbations and poor inspiratory flow or anxious, young children who are
uncooperative with or have suboptimal response to initial aerosolized therapy. The intramuscular
route may provide for more rapid drug absorption, although direct comparisons are lacking.
Typically, subcutaneous or intramuscular therapy is given within minutes of arrival to a severely ill
patient who is aerating poorly, concurrent with starting albuterol therapy and obtaining intravenous
access.
The dose of subcutaneous or intramuscular terbutaline for bronchodilation is 0.01 mg/kg/dose (0.01
mL/kg of a 1 mg/mL solution), with a maximum dose of 0.4 mg (0.4 mL). The dose of subcutaneous
or intramuscular epinephrine for bronchodilation is 0.01 mg/kg (0.01 mL/kg of 1:1000 solution [1
mg/mL]), with a maximum dose of 0.4 mL (0.4 mg). The dose may be repeated every 20 minutes
for three doses unless significant side effects (eg, extreme hypertension, persistent emesis)
develop, although most patients are switched to an intravenous medication (eg, magnesium sulfate,
terbutaline) if they do not respond after the second dose of subcutaneous or intramuscular
terbutaline or epinephrine. The dosing interval may be decreased to 5 to 10 minutes for children
who continue with severe respiratory distress; autoinjectable epinephrine may be used for this
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purpose to avoid a delay in drawing up the medication. (See 'Magnesium sulfate' above and
'Intravenous terbutaline' below.)
Intravenous terbutaline — Severely ill patients who are poorly responsive to conventional
therapy may be treated with a combination of intravenous beta-agonists and inhaled beta-agonists,
although additional studies are needed to clarify the role of intravenous beta-agonists. The possible
benefit needs to be weighed against increased side effects associated with this therapy, including
dysrhythmias, hypertension, and myocardial ischemia. There is no role for using intravenous betaagonists as initial therapy, even for severely ill children.
A systematic review of studies published through September 2012 found only two randomized trials
that met inclusion criteria [73-75]. Limited evidence from these two trials suggests that there is
shorter recovery time and improved PISs with the addition of intravenous beta-agonists in children
poorly responsive to conventional interventions (including inhaled beta-agonists and ipratropium,
systemic glucocorticoids, and magnesium sulfate).
Dosing for intravenous terbutaline in the ED setting is as follows: 10 microgram/kg bolus over 10
minutes, followed by 0.3 to 0.5 microgram/kg/minute; every 30 minutes the infusion may be
increased by 0.5 microgram/kg/minute to a maximum of 3 microgram/kg/minute (higher doses are
sometimes used in the ICU setting). (See "Acute severe asthma exacerbations in children:
Intensive care unit management", section on 'Pharmacotherapy'.)
Nonstandard therapies — There are insufficient data to support the routine administration of
heliox, ketamine, or leukotriene receptor antagonists (LTRAs) in the treatment of children with acute
asthma.
Heliox — In theory, a mixture of helium and oxygen may enhance beta-agonist delivery because
the lower gas density should result in decreased flow resistance. The 2007 NAEPP guidelines
suggest administration of beta-agonists with heliox in patients with life-threatening exacerbations or
who are not responding to conventional therapy [1]. However, the use of heliox should not delay
intubation once it is considered necessary. (See "Physiology and clinical use of heliox", section on
'Use in children' and 'Endotracheal intubation' above.)
The benefits of continuous beta-agonist administration delivery by heliox compared with oxygen
were evaluated in a controlled trial in 30 children (2 to 18 years) with moderate to severe asthma
(PIS ≥8) (table 1) [76]. After initial treatment with albuterol inhalation and prednisone or
prednisolone, the patients were randomly assigned to receive continuous albuterol nebulization
delivered by heliox or oxygen. At 240 minutes, patients in the heliox group had greater decrease in
PIS score from baseline (decrease of 7 versus 3 points). In addition, more patients in the heliox
group were discharged from the hospital in less than 12 hours (73 versus 33 percent).
Ketamine — Due to its bronchodilating properties, the dissociative agent ketamine is the drug of
choice to provide sedation and analgesia before intubating a child with asthma. Although several
small case series of nonintubated children treated with ketamine suggest that ketamine improves
acute asthma [77,78], the one randomized trial found that ketamine was no better than standard
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therapy in nonintubated children with severe acute asthma [79,80]. (See "Acute severe asthma
exacerbations in children: Endotracheal intubation and mechanical ventilation", section on
'Sedation and paralysis'.)
Leukotriene-receptor antagonists — The data do not support the routine use of LTRA therapy
to treat children with acute asthma exacerbations requiring urgent or emergent care [81]. LTRA
add-on therapy in acute asthma has shown promise in adults [82,83]. However, it does not appear
to provide additional benefit in children when added to standard therapy for acute asthma [84]. (See
"Management of acute exacerbations of asthma in adults", section on 'Leukotriene receptor
antagonists'.)
A randomized trial of 117 children aged 5 to 15 years treated in the ED found no difference in the
Modified Pulmonary Index Score (MPIS) between those treated with a single age-appropriate dose
of montelukast versus placebo [84]. Intravenous montelukast was not effective in improving FEV1 in
a randomized trial of children with acute asthma [85].
DISPOSITION — The decision regarding disposition (eg, discharge to home, continued
observation, or hospitalization) is based upon both clinical and social factors.
Discharge to home — Children who have marked improvement in clinical parameters within the
first one to two hours of therapy may be discharged home [1]. Marked improvement is manifested
by diminished or absent wheezing and retracting and increased aeration that is sustained at least
60 minutes after the most recent albuterol dose.
Discharge medications — All patients seen for an acute asthma exacerbation should have an
inhaled short-acting beta-agonist (SABA) available for treatment of symptoms [1]. We suggest
treatment with a SABA every four hours during waking hours and up to every four hours as needed
during sleep for the first three days after an emergency department (ED) visit for an asthma
exacerbation. After that, albuterol dosing should be weaned as tolerated, with the goal of
discontinuing by day 5 to 7. (See "Asthma in children younger than 12 years: Rescue treatment for
acute symptoms", section on 'Short-acting beta agonists'.)
We treat children with a short course of oral glucocorticoids if they received a dose of systemic
glucocorticoids in the ED. A three- to five-day course of prednisone or prednisolone (or a two day
course of dexamethasone) is sufficient for most children, although a course up to 10 days may be
indicated in some children (eg, those who have had more than one exacerbation requiring oral
glucocorticoids in the previous two months or those who are still symptomatic after a five-day
course). Greater than 10 days may be necessary for patients whose control regimen includes oral
glucocorticoids. Glucocorticoids that are administered for less than 10 days do not require a taper
at discontinuation [86].
Whether inhaled glucocorticoids offer any short-term benefits in addition to inhaled albuterol and
oral glucocorticoids when started in the ED or at the time of discharge from the ED in patients who
were not already receiving inhaled glucocorticoids as controller therapy is a question that remains
unanswered [87,88]. However, patients may be started on an inhaled glucocorticoid in the ED, if
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controller therapy is indicated, to ensure that institution of this therapy is not delayed or forgotten
[89]. Alternatively, the treating clinician in the ED can advise the family to address this issue during
the follow-up visit with the child's primary care provider. (See "Asthma in children younger than 12
years: Treatment of persistent asthma with controller medications".)
Benefits were not seen with leukotriene receptor antagonists (LTRAs) as monotherapy in children
discharged from the ED after treatment for acute asthma was successful. A five-day course of
montelukast was not as effective as a similar course of prednisolone in a randomized trial of 130
children with mild to moderate acute asthma exacerbations who were stabilized with prednisolone
in the ED [90]. Treatment failure occurred in 8 percent of children treated with prednisolone
compared with 22 percent treated with montelukast.
Discharge education — Prior to discharge from the ED, it is recommended that the following
are reviewed with patients and their parents/caregivers [1]:
● Signs and symptoms necessitating a return visit to the ED including worsening shortness of
breath, difficulty speaking a complete sentence, or increased work of breathing.
● The need to follow-up with their primary care provider or asthma specialist within one week of
the ED visit.
● Discharge medications, with respect to purpose, side effects, and proper technique for
administration. (See "Asthma in children younger than 12 years: Treatment of persistent
asthma with controller medications" and "Asthma in children younger than 12 years: Rescue
treatment for acute symptoms" and "The use of inhaler devices in children", section on 'Spacer
devices' and "The use of inhaler devices in children", section on 'Valved-holding chambers'.)
● A written asthma action plan (form 1A-B). (See "What do patients need to know about their
asthma?".)
● Risk factors for asthma. (See "Risk factors for asthma".)
● Prevention of acute exacerbations. (See "Trigger control to enhance asthma management"
and "Allergen avoidance in the treatment of asthma and allergic rhinitis".)
Continued treatment and observation — Children with some, but incomplete, improvement
within the first two hours of therapy require continued observation. Incomplete response is manifest
by modest, but insufficient, benefits in degree of wheezing, retracting, and aeration.
During continued observation, patients with partial improvement should continue to receive
albuterol nebulizations every 30 to 45 minutes (or continuously) for another one to two hours, after
which a decision regarding hospitalization or discharge home is made.
Hospitalization — Patients who were moderately to severely ill on arrival and who have little
improvement after initial therapy with beta-agonists and systemic glucocorticoids require
hospitalization. This includes patients who continue to have significant wheezing and retracting,
poor aeration, or altered mental status, such as drowsiness or agitation.
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Additional factors that suggest a need for hospitalization include [1]:
● Beta-agonist therapy more often than four hours; patients who require treatment more often
than every two hours may need to be admitted to an intensive care unit (ICU)
● Requirement for supplemental oxygen/low oxygen saturation on pulse oximetry an hour or
more after commencement of initial therapy
● A history of rapid progression of severity in past exacerbations
● Poor adherence with outpatient medication regimen
● Recent treatment with systemic glucocorticoids (includes current treatment with oral
glucocorticoids at the time of presentation) or beta-agonist overuse
● Inadequate access to medical care, including lack of transportation back to the hospital if
deterioration occurs
● Poor social support system at home, with inability of the caregiver(s) to provide medical care
and supervision at home
A history of severe exacerbations, including a prior need for ICU management with or without
invasive or noninvasive ventilation, even in the setting of mild baseline asthma, suggests the
patient may require a greater level of care in the hospital (ie, admission to the ICU) [91]. (See
"Acute severe asthma exacerbations in children: Intensive care unit management", section on 'Risk
factors'.)
Inpatient therapy for acute asthma exacerbations is discussed separately. (See "Acute asthma
exacerbations in children: Inpatient management" and "Acute severe asthma exacerbations in
children: Intensive care unit management".)
Follow-up — Patients discharged from the ED should follow-up with their primary care provider or
asthma specialist within one week of the ED visit [1]. At the follow-up visit, the primary care provider
can review the child's asthma control, asthma care plan, and initiate or alter controller therapy as
indicated. (See "Asthma in children younger than 12 years: Treatment of persistent asthma with
controller medications".)
INFORMATION FOR PATIENTS — UpToDate offers two types of patient education materials, "The
Basics" and "Beyond the Basics." The Basics patient education pieces are written in plain
language, at the 5th to 6th grade reading level, and they answer the four or five key questions a
patient might have about a given condition. These articles are best for patients who want a general
overview and who prefer short, easy-to-read materials. Beyond the Basics patient education pieces
are longer, more sophisticated, and more detailed. These articles are written at the 10th to 12th
grade reading level and are best for patients who want in-depth information and are comfortable
with some medical jargon.
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Here are the patient education articles that are relevant to this topic. We encourage you to print or
e-mail these topics to your patients. (You can also locate patient education articles on a variety of
subjects by searching on "patient info" and the keyword(s) of interest.)
● Basics topics (see "Patient education: How to use your child's dry powder inhaler (The Basics)"
and "Patient education: Asthma in children (The Basics)" and "Patient education: How to use
your child's metered dose inhaler (The Basics)")
● Beyond the Basics topics (see "Patient education: Asthma inhaler techniques in children
(Beyond the Basics)" and "Patient education: Asthma treatment in children (Beyond the
Basics)")
SUMMARY AND RECOMMENDATIONS
● The initial severity of the exacerbation and level of treatment needed (ie, mild, moderate, or
severe) can be determined using an asthma exacerbation severity score such as the
Pulmonary Index Score (PIS) (table 1). (See 'Initial assessment of severity' above and "Acute
asthma exacerbations in children: Home/office management and severity assessment", section
on 'Assessment of exacerbation severity'.)
● The immediate goals of treatment of an acute asthma exacerbation include rapid reversal of
airflow obstruction and correction of severe hypercapnia or hypoxemia, if present. (See 'Goals'
above.)
● Inhaled, short-acting, selective beta-2-adrenergic agonists (beta-agonists or SABAs) are the
mainstay of management of acute asthma exacerbations (table 2). Systemic glucocorticoids
are added if the signs and symptoms of airway obstruction are moderate to severe or fail to
improve after the first treatment with inhaled beta-agonists. (See 'General approach' above and
"Asthma in children younger than 12 years: Rescue treatment for acute symptoms", section on
'Short-acting beta agonists'.)
● The approach to the child with a mild asthma exacerbation (Pulmonary Index Score [PIS] <7
(table 1)) is as follows (see 'Mild exacerbation' above):
• We recommend administration of a SABA (Grade 1A). Beta-agonists may be
administered by nebulizer (0.15 mg/kg; minimum 2.5 mg and maximum 5 mg per dose) or
metered-dose inhaler with spacer (MDI-S; one-quarter to one-third puff/kg; minimum two
puffs and maximum eight puffs per dose). SABAs are administered every 20 to 30 minutes
for one to three doses. (See 'Inhaled short-acting beta-agonists' above.)
• For patients who do not improve after one inhalation therapy, we recommend the
administration of systemic glucocorticoids (Grade 1A). Oral agents (eg, dexamethasone,
prednisolone, or prednisone) are preferred. (See 'Systemic glucocorticoids' above.)
● The approach to management of a moderate asthma exacerbation (PIS 7 to 11 (table 1)) is
summarized in the algorithm (algorithm 1) and below (see 'Moderate exacerbation' above):
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• Administration of supplemental oxygen is indicated if oxygen saturation is ≤92 percent in
room air. (See 'Oxygen therapy' above.)
• We recommend inhalation therapy with a SABA (Grade 1A). (See 'Inhaled short-acting
beta-agonists' above.)
• We recommend that children with asthma exacerbations of moderate severity also receive
ipratropium bromide (Grade 1A). We administer ipratropium bromide combined with initial
beta-agonist therapy (given as nebulizer treatments every 20 to 30 minutes for three
doses or continuously); alternatively, it may be administered with the second and third
treatments. (See 'Ipratropium bromide' above.)
• We recommend administration of systemic glucocorticoids soon after arrival in the
emergency department (ED) or after the first inhalation therapy is initiated (Grade 1A).
Oral agents (eg, dexamethasone, prednisolone, or prednisone) are preferred. (See
'Systemic glucocorticoids' above.)
• We suggest the administration of intravenous magnesium sulfate for patients with
moderate asthma exacerbations who have clinical deterioration despite treatment with
beta-agonist, ipratropium, and systemic glucocorticoids (Grade 2A). (See 'Magnesium
sulfate' above.)
● The approach to management of a severe asthma exacerbation (PIS ≥12 (table 1)) is
summarized in the algorithm (algorithm 2) and below (see 'Severe exacerbation' above):
• Administration of supplemental oxygen is indicated if oxygen saturation is ≤92 percent in
room air. (See 'Oxygen therapy' above.)
• We recommend nebulized therapy with a SABA for children with a severe asthma
exacerbation (Grade 1A). Subcutaneous or intramuscular administration of a beta-agonist
(eg, terbutaline, epinephrine) is an alternative for children with poor inspiratory flow, those
who are uncooperative with inhalation therapy, and/or those who have suboptimal
response to initial inhalation therapy. (See 'Inhaled short-acting beta-agonists' above and
'Parenteral beta-agonists' above.)
• We recommend that children with severe asthma exacerbations also receive ipratropium
bromide (Grade 1A). We administer ipratropium bromide with each of the first three betaagonist nebulizer treatments or continuously; alternatively it may be administered with the
second and third treatments. (See 'Ipratropium bromide' above.)
• We recommend administration of systemic glucocorticoids after the first inhalation therapy
(Grade 1A). We administer systemic glucocorticoids intravenously in most patients since
patients with severe exacerbations are likely to require additional intravenous medications.
(See 'Systemic glucocorticoids' above.)
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• Management after the first dose of SABA depends upon the response to initial therapy.
Patients who improve after the initial inhalation treatment proceed with treatment as for
patients with moderate exacerbations (algorithm 1).
• For patients who have a poor response to initial treatment:
- We suggest administration of intravenous magnesium sulfate (Grade 2A). (See
'Magnesium sulfate' above.)
- We suggest administration of intravenous terbutaline if there is no response to
intravenous magnesium sulfate (Grade 2B). A bolus of 10 microgram/kg is
administered over 10 minutes; this is followed by continuous infusion of 0.3 to 0.5
microgram/kg/minute; the infusion may be increased by 0.5 microgram/kg/minute
every 30 minutes to a maximum of 5 microgram/kg/minute. (See 'Parenteral betaagonists' above.)
● The disposition of children with acute asthma exacerbation depends upon the response during
the first one to two hours of therapy:
• Children who have marked improvement in clinical parameters may be discharged home.
All patients seen for an acute asthma exacerbation should have an inhaled SABA
available for treatment of symptoms. We typically advise treating with a SABA every four
hours during waking hours and up to every four hours during sleep for the first three days
after discharge from the ED. We treat children with a short course of oral glucocorticoids if
they received a dose of systemic glucocorticoids in the ED. (See 'Discharge to home'
above.)
• Children with some, but incomplete, improvement within the first two hours of therapy
require continued observation and treatment. (See 'Continued treatment and observation'
above.)
• Patients who have little improvement and/or continued need for supplemental oxygen after
initial therapy with beta-agonists and systemic glucocorticoids require hospitalization. (See
'Hospitalization' above and "Acute asthma exacerbations in children: Inpatient
management".)
● Patients discharged from the ED should follow-up with their primary care provider or asthma
specialist within one week after the ED visit. (See 'Follow-up' above.)
Use of UpToDate is subject to the Subscription and License Agreement.
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Management of moderate asthma

MDI: metered-dose inhaler; IM: intramuscular.
* Consider IM methylprednisolone or IM dexamethasone if the child vomits
prednisone or dexamethasone.
Courtesy of Richard Scarfone, MD, FAAP.
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Management of severe asthma in children

IM: intramuscular; SC: subcutaneous; IV: intravenous.
Courtesy of Richard Scarfone, MD, FAAP.
Graphic 52015 Version 5.0
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Recommended doses of medications to treat children with an acute
asthma exacerbation [1]
Inhaled short-acting bronchodilators (beta 2 agonists)
Albuterol
(salbutamol) by
nebulizer

0.15 mg/kg per dose (minimum 2.5 mg, maximum 5 mg/dose) every 20 to 30
minutes for three doses, then 0.15 to 0.3 mg/kg (maximum 10 mg) every 30
minutes to four hours as needed or switch to continuous therapy.

Continuous
albuterol
(salbutamol) by
nebulizer

0.5 mg/kg per hour (maximum 20 mg per hour) by large volume nebulizer.
Dose may also be determined based upon body weight as follows:
5 to 10 kg - 7.5 mg per hour
10 to 20 kg - 11.25 mg per hour
>20 kg - 15 mg per hour

Albuterol by MDI
with spacer (VHC)
(90
micrograms/puff)
Levalbuterol
(levosalbutamol)

One-fourth to one-third puff/kg or four to eight puffs every 20 to 30 minutes for
three doses, then every one to four hours as needed (minimum two puffs/dose,
maximum eight puffs/dose). Use VHC spacer. Add mask in children less than
four years.
One-half the recommended dose for racemic albuterol.

Inhaled bronchodilator (anticholinergic)
Ipratropium
bromide nebulizer
solution (250
micrograms/mL)

<20 kg - 250 mcg/dose

Ipratropium
bromide MDI with
spacer (18
micrograms/puff)

Four to eight puffs every 20 minutes as needed for up to three hours. Use VHC
spacer; add mask in children less than four years. May give as combined MDI
(18 micrograms ipratropium with 90 micrograms albuterol per puff).

≥20 kg - 500 mcg/dose
Every 20 minutes for three doses, then as needed. May combine with albuterol
for intermittent or continuous nebulizer treatment.

Systemic glucocorticoids
Prednisone or
prednisolone*

1 to 2 mg/kg (maximum 60 mg/day) by mouth for the first dose, and then 0.5
to 1 mg/kg twice daily for subsequent doses starting the following day. A 3 to
10 day course is generally given.

Methylprednisolone

1 to 2 mg/kg (maximum 125 mg/day) IV

Dexamethasone

0.6 mg/kg (maximum 16 mg/day) by mouth, IM or IV

Systemic beta 2 agonists ¶
Epinephrine 1
mg/mL (also
labeled 1:1000)

0.01 mg/kg IM or SC if no evidence of anaphylaxis (maximum 0.4 mg/dose =
0.4 mL of 1 mg/mL solution). May be repeated every 10 to 20 minutes for three
doses.

Terbutaline (1
mg/mL)

0.01 mg/kg SC or IM (maximum 0.25 mg/dose). May be repeated every 20
minutes for three doses, then every two to six hours as needed.
May give terbutaline OR epineprhine, but not both.

Other treatment
Magnesium sulfate

25 to 75 mg/kg IV (0.1 to 0.3 mmol/kg) over 20 minutes (up to 2 grams
approximately equal to 8 mmol) Δ.

https://www.uptodate.com/contents/acute-asthma-exacerbations-in-children-emergency-department-management/print?source=search_result&searc… 28/35

8/30/2017

Acute asthma exacerbations in children: Emergency department management - UpToDate

MDI: metered-dose inhaler; VHC: valved holding chamber; IV: intravenous; IM: intramuscular; SC:
subcutaneous.
* Useful formulations of prednisolone include concentrated oral liquids and orally disintegrating tablets (ODTs).
For detail, refer to Lexicomp drug specific monograph included with UpToDate.
¶ The use of systemic epinephrine or terbutaline is reserved for patients with poor inspiratory flow or who
cannot cooperate with inhaled therapy. Systemic beta 2 agonist treatment requires noninvasive
cardiopulmonary monitoring, such as that available in a critical care setting. Orally administered systemic
beta 2 agonists are not recommended.
Δ Maximum dose of magnesium sulfate of up to 2.5 grams IV (approximately equal to 10 mmol) may be
considered. Refer to UpToDate topics on emergency department management of acute asthma exacerbations
in children, inpatient management of acute asthma exacerbations in children, and intensive care unit
management of acute severe asthma exacerbations in children. [2]
Reference:
1. Scarfone RJ, Fuchs SM, Nager AL, Shane SA. Controlled trial of oral prednisone in the emergency
department treatment of children with acute asthma. Pediatrics 1993; 92:513.
2. Scarfone RJ, Loiselle JM, Joffe MD, et al. A randomized trial of magnesium in the emergency
department treatment of children with asthma. Ann Emerg Med 2000; 36:572.
Courtesy of Richard Scarfone, MD, FAAP.
Additional data from: US Department of Health and Human Services. Expert panel report 3: Guidelines for the
diagnosis and management of asthma. NIH Publication No. 07-4051. August 2007 available
at http://www.nhlbi.nih.gov/files/docs/guidelines/asthgdln.pdf (accessed July 27, 2015).
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Nebulizer and spacer use

(A) Girl using a nebulizer with a mask.
(B) Boy using a metered-dose inhaler with spacer.
Reproduced with permission from: Klossner NJ, Hatfield NT. Introductory Maternity
and Pediatric Nursing, 2nd Edition. Philadelphia: Lippincott Williams & Wilkins, 2009.
Copyright © 2009 Lippincott Williams & Wilkins.
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Child asthma action plan
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Reproduced from: National Heart, Blood, and Lung Institute Expert Panel Report 3 (EPR 3): Guidelines for the
Diagnosis and Management of Asthma. NIH Publication no. 08-4051, 2007.
Graphic 71958 Version 3.0
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Asthma action plan
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Reproduced from: National Heart, Blood, and Lung Institute Expert Panel Report 3 (EPR 3): Guidelines for the
Diagnosis and Management of Asthma. NIH Publication no. 08-4051, 2007.
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INTRODUCTION — This topic will review the emergency evaluation and initial stabilization of children with acute respiratory distress.
The initial assessment and stabilization of children with respiratory and circulatory distress, basic airway management, emergency
endotracheal intubation, rapid sequence intubation (RSI), causes of respiratory compromise in children, and conditions causing respiratory
distress in neonates are discussed separately:
● (See "Initial assessment and stabilization of children with respiratory or circulatory compromise".)
● (See "Basic airway management in children".)
● (See "Emergency endotracheal intubation in children".)
● (See "Rapid sequence intubation (RSI) outside the operating room in children: Approach".)
● (See "Causes of acute respiratory distress in children".)
● (See "Overview of neonatal respiratory distress: Disorders of transition".)
BACKGROUND — Respiratory distress is one of the most common chief complaints for which children seek medical care. It accounts for
nearly 10 percent of pediatric emergency department visits and 20 percent of hospitalizations [1].
Respiratory distress in children, particularly neonates and infants, must be promptly recognized and aggressively treated because they may
decompensate quickly. Factors that contribute to rapid respiratory compromise in children include smaller airways, increased metabolic
demands, decreased respiratory reserves, and inadequate compensatory mechanisms as compared to adults. Respiratory arrest is the
most common cause of cardiac arrest in children and outcomes are poor for patients who develop cardiopulmonary arrest as the result of
respiratory deterioration [2-5].
EVALUATION — The evaluation of a child with acute respiratory distress includes determining the severity, as well as the underlying
cause. Tachypnea and in neonates, infants, and young children, retractions, are hallmarks of respiratory distress. Respiratory distress may
manifest as inadequate respiratory effort, most often in those who have tired from attempts to compensate for respiratory compromise,
those with underlying neuromuscular disease and those with disordered control of breathing (eg, bronchiolitis, opioid overdose). Tachypnea
and decreased respiratory effort can lead to respiratory failure and/or arrest.
The emergency evaluation of the child with respiratory distress must first determine the severity of respiratory distress and the need for
emergent intervention. Features of the history and physical examination will ideally localize the source, as well as suggest the etiology and
direct initial treatment (table 1). Ancillary studies can then be performed as indicated to confirm the diagnosis and guide management (table
2). The clinical features and evaluation of specific conditions that cause acute respiratory distress in children are discussed separately. (See
"Causes of acute respiratory distress in children".)
Regardless of etiology, the initial management of respiratory distress in children requires immediate evaluation and supportive care of
airway, breathing, and circulation. For some conditions, specific interventions (ie, bronchodilator therapy for asthma or decompression of a
pneumothorax) may rapidly relieve symptoms. With prompt aggressive treatment of respiratory distress and its underlying cause, most
children with respiratory distress recover uneventfully.
Initial rapid assessment — The pediatric assessment triangle (PAT) focuses initial evaluation on appearance, breathing, and circulation
for acutely ill or injured children to quickly identify conditions that require immediate intervention. The PAT is reviewed separately. (See
"Initial assessment and stabilization of children with respiratory or circulatory compromise", section on 'Pediatric assessment triangle'.)
Features of the PAT that are specific to children with acute respiratory distress include (see 'General observation' below):
● Appearance – Restlessness, anxiety and combativeness are early manifestations of air hunger or hypoxia. Somnolence and lethargy
are indicative of severe hypoxia, hypercarbia, and/or respiratory fatigue.
● Breathing – The initial response to respiratory compromise is usually tachypnea. Abnormal airway sounds (eg, stridor, wheezing),
increased accessory muscle use, and positioning to maximize airway opening (eg, “sniffing” position, “tripod” position) are other
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indicators of respiratory compromise. As respiratory distress progresses, respiratory rate often decreases and the pattern of
respirations becomes irregular. These are ominous signs. Without intervention, respiratory arrest quickly ensues.
● Circulation– Pallor, ashen color, and cyanosis are concerning findings that may indicate hypoxemia, but may also be observed in
patients with shock.
Conditions that require immediate, life-saving interventions include (table 3):
● Complete or rapidly progressing partial upper airway obstruction
● Tension pneumothorax
● Cardiac tamponade
● Respiratory failure
Throughout this evaluation, every reasonable effort must be made to keep the child calm and comfortable, since anxiety and crying can
substantially increase the work of breathing in young children by decreasing upper airway diameter and increasing metabolic demand for
oxygen [6]. The child should be positioned or allowed to maintain the position that best supports their respiratory effort.
History — A detailed history should be obtained once the child's condition is stabilized. (See "Initial assessment and stabilization of
children with respiratory or circulatory compromise", section on 'Initial stabilization'.)
Helpful historical information includes:
● Trauma – A history of recent trauma suggests specific diagnoses, such as pneumothorax, pulmonary contusion, flail chest, cardiac
tamponade, intraabdominal and/or central nervous system injury.
● Change in voice – Many children with acute upper airway pathology will have a change in voice (either muffled or hoarse). In
comparison, those with lower airway processes have a normal voice.
● Onset and duration of symptoms – The abrupt onset of gagging or choking suggests upper airway conditions, such as an aspirated
foreign body, allergy, or irritant exposure. A child who suddenly complains of chest pain may have a pneumothorax.
An infant who gradually develops tachypnea and retractions may have asthma, bronchopulmonary infection, lower airway foreign body,
enlarging pneumothorax, or heart failure.
● Associated symptoms – Fever suggests an infectious etiology. Fever itself can result in an increase in respiratory rate of three to
seven breaths per minute per degree centigrade above normal [7,8]. A child with tachypnea without fever, URI symptoms, or cough
may be compensating for a metabolic acidosis. A complaint of abdominal pain may indicate a gastrointestinal process (ie, appendicitis
or bowel obstruction), diaphragmatic irritation from a pneumonic condition (as can occur with basilar pneumonia and/or pleural
effusion), or a metabolic abnormally (ie, ketoacidosis from diabetes).
● Recent travel – Approximately 20 percent of recent travelers develop respiratory infections, most of which are upper airway infections.
Pathogens that are unusual in the United States and may cause serious respiratory compromise include Avian influenza, Middle East
Respiratory Syndrome (MERS). Keep in mind that influenza season in the Southern hemisphere is April through September, peak June
through August. In the tropics, influenza is a risk throughout the year. Measles and mumps also cause respiratory distress. The CDC
website has up to date information on outbreaks. (See "Middle East respiratory syndrome coronavirus: Clinical manifestations and
diagnosis" and "Avian influenza A H7N9: Epidemiology, clinical manifestations, and diagnosis".)
● Exposures – Exposure to specific infections, toxins (including medications, substances of abuse, biologic, chemical or nuclear
agents), or allergens may suggest an etiology for respiratory distress.
● Previous episodes – Information regarding previous episodes of respiratory distress, including treatments that have been used and
their effect, may guide interventions. As an example, an infant or young child who is wheezing, and has not been diagnosed with
asthma, may have had previous episodes of wheezing that responded to bronchodilators
● Underlying medical conditions – Respiratory distress may be an acute manifestation of a process associated with a specific chronic
medical condition (ie, acute chest syndrome in a child with sickle cell disease) or a complication of a chronic condition (ie,
pneumothorax in a patient with asthma). (See "Causes of acute respiratory distress in children", section on 'Acute on chronic
diseases'.)
● Family history – Family history of inheritable conditions (including asthma, cardiac disease, diabetes mellitus) may give clues to
possible undiagnosed etiologies of respiratory distress.
Physical examination — The initial physical examination of the child with severe respiratory distress should be completed rapidly, focusing
on the respiratory and cardiovascular systems, but recognizing that other organ system processes may be the etiology of respiratory
distress [9].
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After rapid assessment of airway, breathing and circulation, vital signs, including pulse oximetry, and actual or estimated weight, should be
obtained. Side port capnography, is helpful in detecting hypercarbia. Once the child is stabilized, the clinician should perform a complete
physical examination.
General observation — The following observations suggest severe respiratory distress:
● Mental status – Agitation and combativeness suggest early air hunger or hypoxia, while somnolence and lethargy are manifestations
of severe hypoxemia or hypercarbia.
● Position of comfort – To maximize airway patency, a child with upper airway obstruction may sit upright and assume the "sniffing
position" (neck flexed, head mildly extended) to align the airway axes and improve airflow (picture 1). With lower airway disease, the
child may assume a “tripod position”, ie, sitting up and leaning forward on outstretched hands.
● Cyanosis – Cyanosis is generally a late finding in children with hypoxemia. It is seen most often in those who have low cardiac output
in addition to low arterial oxygen saturation. Severely anemic patients (hemoglobin <5 g/dL) may not manifest cyanosis despite severe
hypoxemia.
● Drooling, dysphagia – Inability to handle secretions and/or swallow are signs of oropharyngeal or laryngotracheal obstruction.
Vital signs — Respiratory rate, heart rate, blood pressure, temperature, and oxygen saturation give clues to the presence and etiology
of respiratory distress.
● Respiratory rate – Normal respiratory rate varies by age (table 4). Tachypnea is one of the most important findings in children with
respiratory conditions. Tachypnea may also occur due to fever, activity, crying, cardiac disease, and metabolic acidosis. Increases in
respiratory rates of three to seven breaths per minute per degree Celsius above baseline have been reported in response to fever
[7,8]. For children <12 months of age the compensatory increase may be as high as 7 to 11 breaths per minute per degree Celsius
above baseline (See "Causes of acute respiratory distress in children", section on 'Causes'.)
Apnea and bradypnea in neonates and infants with respiratory disease is usually the result of respiratory muscle fatigue. In neonates,
particularly premature neonates central immaturity is a common cause of apnea. In young infants, apnea may be the initial
manifestation of bronchiolitis or pertussis. Other etiologies of apnea in infants and young children are choking, breath holding, head
trauma, including abusive head trauma from shaking, severe metabolic acidosis, and poisoning.
● Heart rate – Tachycardia due to increased sympathetic tone is commonly present in children with respiratory distress. With prolonged
respiratory distress, tachycardia may reflect dehydration due, at least in part, to fever and/or tachypnea. Bradycardia in a hypoxemic
child is a late and ominous sign that often signals impending cardiopulmonary arrest.
● Pulsus paradoxus – Pulsus paradoxus with >10 mmHg of the normal decrease in blood pressure during inspiration, correlates with
degree of airway obstruction. Pulsus paradoxus occurs as the result of accentuated swings in pleural pressure between inspiration and
expiration. It also occurs when hyperinflation of the lungs limits inspiratory filling, and therefore left ventricular stroke volume of the
heart and in patients with cardiac tamponade. Although not specific, the presence of pulsus paradoxus is an important indicator of
severe respiratory distress and/or decreased cardiac output. Accurate measurement of pulsus paradoxus is often difficult in young
children. (See "Cardiac tamponade", section on 'Pulsus paradoxus'.)
● Oxygen saturation – A resting room air oxygen saturation ≤97 percent by pulse oximetry is abnormal in full-term infants and children
although this measurement should not be considered in isolation in any individual patient [10]. Values ≤90 percent indicate significant
tissue hypoxemia. Patients with oxygen saturations between 90 and 95 percent who are also tachypneic may also be hypoxemic.
Oxygen saturation measurement may be falsely low due to the following (see "Pulse oximetry in adults" and "Pulse oximetry in adults",
section on 'Troubleshooting sources of error'):
• Probe removal by the patient, improper placement, or motion artifact
• Poor peripheral perfusion
• Severe anemia (hemoglobin <5 g/dL)
• Hypothermia
• Venous congestion
• Fingernail polish
Breathing — A detailed assessment of breathing is imperative in children with respiratory distress and consists of inspection, abnormal
sounds, auscultation, palpation, and percussion.
● Inspection – Some of the most valuable information regarding the severity and etiology of respiratory distress is obtained by careful
observation noting:
• Respiratory pattern – Rate, depth and rhythm of respiration may provide a clue to the etiology of respiratory distress:
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- Rapid, shallow breathing with prolonged exhalation is typically seen with air trapping, as occurs with asthma bronchiolitis or
airway foreign body beyond the carina. It may also result from chest or abdominal pain or chest wall dysfunction.
- Kussmaul respirations (deep, regular, sighing breaths that may be rapid, slow, or normal in rate) suggest metabolic acidosis,
particularly diabetic ketoacidosis.
- Cheyne-Stokes respirations (respirations with increasing then decreasing depth and rate alternating with periods of apnea)
occur as the result of central nervous system immaturity in otherwise normal neonates, particularly during sleep. This pattern
can also be seen in neonates, infants, and children with inadequate cerebral perfusion, brain injury, increased intracranial
pressure, or central opioid depression.
- Ataxic respirations (breaths of irregular depth interrupted irregularly by periods of apnea) suggest central nervous system
infection, injury, or drug-induced depression.
- Thoracoabdominal dissociation or paradoxical breathing (chest collapses on inspiration, while abdomen protrudes) is a sign of
respiratory fatigue or muscle weakness.
• Tracheal deviation – Tracheal deviation is a key finding in tension pneumothorax. Air accumulation displaces the trachea to the
side opposite the pneumothorax. Tracheal deviation may also be seen in patients with pulmonary emphysema, unilateral effusion,
or a thoracic mass.
• Accessory muscle use – Accessory muscle use is an important indicator of respiratory distress in infants and children.
- Nasal flaring, exaggerated opening of the nostrils during inspiration, is a subtle form of severe accessory muscle use that is
commonly seen in neonates and infants.
- Head bobbing, extension of the head and neck during inhalation and falling forward of the head during exhalation, is less
common than other manifestations of accessory muscle use and is also most likely to be seen in neonates and infants.
- Retractions of the muscles of the chest wall result from high negative intrathoracic pressure generated by increased
respiratory effort. Supraclavicular and suprasternal retractions are usually indicative of upper airway obstruction, but may be
seen with severe lower airway processes. Intracostal and subcostal retractions are indicators of lower airway obstruction but
can be seen in severe upper airway obstruction. Mild retractions may be normal in neonates and infants. Severe retractions of
more than one muscle group indicate significant distress [11].
- Abdominal breathing, characterized by thoracoabdominal dissociation, in which the chest collapses and the abdomen
protrudes on inspiration, may be normal in neonates and infants, but beyond infancy, or in patients with poor muscle tone is
concerning for respiratory muscle fatigue.
• Chest wall movement – Chest excursion with inspiration is an indication of tidal volume. Poor movement indicates inadequate
ventilation. In addition, asymmetric movement suggests a localized process, such as pneumothorax or flail chest.
● Abnormal sounds — Many abnormal sounds can be appreciated without auscultation including:
• Stertor – Stertor, snoring, due to nasal obstruction, is most commonly caused by nasal congestion, tonsil and/or adenoid
hypertrophy, or neuromuscular weakness.
• Gurgling – Gurgling, which may be inspiratory and/or expiratory is due to secretions in the posterior oropharynx, trachea, and/or
bronchi.
• Stridor – Stridor is a type of inspiratory wheeze that localizes respiratory distress to the upper airway.
• Change in voice – An abnormal voice, most commonly hoarse or muffled, suggests upper airway obstruction.
• Aphonia – Aphonia results from complete upper airway obstruction or vocal cord dysfunction.
• Cough – Acute cough may be due to infection, inflammation, bronchospasm and/or obstruction. Quality and duration of cough
provide clues to etiology. A barky cough indicates subglottic tracheal obstruction, most commonly due to croup. A staccato cough
suggests pneumonia caused by Chlamydia or Mycoplasma. A dry, tight, cough may occur in patients with wheezing due to asthma
or bronchiolitis, whereas a loose wet cough may indicate tracheal secretions or bacterial pneumonia. Causes of chronic cough in
children are discussed in more detail separately. (See "Causes of chronic cough in children".)
• Wheezing – Wheezing can sometimes be heard without a stethoscope in patients with status asthmaticus, bronchiolitis, lower
airway foreign body, or if inspiratory, in patients with croup or upper airway foreign body.
• Grunting – Grunting is an end expiratory sound that occurs as the result of exhalation against a partially closed glottis. It slows
expiratory flow, increasing lung volume and alveolar pressures [9]. Grunting is typically a sign of moderate to severe respiratory
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distress that occurs in young infants and children with lower airway disease, such as pneumonia, atelectasis, or pulmonary
edema. It may also be heard in children with abdominal processes that limit respiratory effort due to pain and/or abdominal
distension (eg, intraabdominal injury, perforated viscous).
● Auscultation – Auscultation provides important information regarding the etiology of respiratory distress and localization of the
underlying condition. Every effort should be made to quiet the infant or child during auscultation.
The presence of the following should be noted:
• Wheezing – Diffuse expiratory wheezes are a sign of lower airway intrathoracic obstruction typically caused by asthma or
bronchiolitis. They are musical in tone with higher pitched wheezes indicative of more severe obstruction. Unilateral wheezes may
be appreciated if there is a foreign body in the lower airway. Inspiratory wheezes indicate an upper airway extrathoracic
obstruction or a severe fixed intrathoracic obstruction, and are most commonly due to laryngeal edema or a foreign body. In
severe cases, wheezes can be appreciated without a stethoscope. However, if asthma is so severe that air movement is poor,
wheezes may not be heard.
• Prolonged expiratory phase – A prolonged expiratory phase is a reliable sign of obstructed lower airways that can occur with or
without wheezes. In the normal respiratory cycle, inspiration is longer than expiration (normal 3:1 for vesicular sounds, 2:1
bronchovesicular, 1:1 tracheal) with the exception of bronchial sounds for which expiration is slightly longer than inspiration. An
expiratory phase that is longer than the inspiratory phase suggests obstruction even in the absence of wheezes.
• Upper airway sounds – Transmitted upper airway sounds are noted commonly in small children. Noises generated in the upper
airway (ie, stertor due to nasal obstruction from congestion) are easily heard homogeneously throughout the lung fields,
particularly in neonates and infants because of their small size and thin-walled chest. Inspiratory stridor suggests significant
narrowing of the airway above the sternal notch.
• Decreased breath sounds – Decreased breath sounds noted in localized lung fields are the result of lower airways processes,
such as pneumonia, pleural effusion, or atelectasis.
• Rales – Also known as crackles are typically high-pitched sounds heard during inspiration, often late phase, as deflated small
airways reinflate. Inspiratory rales are heard in conditions, such as bronchiolitis, pneumonia or pulmonary edema. They may be
particularly audible with the deep inspiration or crying. Rales may also be heard during expiration due to intrathoracic obstruction
caused by conditions, such as bronchiolitis, asthma, cystic fibrosis and lower airway foreign body and are more pronounced by
having infants and children exhale forcefully as if blowing out candles. Rales that clear with coughing are usually not significant.
• Rhonchi – Also referred to as coarse rales, rhonchi are harsh, low-pitched, rattling sounds heard during inspiration, or expiration
due to airway obstruction from secretions, edema, or inflammation.
• Bronchophony, pectoriloquy, and egophony – With bronchophony spoken diphthong syllables that start as one vowel and
change to another, such as “toy boat” or “blue balloon”, are heard more distinctly over an area of consolidation. With pectoriloquy,
the syllable, when whispered, is louder in the area of consolidation. Egophony is a change in sound, such as “ee” to “ay” with
consolidation. These findings may be helpful in older, cooperative children but are less reliable findings in children younger than
five years of age because breath sounds are easily transmitted throughout the chest.
• Pleural rub – A pleural rub is a low-pitched, grating sound heard with inspiration and expiration caused by inflammation of pleural
surfaces with friction as they move against each other during respiration. A pleural rub may be associated with pneumonia or a
lung abscess.
• Pericardial rub – A pericardial rub occurs when inflamed parietal and visceral pericardial surfaces rub against each other. It is
heard best between the apex and the sternum. It may be difficult to distinguish from pleural rub.
Hamman’s crunch or sign describes pericardial crackles heard near the heart in synchrony with the heartbeat. This finding results
from the heart beating against air-filled tissues in patients with pneumomediastinum, pneumopericardium, tracheobronchial injury,
or left sided pneumothorax.
● Palpation and percussion – The following signs elicited by palpation and percussion of the chest indicate a respiratory tract etiology
for respiratory distress:
• Crepitus – Subcutaneous air due to an air leak (eg, pneumothorax) causes crepitus, a crunching sensation beneath the skin
during palpation over the neck and chest.
• Tactile rhonchi – Vibratory rhonchi palpated over the large airways suggests the presence of fluid in the airway.
• Fremitus – Fremitus is palpable vibration of the thoracic wall. Tactile fremitus, vibration elicited by speaking diphthong phrases,
such as “toy boat” or “blue balloons”, is focally increased over an area of consolidation and decreased over pneumothorax or
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pleural effusion.
• Percussion – Hyperresonance with percussion of the chest wall may indicate air trapping in patients with asthma or bronchiolitis
or air leak in patients with pneumothorax.
Dullness with percussion suggests an area of consolidation (eg, atelectasis, bronchopneumonia, pleural effusion).
Level of lung percussion during full inspiration and full expiration, used to assess diaphragmatic movement, suggests air trapping
when elevation of the diaphragm is decreased during expiration and intraabdominal distention, or organomegaly when downward
movement of the diaphragm is decreased during inspiration.
Other organ systems — Findings in other organ systems can indicate an etiology for the child's respiratory distress other than
pulmonary disease (see "Causes of acute respiratory distress in children", section on 'Other non-traumatic conditions'):
● Central nervous system – Altered mental status and abnormal respiratory rate and/or pattern may accompany a variety of pulmonary
conditions. It can also indicate serious central nervous system (CNS) disease, such as febrile CNS infection, trauma, toxic ingestion,
hyperammonemia, and/or seizure. (See "Evaluation of stupor and coma in children", section on 'Etiologies' and "Approach to the child
with occult toxic exposure", section on 'Altered mental status'.)
● Heart – Respiratory distress in a patient with signs of cardiac compromise, such as a gallop murmur, jugular venous distention, or
hepatomegaly, may be due to heart failure or cardiogenic shock. (See "Initial evaluation of shock in children", section on 'Circulation'.)
● Gastrointestinal tract – Rapid, shallow respirations and/or grunting in a child is a concerning finding for severe respiratory distress. If
no pulmonary etiology is apparent, then the clinician should evaluate for an intraabdominal process suggested by abdominal
tenderness and/or distension, including solid organ or hollow viscous injury or other pathologic condition with or without peritonitis.
● Metabolic – Metabolic acidosis caused by an inborn error of metabolism or toxic ingestion (eg, methanol, ethylene glycol, salicylates)
may cause significant tachypnea or Kussmaul breathing or both. (See "Inborn errors of metabolism: Epidemiology, pathogenesis, and
clinical features", section on 'Clinical manifestations' and "Methanol and ethylene glycol poisoning", section on 'Clinical features of
overdose'.)
● Endocrine – Rapid, deep respirations in a child who has no evident pulmonary condition may be caused by severe metabolic acidosis
in a child with diabetic ketoacidosis. Additional clinical findings include polydipsia, polyuria, weight loss, dehydration, fruity breath, and
abdominal pain. (See "Clinical features and diagnosis of diabetic ketoacidosis in children and adolescents", section on 'Signs and
symptoms'.)
● Allergy – Urticaria, facial swelling, and/or oropharyngeal edema suggest an anaphylactic reaction in patients with respiratory distress
and stridor or wheezing. (See "Anaphylaxis: Acute diagnosis", section on 'Symptoms and signs'.)
Ancillary studies — The clinical evaluation is often all that is required to diagnose the etiology of respiratory distress. Diagnostic tests
should be used selectively based upon clinical findings and the likelihood that study results will change management (table 2).
Bedside evaluation — Children with respiratory distress should have hemoglobin oxygen saturation measured with pulse oximetry as
early as possible during their evaluations. (See "Pulse oximetry in adults".)
End-tidal or transcutaneous CO2 measurement, if available, should be used to assess ventilation in patients with findings of respiratory
distress. (See "Initial assessment and stabilization of children with respiratory or circulatory compromise", section on 'Ancillary studies'.)
Laboratory testing — The extent of laboratory testing depends upon the severity of respiratory distress and the ability to diagnose the
underlying etiology based upon clinical findings alone. For example, patients with moderate respiratory distress from an obvious etiology
that responds to interventions (eg, children with status asthmaticus who improve after receiving bronchodilators and corticosteroids) usually
do not require specific testing.
Patients who have findings of severe respiratory distress warrant measurement of an arterial blood gas to assess ventilation and more
accurately determine oxygenation. These measurements can be correlated with continuous noninvasive monitoring with pulse oximetry and
end-tidal carbon dioxide measurement and can help determine the need for further airway management, such as endotracheal intubation.
(See "Initial assessment and stabilization of children with respiratory or circulatory compromise", section on 'Arterial blood gas/venous
blood gas'.)
Other studies may be necessary depending upon clinical findings. For example, a complete blood count with differential in patients with
suspected infection or anemia; rapid blood glucose, electrolytes, and blood gas in a patient with suspected diabetic ketoacidosis; blood,
urine, and cerebrospinal fluid cultures in a child with fever and altered mental status (table 2).
Imaging — While not all etiologies of respiratory distress require imaging for identification, selective imaging may establish the etiology
for a patient's respiratory distress (table 2):
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● Plain radiographs – Neck, chest and/or abdominal radiographs may be informative.
• A soft tissue radiograph of the lateral neck may identify a retropharyngeal abscess, tracheitis, epiglottitis, croup, or radiopaque
foreign body in a child with upper airway obstruction.
• AP and lateral chest radiographs can localize and identify pulmonary and cardiac etiologies based on findings, such as pulmonary
consolidation, atelectasis, pleural and/or pericardial fluid, and air leak.
• Lateral decubitus or inspiratory and forced expiratory chest radiographs, or fluoroscopy may be useful for identifying a foreign
body aspiration.
• KUB and upright abdominal radiographs may provide clues to an intraabdominal etiology of respiratory distress.
● Echocardiogram may be indicated in patients with cardiac compromise to diagnose a structural and/or functional cardiac abnormality.
● Ultrasound may be useful for diagnosis of pulmonary, cardiac abdominal ultrasound causes of respiratory distress, and performed at
bedside can expedite diagnosis and care.
• Pulmonary ultrasound can diagnose pneumothorax, including tension and hemothorax, pleural effusion and pneumonia. (See
"Community-acquired pneumonia in children: Clinical features and diagnosis", section on 'Other imaging techniques' and "Imaging
of pneumothorax", section on 'Ultrasound'.)
• Cardiac ultrasound can identify pericardial effusion, cardiac tamponade and cardiac structure and function. (See "Trauma
management: Approach to the unstable child", section on 'FAST (Focused Assessment with Sonography for Trauma)'.)
• Abdominal ultrasound can identify free fluid, masses, appendicitis, intussusception, renal stone and infectious processes that may
cause respiratory compromise due to abdominal distension and/or pain that limit respiratory effort.
● Computed tomography (CT) of the chest is useful to diagnosis intra- and extrathoracic structural abnormalities, masses and vascular
processes of the pulmonary and cardiac systems and the chest wall.
● Magnetic resonance imaging (MRI) is the modality of choice for characterizing thoracic masses but usually does not need to be
performed emergently for patients with respiratory distress.
INITIAL STABILIZATION — Respiratory distress must be promptly recognized and treated. Delay may result in respiratory failure,
cardiopulmonary arrest and death. Airway management in patients with signs of impending respiratory failure should be initiated prior to full
evaluation. Definitive diagnosis based on history, signs and symptoms of illness, underlying conditions and evaluation should be
established as expeditiously as possible to guide treatment of specific underlying conditions (algorithm 1). (See "Causes of acute
respiratory distress in children", section on 'Immediately life-threatening conditions' and "Emergency evaluation of acute upper airway
obstruction in children".)
In patients with signs of sepsis appropriate circulatory resuscitation should also be provided. (See "Septic shock: Rapid recognition and
initial resuscitation in children", section on 'Resuscitation'.)
Impending respiratory arrest — Patients with impending respiratory arrest require rapid interventions to stabilize airway and breathing
depending upon the underlying etiology as follows:
● Upper airway foreign body – Upper airway foreign body that fully occludes the airway as indicated by aphonia requires immediate
dislodging. If visible in the oral cavity, the foreign body can be manually extracted. If not visible, the Heimlich maneuver should be
performed. (See "Emergency evaluation of acute upper airway obstruction in children".)
● Respiratory failure – Children with lower respiratory tract disease or heart failure, such as neonates with congenital heart disease,
young infants with severe bronchiolitis, older children with pneumonia, may present in respiratory failure. Typical signs of impending
respiratory arrest include a slow or irregular respiratory rate and poor respiratory effort. Supplemental oxygen and assisted ventilation
must be promptly provided and the airway secured by rapid sequence intubation (table 5). (See "Basic airway management in children"
and "Rapid sequence intubation (RSI) outside the operating room in children: Approach" and "Emergency endotracheal intubation in
children".)
● Tension pneumothorax, bilateral pneumothoraces, open pneumothorax, hemothorax – Patients with tension pneumothorax
typically have marked respiratory distress with decreased breath sounds on the affected side. Note that the rare patient with bilateral
pneumothoraces may have symmetric findings on examination. Other findings include:
• Chest hyperexpansion on the affected side.
• Tracheal deviation with shift of trachea to contralateral side which is not reliably seen in young children.
• Cardiovascular compromise progressing to shock.
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Tension pneumothorax or bilateral pneumothoraces may be rapidly fatal and require immediate decompression based upon clinical
diagnosis. Open pneumothorax, in addition to needle decompression, requires covering the open wound to avoid re-accumulation of
pleural air. Hemothorax requires immediate decompression and fluid replacement including blood products. Needle thoracostomy
should be performed and followed by chest tube placement. Bedside ultrasound can be diagnostic, but should not delay needle
decompression. (See "Causes of acute respiratory distress in children", section on 'Tension pneumothorax' and "Placement and
management of thoracostomy tubes".)
● Cardiac tamponade – Pericardiocentesis must be performed emergently for patients with cardiac tamponade. An echocardiogram or
ultrasound should be performed, whenever possible, to confirm the diagnosis and guide the procedure. (See "Emergency
pericardiocentesis" and "Causes of acute respiratory distress in children", section on 'Cardiac tamponade'.)
● Flail chest – Children with impending respiratory arrest as the result of a flail chest require positive pressure ventilation. (See "Chest
wall injuries in children", section on 'Flail chest' and "Causes of acute respiratory distress in children", section on 'Other traumatic
conditions'.)
● Massive hemorrhage – Massive hemorrhage can cause respiratory distress as the result of decreased oxygen carrying capacity and
shock. Airway management should be performed with cervical spine immobilization when cervical spine injury cannot be ruled out.
Bedside ultrasound can be performed to rapidly identify pleural, pericardial and intra-abdominal fluid. Therapeutic fluid resuscitation
should include early administration of blood products to restore oxygen carrying capacity. (See "Emergency endotracheal intubation in
children".)
● Central nervous system injury – Central nervous system injury may result in respiratory depression that leads to respiratory arrest.
Airway management should be performed with cervical spine immobilization when cervical spine injury cannot be ruled out. (See
"Severe traumatic brain injury in children: Initial evaluation and management", section on 'Management'.)
● Upper airway obstruction causing respiratory distress — Children with upper airway symptoms, such as choking, gagging, or
changes in voice, and/or stridor, are likely to have an upper airway obstruction, as the etiology of their distress. Further evaluation and
treatment depends on whether the obstruction is complete or partial. The approach is shown in the algorithms and discussed in more
detail separately (algorithm 2 and algorithm 3). (See "Causes of acute respiratory distress in children".)
● Epiglottitis – The classic presentation of epiglottitis is a toxic, anxious appearing, febrile, drooling child with muffled voice, and in the
sniffing position with most cases due to Haemophilus influenza type b prior to the wide availability of conjugate vaccines. Patients with
findings of impending respiratory distress require immediate intubation, which confirms the diagnosis. Since wide administration of
conjugate vaccines against Haemophilus influenza type b, less severe forms of epiglottis predominate are caused by viruses, thermal
injury, angioedema, and malignancy. Patients may not require intubation. Lateral neck radiograph in patients with epiglottis reveals
enlarged, epiglottis, referred to as thumb sign, and ballooning of the hypopharynx. (See "Epiglottitis (supraglottitis): Clinical features
and diagnosis", section on 'Clinical features'.)
● Croup – Stridor at rest is indicative of respiratory compromise in patients with croup. In patients with usual history and exam, diagnosis
is clinical. Racemic epinephrine and Decadron given orally, intramuscularly, or intravenously are usually all that are required. Rarely,
patients require emergency intubation, which should precede imaging. (See "Croup: Clinical features, evaluation, and diagnosis",
section on 'Clinical presentation'.)
● Tracheitis – Patients with tracheitis, which may be bacterial, viral or unclear etiology, may have respiratory distress and hypoxemia
notable for abrupt intermittent oxygen desaturations. Immediate intubation is indicated for patients with severe respiratory distress and
may reveal purulent material in the tracheal. Soft tissue neck radiographs reveal shaggy tracheal border due to tracheal edema, and
tracheal foreign body due to sloughing of tracheal mucosa. (See "Bacterial tracheitis in children: Clinical features and diagnosis",
section on 'Presentation'.)
● Retropharyngeal abscess – Patients with retropharyngeal abscess rarely present with obvious respiratory compromise; however, the
abscess may impinge on the airway and particularly, when a patient is supine and sedated for computed tomography. (See
"Retropharyngeal infections in children", section on 'Evaluation and diagnosis'.)
Other respiratory distress — The algorithm provides a diagnostic approach, based upon physical examination, to the causes of acute
respiratory distress in children caused by lower airway disease (algorithm 1).
Trauma — Injured children with respiratory distress who do not have upper airway symptoms may have sustained a thoracic injury,
resulting in pneumothorax or hemothorax, flail chest, pulmonary contusion, or pericardial effusion. Some, but not all patients will also have
signs of chest wall injury, such as abrasions and/or bruising. Young children may have serious thoracic injury without external signs of
trauma. Those with air leak may have chest wall crepitus. Respiratory distress can also develop as the result of splinting from pain
associated with thoracic or abdominal injuries. Central nervous system injury or massive hemorrhage may also cause respiratory
depression. Frequently, children with respiratory distress after a traumatic injury have multisystem trauma. Evaluation and treatment should
be in accordance with advanced trauma life support guidelines (figure 1). Bedside ultrasound to diagnosis pulmonary, cardiac and
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abdominal trauma can expedite diagnosis and care for life-threatening conditions. (See "Trauma management: Approach to the unstable
child", section on 'Initial approach' and "Trauma management: Approach to the unstable child", section on 'FAST (Focused Assessment
with Sonography for Trauma)' and "Imaging of pneumothorax", section on 'Ultrasound'.)
No trauma — Diagnosis of nontraumatic lower airway processes can be guided by breath sounds, cardiac examination and the
presence or absence of fever as follows:
● Wheezes and/or rales with fever – The presence of wheezes and/or rales with fever is consistent with infectious processes,
including:
• Pneumonia – Focal rales are typical findings in children with bacterial disease. Recognize that breath sounds are often
transmitted throughout the chest of a small child which may mask focality. Diffuse rales and/or wheezing suggest viral or atypical
pneumonia. The absence of rales or wheezes does not exclude the diagnosis of pneumonia. Chest radiographs often establish the
diagnosis although findings may be subtle or absent in patients with a short duration of illness and infiltrate may be difficult to
distinguish from atelectasis. (See "Community-acquired pneumonia in children: Clinical features and diagnosis", section on
'Clinical evaluation' and "Community-acquired pneumonia in children: Clinical features and diagnosis", section on 'Radiologic
evaluation'.)
• Bronchiolitis – Bronchiolitis occurs primarily in infants less than two years of age. Typical clinical features include fever, nasal
congestion, increased secretions, and retractions with diffuse wheezing and scattered rales. While chest radiograph is not
recommended for diagnosis, focal consolidation on radiograph, particularly in patients with high fever and focal findings on exam is
concerning for bacterial superinfection. (See "Bronchiolitis in infants and children: Clinical features and diagnosis", section on
'Clinical features'.)
• Asthma with a febrile illness – A child with asthma who has fever and wheezing may have pneumonia. Respiratory tract
infections that do not generally cause respiratory distress (ie, the common cold) may trigger an exacerbation in children with
asthma. A chest radiograph to evaluate for pneumonia should be considered for patients with an asthma exacerbation and fever
≥38.9°C (102°F), particularly when breath sounds remain consistently asymmetric despite treatment of bronchospasm. (See
"Trigger control to enhance asthma management", section on 'Respiratory infections' and "Acute asthma exacerbations in children:
Emergency department management", section on 'Chest radiograph'.)
• Myocarditis with heart failure – Children with viral myocarditis may have fever and respiratory distress due to compromised
cardiac function. Coxsackie B is the most common cause of myocarditis in children. Tachypnea may be the only respiratory
indication of heart involvement. Rales suggest pulmonary edema. Tachycardia with or without respiratory findings, particularly if
unresponsive to fluids should increase suspicion for myocarditis. A new cardiac murmur or gallop may also be present. Elevated
troponin and characteristic findings on electrocardiogram and echocardiograph help confirm the diagnosis. (See "Clinical
manifestations and diagnosis of myocarditis in children", section on 'Clinical manifestations'.)
• Foreign body – Pneumonia may develop around or distal to an aspirated foreign body that may have been present for some time.
(See "Airway foreign bodies in children", section on 'Delayed diagnosis'.)
● Wheezes and/or rales without fever – Etiology of respiratory distress in afebrile children with wheezes and/or rales may be infectious
or noninfectious, and while most commonly intrapulmonary, may be cardiac or mediastinal. Diagnoses include (see "Evaluation of
wheezing in infants and children"):
• Atypical pneumonia – Atypical pneumonia is most commonly due to Mycoplasma in school age children, and Chlamydia in
infants born to infected mothers. Chlamydia pneumonia may be preceded by conjunctivitis. Treatment of conjunctivitis with
systemic erythromycin usually prevents pneumonia. Patients with atypical pneumonia typically have staccato cough with
chlamydia and dry cough with mycoplasma. These patients may also have shortness of breath, chest tightness, rales and
wheezes. Fever may or may not be present. (See "Mycoplasma pneumoniae infection in children", section on 'Clinical features'
and "Pneumonia caused by Chlamydia species in children", section on 'Clinical manifestations'.)
• Atelectasis – The physical findings of atelectasis in children tend to be minimal. In most cases, there are no changes in the
physical exam although occasionally fever may be present. As an example, in the setting of asthma and compressive right middle
lobe atelectasis, the upper and lower lobes will fill the space occupied by the collapsed lobe so that breath sounds can be normal
in the right axilla. Crackles and/or wheezes may be heard over areas of obstructive atelectasis if the airway obstruction is
incomplete and allows some airflow. (See "Atelectasis in children", section on 'Physical findings'.)
• Bronchiolitis – Children with bronchiolitis may have wheezes, rales and/or rhonchi and be afebrile. Focal opacity on chest
radiograph in afebrile patients with bronchiolitis may be due to atelectasis or bacterial superinfection. (See "Bronchiolitis in infants
and children: Clinical features and diagnosis", section on 'Clinical features'.)
• Asthma – The most common cause of respiratory distress in afebrile children with wheezing is asthma. Children with severe
symptoms should receive aggressive pharmacologic therapy, as well as evaluation for associated conditions, including
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pneumothorax or pneumonia. (See "Acute asthma exacerbations in children: Emergency department management".)
• Anaphylaxis – Anaphylaxis can cause bronchospasm, as well as upper airway obstruction. Exposure to a known trigger, facial
edema, and an urticarial rash are also common features. The treatment of is provided in the table and discussed separately (table
6). (See "Anaphylaxis: Emergency treatment".)
• Pulmonary edema – Noncardiogenic pulmonary edema is a rare finding in children. Causes including upper airway obstruction,
severe central nervous system insult, submersion injury, acute salicylate toxicity, and pulmonary irritants. (See "Noncardiogenic
pulmonary edema".)
• Chronic pulmonary disease exacerbation – Children who are experiencing an exacerbation of a chronic pulmonary disease,
such as chronic lung disease or cystic fibrosis, often have respiratory distress with abnormal breath sounds, such as wheezes or
rales, along with increased cough and changes in sputum.
• Foreign body – Although breath sounds are classically asymmetric with foreign body in the lower airway, breath sounds may be
symmetric because the foreign body is small and/or because breath sounds are transmitted across the chest of small children.
(See "Airway foreign bodies in children", section on 'Signs and symptoms'.)
• Heart failure – Children in respiratory distress from heart failure (HF) classically have rales on lung exam, as well as other signs
of heart disease, such as abnormal heart sounds and organomegaly.
Heart failure is often due to a congenital defect, some of which result in severe hypoxia and cyanosis while others present only
with poor feeding and failure to thrive. Neonates with obstructive left heart lesions, such as severe coarctation of the aorta can
develop severe HF when the ductus arteriosus closes. HF can also develop as the result of an arrhythmia, most commonly
supraventricular tachycardia. In addition, children with myocarditis (from either an infectious or a noninfectious etiology, such as an
autoimmune disorder) may have HF and be afebrile (table 7). Electrocardiogram, chest radiograph, and echocardiography help to
confirm the diagnosis in patients with suggestive clinical findings. (See "Cardiac causes of cyanosis in the newborn", section on
'Heart failure' and "Heart failure in children: Etiology, clinical manifestations, and diagnosis", section on 'Diagnostic evaluation'.)
• Mediastinal mass – An intrathoracic mass, such as a tumor, hemangioma, thymic mass, bronchogenic cyst, or enlarged lymph
node that compresses the airway can result in wheeze and/or cough.
● Tachypnea with fever – In patients without wheeze or rales, tachypnea may be the only indicator of respiratory distress, particularly in
those less than six months of age. The presence of fever suggests an infectious etiology within or outside the respiratory system, such
as:
• Pneumonia – Breath sounds may be normal with lobar pneumonia or empyema, particularly in small children. Etiology may be
bacterial or viral. Decreased pulse oximetry or abnormalities on chest radiographs help to establish the diagnosis. (See
"Community-acquired pneumonia in children: Clinical features and diagnosis", section on 'Diagnosis'.)
• Atelectasis – Atelectasis is not uncommon in ill or injured patients who are less mobile than usual or not breathing as deeply. In
febrile children with respiratory compromise, atelectasis may be difficult to distinguish from bacterial pneumonia on bedside
ultrasound or chest radiograph.
• Sepsis – Respiratory distress manifested as tachypnea may occur in patients with severe sepsis to compensate for metabolic
acidosis. Respiratory status may be further compromised as the result of capillary leak in the lungs. (See "Systemic inflammatory
response syndrome (SIRS) and sepsis in children: Definitions, epidemiology, clinical manifestations, and diagnosis", section on
'Clinical manifestations'.)
• Pulmonary embolism – Fever has been reported as a nonspecific sign in patients with pulmonary embolism. (See "Overview of
acute pulmonary embolism in adults", section on 'Clinical presentation, evaluation, and diagnosis'.)
• Encephalitis or meningitis – Patients with encephalitis may have respiratory depression or tachypnea. Those with meningitis
may have respiratory depression with or without signs of distress.
● Tachypnea without fever – In patients with tachypnea without fever, noninfectious etiologies of the respiratory system as well as other
systems most commonly cardiac, gastrointestinal, metabolic or endocrine, should be suspected.
• Viral or mycoplasma pneumonia – Pneumonia due to viral pathogens or mycoplasma can present with tachypnea alone but is
usually associated with cough. (See "Community-acquired pneumonia in children: Clinical features and diagnosis", section on
'Clues to etiology' and "Mycoplasma pneumoniae infection in children", section on 'Clinical features'.)
• Pulmonary irritant – Inhaled biological or chemical agents can cause irritation and/or inflammation that results in tachypnea.
Agents of biologic warfare, particularly nerve gases often impact children first because these gases are heavier than air, thus more
concentrated at the level at which children breath, and because children breath more rapidly than adults.
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• Intrapulmonary mass – Children with tumor, bronchogenic cyst, or congenital diaphragmatic hernia may present with isolated
tachypnea as an initial or later finding.
• Spontaneous pneumothorax – Risk factors for spontaneous pneumothorax include tall thin body habitus, asthma, and high
intrapulmonary pressure generated by smoking drugs, particularly marijuana. Clinical findings include chest pain, decreased
breath sounds on the affected side, and hyperresonance to percussion. An upright chest radiograph supports clinical findings.
Bedside ultrasound can also be useful for prompt diagnosis. (See "Spontaneous pneumothorax in children", section on 'Clinical
features' and "Imaging of pneumothorax", section on 'Ultrasound'.)
• Pulmonary embolism (PE) – Pulmonary embolism classically causes respiratory distress with chest pain. Fever is often, but not
always present. Pulmonary embolism is rare in children, occurring most commonly in adolescents. Risk factors for pulmonary
embolism include surgery, trauma, immobility, obesity, pregnancy, central vascular access devices, an underlying hypercoagulable
inherited or acquired condition, heart, kidney or autoimmune disease, DIC, malignancy and medications, most notably birth control
medications. (See "Venous thrombosis and thromboembolism in infants and children: Risk factors and clinical manifestations",
section on 'Clinical manifestations'.)
• Cardiac disease – Tachypnea with normal breath sounds and no fever may be a sign of cardiac disease. Cardiac conditions that
cause heart failure include congenital lesions, myocarditis, and arrhythmias. Heart sounds may be normal or abnormal depending
upon the underlying cardiac condition. Pain as the result of pericarditis may result in splinting with respiration. Cardiac biomarkers
(eg, troponin), electrocardiogram and, in selected settings, echocardiography can be helpful in establishing a specific diagnosis.
(See "Cardiac causes of cyanosis in the newborn", section on 'Heart failure' and "Clinical manifestations and diagnosis of
myocarditis in children" and "Supraventricular tachycardia in children: AV reentrant tachycardia (including WPW) and AV nodal
reentrant tachycardia", section on 'Heart failure' and "Cardiac tamponade".)
• Metabolic derangement, endocrine disorder – Tachypnea and/or an abnormal respiratory pattern may occur as a response to
metabolic acidosis (as in shock, diabetic ketoacidosis or inborn error of metabolism), CNS stimulation (as with hyperammonemia),
abnormalities associated with hemoglobin (ie, severe anemia or methemoglobinemia), conditions that increase metabolic rate (ie,
hyperthyroidism or fever), splinting from pain, or a thoracic mass or deformity. (See "Approach to the child with metabolic
acidosis", section on 'Clinical manifestations' and "Urea cycle disorders: Clinical features and diagnosis", section on 'Clinical
features'.)
DIFFERENTIAL DIAGNOSIS — The differential diagnosis of acute respiratory distress in children is discussed in detail separately (table 8).
(See "Causes of acute respiratory distress in children".)
SUMMARY AND RECOMMENDATIONS
● Children with potentially life-threatening respiratory distress must receive immediate treatment, often before a comprehensive
evaluation can be completed (table 3 and algorithm 2 and table 5). (See 'Initial rapid assessment' above.)
● Causes of respiratory distress include trauma, allergic or toxic exposure, foreign body aspiration, upper and lower airway respiratory
illnesses, most commonly croup, pneumonia, asthma, bronchiolitis cardiac disease, such as structural heart disease, myocarditis and
pericarditis, gastrointestinal processes, and metabolic disturbances, particularly those that cause acidosis (table 8). (See "Causes of
acute respiratory distress in children" and "Causes of acute respiratory distress in children", section on 'Causes'.)
● Evaluation includes a rapid initial assessment to identify children who require immediate supportive care, followed by a more detailed
history and physical examination. Ancillary studies should be performed as clinically indicated (table 2). (See 'Evaluation' above.)
● An algorithm provides a diagnostic approach to the causes of acute respiratory distress in children (algorithm 1). (See 'Initial
stabilization' above.)
Use of UpToDate is subject to the Subscription and License Agreement.
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GRAPHICS
Localization of respiratory distress by physical findings
Upper airway obstruction
Sniffing position: neck is flexed with head extended to open airway
Nasal flaring: also seen with lower airway disease
Prolonged inspiration
Retractions: supraclavicular, suprasternal
Abnormal voice: hoarseness, hot potato voice
Stridor
Barking cough
Transmitted upper airway sounds (stertor)

Lower airway disease
Retractions: intercostal, subcostal
Nasal flaring: also seen with upper airway obstruction
Prolonged expiration: lower airway obstruction
Wheezing: intrathoracic airway obstruction
Grunting: may indicate severe respiratory distress or severe pain from an intraabdominal process
Rales (crackles)
Pleural rub
Bronchophony
Pulsus paradoxus: caused by severe lower airway obstruction or cardiac tamponade

Cardiac disease
Gallop
Cardiac murmur
Rales (crackles)
Jugular venous distention
Hepatomegaly
Peripheral or periorbital edema
Pulsus paradoxus: caused by cardiac tamponade or severe lower airway obstruction

Central nervous system
Abnormal respiratory pattern (Cheyne-Stokes, or ataxic)

Metabolic
Kussmal respirations
Graphic 79944 Version 6.0
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Diagnostic studies for evaluation of acute respiratory distress
Test

Indications

Comments

Bedside testing
Pulse oximetry

All patients with respiratory distress

Normal values despite hypoxia seen in patients with severe
anemia, carboxyhemoglobin, or sickle cell disease
Falsely low values obtained in patients with pulse oximeter
not correlating with pulse, poor peripheral perfusion,
venous congestion, methemoglobinemia, certain nail polish
colors, and in patients receiving vital dyes (eg, methylene
blue) during surgical procedures

End-tidal CO2 (ETCO2)
measurement

Confirmation of successful endotracheal intubation

Measurable in non-intubated and intubated patients

Noninvasive monitoring of ventilation in intubated and
non-intubated patients
Noninvasive monitoring for sedation in children

Electrocardiogram

Clinical suspicion of cardiac disease (eg, cardiac murmur,
gallop, differential pulses or blood pressure between upper
and lower extremities)

Typically combined with chest radiograph to assess heart
size and pulmonary vasculature in order to determine need
for echocardiography

Determine PaO2 for calculation of physiologic measures of
oxygenation (eg, A-a gradient, PaO2/FiO2 ratio)

End-tidal CO2, pulse oximetry, and venous blood gases
may be used as less invasive methods for ongoing
monitoring of oxygenation, ventilation, and acid-base
status if they correlate with arterial blood gas
measurements

Laboratory testing
Arterial blood gas

Correlate pCO2 with end-tidal CO2 measurments
Measure pH and correlate with venous pH

Electrolytes, blood urea
nitrogen, creatinine

Patients with metabolic acidosis

Glucose

Altered mental status

Ammonia

Altered mental status and other findings suggestive of
urea cycle defects

Carboxyhemoglobin

Smoke inhalation
Altered mental status, headache, vomiting and possible
exposure to carbon monoxide (eg, blocked furnace flue)

Methemoglobin

Cyanosis in the presence of a normal PaO2 on arterial
blood gas
Exposure to agents known to cause methemoglobinemia
(eg, nitrites, benzocaine, aniline dyes)

D-dimer

Assesses for the presence of an anion gap and renal
dysfunction

Pulse oximetry is falsely elevated in the presence of
carboxyhemoglobin

Oxygen saturation by cooximetry identifies the presence of
an abnormal hemoglobin if specific measure of
methemoglobin is not available

Clinical findings suggestive of pulmonary embolus (eg, low
oxygenation, pleuritic chest pain, wedge-shaped infiltrate
on chest radiograph, and predisposing condition [eg, sickle
cell disease, thrombotic condition])

Pulmonary embolus is a rare cause of respiratory distress
in children

Lateral neck radiograph

Clinical findings suggestive of epiglottitis, retropharyngeal
abscess, or ingested foreign body

Croup can usually be diagnosed clinically without a
radiograph

Chest radiograph

All children with significant respiratory distress and those
with focal lung findings

Forced expiratory or
bilateral decubitus chest
radiograph

Suspected foreign body aspiration

Hyperaeration noted on the side with the bronchial foreign
body

Unilateral decubitus chest
radiograph

Assess whether lung opacity is due to parenchymal disease
or effusion

Loculated effusions and very large effusions may not show
evidence of layering

Echocardiography

Assess cardiac function and presence of structural heart
disease

Abdominal radiographs
(supine and upright, or
cross-table lateral)

Significant abdominal tenderness and/or distension with
concern for intestinal obstruction or perforation

Computed tomography
(CT) of the head

Clinical findings suggestive of increased intracranial
pressure or intracranial mass lesion

Imaging options in patients with moderate to high clinical
probability and elevated D-dimer include
ventilation/perfusion scan, ultrasound of extremity veins
and deep veins, CT pulmonary angiography, and
pulmonary angiography

Imaging

Other testing (eg, ultrasound, upper gastrointestinal
contrast study, abdominal CT) may also be indicated
depending upon clinical findings and likely etiologies
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Management of life-threatening causes of acute respiratory compromise in children
Condition

Maneuver

Comments

Complete upper airway
obstruction*

Needle cricothyrotomy

This is a temporizing measure that can provide
oxygenation, but not ventilation

Foreign body ¶

Back blows/chest thrusts (<1 year of age)

Maneuvers should only be used for patients who are
unable to phonate

Abdominal thrusts (≥1 year of age)

Maneuvers should only be used for patients who are
unable to phonate

Manual removal with finger sweep

Perform this maneuver only when foreign body is visible in
the oropharynx

Laryngoscopy and removal with Magill forceps
Laryngospasm Δ

Positive pressure with a ventilation bag and tight fitting
mask

Soft tissue upper airway
obstruction Δ

Head tilt/chin lift
Jaw thrust

Use for patients who may have cervical spine injury

Nasopharyngeal airway

May be tolerated by a conscious patient

Oropharyngeal airway

Use only in an unconscious patient

Bag-mask ventilation

Suspect upper airway obstruction if unable to ventilate
with proper size equipment and technique

Endotracheal intubation ◊

Use for patient who requires more than a few minutes of
assisted ventilation or those with complete subglottic
upper airway obstruction

Tension pneumothorax

Needle thoracentesis

Patients will require chest tube placement following
emergent decompression

Cardiac tamponade

Pericardiocentesis §

Respiratory failure Δ

* See topic on "Needle cricothyroidotomy with percutaneous transtracheal ventilation".
¶ See topic on "Emergent evaluation of acute upper airway obstruction in children", section on 'Suspected foreign body'.
Δ See topic on "Basic airway management in children".
◊ See topic on "Emergent endotracheal intubation in children".

§ See topic on "Emergency pericardiocentesis".
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Child with classic presentation of acute epiglottitis

This four-year-old girl has epiglottitis caused by Haemophilus influenzae type b.
(A) She prefers to sit and appears anxious.
(B) The child assumes the characteristic sniffing position to maximize the
patency of her airway.
Reproduced with permission from: Fleisher GR, Ludwig W, Baskin MN. Atlas of
Pediatric Emergency Medicine. Philadelphia: Lippincott Williams & Wilkins, 2004.
Copyright © 2004 Lippincott Williams & Wilkins.
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Pediatric respiratory rate and heart rate by age*

Age group

Respiratory rate

Heart rate

Median
(1st-99th percentile)

Median
(1st-99th percentile)

0 to 3 months

43 (25-66)

143 (107-181); term newborn at birth: 127 (90-164)

3 to 6 months

41 (24-64)

140 (104-175)

6 to 9 months

39 (23-61)

134 (98-168)

9 to 12 months

37 (22-58)

128 (93-161)

12 to 18 months

35 (21-53)

123 (88-156)

18 to 24 months

31 (19-46)

116 (82-149)

2 to 3 years

28 (18-38)

110 (76-142)

3 to 4 years

25 (17-33)

104 (70-136)

4 to 6 years

23 (17-29)

98 (65-131)

6 to 8 years

21 (16-27)

91 (59-123)

8 to 12 years

19 (14-25)

84 (52-115)

12 to 15 years

18 (12-23)

78 (47-108)

15 to 18 years

16 (11-22)

73 (43-104)

* The respiratory and heart rates provided are based upon measurements in awake, healthy infants and children at rest. Many clinical findings besides the
actual vital sign measurement must be taken into account when determining whether a specific vital sign is normal in an individual patient. Values for heart
rate or respiratory rate that fall within normal limits for age may still represent abnormal findings that are caused by underlying disease in a particular infant
or child.
Data from: Fleming S, Thompson M, Stevens R, et al. Normal ranges of heart rate and respiratory rate in children from birth to 18 years of age: a systematic
review of observational studies. Lancet 2011; 377:1011.
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Diagnostic approach to acute respiratory distress in children

BS: breath sounds; CNS: central nervous system.
Graphic 66401 Version 5.0
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Rapid overview of rapid sequence intubation in children
Preparation: Utilize an active checklist to:
Begin preoxygenation as described below.
Identify conditions that will affect choice of medications (eg, increased intracranial pressure, septic shock, bronchospasm, status epilepticus, or, if
succinylcholine use is planned, absolute contraindications for its use as listed below).
Identify conditions that will predict difficult intubation or bag-mask ventilation (eg, small chin, inability to fully open the mouth, upper airway
trauma, or infection).
Assemble equipment and check for function.
Develop contingency plan for failed intubation (refer to UpToDate topics on devices for difficult endotracheal intubation).

Preoxygenation
Begin preoxygenation as soon as rapid sequence intubation is potentially needed:
Spontaneously breathing: 100% FiO 2 (7 L/min oxygen flow) by nonrebreather mask for 3 minutes
Apneic or inadequate breathing: Bag-mask ventilation with small tidal breaths using 100% FiO 2
During induction and paralysis, apneic oxygenation via nasal cannula at flow rate of 1 L/kg/min (maximum flow 15 L/min) may be provided
Administer oxygen at the highest concentration available.

Pretreatment (optional)
Atropine: Although not routinely recommended, many experts suggest atropine as pretreatment for:
Children ≤1 year
Children in shock
Children <5 years receiving succinylcholine
Older children receiving a second dose of succinylcholine
Dose: 0.02 mg/kg IV without a minimum dose (maximum single dose 0.5 mg; if no IV access, can be given IM).
Fentanyl: Optional for increased intracranial pressure in patients with normal or elevated blood pressure. Dose: 1 to 3 mcg/kg given over 30 to 60
seconds to avoid respiratory depression and chest wall rigidity. Give 3 minutes before induction agent is administered.
Lidocaine: Optional for increased intracranial pressure (not recommended for pretreatment in children by some airway experts). Dose: 1 to 2 mg/kg
IV (maximum dose 200 mg). Give 2 to 3 minutes before intubation.

Sedation
Etomidate:
Safe with hemodynamic instability, neuroprotective, transient adrenal cortico-suppression. Do not use routinely in patients with septic shock.
Dose: 0.3 mg/kg IV.
Ketamine:
Safe with hemodynamic instability if patient is not catecholamine depleted. Use in patients with bronchospasm and septic shock. Use with
caution in hypertensive patients with increased intracranial pressure.
Dose: 1 to 2 mg/kg IV (if no IV access, can be given IM dose: 3 to 7 mg/kg).
Propofol:
Causes hypotension. May use in hemodynamically stable patients with status epilepticus.
Dose 1 to 1.5 mg/kg IV.
Midazolam:
May use in hemodynamically stable patients with status epilepticus. Time to clinical effect is longer, inconsistently induces unconsciousness. May
cause hemodynamic instability at doses required for sedation.
Dose: 0.2 to 0.3 mg/kg IV (maximum dose 10 mg, onset of effect requires 2 to 3 minutes).
Fentanyl:
Optional for cardiogenic shock or catecholamine-depleted shock (eg, persistent hypotension despite vasopressor therapy). Limited evidence in
children.
Dose 1 to 5 mcg/kg titrated to effect. Start at lower end of range in hypotensive patients. Give over 30 to 60 seconds to avoid respiratory
depression or chest wall rigidity.
Thiopental:
Neuroprotective. Do not use with hemodynamic instability.
Dose: 3 to 5 mg/kg IV.*

Paralytic
Rocuronium:
Use for children with contraindication for succinylcholine or as primary paralytic if sugammadex is immediately available.
Dose: 1 mg/kg IV. ¶
Succinycholine:
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Do not use with extensive crush injury with rhabdomyolysis, chronic skeletal muscle disease (eg, Becker muscular dystrophy) or denervating
neuromuscular disease (eg, cerebral palsy with paralysis); 48 to 72 hours after burn, multiple trauma, or denervating injury; patients with history
or malignant hyperthermia; or pre-existing hyperkalemia.
Dose: Infants and children ≤2 years: 2 mg/kg IV, older children and adolescents: 1 to 1.5 mg/kg IV (if IV access unobtainable, can be given IM,
dose: 3 to 5 mg/kg). Δ

Protection and positioning
Maintain manual cervical spine immobilization during intubation in the trauma patient.
If cervical spine injury is not potentially present, put the patient in the "sniffing position" (ie, head forward so that the external auditory canal is
anterior to the shoulder and the nose and mouth point to the ceiling).
Utilize external laryngeal manipulation or, in infants, gentle cricoid pressure to optimize the view of the glottis during direct laryngoscopy if the initial
view is suboptimal or inadequate despite correct laryngoscope blade positioning. ◊

Positioning, with placement
Confirm tracheal tube placement with end-tidal CO 2 detection and auscultation.

Postintubation management
Obtain a chest radiograph to confirm the depth of tracheal tube insertion.
Provide ongoing sedation (eg, midazolam), analgesia (eg, fentanyl 1 mcg/kg), and, if indicated, paralysis. §

If IV access unobtainable, intraosseous administration of drugs listed is an acceptable alternative.
IM: intramuscularly; IV: intravenously.
* Not available in many countries, including the United States and Canada.
¶ Sugammadex in a dose of 16 mg/kg can provide immediate reversal of paralysis when given approximately 3 minutes after a single dose of rocuronium.
Vecuronium may be used in children with contraindications to succinylcholine and when rocuronium is not available. Suggested dose for rapid sequence
intubation: 0.15 to 0.2 mg/kg. Patients may experience prolonged and unpredictable duration of paralysis at this dose.
Δ Defasciculating agents (eg, rocuronium or vecuronium at one-tenth of the paralyzing dose) are not routinely recommended for children receiving
succinylcholine.
◊ Bimanual laryngoscopy, also called external laryngeal manipulation (ELM), entails manipulating the thyroid cartilage or hyoid bone with the right hand
during laryngoscopy in order to improve the view of the glottis. For a description of how to perform ELM, refer to topics on emergency endotracheal
intubation in children and rapid sequence intubation in children.
§ If decompensation occurs after successful intubation, use the DOPE mnemonic to find the cause:
D: Dislodgement of the tube (right mainstem or esophageal)
O: Obstruction of tube
P: Pneumothorax
E: Equipment failure (ventilator malfunction, oxygen disconnected or not on)
Graphic 51456 Version 34.0
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Management of upper airway obstruction due to a foreign body in children*

FB: foreign body; CPR: cardiopulmonary resuscitation; RSI: rapid sequence intubation; ETT: endotracheal tube; OR: operating room.
* The following findings suggest upper airway obstruction:
Inspiratory stridor, wheezing, or stertor
Suprasternal or supraclavicular retractions
Prolonged inspiratory phase
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Oral mucosa or tongue swelling
Drooling
Dysphagia
Positions of comfort to help maintain airway patency in patients with severe obstruction:
"Sniffing" position (neck is mildly flexed and head is mildly extended)
Tripod position (leaning forward while bracing on the arms with neck hyperextended and chin thrust forward)
¶ Refer to UpToDate algorithms and topics on pediatric basic life support for health care providers and foreign body obstruction.
Δ Refer to UpToDate topics on evaluation of upper airway obstruction in children.
◊ Surgical cricothyrotomy may be appropriate in selected patients younger than 12 years of age, as determined by cricothyroid
membrane size. Refer to UpToDate topics on needle and surgical cricothyroidotomy.
Graphic 55990 Version 3.0
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Diagnostic approach to upper airway obstruction in children

* The following findings suggest upper airway obstruction:
Inspiratory stridor, wheezing, or stertor
Suprasternal or supraclavicular retractions
Prolonged inspiratory phase
Oral mucosa or tongue swelling
Drooling
Dysphagia
Positions of comfort to help maintain airway patency in patients with severe obstruction:
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"Sniffing" position (neck is mildly flexed and head is mildly extended)
Tripod position (leaning forward while bracing on the arms with neck hyperextended and chin thrust forward)
¶ Given the risk of sudden decompensation, patients with significant laryngotracheal injury, thermal or chemical epiglottitis, or symptomatic upper airway obstruction
warrant emergency consultation with an anesthesiologist or pediatric intensivist and an otolaryngologist to help secure the airway.
Graphic 54996 Version 3.0
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Initial trauma management in children with severe multiple trauma
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pCO2: partial pressure of carbon dioxide; O2: oxygen; GCS: Glasgow coma scale; FAST: focused abdominal
sonography for trauma.
* Clinicians should always perform actions in RED.
• Administer 20 mL/kg of warmed normal saline or Ringer's lactate over 10 to 20 minutes. In children with severe
head injury, the aim is to ensure normal but not excessive circulating volume.
Δ Signs of herniation include coma, unilateral pupillary dilation with outward eye deviation followed by hemiplegia,
hyperventilation, Cheyne-Stokes respirations, and/or decerebrate or decorticate posturing. Refer to UpToDate
topics on severe traumatic brain injury in children for more specific guidance.
Graphic 64241 Version 4.0
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Rapid overview: Emergent management of anaphylaxis in infants and children*
Diagnosis is made clinically:
The most common signs and symptoms are cutaneous (eg, sudden onset of generalized urticaria, angioedema, flushing, pruritus). However, 10 to
20% of patients have no skin findings.
Danger signs: Rapid progression of symptoms, evidence of respiratory distress (eg, stridor, wheezing, dyspnea, increased work of
breathing, retractions, persistent cough, cyanosis), signs of poor perfusion, abdominal pain, vomiting, dysrhythmia, hypotension,
collapse.

Acute management:
The first and most important therapy in anaphylaxis is epinephrine. There are NO absolute contraindications to epinephrine in the setting of
anaphylaxis.
Airway: Immediate intubation if evidence of impending airway obstruction from angioedema. Delay may lead to complete obstruction. Intubation
can be difficult and should be performed by the most experienced clinician available. Cricothyrotomy may be necessary.
IM epinephrine (1 mg/mL preparation): Epinephrine 0.01 mg/kg should be injected intramuscularly in the mid-outer thigh. For large children
(>50 kg), the maximum is 0.5 mg per dose. If there is no response or the response is inadequate, the injection can be repeated in 5 to 15 minutes
(or more frequently). If epinephrine is injected promptly IM, patients respond to one, two, or at most, three injections. If signs of poor perfusion are
present or symptoms are not responding to epinephrine injections, prepare IV epinephrine for infusion (see below).
Place patient in recumbent position, if tolerated, and elevate lower extremities.
Oxygen: Give 8 to 10 L/minute via facemask or up to 100% oxygen, as needed.
Normal saline rapid bolus: Treat poor perfusion with rapid infusion of 20 mL/kg. Re-evaluate and repeat fluid boluses (20 mL/kg), as needed.
Massive fluid shifts with severe loss of intravascular volume can occur. Monitor urine output.
Albuterol: For bronchospasm resistant to IM epinephrine, give albuterol 0.15 mg/kg (minimum dose: 2.5 mg) in 3 mL saline inhaled via nebulizer.
Repeat, as needed.
H1 antihistamine: Consider giving diphenhydramine 1 mg/kg (max 40 mg) IV.
H2 antihistamine: Consider giving ranitidine 1 mg/kg (max 50 mg) IV.
Glucocorticoid: Consider giving methylprednisolone 1 mg/kg (max 125 mg) IV.
Monitoring: Continuous noninvasive hemodynamic monitoring and pulse oximetry monitoring should be performed. Urine output should be
monitored in patients receiving IV fluid resuscitation for severe hypotension or shock.

Treatment of refractory symptoms:
Epinephrine infusion ¶: In patients with inadequate response to IM epinephrine and IV saline, give epinephrine continuous infusion at 0.1 to 1
mcg/kg/minute, titrated to effect.
Vasopressors ¶: Patients may require large amounts of IV crystalloid to maintain blood pressure. Some patients may require a second vasopressor
(in addition to epinephrine). All vasopressors should be given by infusion pump, with the doses titrated continuously according to blood pressure and
cardiac rate/function monitored continuously and oxygenation monitored by pulse oximetry.
IM: intramuscular; IV: intravenous.
* A child is defined as a prepubertal patient weighing less than 40 kg.
¶ All patients receiving an infusion of epinephrine and/or another vasopressor require continuous noninvasive monitoring of blood pressure, heart rate and
function, and oxygen saturation. We suggest that pediatric centers provide instructions for preparation of standard concentrations and also provide charts for
established infusion rate for epinephrine and other vasopressors in infants and children.
Graphic 74242 Version 33.0
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Major causes of myocarditis
Infectious causes
Viral

Infectious causes (cont.)
Spirochetal

Noninfectious causes
Cardiotoxins

Adenovirus

Leptospirosis

Alcohol

Arborvirus

Lyme disease

Anthracyclines

Coxsackie B virus

Relapsing fever

Arsenic

Cytomegalovirus

Syphilis

Carbon monoxide

Dengue

Mycotic

Catecholamines

Echovirus

Actinomyocosis

Cocaine

Epstein-Barr virus

Aspergillosis

Cyclophosphamide

Hepatitis B and C

Blastomycosis

Heavy metals (copper, lead, iron)

Herpesvirus

Candidiasis

Methysergide

HIV

Coccidiomycosis

Influenza A and B

Cryptococcosis

Mumps

Histoplasmosis

Parvovirus

Mucormycosis

Poliomyelitis

Nocardia

Rabies

Sporotrichosis

Rubella

Rickettsial

Rubeola

Q fever

Vaccinia (smallpox vaccine)

Rocky mountain spotted fever

Varicella

Typhus

Variola
Yellow fever
Bacterial

Protozoal
Amebiasis

Hypersensitivity reactions
Antibiotics (penicillins, cephalosporins,
sulfonamides)
Clozapine
Diuretics (thiazide, loop)
Dobutamine
Insect bites (bee, wasp, spider, scorpion)
Lithium
Methyldopa
Snake bites
Tetanus toxoid
Systemic disorders
Celiac disease

Bartonella

Chagas' disease (South American
trypanosomiasis)

Brucellosis

Leishmaniasis

Granulomatosis with polyangiitis (Wegener's)

Chlamydia

Malaria

Hypereosinophilia

Cholera

Sleeping sickness (African trypanosomiasis)

Inflammatory bowel disease (Crohn's
disease, ulcerative colitis)

Clostridial

Toxoplasmosis

Diphtheria

Helminthic

Gonococcal

Ascariasis

Haemophilus

Echinococcosis

Legionella

Filariasis

Meningococcal

Paragonimiasis

Mycoplasma

Schistosomiasis

Pneumococcal

Strongyloidiasis

Psittacosis

Trichinosis

Collagen-vascular diseases

Kawasaki disease
Sarcoidosis
Thyrotoxicosis
Radiation

Salmonella
Staphylococcal
Streptococcal
Tetanus
Tuberculosis
Tularemia
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Causes of acute respiratory distress in children
Respiratory tract
Infection
Uvulitis
Epiglottitis*
Retropharyngeal abscess
Peritonsillar abscess
Croup
Tracheitis
Bronchiolitis
Pneumonia

Asthma
Anaphylaxis*
Foreign body (upper airway*, lower airway, esophagus)
Airway anomalies (eg, laryngomalacia, laryngospasm, tracheoesophageal fistula, tracheal stenosis, tracheal ring or sling)
Biologic or chemical weapons* (eg, anthrax, tularemia, phosgene, nitrogen mustard, nerve agents, ricin)
Chest wall trauma or abnormalities (eg, flail chest*, open pneumothorax*, thoracic dystrophy)
Thoracic cavity trauma or conditions (eg, pneumothorax*, hemothorax*, pleural effusion, empyema, mediastinal mass)
Pulmonary trauma or conditions (contusion, embolism, hemorrhage)
Smoke inhalation*
Chemical agent exposures* (eg, phosgene, chlorine, cyanide)
Submersion injury (near-drowning)*

Cardiovascular
Congenital heart disease*
Acute decompensated heart failure*
Myocarditis*
Pericarditis
Arrhythmia*
Shock*
Cardiac tamponade*
Myocardial infarction*

Nervous system
Depressed ventilation* (eg, ingestion, CNS trauma, seizures, or CNS infection)
Hypotonia* (conditions causing poor airway or respiratory muscle tone and ineffective respiratory effort)
Pulmonary aspiration due to loss of airway protective reflexes

Gastrointestinal
Hypoventilation due to abdominal pain or distention (eg, intraabdominal trauma, small bowel obstruction, bowel perforation)
Gastroesophageal reflux with pulmonary aspiration

Metabolic and endocrine diseases
Metabolic acidosis (eg, diabetic ketoacidosis, severe dehydration, sepsis, toxic ingestions, inborn errors of metabolism)
Hyperthyroidism
Hypothyroidism
Hyperammonemia
Hypocalcemia (laryngospasm)

Hematologic
Decreased O 2 carrying capacity (eg, acute severe anemia from hemolysis, methemoglobinemia, carbon monoxide poisoning)
Acute chest syndrome (patients with sickle cell disease)*

*Condition that can be immediately life threatening.
CNS: central nervous system; O2: oxygen.
Graphic 61637 Version 12.0
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INTRODUCTION — Bronchiolitis, part of the spectrum of lower respiratory tract diseases, is a
major cause of illness and hospitalization in infants and children younger than two years. The
treatment, outcome, and prevention of bronchiolitis will be reviewed here. The epidemiology,
clinical features, and diagnosis of bronchiolitis and the treatment of recurrent virus-induced
wheezing in young children are discussed separately. (See "Bronchiolitis in infants and children:
Clinical features and diagnosis" and "Treatment of recurrent virus-induced wheezing in young
children".)
DEFINITION — For the purposes of this topic review, bronchiolitis is broadly defined as a
clinical syndrome that occurs in children <2 years of age and is characterized by upper
respiratory symptoms (eg, rhinorrhea) followed by lower respiratory (eg, small
airway/bronchiole) infection with inflammation, which results in wheezing and or crackles
(rales). Bronchiolitis typically occurs with primary infection or reinfection with a viral pathogen,
but occasionally is caused by bacteria (eg, Mycoplasma pneumoniae). In young children, the
clinical syndrome of bronchiolitis may overlap with recurrent virus-induced wheezing and acute
viral-triggered asthma. The diagnosis of bronchiolitis, virus-induced wheezing, and acute viraltriggered asthma are discussed separately. (See "Bronchiolitis in infants and children: Clinical
features and diagnosis", section on 'Diagnosis' and "Virus-induced wheezing and asthma: An
overview" and "Asthma in children younger than 12 years: Initial evaluation and diagnosis" and
"Asthma in children younger than 12 years: Initial evaluation and diagnosis", section on
'Respiratory tract infections'.)
SEVERITY ASSESSMENT — Consensus definitions for severe bronchiolitis are lacking. In
general, we consider severe bronchiolitis to be indicated by any of the following:
● Persistently increased respiratory effort (tachypnea; nasal flaring; intercostal, subcostal, or
suprasternal retractions; accessory muscle use; grunting) as assessed during repeated
examinations separated by at least 15 minutes
https://www.uptodate.com/contents/bronchiolitis-in-infants-and-children-treatment-outcome-and-prevention/print?source=see_link
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● Hypoxemia (SpO2 <95 percent); SpO2 should be interpreted in the context of other clinical
signs, the state of the patient (eg, awake, asleep, coughing, etc), and altitude
● Apnea
● Acute respiratory failure
We consider nonsevere bronchiolitis to be indicated by the absence of all of the above.
However, the severity categories may overlap and clinical judgment is necessary to make
appropriate management decisions.
Repeated observations are necessary to adequately assess disease severity because
examination findings may vary substantially over time [1].
INDICATIONS FOR HOSPITALIZATION — Although clinical practice varies widely [2-4],
hospitalization for supportive care and monitoring usually is indicated for infants and young
children with [5-7]:
● Toxic appearance, poor feeding, lethargy, or dehydration
● Moderate to severe respiratory distress, manifested by one or more of the following signs:
nasal flaring; intercostal, subcostal, or suprasternal retractions; respiratory rate >70 breaths
per minute; dyspnea; or cyanosis
● Apnea
● Hypoxemia with or without hypercapnia (arterial or capillary carbon dioxide tension >45
mmHg); studies evaluating SpO2 (oxygen saturation) <95 percent as a predictor of disease
severity or progression among outpatient children with bronchiolitis have inconsistent
results [8,9]; nonetheless the authors of this topic use SpO2 <95 percent on room air at sea
level as a finding that may warrant admission (see 'Supplemental oxygen' below)
● Parents who are unable to care for them at home
Although age <12 weeks is a risk factor for severe or complicated disease, young age in and of
itself is not an indication for hospitalization. (See "Bronchiolitis in infants and children: Clinical
features and diagnosis", section on 'Risk factors for severe disease'.)
Hypoxemia is often used as a criterion for admission in infants without comorbid conditions for
severe disease. However, it should not be the only criterion. Observational studies suggest that
episodes of desaturation with mild to moderate respiratory distress are common in infants with
bronchiolitis and that detection of hypoxemia may be associated with increased health care
utilization (eg, supplemental oxygen, admission, increased length of stay) but little or no acute
benefit [4,10-12]. The effect of brief periods of hypoxemia caused by bronchiolitis on the
developing brain has not been adequately addressed.
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In an observational study, the families of 118 otherwise healthy infants (6 weeks to 12 months)
who were born at >36 weeks' gestation and discharged home from the emergency department
with a diagnosis of acute bronchiolitis were provided with a portable oxygen saturation monitor
that recorded SpO2 but neither displayed saturation values nor sounded alarms for threshold
values [12]. Based on clinical characteristics at discharge from the emergency department,
these infants had mild to moderate bronchiolitis that did not require hospitalization.
Approximately two-thirds of infants had at least one episode of SpO2 <90 percent for at least
one minute; one-half had at least three episodes; and 43 percent had SpO2 <90 percent
continuously for ≥3 minutes. Episodes of desaturation typically occurred during sleep or while
feeding. The rates of unscheduled medical visits and hospitalizations for bronchiolitis within 72
hours of discharge from the emergency department were similar among infants with and without
desaturations (approximately 25 percent and <5 percent, respectively). Information beyond 72
hours post-discharge was not collected, which is a limitation of the study.
NONSEVERE BRONCHIOLITIS
Overview of approach — Infants and children with nonsevere bronchiolitis usually can be
managed in the outpatient setting, unless there are concerns about the caregivers' ability to
care for them at home. (See 'Indications for hospitalization' above.)
Supportive care and anticipatory guidance are the mainstays of management of nonsevere
bronchiolitis. Supportive care includes maintenance of adequate hydration, relief of nasal
congestion/obstruction, and monitoring for disease progression. (See 'Anticipatory guidance'
below and 'Follow-up' below.)
For immune competent infants and children with nonsevere bronchiolitis who are treated in the
office or emergency department, we do not routinely recommend pharmacologic interventions
because they lack proven benefit, increase the cost of care, and may have adverse effects.
Randomized trials, systematic reviews, and meta-analyses do not support the benefits of
bronchodilators (inhaled or oral) [13-18], glucocorticoids (inhaled or systemic) [1,19-24], or
leukotriene inhibitors [25]. Antibiotics are indicated only if there is evidence of a coexisting
bacterial infection. This approach is consistent with that of the American Academy of Pediatrics,
the National Institute for Care Excellence, and other professional organizations [1,5,7,26]. (See
'Interventions that are not routinely recommended' below.)
For infants and children with nonsevere bronchiolitis who are treated in the office or emergency
department, we suggest not routinely treating with nebulized hypertonic saline. In a 2015
systematic review of randomized trials evaluating administration of hypertonic saline in the
emergency department, hypertonic saline reduced the rate of hospitalization among children
with bronchiolitis, but the evidence was of low quality [26].
Anticipatory guidance — Education and anticipatory guidance are important aspects of the
management of bronchiolitis [5,26]. Components of education and anticipatory guidance
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include:
● Expected clinical course: Typical illness with bronchiolitis begins with upper respiratory
tract symptoms. Lower respiratory symptoms and signs develop on days 2 to 3, peak on
days 3 to 5, and then gradually resolve over the course of two to three weeks.
In a systematic review of four studies including 590 children with bronchiolitis who were
seen in outpatient settings and not treated with bronchodilators [16,27-29], the mean time
to resolution of cough ranged from 8 to 15 days [30]. Cough resolved in 50 percent of
patients within 13 days and in 90 percent within 21 days. In a cohort of 181 children (not
included in the systematic review), the median duration of caretaker-reported symptoms
was 12 days; approximately 20 percent continued to have symptoms for at least three
weeks, and 10 percent had symptoms for at least four weeks [31].
● Proper techniques for suctioning the nose (table 1). (See "Patient education: Bronchiolitis
(and RSV) in infants and children (Beyond the Basics)", section on 'Nose drops or spray'.)
● The need to monitor fluid intake and output; children with bronchiolitis may have difficulty
maintaining adequate hydration because of increased needs (related to fever and
tachypnea) and decreased intake (related to tachypnea and respiratory distress).
● Avoidance of over-the-counter decongestants and cough medicines; these medications
have no proven benefit and may have serious adverse effects [32]. (See "The common
cold in children: Management and prevention", section on 'Over-the-counter medications'.)
● Indications to return to medical care immediately: apnea, cyanosis, poor feeding, new
fever, increased respiratory rate and/or increased work of breathing (retractions, nasal
flaring, grunting), decreasing fluid intake (<75 percent of normal, no wet diaper for 12
hours), exhaustion (eg, failure to respond to social cues, waking only with prolonged
stimulation) [5,26].
● Strategies to prevent respiratory infection. (See 'Prevention' below.)
Follow-up — Children with bronchiolitis who are not hospitalized should be monitored by their
clinician for progression and resolution of disease. Follow-up, usually within one to two days,
may occur by phone or at the office. The timing and method of follow-up depend upon initial
severity and duration of symptoms; patients who are seen in the first one to two day of
symptoms may worsen before they improve. Repeated clinical assessments of the respiratory
system (eg, respiratory rate, nasal flaring, retractions, grunting) may be necessary to determine
the course of the illness and to identify deteriorating respiratory status. (See 'Anticipatory
guidance' above.)
In children who do not improve as expected, chest radiographs may be helpful in excluding
other conditions in the differential diagnosis (eg, foreign body aspiration, heart failure, vascular
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ring) [1]. (See "Bronchiolitis in infants and children: Clinical features and diagnosis", section on
'Differential diagnosis' and 'Anticipatory guidance' above.)
SEVERE BRONCHIOLITIS — Infants and children severe bronchiolitis usually require
treatment in the emergency department or inpatient setting. Supportive care and anticipatory
guidance are the mainstays of management of severe bronchiolitis. Supportive care includes
maintenance of adequate hydration, respiratory support, and monitoring for disease
progression. (See 'Severity assessment' above and 'Indications for hospitalization' above.)
Emergency department management — Emergency department management of severe
bronchiolitis centers on stabilization of respiratory and fluid status and determining the
appropriate setting for continuation of care (ie, observation unit, general inpatient ward, or
intensive care unit [ICU]).
● Trial of inhaled bronchodilator – We do not routinely suggest inhaled bronchodilators
for the management of the first episode of bronchiolitis in children.
However, a one-time trial of inhaled bronchodilators (albuterol [salbutamol] or epinephrine)
may be warranted for infants and children with severe bronchiolitis. Children with severe
disease or respiratory failure generally were excluded from trials evaluating inhaled
bronchodilators in children with bronchiolitis. (See 'Severity assessment' above and
'Bronchodilators' below.)
● Nebulized hypertonic saline – For infants and children with severe bronchiolitis who are
treated in the emergency department, we suggest not routinely treating with nebulized
hypertonic saline. (See 'Nebulized hypertonic saline' below.)
● Glucocorticoids – We recommend not using glucocorticoids routinely in the management
of the first episode of bronchiolitis. (See 'Glucocorticoids' below.)
Inpatient management — Inpatient management of severe bronchiolitis centers on support of
hydration and respiratory status as necessary. In addition to standard precautions, children
admitted with bronchiolitis should be placed on contact precautions. (See "Infection prevention:
Precautions for preventing transmission of infection", section on 'Standard precautions' and
"Infection prevention: Precautions for preventing transmission of infection", section on 'Contact
precautions'.)
Fluid management — The fluid intake and output of infants and children with bronchiolitis
should be assessed regularly. Children with bronchiolitis may have difficulty maintaining
adequate hydration because of increased needs (related to fever and tachypnea) and
decreased intake (related to tachypnea and respiratory distress).
Exclusive parenteral fluid administration may be necessary to ensure adequate hydration and
avoid the risk of aspiration in infants and children who are hospitalized with bronchiolitis and
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have moderate to severe respiratory distress (nasal flaring; intercostal, subcostal, or
suprasternal retractions; respiratory rate >70 breaths per minute; dyspnea; or cyanosis) [1,33].
For children who can tolerate enteral feedings, strategies to maintain hydration include small
frequent feedings or orogastric or nasogastric feedings [5,34,35]. (See "Maintenance fluid
therapy in children" and "Overview of enteral nutrition in infants and children", section on
'Indications for enteral nutrition'.)
It is also important to monitor urine output. Plasma antidiuretic hormone levels rarely may be
elevated, leading to fluid retention and hyponatremia [36-38]. Fluid overload should be avoided,
since it may lead to pulmonary congestion. (See "Pathophysiology and etiology of the
syndrome of inappropriate antidiuretic hormone secretion (SIADH)", section on 'Pulmonary
disease' and "Maintenance fluid therapy in children", section on 'Hospitalized children'.)
Respiratory support — Respiratory support for infants and young children with bronchiolitis
generally is provided in a stepwise fashion. Most children require nasal suctioning.
Supplemental oxygen is provided as necessary to maintain SpO2 >90 to 92 percent. Infants
who are at risk for progression to respiratory failure often receive a trial of heated humidified
high-flow nasal cannula (HFNC) therapy and/or continuous positive airway pressure (CPAP)
before endotracheal intubation. However, initial endotracheal intubation is more appropriate
than HFNC or CPAP for children with hemodynamic instability, intractable apnea, or loss of
protective airway reflexes.
Nasal suctioning — For children hospitalized with bronchiolitis, we suggest mechanical
aspiration of the nares as necessary to relieve nasal obstruction. Saline nose drops and
mechanical aspiration of nares may help to relieve partial upper airway obstruction in infants
and young children with respiratory distress or feeding difficulties. In a retrospective cohort
study of 740 infants (2 to 12 months) hospitalized with bronchiolitis, those who had three or four
lapses of mechanical suctioning of more than four hours had longer hospital stay than those
who had no lapses in suctioning (2.64 versus 1.62 days) [39].
There is little evidence to support routine frequent "deep" suctioning of the oropharynx or
larynx with a nasopharyngeal catheter [1]. Catheter suctioning of the nasopharynx is
traumatic and may produce edema and nasal obstruction. Catheter suctioning of the
oropharynx can induce cough, but the theoretic complication of laryngospasm is not
corroborated. In the retrospective cohort study of 740 patients hospitalized with
bronchiolitis, those who had >60 percent deep suctioning (ie, via negative pressure
vacuum system and nasopharyngeal catheter) during the first 24 hours of admission had
longer hospital stay than patients with ≤60 percent deep suctioning (2.35 versus 1.75 days)
[39]. Prospective randomized studies are needed to confirm this observation, which may be
confounded by more frequent suctioning of infants perceived to be sicker.
Supplemental oxygen — Supplemental oxygen should be provided by nasal cannula,
face mask, or head box to maintain SpO2 above 90 to 92 percent [40].
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Data are lacking to support the use of a specific SpO2 cutoff value. The American Academy of
Pediatrics practice guideline suggests SpO2 <90 percent as the threshold to start supplemental
oxygen [1]. However, variability in the accuracy of oximeters, and concomitant fever, acidosis,
or hemoglobinopathy favor the use of a higher cutoff value. In a multicenter study comparing
oxygen saturation simultaneously measured with pulse oximetry (SpO2) and arterial blood gas
(SaO2), the accuracy of pulse oximetry varied with the range of oxygen saturation [41]. In the
SpO2 range of 76 to 90 percent, pulse oximetry tended to overestimate SaO2 (by a median of
approximately 5 percent); in the SpO2 range of 91 to 97 percent, SpO2 and SaO2 values were
similar (median difference of 1 percent).
Close monitoring is required as supplemental oxygen is weaned, particularly for children with
hemodynamically significant heart disease, bronchopulmonary dysplasia, and premature birth.
(See "Continuous oxygen delivery systems for infants, children, and adults".)
HFNC and CPAP — Heated humidified high-flow nasal cannula (HFNC, also called highflow warm humidified oxygen) therapy and/or continuous positive airway pressure (CPAP) are
used to reduce the work of breathing, improve gas exchange, and avoid the need for
endotracheal intubation in children with bronchiolitis who are at risk for progression to
respiratory failure [42-45]. Successful therapy with HFNC or CPAP avoids the adverse effects of
endotracheal intubation (eg, laryngeal injury, ventilator-induced lung injury, ventilator-associated
pneumonia, narcotic dependence and withdrawal) [46].
HFNC and CPAP typically require care in an intensive or immediate care unit. However, some
institutions initiate HFNC in the emergency department or on the general ward [44]. A detailed
discussion of critical care respiratory interventions for infants and young children with
bronchiolitis is beyond the scope of this review. General discussions of invasive and
noninvasive ventilation strategies for infants and children with respiratory failure are provided
separately. (See "Continuous oxygen delivery systems for infants, children, and adults", section
on 'High flow' and "Noninvasive ventilation for acute and impending respiratory failure in
children".)
● HFNC therapy – Our institutions use HFNC therapy to avoid endotracheal intubation in
infants and children with bronchiolitis who are at risk for respiratory failure. In an open
randomized trial and observational studies, HFNC has been associated with decreased
rates of endotracheal intubation [44,47-52].
HFNC is a well-tolerated noninvasive method of ventilatory support that permits high
inspired gas flows (4 to 8 L/min) with or without increased oxygen concentration [53,54].
The increased flows are tolerated because the air is humidified; provision of HFNC requires
a special circuit – it cannot be provided by simply turning up the flow from the wall unit.
Flow rates ≥6 L/min can generate positive expiratory pressures in the range of 2 to 5 cm
H2O. The size of the nasal cannula, which is determined by fit, affects the size of the circuit
and maximum amount of flow. For the treatment of bronchiolitis in infants and children
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younger than two years, 8 L/min is generally the maximum flow rate, but higher rates may
be used (cannula size permitting) [55,56].
Contraindications to HFNC include abnormalities of the face or airway that preclude an
appropriate-fitting nasal cannula [57]. Relative contraindications include confusion or
agitation, vomiting, excessive secretions, and bowel obstruction. In an observational study,
nonresponse to HFNC was been associated with lower pretherapy pH and higher
pretherapy PCO2, highlighting the importance of early initiation [58].
Complications of HFNC include abdominal distension, aspiration, barotrauma, and
pneumothorax (rare) [57]. However, the risk of pneumothorax is lower with HFNC than with
mechanical ventilation following endotracheal intubation.
Infants receiving HFNC who are clinically deteriorating may develop significant respiratory
acidosis (hypercapnia) despite high oxygen saturations (if they are receiving supplemental
O2). Oxygen saturation is a poor indicator of impending respiratory failure, which is better
indicated by marked retractions, decreased or absent breath sounds, fatigue, and poor
responsiveness to stimulation (eg, weak or no cry). Blood gas analysis to assess
ventilation (ie, PCO2 levels) may be warranted in infants receiving HFNC who become
more dyspneic and/or tachycardic.
In an open trial, 200 children <2 years who had moderately severe bronchiolitis and
required oxygen therapy were randomly assigned to early initiation of HFNC or standard
low-flow nasal cannula oxygen therapy, after which oxygen was weaned according to a
standardized protocol [52]. Early initiation of HFNC did not shorten the median duration of
oxygen therapy (20 versus 24 hours, hazard ratio [HR] 0.9, 95% CI 0.7-1.2). However,
HFNC was associated with avoidance of ICU admission among 20 of 32 children in the
standard therapy group who received HFNC as rescue therapy. These results support
those of previous observational studies in which HFNC was associated with decreased
rates of intubation in children <24 months of age with bronchiolitis who were admitted to a
pediatric ICU compared with historical controls [44,47-51]. A multicenter randomized trial is
under way [59].
Additional trials are being conducted to determine the effectiveness and effect of various
flow rates on airway pressure, breathing patterns, and respiratory effort in infants
hospitalized with bronchiolitis [60-63]. Flow rates of ≥6 L/min appear to provide positive
pressure throughout the respiratory cycle, with positive end expiratory pressures in the
range of 2 to 5 cm H2O [57,61,64]. A multicenter trial is needed to determine the optimal
flow rate required for clinical benefit.
● Continuous positive airway pressure – Our institutions use continuous positive airway
pressure (CPAP) to avoid endotracheal intubation in infants and children with bronchiolitis
and respiratory failure, but less frequently than we use HFNC. CPAP can decrease work of
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breathing and prevent endotracheal intubation in children with progressive hypoxemia or
hypercarbia [65]. In children who fail HFNC, CPAP may be tried before endotracheal
intubation. (See "Noninvasive ventilation for acute and impending respiratory failure in
children".)
Several observational and randomized studies suggest that CPAP improves ventilation and
oxygenation in infants with bronchiolitis and severe respiratory distress, may avoid
endotracheal intubation, and may be associated with decreased length of stay in the ICU
[46,66-74]. However, systematic reviews have found the evidence regarding CPAP for
bronchiolitis to be inconclusive because of methodologic limitations in the existing studies
[75,76]. Additional studies are necessary to clarify the benefits of CPAP for infants with
bronchiolitis who are admitted to an ICU.
Endotracheal intubation — Infants who have ongoing or worsening severe distress
despite a trial of HFNC and/or CPAP, those who have hypoxemia despite oxygen
supplementation, and those with apnea may require endotracheal intubation and mechanical
ventilation. Signs of impending respiratory failure in infants and young children with bronchiolitis
include marked retractions, decreased or absent breath sounds, fatigue, and poor
responsiveness to stimulation (eg, weak or no cry). Arterial or venous blood gases obtained in
infants with impending respiratory failure often reveal hypercapnia (ie, carbon dioxide tension
>55 mmHg [arterial sample] or >60 mmHg [venous sample]); however, blood gases should not
be used as the sole basis for deciding to intubate. Endotracheal intubation is discussed
separately. (See "Emergency endotracheal intubation in children".)
Other therapies — We do not routinely suggest chest physiotherapy, inhaled
bronchodilators, nebulized hypertonic saline, or leukotriene inhibitors (eg, montelukast) to
relieve lower airway obstruction in infants and children with first episode of bronchiolitis. We do
not recommend glucocorticoids in the management of a first episode of bronchiolitis. (See
'Interventions that are not routinely recommended' below.)
Although we do not routinely suggest inhaled bronchodilators for the management of
bronchiolitis, a one-time trial of inhaled bronchodilators (albuterol [salbutamol] or epinephrine)
may be warranted for infants and children with bronchiolitis and severe disease. Children with
severe disease or respiratory failure generally were excluded from trials evaluating inhaled
bronchodilators in children with bronchiolitis. (See 'Severity assessment' above and
'Bronchodilators' below.)
Chest physiotherapy may be warranted in children with comorbidities associated with difficulty
clearing respiratory secretions (eg, neuromuscular disorders, cystic fibrosis) [26]. However, in
previously healthy children with bronchiolitis, chest physiotherapy has not been shown to be
useful [77]. (See 'Chest physiotherapy' below.)
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There is little evidence to support the benefit of adjunctive glucocorticoids or surfactant in the
management of respiratory failure due to bronchiolitis. A meta-analysis of three studies
evaluating the use of systemic glucocorticoids in infants with bronchiolitis requiring admission to
the ICU found no overall effect on duration of mechanical ventilation or length of hospitalization
[78]. Another meta-analysis of several small randomized trials evaluating surfactant therapy in
mechanically ventilated infants with bronchiolitis concluded that surfactant therapy may shorten
the duration of mechanical ventilation and duration of ICU stay in children with bronchiolitis [7982]. However, additional studies are needed before reliable estimates of the magnitude of the
effects can be made.
Monitoring clinical status
● Respiratory status – Repeated clinical assessment of the respiratory system (eg,
respiratory rate; nasal flaring; retractions; grunting) is necessary to identify deteriorating
respiratory status [83].
Early in the admission, hospitalized infants should have monitoring of heart rate,
respiratory rate and SpO2. In settings with respiratory monitoring capabilities (eg, ICU),
respiratory rate should be monitored continuously; in other settings (eg, general ward),
respiratory rate should be monitored with vital signs. Infants with severe distress or who
have apnea should be monitored in the ICU. An arterial or capillary blood gas sample to
assess PCO2 levels may be indicated in children who require intensive care and should be
repeated as clinically indicated. (See 'HFNC and CPAP' above.)
A change from continuous to intermittent measurement of SpO2 may be instituted as the
clinical course improves [84]. However, consensus regarding a safe and acceptable SpO2
threshold for hospital discharge is lacking [1,85-88].
In children who do not improve at the expected rate, chest radiographs may be helpful in
excluding other conditions in the differential diagnosis (eg, foreign body aspiration, heart
failure, vascular ring, tuberculosis, cystic fibrosis) [1]. (See "Bronchiolitis in infants and
children: Clinical features and diagnosis", section on 'Differential diagnosis'.)
● Fluid status – The fluid intake and output of infants and children with bronchiolitis should
be assessed regularly. It is also important to monitor urine output. Plasma antidiuretic
hormone levels rarely may be elevated, leading to fluid retention and hyponatremia [36-38].
(See 'Fluid management' above.)
Clinical course — Although discharge criteria vary from center to center, in multicenter-studies
of children younger than two years hospitalized with bronchiolitis, the median length of stay was
two days [89,90]. Length of stay may be shorter in children with bronchiolitis due to rhinovirus
and longer in children with respiratory syncytial virus-rhinovirus coinfection [89-91]. The
respiratory status typically improves over two to five days [85,92-96]. However, wheezing
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persists in some infants for a week or longer. The course may be prolonged in younger infants
and those with comorbid conditions (eg, bronchopulmonary dysplasia) [8,97].
In a multicenter, multiyear prospective study of 1916 children hospitalized with bronchiolitis, the
time between symptom onset and clinical improvement ranged from 1 to 33 days (median four
days) [98]. However, 96 percent of patients continued to improve once they met certain clinical
improvement criteria, including no retractions or mild retractions; decreasing or stable
respiratory rate of <60 breaths/minute for age <6 months, <55 breaths/minute for age 6 to 11
months, <45 breaths/minute for age ≥12 months; ambient air oxygen saturation ≥90 percent
and not lower than 88 percent; and ability to maintain hydration orally. Risk factors for
worsening after initial clinical improvement included age <2 months, <37 weeks gestational age,
and severe retractions, apnea, or dehydration at presentation [1,5,13-15,19,99].
Discharge criteria — Minimal clinical criteria for discharge from the hospital or emergency
department include [5,6,26]:
● Respiratory rate <60 breaths per minute for age <6 months, <55 breaths per minute for age
6 to 11 months, and <45 breaths per minute for age ≥12 months
● Caretaker knows how to clear the infant's airway using bulb suctioning
● Patient is stable while breathing ambient air; discharge from the hospital requires that the
patient remain stable for at least 12 hours prior to discharge
● Patient has adequate oral intake to prevent dehydration
● Resources at home are adequate to support the use of any necessary home therapies (eg,
bronchodilator therapy if the trial was successful and this therapy is to be continued)
● Caretakers are confident they can provide care at home
● Education of the family is complete (see 'Anticipatory guidance' above)
In addition, we generally prefer that hospitalized children maintain oxygen saturation ≥90
percent while breathing ambient air because this is predictive of continued improvement [98].
However, some observational studies suggest that strict adherence to pulse oximetry criteria is
associated with increased health care utilization [4,10,11].
Discharge counseling — We counsel families of children who have been admitted with
bronchiolitis to seek medical care if the child develops wheezing or breathing difficulty during
subsequent upper respiratory infections because of their known increased risk for wheezing.
(See 'Outcome' below.)
We also recommend avoidance of smoke exposure and timely receipt of routine childhood
immunizations, particularly influenza and pneumococcal vaccines.
OUTCOME — Bronchiolitis is a self-limited illness and often resolves without complications in
most previously healthy infants. Severely affected infants, especially those born prematurely
and those with underlying cardiopulmonary disease or immunodeficiency, are at increased risk
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for complications (eg, apnea, respiratory failure, secondary bacterial infection). About 30
percent of infants hospitalized for bronchiolitis are at an increased risk for recurrent wheezing.
(See "Bronchiolitis in infants and children: Clinical features and diagnosis", section on
'Complications'.)
The overall mortality rate in children hospitalized with respiratory syncytial virus (RSV)
bronchiolitis in developed countries is less than 0.1 percent [100]. Mortality is increased in
young infants (6 to 12 weeks), those with low birth weight, and those with underlying medical
conditions (eg, underlying cardiopulmonary disease, immune deficiency) [85,101,102].
Infants hospitalized for lower respiratory tract infection (LRTI), especially RSV and rhinovirus,
are at increased risk for recurrent wheezing and reduced pulmonary function, particularly during
the first decade of life [103-108]. In a prospective cohort, LRTI with RSV increased the risk for
subsequent frequent and infrequent wheezing (odds ratio 4.3 and 3.2, respectively) and was
associated with reduced forced expiratory volume in children up to 11 years of age [109].
However, this association was lost by age 13 years, perhaps due to inadequate sample size.
Similar findings have been observed for infants infected with rhinovirus [107,110].
Whether bronchiolitis in early childhood, especially that caused by RSV and rhinovirus, is
associated with the development of asthma is uncertain. In some studies, a correlation exists
between infection with RSV and the later development of asthma. However, this may reflect the
multifactorial nature of risk for asthma, including a genetic predisposition to airway reactivity,
exposure to environmental pollutants such as smoke, immunologic mechanisms, and disruption
of the growth and development of the lungs due to viral infection in early childhood. (See "Risk
factors for asthma", section on 'Respiratory infections' and "Respiratory syncytial virus infection:
Clinical features and diagnosis", section on 'Airway reactivity'.)
PREVENTION
● Primary and secondary prevention – Standard strategies to reduce the risk of
bronchiolitis and accompanying morbidity include hand hygiene (washing with soap or with
alcohol-based rubs) to minimize transmission of infectious agents, minimizing passive
exposure to cigarette smoke, and avoiding contact with individuals with respiratory tract
infections [1].
Immunoprophylaxis with palivizumab, a humanized monoclonal antibody against the
respiratory syncytial virus (RSV) F glycoprotein, decreases the risk of hospitalization due to
severe RSV illness among preterm infants and those with chronic lung disease and
hemodynamically significant congenital heart disease. The American Academy of
Pediatrics guidance for palivizumab immunoprophylaxis has become increasingly
restricted, driven in part by the high cost associated with monthly administration. The
indications and administration of palivizumab are discussed separately. (See "Respiratory
syncytial virus infection: Prevention", section on 'Palivizumab'.)
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Vaccines to prevent the most common causes of bronchiolitis (RSV, rhinovirus, human
metapneumovirus, and parainfluenza virus) are unavailable. However, annual influenza
immunization is recommended for everyone older than six months. Priority is given to
children age 6 through 59 months and household contacts of children age 0 through 59
months because children younger than five years are at increased risk for influenza-related
hospitalization and health care utilization. (See "Seasonal influenza in children: Prevention
with vaccines", section on 'Target groups'.)
● Prevention of sequelae – We do not suggest inhaled glucocorticoids for the prevention of
subsequent wheezing episodes in infants and children with bronchiolitis. In randomized
trials and meta-analysis, inhaled glucocorticoids (budesonide, fluticasone, dexamethasone)
have not been beneficial in reducing subsequent wheezing episodes [20-23].
We do not suggest montelukast or other leukotriene inhibitors for the prevention of airway
reactivity after bronchiolitis. Randomized trials of montelukast for the prevention of airway
reactivity have had inconsistent results [111-113]; heterogeneity in severity of disease,
duration of treatment, and outcome measures precluded pooled analysis [25]. However, in
the largest trial (n = 979), montelukast was not associated with improvement in post-RSV
bronchiolitis respiratory symptoms [112].
INTERVENTIONS THAT ARE NOT ROUTINELY RECOMMENDED
Bronchodilators
● Inhaled bronchodilators – We do not suggest routine administration of inhaled
bronchodilators for children with bronchiolitis. Meta-analyses of randomized trials and
systematic reviews suggest that bronchodilators may provide modest short-term clinical
improvement but do not affect overall outcome, may have adverse effects, and increase
the cost of care [13-15,99,114].
Although we do not suggest routine administration of inhaled bronchodilators for children
with first episode of bronchiolitis, a one-time trial of inhaled bronchodilators (albuterol
[salbutamol] or epinephrine) may be warranted for infants and children with bronchiolitis
and severe disease (ie, persistently increased respiratory effort [tachypnea, nasal flaring,
retractions, accessory muscle use, grunting], hypoxemia, apnea, or respiratory failure).
Children with severe disease or respiratory failure generally were excluded from trials
evaluating inhaled bronchodilators in children with bronchiolitis. In addition, a subset of
young children with the clinical syndrome of bronchiolitis may have virus-induced wheezing
or asthma and may benefit from inhaled bronchodilator therapy. In a prospective
multicenter study of children hospitalized with bronchiolitis, children with rhinovirusassociated bronchiolitis were more likely than those with respiratory syncytial virusassociated bronchiolitis to be >12 months of age and to have a history of wheezing and
eczema [115], groups that also may have been excluded from trials evaluating
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bronchodilators. (See 'Emergency department management' above and 'Other therapies'
above and "Treatment of recurrent virus-induced wheezing in young children", section on
'Inhaled short-acting beta2-agonists'.)
For patients in whom such a trial is warranted, we suggest albuterol 0.15 mg/kg (minimum
2.5 mg; maximum 5 mg) diluted in 2.5 to 3 mL normal (0.9 percent) saline and
administered over 5 to 15 minutes or four to six puffs via a metered dose inhaler with
spacer and face mask. We prefer albuterol to epinephrine because albuterol is more
appropriate for administration in the home setting. The effects should be monitored by
evaluating the child before and up to one hour after treatment, recognizing that the
clinician's ability to assess response may be limited [116]. If there is a clinical response to
albuterol, it can be administered as needed (based on clinical status) every four to six
hours and discontinued when the signs and symptoms of respiratory distress improve [14].
The clinical practice guidelines of the American Academy of Pediatrics (AAP, 2014) and the
Scottish Intercollegiate Guidelines Network (2006), the "Choose Wisely" workgroup of the
Society of Hospital Medicine (2013), and the National Institute of Health and Care
Excellence (NICE, 2015) recommend that bronchodilators not be used routinely in the
management of bronchiolitis [1,5,19,26].
● Oral bronchodilators – We recommend against the use of oral bronchodilators in the
management of bronchiolitis. In randomized trials, oral bronchodilators have neither
shortened clinical illness nor improved clinical parameters, but were associated with
adverse effects (eg, increased heart rate) [16-18].
Glucocorticoids
● Systemic glucocorticoids – For healthy infants and young children with a first episode of
bronchiolitis, we recommend not using systemic glucocorticoids [1,19,24].
Although the anti-inflammatory effects of glucocorticoids theoretically reduce airway
obstruction by decreasing bronchiolar swelling, most studies show little effect in
bronchiolitis. In a 2013 meta-analysis evaluating the use of systemic glucocorticoids (oral,
intramuscular, or intravenous) for acute bronchiolitis in children (0 to 24 months of age), no
significant differences were found in hospital admission rate, length of stay, clinical score
after 12 hours, or hospital readmission rate [23].
Whether glucocorticoids provide benefit in subgroups of children with bronchiolitis is
uncertain. Some patients presenting with the first episode of bronchiolitis may be
experiencing inflammation from asthma, and these patients can benefit from systemic
glucocorticoids. Although patients with asthma can benefit from glucocorticoids,
randomized controlled trials have demonstrated no benefit of oral glucocorticoids in young
children with virus-associated wheezing [27,117]. In an observational study of 2479
children <2 years who had been hospitalized for bronchiolitis and had a subsequent
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hospitalization for asthma, administration of glucocorticoids during their hospitalization for
bronchiolitis was not associated with improved outcomes [118]. (See "Acute asthma
exacerbations in children: Emergency department management" and "Acute asthma
exacerbations in children: Inpatient management" and "Treatment of recurrent virusinduced wheezing in young children", section on 'Systemic glucocorticoids'.)
● Inhaled glucocorticoids – We do not suggest inhaled glucocorticoids for the treatment of
bronchiolitis. In randomized trials and meta-analysis, inhaled glucocorticoids (budesonide,
fluticasone, dexamethasone) have not been beneficial in reducing symptom duration or
readmission rates [20-23].
● Bronchodilators plus glucocorticoids – We do not suggest combination therapy with
bronchodilators plus glucocorticoids for infants and children with a first episode of
bronchiolitis. Although a randomized trial suggested that administration of nebulized
epinephrine and oral dexamethasone in the emergency department decreased the rate of
hospitalization within one week of the emergency department visit, the result was not
significant when adjusted for multiple comparisons [27]. Additional support of benefit and
additional information about the long-term effects of combination
bronchodilator/glucocorticoid therapy is necessary before combination therapy can be
considered for infants with a first episode of virus-induced wheezing [27,119].
Nebulized hypertonic saline — For infants and children with severe bronchiolitis who are
treated in the emergency department, we suggest not routinely treating with nebulized
hypertonic saline (of any concentration). In 2015 systematic reviews of randomized trials
evaluating administration of hypertonic saline in the emergency department, hypertonic saline
reduced the rate of hospitalization among children with bronchiolitis, but the evidence was not
high quality [26,120]. In a subsequent multicenter randomized trial, administration of nebulized
hypertonic saline in the emergency department did not reduce the rate of hospitalization in
infants with moderate to severe bronchiolitis [121].
For infants and children admitted to the hospital with bronchiolitis, we suggest not routinely
treating with nebulized hypertonic saline. Although two meta-analyses found low-quality
evidence that nebulized hypertonic saline reduces length of stay (by approximately one-half
day) [120,122], a subsequent meta-analysis found no effect when the data were reanalyzed to
control for heterogeneity (eg, imbalance between mean day of illness at presentation between
treatment groups, divergent outcome definition) [123].
Most of the trials included in the systematic reviews administered hypertonic saline with
bronchodilators. A subsequent randomized, comparator-controlled trial found that, compared
with normal saline, 3 percent hypertonic saline administered every four hours without
bronchodilators did not reduce length of stay in infants younger than 12 months of age who
were hospitalized with bronchiolitis and had no significant comorbidities [124]. Well-designed
randomized, comparator-controlled studies suggest no benefit from hypertonic saline for the
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treatment of infants hospitalized with bronchiolitis [124-127]. Until additional high quality studies
show otherwise, nebulized hypertonic saline cannot be routinely recommended for hospitalized
children with bronchiolitis [128].
The 2015 NICE bronchiolitis guideline recommends against the use of hypertonic saline in
children with bronchiolitis [26]. The 2014 AAP clinical practice guideline on the management of
bronchiolitis indicated that clinicians "may administer hypertonic saline to infants and children
hospitalized for bronchiolitis" [1].
Chest physiotherapy — We suggest that chest physiotherapy not be used routinely in the
management of bronchiolitis. A systematic review of 12 randomized trials concluded that chest
physiotherapy did not reduce severity of disease or time to recovery [129]. The use of chest
physiotherapy is discouraged because it may increase the distress and irritability of ill infants.
Chest physiotherapy may be warranted in children with comorbidities associated with difficulty
clearing respiratory secretions (eg, neuromuscular disorders, cystic fibrosis) [26].
Antimicrobial agents and immunotherapies
● Antibiotics – Antibiotics should not be used routinely in the treatment of bronchiolitis,
which is almost always caused by viruses [130-132]. Bronchiolitis does not increase the
risk for serious bacterial infection. However, occasionally concomitant or secondary
bacterial infections may occur. Coexisting bacterial infections should be treated in the same
manner as they would be treated in the absence of bronchiolitis. (See "Bronchiolitis in
infants and children: Clinical features and diagnosis", section on 'Microbiology' and "Febrile
infant (younger than 90 days of age): Outpatient evaluation", section on 'Bronchiolitis'.)
● Ribavirin – We do not recommend ribavirin in the routine treatment of infants and children
with bronchiolitis. However, in immunocompromised patients with severe bronchiolitis due
to respiratory syncytial virus (RSV), antiviral therapy may play a role. (See "Respiratory
syncytial virus infection: Treatment", section on 'Ribavirin'.)
● Anti-RSV preparations – We do not recommend anti-RSV preparations for the treatment
of bronchiolitis in infants and children. In randomized trials, intravenous immune globulin
with a high neutralizing activity against RSV (RSV-IGIV, which has been discontinued) and
RSV-specific humanized monoclonal antibody (palivizumab) failed to improve outcomes in
infants (with or without risk factors) hospitalized with RSV infection [133,134]. (See
"Respiratory syncytial virus infection: Prevention", section on 'Palivizumab'.)
Heliox — We do not suggest the routine use of heliox (a 70/30 or 80/20 mixture of helium and
oxygen, respectively) in the treatment of bronchiolitis in infants and children. The administration
of heliox is cumbersome and results in a relatively small benefit in a limited group of infants. A
2015 systematic review of seven heterogeneous randomized trials of heliox for the treatment of
moderate or severe bronchiolitis concluded that heliox did not reduce the rate of intubation, rate
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of discharge from the emergency department, or the length of treatment for respiratory distress
[135]. (See "Physiology and clinical use of heliox", section on 'Technical issues'.)
Leukotriene inhibitors — We do not suggest montelukast or other leukotriene inhibitors for the
treatment of bronchiolitis. Although leukotrienes appear to play a role in airway inflammation in
bronchiolitis [136-139], a 2015 meta-analysis of five randomized trials found no effect on
duration of hospitalization or clinical scores in children with bronchiolitis [25]. Additional studies
are necessary to determine what role, if any, leukotriene inhibitors play in the management of
acute bronchiolitis [140,141].
SOCIETY GUIDELINE LINKS — Links to society and government-sponsored guidelines from
selected countries and regions around the world are provided separately. (See "Society
guideline links: Bronchiolitis in infants and children".)
INFORMATION FOR PATIENTS — UpToDate offers two types of patient education materials,
"The Basics" and "Beyond the Basics." The Basics patient education pieces are written in plain
language, at the 5th to 6th grade reading level, and they answer the four or five key questions a
patient might have about a given condition. These articles are best for patients who want a
general overview and who prefer short, easy-to-read materials. Beyond the Basics patient
education pieces are longer, more sophisticated, and more detailed. These articles are written
at the 10th to 12th grade reading level and are best for patients who want in-depth information
and are comfortable with some medical jargon.
Here are the patient education articles that are relevant to this topic. We encourage you to print
or email these topics to your patients. (You can also locate patient education articles on a
variety of subjects by searching on "patient info" and the keyword(s) of interest.)
● Basics topics (see "Patient education: Bronchiolitis (and RSV) (The Basics)")
● Beyond the Basics topics (see "Patient education: Bronchiolitis (and RSV) in infants and
children (Beyond the Basics)")
SUMMARY AND RECOMMENDATIONS
● Bronchiolitis is broadly defined as a clinical syndrome that occurs in children <2 years of
age and is characterized by upper respiratory symptoms leading to lower respiratory
infection with inflammation, which results wheezing and or crackles. It typically occurs with
primary infection or reinfection with a viral pathogen. (See 'Definition' above and
"Bronchiolitis in infants and children: Clinical features and diagnosis", section on
'Diagnosis'.)
● Infants and children with moderate to severe respiratory distress (eg, nasal flaring;
retractions; grunting; respiratory rate >70 breaths per minute; dyspnea; cyanosis) usually
require hospitalization for supportive care and monitoring. Additional indications for
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hospitalization include toxic appearance, poor feeding, lethargy, apnea, and/or hypoxemia.
(See 'Indications for hospitalization' above.)
● Infants and children with nonsevere bronchiolitis usually can be managed in the outpatient
setting, unless there are concerns about the caregivers' ability to care for them at home.
Supportive care (maintenance of adequate hydration, relief of nasal congestion/obstruction,
monitoring disease progression) and anticipatory guidance are the mainstays of
management. We generally do not use pharmacologic interventions (eg, bronchodilators,
glucocorticoids) or nebulized hypertonic saline in the management of children with
nonsevere bronchiolitis. (See 'Severity assessment' above and 'Nonsevere bronchiolitis'
above.)
● Infants and children with severe bronchiolitis usually require treatment in the emergency
department or inpatient setting. Supportive care (maintenance of adequate hydration,
provision of oxygen and respiratory support as necessary, monitoring disease progression)
and anticipatory guidance are the mainstays of management of severe bronchiolitis. (See
'Severity assessment' above and 'Severe bronchiolitis' above and 'Fluid management'
above and 'Supplemental oxygen' above and 'Monitoring clinical status' above.)
• We suggest not routinely administering inhaled bronchodilators (albuterol or
epinephrine) to infants and children with a first episode of bronchiolitis (Grade 2B).
(See 'Bronchodilators' above.)
However, a one-time trial of inhaled bronchodilators may be warranted for infants and
children with bronchiolitis and severe disease. The bronchodilator response should be
objectively assessed before and up to one hour after treatment. If there is a clinical
response, aerosolized bronchodilator therapy can be administered every four to six
hours as needed (based on clinical status) and discontinued when the signs and
symptoms of respiratory distress improve. (See 'Severity assessment' above and
'Severe bronchiolitis' above and 'Bronchodilators' above.)
• We recommend not using systemic glucocorticoids routinely in the treatment of
previously healthy infants hospitalized with a first episode of bronchiolitis (Grade 1A).
We also suggest not using combination therapy with bronchodilators and
glucocorticoids for infants and children with bronchiolitis (Grade 2B). (See
'Glucocorticoids' above.)
• We suggest not using nebulized hypertonic saline or heliox routinely in the treatment
of bronchiolitis in infants and children (Grade 2B). (See 'Nebulized hypertonic saline'
above and 'Heliox' above.)
● Infants and children with bronchiolitis and arterial or capillary carbon dioxide tension >55
mmHg, hypoxemia despite oxygen supplementation, and/or apnea may require mechanical
ventilation. Noninvasive strategies that may be effective in reducing work of breathing,
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improving gas exchange, and avoiding the need for endotracheal intubation include heated
humidified high-flow nasal cannula therapy and continuous positive pressure ventilation.
(See 'HFNC and CPAP' above.)
● Minimal clinical criteria for discharge from the hospital, emergency department, or office
include respiratory rate of <60 breaths per minute for age <6 months, <55 breaths per
minute for age 6 to 11 months, and <45 breaths per minute for age ≥12 months; clinical
stability without requiring supplemental oxygen; oral intake sufficient to prevent
dehydration; and education of the family. (See 'Discharge criteria' above and 'Anticipatory
guidance' above.)
● General strategies to prevent bronchiolitis include hand hygiene, minimizing passive
exposure to cigarette smoke, avoiding contact with individuals with respiratory tract
infections, and annual influenza immunization (for individuals older than six months).
Immunoprophylaxis with palivizumab may decrease the risk of hospitalization in infants
with bronchopulmonary dysplasia, premature infants, and hemodynamically significant
congenital heart disease. (See 'Prevention' above and "Respiratory syncytial virus
infection: Prevention" and "Respiratory syncytial virus infection: Prevention", section on
'Indications for palivizumab'.)
Use of UpToDate is subject to the Subscription and License Agreement.
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GRAPHICS
Instructions on using a bulb syringe
Nasal congestion from a cold can make it difficult for a young infant to breathe while eating. Mucus
can be removed from the infant's nose with a bulb syringe.
Before using a bulb syringe, saline nose drops can be used to thin the mucus. Saline nose drops can
be purchased in most pharmacies or can be made at home by adding 1/4 teaspoon salt to 8 ounces
(1 cup) of warm (not hot) water. Stir to dissolve the salt, and store the solution for up to one week
in a clean container with a cover.
Place the infant on his or her back. Using a clean nose dropper, place 1 to 2 drops of saline solution in each
nostril. Wait a short period.
Squeeze and hold the bulb syringe to remove the air. Gently insert the tip of the bulb syringe into one
nostril, and release the bulb. The suction will draw mucus out of the nostril into the bulb.
Squeeze the mucus out of the bulb into a tissue.
Repeat suction process several times in each nostril until most mucus is removed.
Wash the dropper and bulb syringe in warm, soapy water. Rinse well, and squeeze to remove any water.

The bulb syringe can be used two to three times per day as needed to remove mucus. It is best to
do this before feeding; the saline and suction process can cause vomiting after feeding.
Information from www.cincinnatichildrens.org/health/info/newborn/home/suction.htm.
Graphic 62558 Version 2.0
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INTRODUCTION — Community-acquired pneumonia (CAP) is defined as an acute infection of
the pulmonary parenchyma in a patient who has acquired the infection in the community, as
distinguished from hospital-acquired (nosocomial) pneumonia. CAP is a common and
potentially serious illness with considerable morbidity.
The Pediatric Infectious Diseases Society/Infectious Diseases Society of America and the
British Thoracic Society have developed clinical practice guidelines for the evaluation and
treatment of CAP in children [1,2].
The outpatient treatment of CAP in infants and children will be reviewed here. Neonatal
pneumonia and inpatient treatment of pneumonia are discussed separately, as are the
epidemiology, etiology, clinical features, and diagnosis. (See "Neonatal pneumonia" and
"Pneumonia in children: Inpatient treatment" and "Pneumonia in children: Epidemiology,
pathogenesis, and etiology" and "Community-acquired pneumonia in children: Clinical features
and diagnosis".)
INDICATIONS FOR HOSPITALIZATION — The decision to hospitalize a child with CAP is
individualized based upon age, underlying medical problems, and clinical factors including
severity of illness (table 1) [1-3]. Hospitalization generally is warranted for infants younger than
three to six months of age, unless a viral etiology or Chlamydia trachomatis is suspected and
they are normoxemic and relatively asymptomatic. Hospitalization is also warranted for a child
of any age whose family cannot provide appropriate care and assure compliance with the
therapeutic regimen. Additional indications for hospitalization include [1,2]:
● Hypoxemia (oxygen saturation <90 percent in room air at sea level)
● Dehydration, or inability to maintain hydration orally; inability to feed in an infant
● Moderate to severe respiratory distress: Respiratory rate >70 breaths per minute for infants
<12 months of age and >50 breaths per minute for older children; retractions; nasal flaring;
https://www.uptodate.com/contents/community-acquired-pneumonia-in-children-outpatient-treatment/print?source=see_link
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difficulty breathing; apnea; grunting
● Toxic appearance (more common in bacterial pneumonia and may suggest a more severe
course) [4]
● Underlying conditions that may predispose to a more serious course of pneumonia (eg,
cardiopulmonary disease, genetic syndromes, neurocognitive disorders), may be worsened
by pneumonia, even viral pneumonia (eg, metabolic disorder) or may adversely affect
response to treatment (eg, immunocompromised host)
● Complications (eg, effusion/empyema) (see "Epidemiology; clinical presentation; and
evaluation of parapneumonic effusion and empyema in children" and "Management and
prognosis of parapneumonic effusion and empyema in children")
● Suspicion or confirmation that CAP is due to a pathogen with increased virulence, such as
Staphylococcus aureus or group A streptococcus
● Failure of outpatient therapy (worsening or no response in 48 to 72 hours) (see 'Treatment
failure' below)
EMPIRIC THERAPY
Overview — Children with CAP who are treated in the outpatient setting typically are treated
empirically; tests to identify a microbiologic etiology are not recommended for most children
who are well enough to be treated in the outpatient setting [1,2]. Decisions regarding empiric
therapy are complicated by the substantial overlap in the clinical presentation of bacterial and
nonbacterial pneumonias [2,5,6]. Treatment decisions are usually based upon algorithms that
include patient age, epidemiologic and clinical information, and diagnostic laboratory and
imaging studies (if such studies were obtained) (table 2 and table 3) [4]. Consultation with a
specialist in infectious disease may be helpful in children with medication allergies or comorbid
conditions. (See "Community-acquired pneumonia in children: Clinical features and diagnosis"
and "Pneumonia in children: Epidemiology, pathogenesis, and etiology", section on 'Etiologic
agents'.)
There are few randomized controlled trials to guide the choice of empiric antibiotics in children
with CAP. Factors that must be considered include the spectrum of likely pathogens,
antimicrobial susceptibility, simplicity, tolerability, palatability, safety, and cost [7]. The
recommendations of most guidelines are based upon observations regarding the susceptibility
of the most likely pathogen or pathogens, rather than on evidence of the superiority of one
antibiotic over another [1,2]. The clinical response to the most commonly used antimicrobials
appears to be similar, regardless of etiology [8-10]. The response within the first 48 to 72 hours
of empiric therapy (or lack of therapy if a viral etiology is most likely) helps to determine whether
additional evaluation or changes in therapy are necessary. (See 'Monitoring response' below.)
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Children <5 years
Neonates — The treatment of neonatal pneumonia is discussed separately. (See "Neonatal
pneumonia".)
One to six months — Infants younger than three to six months of age with suspected
bacterial CAP or who are hypoxemic (oxygen saturation <90 percent in room air at sea level)
should be admitted to the hospital for empiric therapy. (See "Pneumonia in children: Inpatient
treatment", section on 'Empiric therapy'.)
In afebrile infants one to four months of age with CAP, the most likely bacterial pathogen is C.
trachomatis (ie, "afebrile pneumonia of infancy") [4,11]. Infants who are thought to have afebrile
pneumonia of infancy can be treated in the outpatient setting if they are not hypoxemic and
remain afebrile [4]. (See "Chlamydia trachomatis infections in the newborn", section on
'Treatment'.)
Bordetella pertussis is a less common, but more severe, cause of pneumonia in young infants;
fever may or may not be present. Like C. trachomatis, B. pertussis is susceptible to the
macrolides [4]. However, young infants who are thought to have B. pertussis-associated
pneumonia should be admitted to the hospital because they are at risk for complications (eg,
hypoxia, apnea, pulmonary hypertension, etc). (See "Pertussis infection in infants and children:
Clinical features and diagnosis", section on 'Infants' and "Pertussis infection in infants and
children: Treatment and prevention", section on 'Hospitalization'.)
Six months to five years
Suspected viral etiology — Viral etiologies predominate during early childhood. Viral
pneumonia (suggested by gradual onset, preceding upper respiratory tract symptoms, diffuse
findings on auscultation, lack of toxic appearance (table 3)) should not be treated with
antibiotics. Antiviral agents generally are not used for viral pneumonia in the outpatient setting,
with the exception of neuraminidase inhibitors for influenza pneumonia. (See "Communityacquired pneumonia in children: Clinical features and diagnosis", section on 'Clues to etiology'
and "Pneumonia in children: Epidemiology, pathogenesis, and etiology", section on 'Etiologic
agents' and "Seasonal influenza in children: Prevention and treatment with antiviral drugs",
section on 'Antiviral therapy'.)
Infants and young children with known or suspected chronic disease (eg, cardiopulmonary
disease, neuromuscular disease, etc) are at increased risk for severe or complicated viral lower
respiratory tract infection (LRTI). If such children are not admitted to the hospital, they merit
close monitoring in the outpatient setting.
● Suspected influenza – In children with suspected influenza who are at increased risk of
complications (table 4), initiation of antiviral treatment is recommended as soon as
possible; laboratory confirmation should not delay initiation of antiviral therapy. The
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diagnosis and treatment of influenza in children are discussed separately. (See "Seasonal
influenza in children: Prevention and treatment with antiviral drugs", section on 'Antiviral
therapy' and "Seasonal influenza in children: Clinical features and diagnosis", section on
'Clinical features'.)
Suspected bacterial etiology — Streptococcus pneumoniae is the most frequent cause
of "typical" bacterial pneumonia in children of all ages [1,2]. Bacterial pneumonia in preschool
children usually causes more severe infection, with abrupt onset and moderate to severe
respiratory distress, which may require inpatient therapy. (See 'Indications for hospitalization'
above and "Pneumonia in children: Inpatient treatment", section on 'Empiric therapy'.)
For children younger than five years who are thought to have bacterial CAP based upon clinical
presentation, examination findings, and supportive radiographic or laboratory data if obtained
(eg, lobar consolidation on radiograph, white blood cell count [WBC] >15,000/microL, Creactive protein >35 to 60 mg/L [3.5 to 6 mg/dL] (table 3)), but do not require inpatient therapy,
amoxicillin is usually considered the drug of choice [1,2,12]. We suggest high dose amoxicillin
(90 to 100 mg/kg per day divided into two or three doses; maximum dose 4 g/day) (table 2).
Amoxicillin is preferred because it is effective against the majority of bacterial pathogens for
CAP in this age group, is well tolerated, and is inexpensive [1,2]. The higher dose of amoxicillin
is suggested because of the concern for antibiotic-resistant S. pneumoniae isolated from
patients with community-acquired respiratory tract infections [13,14]. Amoxicillin is more active
in vitro than any of the oral cephalosporins against these isolates. Universal infant immunization
with the 7-valent pneumococcal conjugate vaccine (PCV7) resulted in a decreased prevalence
of penicillin resistant pneumococci. However, it was associated with the emergence of
antibiotic-resistant invasive serotypes, some of which are included in the 13-valent
pneumococcal conjugate vaccine (PCV13) (eg, serotype 19A) [1]. The effects of PCV13 on
antibiotic resistance are preliminary and suggest an increasing susceptibility to penicillin and
ceftriaxone. The proportion of total isolates with penicillin MICs >2 mcg/mL reported by the
Pediatric Multicenter Pneumococcal Surveillance Group decreased from 21.2 to 8.2 percent
between 2008-2009 and 2011 [15]. A similar decrease was seen in isolates with a ceftriaxone
MIC >1 mcg/mL. Pending additional data confirming this trend, we continue to suggest highdose rather than standard dose amoxicillin (ie, 40 to 45 mg/kg per day) when amoxicillin is used
to treat CAP in children. (See "Resistance of Streptococcus pneumoniae to beta-lactam
antibiotics" and "Resistance of Streptococcus pneumoniae to the macrolides, azalides,
lincosamides, and ketolides".)
Although there are prospective, comparative data supporting the efficacy of twice daily dosing
of amoxicillin for the treatment of acute otitis media [16-18], similar data are not available for
documented pneumococcal pneumonia in children. Unless the etiologic agent is identified as a
S. pneumoniae isolate with a minimum inhibitory concentration (MIC) of <2 mcg/mL, dividing
the total daily 90 to 100 mg/kg dose of amoxicillin into three doses may be warranted. Twice
daily dosing for pneumonia due to a S. pneumoniae isolate with an MIC of 2 mcg/mL is
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predicted to achieve a clinical and microbiologic cure in only 65 percent of children, whereas
the same total daily dose divided in three equal portions is predicted to achieve a cure in 90
percent [19].
For children with non-type 1 hypersensitivity reactions to penicillin (table 5), a second- or thirdgeneration cephalosporin (eg, cefdinir) is an acceptable alternative to amoxicillin [1]. For
children with type 1 hypersensitivity reactions (table 5) to penicillin, clindamycin or a macrolide
may be used [1,2]. However, if local resistance rates are high for clindamycin and macrolides,
levofloxacin or linezolid may be preferable. Doses are provided in the table (table 2).
For the infant or child who is suspected to have bacterial CAP and is unable to tolerate liquids
at the time of presentation, a single initial dose of ceftriaxone (50 to 75 mg/kg) may be
administered intramuscularly or intravenously before starting oral antibiotics [20,21].
Administration of intramuscular ceftriaxone to children with uncomplicated CAP who are able to
tolerate liquids is expensive and provides no benefit over oral antibiotics.
Suspected atypical pneumonia — Mycoplasma pneumoniae and Chlamydia
pneumoniae are less common than S. pneumoniae in children younger than five years with
CAP [5]. However, they can occur in this age group and should be considered in children
without a pneumonia-associated complication who fail to improve after 48 to 72 hours of empiric
therapy for S. pneumoniae (eg, amoxicillin), at which time a macrolide could be added or
substituted (table 2). (See 'Treatment failure' below.)
Children ≥5 years
Suspected typical or atypical bacterial etiology — S. pneumoniae is the most frequent
cause of "typical" bacterial pneumonia in children of all ages [1,2]. However, in otherwise
healthy children five years and older with CAP who are not ill enough to require hospitalization,
M. pneumoniae and C. pneumoniae are the most likely pathogens [4,11,22].
We suggest macrolide antibiotics for initial empiric therapy for CAP in children older than five
years who are treated as outpatients [1,4]. However, the prevalence of macrolide-resistant M.
pneumoniae is increasing in some geographic regions, including Asia, Europe, Israel, and the
United States [23-31]. The reported prevalence of resistance among M. pneumoniae isolates
ranges from approximately 10 percent in the United States to 90 percent in China and some
parts of Japan [25,28,32,33]. Alternative agents include levofloxacin and doxycycline [1]. The
long-held concern for enamel staining associated with doxycycline in children younger than
eight years use is unfounded [34]. The British Thoracic Society clinical practice guideline
suggests amoxicillin as the first-line therapy for children of all ages [2]. Doses are provided in
the table (table 2).
Among the macrolide antibiotics, clarithromycin and azithromycin have a more convenient
dosing schedule and fewer side effects than erythromycin, but erythromycin is less expensive
[8,35,36]. Macrolide antibiotics may provide coverage for S. pneumoniae, which is the most
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frequent typical bacterial pathogen for all age groups [37-39]. However, approximately 40 to 50
percent of S. pneumoniae isolates are resistant to macrolides. Failure to respond to macrolide
therapy may indicate the development of a complication, a macrolide-resistant pathogen, and/or
the need to alter therapy to provide better pneumococcal coverage. (See 'Treatment failure'
below.)
Given the significant resistance of S. pneumoniae to macrolides, fluoroquinolones (eg,
levofloxacin, moxifloxacin) are another reasonable alternative for the outpatient treatment of
CAP. In addition to their excellent gram-negative spectrum, the fluoroquinolones are active
against a number of the pathogens responsible for CAP, including beta-lactam-susceptible and
non-susceptible S. pneumoniae, M. pneumoniae, and C. pneumoniae [40]. However, S.
pneumoniae resistant to levofloxacin has been identified [41].
Suspected influenza — Initiation of antiviral treatment for influenza (eg, oseltamivir) as
soon as possible is recommended for children with suspected influenza who are at high risk for
complications of influenza pneumonia (table 4); laboratory confirmation should not delay
initiation of antiviral therapy. The diagnosis and treatment of influenza in children are discussed
separately. (See "Seasonal influenza in children: Prevention and treatment with antiviral drugs",
section on 'Antiviral therapy'.)
Suspected aspiration pneumonia — Community-acquired aspiration pneumonia is usually
treated with amoxicillin-clavulanate. Clindamycin is an alternative for patients allergic to
penicillin. Doses are provided in the table (table 2). In neurologically compromised adolescents
who may be prone to aspiration events, empiric treatment with moxifloxacin (400 mg once per
day) is an alternative. Moxifloxacin is active against anaerobic bacteria, as well as the usual
treatable causes of CAP: S. pneumoniae, M. pneumoniae, and C. pneumoniae.
Fluoroquinolone antibiotics generally are not recommended for children younger than 18 years
of age when there is a safe and effective alternative. (See "Fluoroquinolones", section on 'Use
in children'.)
Duration — Few randomized controlled trials have been performed to determine the
appropriate duration of antimicrobial therapy in radiographically confirmed childhood pneumonia
[2]. Current practice in the developed world determines the duration of therapy based upon the
age of the host, likely causative agent, and severity of disease:
● We suggest that infants ≥4 months and children with uncomplicated pneumonia suspected
or confirmed to be caused by routine pathogens (ie, S. pneumoniae, M. pneumoniae, C.
pneumoniae) be treated for 7 to 10 days; the course of azithromycin is five days [1,8]
● The duration of treatment for C. trachomatis pneumonia in young infants is discussed
separately (see "Chlamydia trachomatis infections in the newborn", section on 'Treatment')
A meta-analysis found three days of oral antimicrobial therapy to be as effective as five days for
nonsevere CAP in children aged 2 to 59 months [42]. However, the studies included in the
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meta-analysis were performed in developing countries, where it is not feasible to perform
radiographs or evaluation for a microbiologic etiology; pneumonia was diagnosed by the World
Health Organization (WHO) criteria, which are based on clinical findings and respiratory rate
thresholds. In another study, only 14 percent of children diagnosed with nonsevere pneumonia
by the WHO criteria had radiographic evidence of pneumonia [43]. Many of the children in the
meta-analysis probably had viral pneumonia, for which antibiotic therapy is not warranted. This
is supported by a subsequent randomized trial in which the clinical outcomes did not differ for
children aged 2 to 59 months who were diagnosed with nonsevere pneumonia by the WHO
criteria and treated for three days with amoxicillin versus placebo [44].
In a subsequent randomized trial in a developed country, 4 of 10 children who received three
days of outpatient treatment (amoxicillin 80 mg/kg per day divided in three doses) for
radiologically confirmed CAP required rescue therapy or hospitalization versus none of 12
children treated for 10 days [45]. In the second stage of the trial, five days of treatment
(amoxicillin 80 mg/kg per day divided in three doses) was as effective as 10 days in preventing
the need for rescue therapy or hospitalization, but with fewer than 60 patients in each arm, the
study may have been underpowered to detect a difference. Additional, larger studies are
necessary to confirm these results before we suggest five days of therapy for uncomplicated
CAP.
Monitoring response — Children with CAP who are treated as outpatients (including those
who were not initially treated with antibiotics) should have follow-up within 24 to 48 hours [1,2].
Follow-up may be performed by phone. Children with CAP who are appropriately treated
generally show signs of improvement within 48 to 72 hours.
Treatment failure — Among patients who do not improve as anticipated, the following
possibilities must be considered [1,2,14,46]:
● Alternative or coincident diagnoses (eg, foreign body aspiration) (see "Community-acquired
pneumonia in children: Clinical features and diagnosis", section on 'Differential diagnosis')
● Development of complications (see "Community-acquired pneumonia in children: Clinical
features and diagnosis", section on 'Complications')
● Ineffective antibiotic coverage (lack of coverage for the actual etiology or resistant
organism)
Worsened condition — Patients whose condition has worsened require additional
evaluation and hospitalization. They also should undergo radiologic evaluation to look for the
development of complications. Laboratory tests should be performed to try to establish a
microbiologic diagnosis. (See "Community-acquired pneumonia in children: Clinical features
and diagnosis", section on 'Laboratory evaluation' and "Pneumonia in children: Inpatient
treatment", section on 'Hospitalization'.)
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Failure to improve — In patients who fail to improve, but have not worsened, it may be
reasonable to add or strengthen coverage for S. pneumoniae or atypical bacteria if these
organisms were not covered in the initial therapy (table 2) [1,4]. It is also important to consider
underlying or comorbid conditions (eg, immunodeficiency, anatomic abnormality). (See
"Community-acquired pneumonia in children: Clinical features and diagnosis", section on
'Differential diagnosis'.)
● Patients initially treated with beta-lactam antibiotics – Failure to improve while being
treated with a beta-lactam antibiotic (amoxicillin or cephalosporin) may indicate infection
caused by penicillin-resistant S. pneumoniae or S. aureus (either methicillin-susceptible or
-resistant) [47]. If penicillin-resistant S. pneumoniae is suspected, a change in antibiotic
therapy to clindamycin or linezolid may be indicated. Levofloxacin is an option if there is a
high rate of pneumococcal resistance to clindamycin. Doses are provided in the table (table
2). If S. aureus is suspected based upon a rapidly worsening clinical course with
progressive radiographic findings that may include multiple patchy alveolar infiltrates
coalescing to form large consolidated areas, in a young, immunocompetent host often with
a preceding viral illness, the child should be hospitalized given the increased risk of
complications (eg, necrosis, empyema, pneumatocele) and death. (See "Pneumonia in
children: Inpatient treatment".)
● Patients initially treated with macrolide antibiotics – Failure to improve while being
treated with a macrolide antibiotic may indicate the need to perform a diagnostic test (eg,
PCR) to confirm an M. pneumoniae etiologic diagnosis and/or alter therapy to provide
better coverage for S. pneumoniae or macrolide-resistant M. pneumoniae. (See
"Mycoplasma pneumoniae infection in children", section on 'Approach to laboratory
confirmation'.)
For patients initially treated with macrolides, better pneumococcal coverage can be
achieved by the addition of high-dose amoxicillin, a cephalosporin (eg, cefdinir,
cefpodoxime), or clindamycin. Among these options, we prefer high-dose amoxicillin
because it is well tolerated and inexpensive. Amoxicillin and cephalosporins may provide
coverage for other potential, albeit less common causes, of bacterial pneumonia in older
children (eg, Haemophilus influenzae type b, nontypeable H. influenzae, Moraxella
catarrhalis, group A streptococcus) [11]. Clindamycin provides coverage for most S. aureus
infections. For children who have type 1 hypersensitivity (table 5) to penicillins, a
fluoroquinolone (eg, levofloxacin, moxifloxacin) may be used. Tetracyclines (eg,
doxycycline) and fluoroquinolones can be used if macrolide-resistant M. pneumoniae is
suspected [48]. Fluoroquinolones also provide coverage for most typical bacterial etiologies
of CAP except S aureus. Doses are provided in the table (table 2). (See "Mycoplasma
pneumoniae infection in children", section on 'Treatment'.)
SUPPORTIVE CARE — The families of children who are managed as outpatients should be
instructed regarding management of fever and pain, maintaining adequate hydration, and
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identification of deterioration (eg, persistent fever, increased retractions, use of accessory
muscles, grunting, inability to feed) [2].
● Children with pneumonia usually have fever and may have pleuritic chest pain, which can
lead to shallow breathing and impaired ability to cough [2]. Administration of antipyretics
and/or analgesics can be used to keep the child comfortable. Adequate pain control may
promote coughing, which facilitates airway clearance. Antitussives should be avoided as
none have been found to be effective in pneumonia [49]. Symptomatic treatment of cough
is discussed separately. (See "The common cold in children: Management and prevention",
section on 'Cough'.)
● Infants and young children with respiratory distress may be better able to maintain
hydration if fluids are provided in small volumes more frequently than in large volumes less
often.
● Gentle suction of the nares may be helpful in infants and children whose nares are blocked
by nasal secretions.
FOLLOW-UP
Clinical course — Children who are appropriately treated for CAP gradually improve with time
[50]. The symptoms associated with viral lower respiratory tract infections, particularly cough,
usually resolve in less than one month in healthy infants and children, but may rarely last for up
to three to four months. Cough may persist for as long as three to four months after viral
pneumonia or pertussis. Children who are recovering from typical or atypical bacterial
pneumonia may continue to cough for several weeks and have moderate dyspnea on exertion
for two to three months [50].
Radiographs — Follow-up radiographs are not necessary in asymptomatic children with
uncomplicated CAP. Follow-up radiographs two to three weeks after completion of therapy may
be helpful in assessing alternate diagnoses or coincident conditions in children with recurrent
pneumonia, persistent symptoms, severe atelectasis, unusually located infiltrates, or round
pneumonia (ie, pulmonary consolidation that appears to be spherical) [1,2,51]. Conditions that
must be considered if a round pneumonia fails to resolve on follow-up imaging include
congenital lung sequestration, metastatic Wilms tumor, cavitary necrosis, pleural pseudocyst,
and primary lung carcinoma [51-55]. (See "Community-acquired pneumonia in children: Clinical
features and diagnosis", section on 'Differential diagnosis'.)
Several studies have evaluated the utility of follow-up radiographs in cohorts of children with
acute radiologically proven CAP [56-61]. Three of the studies included clinical as well as
radiologic follow-up at three to seven weeks after initial diagnosis [56-59]. In each of these
studies, follow-up radiographs were normal or improved in asymptomatic children. Residual
findings, even when present, did not result in additional therapy.
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PROGNOSIS — Most otherwise healthy children who develop pneumonia recover without any
long-term sequelae [39]. Although some prospective studies suggest that pneumonia in
childhood is associated with subsequent symptoms of asthma that may persist into adulthood, it
is not clear whether this is related to unrecognized asthma at the time of presentation with
pneumonia or a tendency to develop asthma after CAP [62,63].
SOCIETY GUIDELINE LINKS — Links to society and government-sponsored guidelines from
selected countries and regions around the world are provided separately. (See "Society
guideline links: Pediatric pneumonia".)
INFORMATION FOR PATIENTS — UpToDate offers two types of patient education materials,
"The Basics" and "Beyond the Basics." The Basics patient education pieces are written in plain
language, at the 5th to 6th grade reading level, and they answer the four or five key questions a
patient might have about a given condition. These articles are best for patients who want a
general overview and who prefer short, easy-to-read materials. Beyond the Basics patient
education pieces are longer, more sophisticated, and more detailed. These articles are written
at the 10th to 12th grade reading level and are best for patients who want in-depth information
and are comfortable with some medical jargon.
Here are the patient education articles that are relevant to this topic. We encourage you to print
or e-mail these topics to your patients. (You can also locate patient education articles on a
variety of subjects by searching on "patient info" and the keyword(s) of interest.)
● Basics topics (see "Patient education: Pneumonia in children (The Basics)")
SUMMARY AND RECOMMENDATIONS
● Community-acquired pneumonia (CAP) is defined as an acute infection of the pulmonary
parenchyma in a patient who has acquired the infection in the community. The clinical
manifestations and diagnosis of CAP are discussed separately. (See "Community-acquired
pneumonia in children: Clinical features and diagnosis".)
● The decision to hospitalize a child with pneumonia must be individualized and is based
upon age, underlying medical problems, and severity of illness (table 1). (See 'Indications
for hospitalization' above.)
● Children with CAP who are treated in the outpatient setting are treated empirically. It is not
necessary to identify a microbiologic etiology in children who are well enough to be treated
as outpatients. Decisions regarding empiric antimicrobial therapy for CAP in children are
usually based upon age unless there are other overriding epidemiologic or clinical factors
to suggest a specific etiologic agent. (See 'Overview' above.)
● Infants younger than three to six months of age with suspected bacterial CAP or who are
hypoxemic should be admitted to the hospital for management. Afebrile infants one to four
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months of age who are thought to have afebrile pneumonia of infancy (eg, Chlamydia
trachomatis) can be treated in the outpatient setting if they are not hypoxemic and remain
afebrile. (See "Pneumonia in children: Inpatient treatment" and "Chlamydia trachomatis
infections in the newborn".)
● We recommend that empiric antibiotic therapy for CAP in children six months to five years
of age who are thought to have bacterial pneumonia (eg, abrupt onset, moderate to severe
respiratory distress, and supportive laboratory data if obtained (table 3)) include coverage
for Streptococcus pneumoniae (table 2) (Grade 1B). (See 'Children <5 years' above.)
● We suggest that empiric antibiotic therapy for CAP in children ≥5 years include coverage
for atypical bacteria (Grade 2B). (See 'Children ≥5 years' above.)
● In infants and children six months and older, the usual duration of antimicrobial therapy is
five days for azithromycin and 7 to 10 days for other agents. (See 'Duration' above.)
● Children who are treated for CAP as outpatients should have follow-up within 24 to 48
hours. Those whose condition has worsened at follow-up should be evaluated for potential
complications and hospitalized. (See 'Monitoring response' above and "Pneumonia in
children: Inpatient treatment".)
● Children recovering from CAP may continue to cough for several weeks to four months,
depending upon the etiology. Those recovering from typical or atypical bacterial pneumonia
may have moderate dyspnea on exertion for two to three months. (See 'Clinical course'
above.)
● Follow-up radiographs in children with uncomplicated CAP who remain asymptomatic are
not needed. Follow-up radiographs two to three weeks after completion of therapy may be
helpful in children with recurrent pneumonia, persistent symptoms, severe atelectasis,
unusually located infiltrates, or round pneumonia. (See 'Radiographs' above.)
● Most otherwise healthy children who develop pneumonia recover without any long-term
sequelae. (See 'Prognosis' above.)
Use of UpToDate is subject to the Subscription and License Agreement.
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GRAPHICS
Severity of community acquired pneumonia in infants and children
Clinical features of mild pneumonia

Clinical features of severe
pneumonia

Temperature <38.5°C (101.3°F)

Temperature ≥38.5°C (101.3°F)

Mild or absent respiratory distress:

Moderate to severe respiratory distress:

Increased RR, but less than the age-specific RR
that defines moderate to severe respiratory
distress

RR >70 breaths/minute for infants; RR
>50 breaths/minute for older children

No grunting

Moderate/severe suprasternal,
intercostal, or subcostal retractions (<12
months)

No nasal flaring

Severe difficulty breathing (≥12 months)

No apnea

Grunting

Mild shortness of breath

Nasal flaring

Mild or absent retractions

Apnea
Significant shortness of breath
Normal color

Cyanosis

Normal mental status

Altered mental status

Normoxemia (oxygen saturation ≥92 percent in room
air)

Hypoxemia (sustained oxygen saturation
<90 percent in room air at sea level)

Normal feeding (infants); no vomiting

Not feeding (infants) or signs of
dehydration (older children)

Normal heart rate

Tachycardia

Capillary refill <2 seconds

Capillary refill ≥2 seconds

RR: respiratory rate.
Data from:
1. Bradley JS, Byington CL, Shah SS, et al. The management of community-acquired pneumonia in
infants and children older than 3 months of age: Clinical practice guidelines by the Pediatric
Infectious Diseases Society and the Infectious Diseases Society of America. Clin Infect Dis 2011;
53:e25.
2. Harris M, Clark J, Coote N, et al. British Thoracic Society guidelines for the management of
community acquired pneumonia in children: update 2011. Thorax 2011; 66:ii1.
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Initial oral empiric antibiotics for outpatient treatment of pediatric
community-acquired pneumonia
Age group

Empiric regimen

1 to 6 months
Bacterial (not
Chlamydia
trachomatis)

Infants <3 to 6 months of age with suspected bacterial pneumonia
should be hospitalized

Chlamydia
trachomatis

Refer to UpToDate topic on Chlamydia trachomatis infections in the
newborn

6 months to 5 years
Typical bacterial*

Amoxicillin ¶ 90 mg/kg per day in 2 or 3 divided doses (MAX 4 g/day), OR
Amoxicillin-clavulanate 90 mg/kg per day of the amoxicillin component in
2 or 3 divided doses (MAX 4 g/day amoxicillin component), OR
For patients with non type 1 hypersensitivity to penicillins:
- Cefdinir 14 mg/kg per day in 2 divided doses (MAX 600 mg/day), OR
For patients with type 1 hypersensitivity to penicillins:
- Levofloxacin Δ16 to 20 mg/kg per day in 2 divided doses (MAX 750
mg/day), OR
- Clindamycin 30 to 40 mg/kg per day in 3 or 4 divided doses (MAX 1.8
g/day), OR
- Erythromycin 30 to 50 mg/kg per day in 4 divided doses (MAX 2
g/day as base, 3.2 g/day as ethylsuccinate), OR
- Azithromycin 10 mg/kg on day 1 followed by 5 mg/kg daily for 4 more
days (MAX 500 mg on day 1 and 250 mg thereafter), OR
- Clarithromycin 15 mg/kg per day in 2 divided doses (MAX 1 g/day),
OR
In communities with a high rate of pneumococcal resistance to
penicillin:
- Levofloxacin Δ 16 to 20 mg/kg per day in 2 divided doses (MAX 750
mg/day), OR
- Linezolid 30 mg/kg per day in 3 divided doses (MAX 1800 mg/day)

≥5 years
Mycoplasma
pneumoniae or
Chlamydia
pneumoniae

Erythromycin 40 to 50 mg/kg per day in 4 divided doses (MAX 2 g/day as
base, 3.2 g/day as ethylsuccinate), OR
Azithromycin 10 mg/kg on day 1 followed by 5 mg/kg daily for 4 more
days (MAX 500 mg on day 1 and 250 mg thereafter), OR
Clarithromycin 15 mg/kg per day in 2 divided doses (MAX 1 g/day), OR
Doxycycline ◊ 4 mg/kg per day in 2 divided doses (MAX 200 mg/day), OR
For patients ≥18 years:
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- Levofloxacin Δ § 8 to 10 mg/kg once daily for children 5 to 16 years
(MAX 500 mg/day); 500 mg once per day for children for children ≥16
years, OR
- Moxifloxacin Δ § 400 mg once per day
Typical bacterial*

Amoxicillin ¶ 90 mg/kg per day in 2 or 3 divided doses (MAX 4 g/day), OR
For patients with non type 1 hypersensitivity to penicillins:
- Cefdinir 14 mg/kg per day in 2 divided doses (MAX 600 mg/day), OR
- Cefpodoxime 10 mg/kg per day in 2 divided doses (MAX 400
mg/day), OR
For patients with type 1 hypersensitivity to penicillins:
- Levofloxacin Δ 8 to 10 mg/kg once daily for children 5 to 16 years
(MAX 750 mg/day); 750 mg once daily for children ≥16 years
- Clindamycin 30 to 40 mg/kg per day in 3 or 4 divided doses (MAX 1.8
g/day), OR
- Erythromycin 40 to 50 mg/kg per day in 4 divided doses (MAX 2
g/day as base, 3.2 g/day as ethyl succinate), OR
- Azithromycin 10 mg/kg on day 1 followed by 5 mg/kg daily for 4 more
days (MAX 500 mg on day 1 and 250 mg thereafter), OR
- Clarithromycin 15 mg/kg per day in 2 divided doses (MAX 1 g/day),
OR
In communities with a high rate of pneumococcal resistance to
penicillin:
- Levofloxacin Δ 8 to 10 mg/kg once daily for children 5 to 16 years
(MAX 750 mg/day); 750 mg once daily for children ≥16 years, OR
- Linezolid 30 mg/kg per day divided in 3 doses (MAX 1800 mg/day) for
children <12 years; 20 mg/kg per day divided in 2 doses (MAX 1200
mg/day) for children ≥12 years

Aspiration pneumonia
Communityacquired

Amoxicillin-clavulanate 40 to 50 mg/kg per day in 2 or 3 divided doses
(MAX 1750 mg/day amoxicillin component), OR
For patients with type 1 hypersensitivity to beta-lactam
antibiotics:
- Clindamycin 30 to 40 mg/kg per day, divided in 3 or 4 doses (MAX 1.8
g/day)

CAP: community-acquired pneumonia; MAX: maximum.
* For the infant or child who is suspected to have bacterial CAP and is unable to tolerate liquids at the
time of presentation, a single initial dose of ceftriaxone (50 to 75 mg/kg) may be administered
intramuscularly or intravenously before starting oral antibiotics.
¶ Preferred agent.
Δ In the United States, fluoroquinolones (eg, levofloxacin and moxifloxacin) are approved by the Food and
Drug Administration for community acquired pneumonia for patients ≥18 years of age. However, they may
be used in younger children if other antibiotics are inappropriate (eg, due to hypersensitivity or local
antimicrobial resistance patterns).
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◊ Should be used with caution in patients under the age of eight years.

§ Also covers typical bacterial pathogens.
Data from:
1. McIntosh K. Community-acquired pneumonia in children. N Engl J Med 2002; 346:429.
2. Bradley JS, Byington CL, Shah SS, et al. The management of community-acquired pneumonia in
infants and children older than 3 months of age: Clinical practice guidelines by the Pediatric
Infectious Diseases Society and the Infectious Diseases Society of America. Clin Infect Dis 2011;
53:e25.
3. American Academy of Pediatrics. Antibacterial drugs for pediatric patients beyond the newborn
period. In: Red Book: 2015 Report of the Committee on Infectious Diseases, 30th, Kimberlin DW,
Brady MT, Jackson MA, Long SS (Eds), American Academy of Pediatrics, Elk Grove Village, IL 2015
p.884.
Graphic 80561 Version 21.0
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Clinical and radiographic clues to the etiology of pneumonia in
children*
Etiology
Bacteria
(most commonly
Streptococcus
pneumoniae)

Clinical features

Radiographic
features

Children of all ages

Alveolar infiltrates

Abrupt onset
Ill-appearance

Segmental
consolidation

Chills

Lobar consolidation

Moderate to severe respiratory distress

"Round" pneumonia

Focal auscultatory findings
Localized chest pain
WBC count >15,000/microL (if obtained)
Elevated acute phase reactants (if obtained)

Complications:
Pleural
effusion/empyema
Lung abscess
Necrotizing
pneumonia
Pneumatocele

Atypical bacterial
(Mycoplasma
pneumoniae,
Chlamydia
pneumoniae)

Children of all ages (most common in children
>5 years)

Interstitial infiltrates

Abrupt onset with constitutional findings
(malaise, myalgia, headache, rash,
conjunctivitis, photophobia, sore throat,
headache)
Gradually worsening nonproductive cough
Wheezing
Extrapulmonary manifestations or
complications (eg, Stevens-Johnson
syndrome, hemolytic anemia, hepatitis, etc)

Viral

Usually children <5 years

Interstitial infiltrates

Gradual onset
Preceding upper airway symptoms
Nontoxic appearing
Diffuse, bilateral auscultatory findings
Wheezing
May have associated rash (eg, measles,
varicella)
Afebrile pneumonia of
infancy (most
commonly Chlamydia
trachomatis)

Usually in infants 2 weeks to 4 months
Insidious onset

Hyperinflation with
interstitial process

Rhinorrhea
Staccato cough pattern
Peripheral eosinophilia (if CBC obtained)

Fungal

Appropriate geographic or environmental

Mediastinal or hilar
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Mycobacterium
tuberculosis

exposure

adenopathy

Children of any age

Mediastinal or hilar
adenopathy

Chronic cough
Constitutional symptoms
Exposure history

WBC: white blood cell; CBC: complete blood count.
* The clinical features frequently overlap and cannot reliably distinguish between bacterial, atypical
bacterial, and viral etiologies; up to one-half of community-acquired pneumonias in children may be
mixed bacterial/viral infections. Chest radiography generally is not helpful in determining the potential
causative agent of pneumonia. Nonetheless, these features may facilitate decisions regarding empiric
therapy.
Data from:
1. Bartlett JG, Mundy LM. Community-acquired pneumonia. N Engl J Med 1995; 333:1618.
2. Boyer KM. Nonbacterial pneumonia. In: Textbook of Pediatric Infectious Diseases, 6th ed, Feigin
RD, Cherry JD, Demmler-Harrison GJ, Kaplan SL (Eds), Saunders, Philadelphia 2009. p.289.
3. Broughton RA. Infections due to Mycoplasma pneumoniae in childhood. Pediatr Infect Dis 1986;
5:71.
4. McIntosh K. Community-acquired pneumonia in children. N Engl J Med 2002; 346:429.
Graphic 52021 Version 8.0
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Groups at high risk for influenza complications
Children <5 years, but especially <2 years*
Adults ≥65 years of age
Persons with chronic pulmonary (including asthma, chronic obstructive pulmonary disease, and
cystic fibrosis), cardiovascular (except hypertension), renal, hepatic, hematologic (including sickle
cell disease), endocrine (including diabetes mellitus), metabolic (including inherited metabolic
disorders and mitochondrial disorders), and neurologic (including disorders of the brain, spinal cord,
peripheral nerve and muscle such as cerebral palsy, epilepsy, stroke, intellectual disability [mental
retardation], moderate to severe developmental delay, muscular dystrophy, and spinal cord injury)
disorders
Immunosuppression due to disease or medications (including HIV, cancer, and chronic
glucocorticoids)
Women who are pregnant or postpartum (within two weeks after delivery)
Children and adolescents <19 years of age and receiving long-term aspirin therapy
Native Americans and Alaskan Natives
Extremely obese (body mass index [BMI] ≥40)
Residents of nursing homes and other chronic care facilities
* In young children, rates of hospitalization and mortality are greatest among those <6 months of age.
Adapted from: Centers for Disease Control and Prevention. People at high risk of developing flu-related
complications. http://www.cdc.gov/flu/about/disease/high_risk.htm (Accessed on August 31, 2016.)
Graphic 72029 Version 14.0
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Gell and Coombs classification of immunologic drug reactions
Type
I
Immediate
reaction (within
one hour)

Description
IgE-mediated,
immediate-type
hypersensitivity

Clinical
features

Mechanism
Antigen exposure causes IgEmediated activation of mast cells and
basophils, with release of vasoactive
substances, such as histamine,
prostaglandins, and leukotrienes.

Anaphylaxis
Angioedema
Bronchospasm
Urticaria (hives)
Hypotension

II

III

IV

Antibodydependent
cytotoxicity

An antigen or hapten that is intimately
associated with a cell binds to
antibody, leading to cell or tissue
injury.

Hemolytic anemia

Immune complex
disease

Damage is caused by formation or
deposition of antigen-antibody
complexes in vessels or tissue.
Deposition of immune complexes
causes complement activation and/or
recruitment of neutrophils by
interaction of immune complexes with
Fc IgG receptors.

Serum sickness

Cell-mediated or
delayed
hypersensitivity

Antigen exposure activates T cells,
which then mediate tissue injury.
Depending upon the type of T cell
activation and the other effector cells
recruited, different subtypes can be
differentiated (ie, types IVa to IVd).

Contact
dermatitis,

Thrombocytopenia
Neutropenia

Arthus reaction

Some morbilliform
reactions
Severe exfoliative
dermatoses (eg,
SJS/TEN)
AGEP
DRESS/DiHS
Interstitial
nephritis
Drug-induced
hepatitis
Other
presentations

IgE: immunoglobulin E; Fc IgG: Fc portion of immunoglobulin G; SJS/TEN: Stevens-Johnson
syndrome/toxic epidermal necrolysis; AGEP: acute-generalized exanthematous pustulosis; DRESS/DiHS:
drug rash with eosinophilia and systemic symptoms/drug-induced hypersensitivity syndrome.
Adapted from: Weiss ME, Adkinson NF. Immediate hypersensitivity reactions to penicillin and related
antibiotics. Clin Allergy 1988; 18:515.
Graphic 80466 Version 16.0
https://www.uptodate.com/contents/community-acquired-pneumonia-in-children-outpatient-treatment/print?source=see_link

24/25

8/30/2017

Community-acquired pneumonia in children: Outpatient treatment - UpToDate

Contributor Disclosures
William J Barson, MD Grant/Research/Clinical Trial Support: Pfizer [pneumonia
(ampicillin/sulbactam, azithromycin, clindamycin, linezolid, penicillin, piperacillin/tazobactam,
pneumococcal conjugate vaccine)]. Morven S Edwards, MD Grant/Research/Clinical Trial
Support: Pfizer Inc. [Group B Streptococcus]. George B Mallory, MD Nothing to disclose Mary
M Torchia, MD Nothing to disclose
Contributor disclosures are reviewed for conflicts of interest by the editorial group. When found,
these are addressed by vetting through a multi-level review process, and through requirements
for references to be provided to support the content. Appropriately referenced content is
required of all authors and must conform to UpToDate standards of evidence.
Conflict of interest policy

https://www.uptodate.com/contents/community-acquired-pneumonia-in-children-outpatient-treatment/print?source=see_link

25/25

8/30/2017

Croup: Approach to management - UpToDate

Official reprint from UpToDate®
www.uptodate.com ©2017 UpToDate®

Croup: Approach to management
Author: Charles R Woods, MD, MS
Section Editors: Sheldon L Kaplan, MD, Anna H Messner, MD
Deputy Editor: Carrie Armsby, MD, MPH

All topics are updated as new evidence becomes available and our peer review process is complete.
Literature review current through: Jul 2017. | This topic last updated: Aug 02, 2016.
INTRODUCTION — Croup (laryngotracheitis) is a respiratory illness characterized by inspiratory stridor, barking cough, and hoarseness. It
typically occurs in children six months to three years of age and is chiefly caused by parainfluenza virus. (See "Croup: Clinical features,
evaluation, and diagnosis".)
Most children with croup who seek medical attention have a mild, self-limited illness and can be successfully managed as outpatients. The
clinician must be able to identify children with mild symptoms, who can be safely managed at home, and those with moderate to severe
croup or rapidly progressing symptoms, who require full evaluation and possible treatment in the office or emergency department setting.
(See 'Severity assessment' below and 'Outpatient treatment' below.)
There is no definitive treatment for the viruses that cause croup. Pharmacologic therapy is directed toward decreasing airway edema, and
supportive care is directed toward the provision of respiratory support and the maintenance of hydration. Corticosteroids and nebulized
epinephrine are the cornerstones of therapy; their use is supported by substantial clinical evidence. (See 'Initial treatment' below and
"Croup: Pharmacologic and supportive interventions".)
The approach to the management of croup will be discussed below. The clinical features and evaluation of croup, and the evidence
supporting the use of the pharmacologic and supportive interventions included below are discussed separately. (See "Croup: Clinical
features, evaluation, and diagnosis" and "Croup: Pharmacologic and supportive interventions".)
SEVERITY ASSESSMENT — This initial step in the management of a child with croup is assessing severity of illness. The first contact with
the healthcare system may occur by phone and the healthcare provider must be able to distinguish children with more severe symptoms
who need immediate medical attention from those who can be managed at home. (See 'Telephone triage' below.)
When the child is seen in the office or emergency department, croup severity is assessed by examining the child and using a clinical
scoring system. (See 'Croup severity score' below.)
Telephone triage — When assessing patients by phone, the healthcare provider must distinguish children who need immediate medical
attention or further evaluation from those who can be managed at home. Children who need further evaluation include those who have:
● Stridor at rest
● Rapid progression of symptoms (ie, symptoms of upper airway obstruction after less than 12 hours of illness)
● Inability to tolerate oral fluids
● Underlying known airway abnormality (eg, subglottic stenosis, subglottic hemangioma, previous intubation)
● Previous episodes of moderate to severe croup
● Medical conditions that predispose to respiratory failure (eg, neuromuscular disorders or bronchopulmonary dysplasia)
● Parental concern that cannot be relieved by reassurance
● Prolonged symptoms (more than three to seven days) or an atypical course (perhaps indicating an alternative diagnosis) (see "Croup:
Clinical features, evaluation, and diagnosis", section on 'Differential diagnosis')
Patients who are assessed by phone and determined to have mild symptoms and none of the above indications for further evaluation can
be managed at home. (See 'Home treatment' below.)
Croup severity score — There are a number of validated croup scoring systems. The Westley croup score has been the most extensively
studied (table 1) (calculator 1) [1]. Severity is determined by the presence or absence of stridor at rest, the degree of chest wall retractions,
air entry, the presence or absence of pallor or cyanosis, and the mental status:
● Mild croup (Westley croup score of ≤2) − Children with mild croup have no stridor at rest (although stridor may be present when upset
or crying), a barking cough, hoarse cry, and either no, or only mild, chest wall/subcostal retractions [2-4]. (See 'Mild croup' below.)
● Moderate croup (Westley croup score of 3 to 7) − Children with moderate croup have stridor at rest, have at least mild retractions, and
may have other symptoms or signs of respiratory distress, but little or no agitation [2-4]. (See 'Moderate to severe croup' below.)
https://www.uptodate.com/contents/croup-approach-to-management/print?source=see_link
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● Severe croup (Westley croup score of ≥8) − Children with severe croup have significant stridor at rest, although the loudness of the
stridor may decrease with worsening upper airway obstruction and decreased air entry [2-4]. Retractions are severe (including
indrawing of the sternum) and the child may appear anxious, agitated, or pale and fatigued. Prompt recognition and treatment of
children with severe croup are paramount. (See 'Moderate to severe croup' below.)
● Impending respiratory failure (Westley croup score of ≥12) − Croup occasionally results in significant upper airway obstruction with
impending respiratory failure, heralded by the following signs [2,4,5]:
• Fatigue and listlessness
• Marked retractions (although retractions may decrease with increased obstruction and decreased air entry)
• Decreased or absent breath sounds
• Depressed level of consciousness
• Tachycardia out of proportion to fever
• Cyanosis or pallor
Patients who present to an office clinic with severe croup or signs and symptoms of impending respiratory failure should be transported
via emergency medical services to an emergency department for management. (See 'Moderate to severe croup' below.)
MILD CROUP — Children with mild symptoms (Westley croup score of ≤2 (table 1) (calculator 1)) should be treated symptomatically with
humidity, fever reduction, and oral fluids. Many such children can be managed by phone, provided that none of the criteria for further
evaluation described above are present. (See 'Telephone triage' above.)
Home treatment — The caregivers of children with mild croup who are managed at home should be instructed in provision of supportive
care including mist, antipyretics, and encouragement of fluid intake.
In acute situations and for short periods of time, caregivers may try sitting with the child in a bathroom filled with steam generated by
running hot water from the shower to improve symptoms. This may help reassure parents that "something" is being done to reverse the
symptoms, and anecdotal evidence supports some benefit with this measure.
Exposure to cold night air also may lessen symptoms of mild croup, although this has never been systematically studied. If parents or
caregivers wish to use humidifiers at home, only those that produce mist at room temperature should be used to avoid the risk of burns
from steam or the heating element.
Instructions should be provided to the caregivers regarding when to seek medical attention, including watching for [2]:
● Stridor at rest
● Difficulty breathing
● Pallor or cyanosis
● Severe coughing spells
● Drooling or difficulty swallowing
● Fatigue
● Worsening course
● Fever (>38.5ºC)
● Prolonged symptoms (longer than seven days)
● Suprasternal retractions
Caregivers also should be provided with some guidance regarding when it is safe for them to drive the child to the emergency department;
emergency medical services should provide transportation for children who are severely agitated, pale or cyanotic, struggling to breathe, or
lethargic [2].
Patients who are managed at home should receive a follow-up phone call within 24 hours.
Outpatient treatment — We suggest that children with mild croup who are seen in the outpatient setting be treated with a single dose of
oral dexamethasone (0.15 to 0.6 mg/kg, maximum dose 10 mg) (algorithm 1). Randomized controlled trials in children with mild croup have
demonstrated that treatment with a single dose of oral dexamethasone reduces the need for reevaluation, shortens the duration of
symptoms, improves the child's sleep, and reduces parental stress [6,7]. (See "Croup: Pharmacologic and supportive interventions", section
on 'Dexamethasone'.)
An alternative approach is nonpharmacologic management with anticipatory guidance about potential worsening and instructions on when
to seek care or return for follow-up.
Treatment with nebulized epinephrine is not typically necessary for management of mild croup.
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Children with mild croup who are tolerating fluids and have not received nebulized epinephrine can be sent home after specific follow-up
(which may occur by phone) has been arranged and the caregiver has received instructions regarding home care and indications to seek
medical attention as described above. (See 'Home treatment' above.)
MODERATE TO SEVERE CROUP
Setting and pace of treatment — The appropriate treatment setting depends upon the severity of symptoms:
● Children with moderate croup (Westley croup score 3 to 7; stridor at rest and mild to moderate retractions, but no or little distress or
agitation (table 1) (calculator 1)) should be evaluated in the emergency department or office (provided the office is equipped to handle
acute upper airway obstruction).
● Children with severe croup (Westley croup score ≥8; stridor at rest and marked retractions with agitation, lethargy, or cyanosis (table 1)
(calculator 1)) should be evaluated in the emergency department as they require aggressive therapy, monitoring, and supportive care.
The child with severe croup must be approached cautiously, as any increase in anxiety may worsen airway obstruction. The parent or
caregiver should be instructed to hold and comfort the child. Nebulized epinephrine should be added as quickly as possible, as described
below. In the meantime, healthcare providers should continuously observe the child and be prepared to provide bag-mask ventilation and
advanced airway techniques if the condition worsens (algorithm 1). (See 'Initial treatment' below and 'Respiratory care' below.)
Initial treatment — Initial treatment of moderate to severe croup includes administration of dexamethasone and nebulized epinephrine.
Children with moderate to severe croup should also receive supportive care including humidified air or oxygen, antipyretics, and
encouragement of fluid intake. (See 'Supportive care' below.)
We recommend administration of dexamethasone (0.6 mg/kg, maximum of 10 mg) in all children with moderate to severe croup.
Dexamethasone should be administered by the least invasive route possible: oral if oral intake is tolerated, intravenous (IV) if IV access has
been established, or intramuscular (IM) if oral intake is not tolerated and IV access has not been established. The oral preparation of
dexamethasone (1 mg/mL) has an unpleasant taste. The IV preparation is more concentrated (4 mg per mL) and can be given orally mixed
with syrup [2,8-10]. A single dose of nebulized budesonide (2 mg [2 mL solution] via nebulizer) is an alternative option, particularly for
children who are vomiting [2,4,11].
The benefit of corticosteroids for moderate to severe croup have been demonstrated in a meta-analysis of 24 trials that found improvement
in croup scores six hours after treatment, fewer return visits or readmissions, decreased length of stay in the emergency department or
hospital, and decreased epinephrine use [7]. (See "Croup: Pharmacologic and supportive interventions", section on 'Glucocorticoids'.)
In addition to dexamethasone, we recommend nebulized epinephrine in all patients with moderate to severe croup:
● Racemic epinephrine is administered as 0.05 mL/kg per dose (maximum of 0.5 mL) of a 2.25 percent solution diluted to 3 mL total
volume with normal saline. It is given via nebulizer over 15 minutes.
● L-epinephrine is administered as 0.5 mL/kg per dose (maximum of 5 mL) of a 1:1000 dilution. It is given via nebulizer over 15 minutes.
The benefits of nebulized epinephrine have been demonstrated in a meta-analysis of eight trials that found improvement in croup score 30
minutes post-treatment and shorter hospital stay; there was no difference in effectiveness between racemic epinephrine and L-epinephrine
[12]. (See "Croup: Pharmacologic and supportive interventions", section on 'Nebulized epinephrine'.)
Observation and disposition — Patients should be observed for three to four hours after initial treatment. The need for additional
intervention and/or admission to the hospital is determined chiefly by the response to therapy with corticosteroids and nebulized
epinephrine. The majority of children with moderate croup have symptomatic improvement after treatment with nebulized epinephrine and
corticosteroids and can be discharged home, whereas those with severe symptoms on presentation are more likely to require
hospitalization.
Discharge to home — Patients who have a good response to initial treatment should be observed for three to four hours after
pharmacologic intervention (algorithm 1) [13-16]. Croup symptoms usually improve within 30 minutes of administration of nebulized
epinephrine, but may recur as the effects of epinephrine wear off (usually by two hours) [17,18]. Children who have recurrence or
worsening of moderate to severe symptoms during the observation period should receive additional racemic epinephrine and should be
admitted to the hospital. (See 'Indications for hospital admission' below.)
After three to four hours of observation, children who remain comfortable may be discharged home if they meet the following criteria [1316]:
● No stridor at rest
● Normal pulse oximetry
● Good air exchange
● Normal color
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● Normal level of consciousness
● Demonstrated ability to tolerate fluids by mouth
● Caregivers understand the indications for return to care and would be able to return if necessary
Before discharge, follow-up with the primary care provider should be arranged within the next 24 hours. Instructions regarding home
treatment should be provided. (See 'Home treatment' above.)
Approximately 5 percent of children well enough for discharge from the emergency department after receiving corticosteroids and nebulized
epinephrine treatments are expected to return for care [19]. Relapse within 24 hours is unlikely in those who have minimal symptoms at the
time of discharge [20].
Indications for hospital admission — Patients with ongoing severe symptoms after initial treatment should receive additional
nebulized epinephrine and should be admitted to the hospital. Nebulized epinephrine can be repeated every 15 to 20 minutes. The
administration of three or more doses within a two- to three-hour time period should prompt initiation of close cardiac monitoring if this is not
already underway.
Children with persistent moderate symptoms can be observed for at least four hours before deciding whether they require hospital
admission as the effect of dexamethasone may not be apparent for several hours [2].
Indications for inpatient admission include [2,21]:
● Severe croup with poor air entry, altered consciousness, or impending respiratory failure
● Moderate/severe croup with persistent or deteriorating respiratory distress after treatment with nebulized epinephrine and
corticosteroids
● "Toxic" appearance or clinical picture suggesting serious secondary bacterial infection
● Need for supplemental oxygen
● Severe dehydration
Additional factors that influence the decision regarding admission include [2,21]:
● Young age, particularly younger than six months
● Recurrent visits to the emergency department within 24 hours
● Ability of the family to comprehend the instructions regarding recognition of features that indicate the need to return for care
● Ability of the family to return for care (eg, distance from home to care site, weather/travel conditions)
Admission to the pediatric intensive care unit (PICU) is warranted if any of the following are present:
● Respiratory failure requiring endotracheal intubation
● Persistent severe symptoms requiring frequent nebulized epinephrine dosing
● Underlying conditions placing the child at high risk for progressive respiratory failure (eg, neuromuscular disease or bronchopulmonary
dysplasia)
Approximately 8 to 15 percent of children with croup presenting to the emergency department require hospitalization; only 1 percent require
admission to the PICU [19,22].
Inpatient management — Children admitted to the hospital for management of croup should receive close respiratory monitoring and
supportive care.
Supportive care — Supportive care for children hospitalized with moderate to severe croup includes:
● Fluids − Administration of intravenous fluids may be necessary in some children. Fever and tachypnea may increase fluid
requirements, and respiratory difficulty may prevent the child from achieving adequate oral intake. (See "Maintenance fluid therapy in
children".)
● Fever control − High fever can contribute to tachypnea and respiratory distress in children with croup, and treatment with antipyretics
can improve work of breathing and insensible fluid losses.
● Comfort − Care must be taken to avoid provoking agitation or anxiety in children with moderate to severe croup as this can worsen the
degree of respiratory distress and airway obstruction. Children with severe croup should be approached cautiously and unnecessary
invasive interventions should be avoided. The parent or caregiver should be instructed to hold and comfort the child and to assist in
care. The use of sedatives or anxiolytics to reduce agitation is discouraged as this may cause respiratory depression.
Respiratory care — Respiratory support for children hospitalized with croup may include the following:
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● Nebulized epinephrine − Repeated doses of nebulized epinephrine may be warranted for children with moderate to severe distress. It
is not always required; one study of 365 hospitalizations for croup found that only 49 percent required additional nebulized epinephrine
during the inpatient stay [23]. Nebulized epinephrine can be repeated every 15 to 20 minutes. However, children who require frequent
doses of epinephrine (eg, more frequently than every one to two hours) should be admitted/transferred to an intensive care unit for
close cardiopulmonary monitoring. (See "Croup: Pharmacologic and supportive interventions", section on 'Nebulized epinephrine'.)
● Supplemental oxygen − Oxygen should be administered to children who are hypoxemic (oxygen saturation of <92 percent in room
air). Supplemental oxygen should be humidified to decrease drying effects on the airways, since drying may impede the physiologic
removal of airway secretions via mucociliary and cough mechanisms. (See "Continuous oxygen delivery systems for infants, children,
and adults".)
● Mist − Humidified air is frequently used in the treatment of croup, although a meta-analysis of three trials evaluating the use of
humidified air in croup found only marginal improvement in croup scores [24]. Mist therapy may provide a sense of comfort and
reassurance to both the child and family; however, if the child is instead agitated by the mist, it should be discontinued. (See "Croup:
Pharmacologic and supportive interventions", section on 'Mist therapy'.)
● Heliox − Heliox is a mixture of helium (70 to 80 percent) and oxygen (20 to 30 percent). Heliox may decrease the work of breathing in
children with croup by reducing turbulent airflow. A meta-analysis of three trials concluded that while there is evidence to suggest a
short-term benefit of heliox, a larger trial is needed before recommendations regarding the use of heliox in children with croup can be
made [25]. While the evidence from these trials does not suggest a large benefit from Heliox to support its routine use in the
management of croup, in patients with severe symptoms who are at risk for respiratory failure, it may be used in an attempt to avoid
the need for intubation. An important limitation of heliox use is the low fractional concentration of inspired oxygen (FiO2) in the gas
mixture, which may not be adequate for children with hypoxia. (See "Croup: Pharmacologic and supportive interventions", section on
'Heliox'.)
● Intubation − The need for intubation should be anticipated in children with progressive respiratory failure so that the procedure can be
performed in a controlled setting if possible. Intubation can be challenging due to the narrowed subglottic airway and should be
performed with the assistance of a skilled provider (ie, an anesthesiologist or otolaryngologist). Neuromuscular blocking agents should
be avoided unless the ability to provide bag-mask ventilation has been demonstrated. An endotracheal tube that is 0.5 to 1 mm smaller
than would typically be used should be placed. (See 'Croup severity score' above and "Emergency endotracheal intubation in children",
section on 'Endotracheal tube'.)
Endotracheal intubation is rarely required for management of croup. In a large study at one institution, less than 1 percent of children
admitted to the hospital for croup required intubation [22].
Repeated corticosteroid dosing — Repeat doses of corticosteroids are not necessary on a routine basis and may have adverse
effects. Moderate to severe symptoms that persist for more than a few days should prompt investigation for other causes of airway
obstruction. (See "Croup: Pharmacologic and supportive interventions", section on 'Repeated dosing' and "Croup: Clinical features,
evaluation, and diagnosis", section on 'Differential diagnosis' and "Assessment of stridor in children".)
Monitoring — Monitoring should include close observation of mental status and respiratory status, including monitoring for stridor,
cyanosis, air entry, and retractions. Pulse oximetry monitoring is useful to detect hypoxia; however, it is not a sensitive tool for assessing the
severity of croup [21].
Infection control — Children who are admitted to the hospital with croup should be managed with contact precautions (ie, gown and
gloves for contact), particularly if parainfluenza or respiratory syncytial virus is the suspected etiology. If influenza is suspected, droplet
isolation measures (ie, respiratory mask within three feet) also should be followed. (See "Infection prevention: Precautions for preventing
transmission of infection".)
Discharge criteria — Children who require hospital admission may be discharged when they meet the following criteria:
● No stridor at rest
● Normal pulse oximetry in room air
● Good air exchange
● Normal color
● Normal level of consciousness
● Demonstrated ability to tolerate fluids by mouth
Atypical course — Children admitted for croup typically remain in the hospital for less than 36 hours [23]. The child who does not show
improvement as expected (over the course of one to two days) may have an underlying airway abnormality or may be developing a
complication of croup. Further evaluation with radiographs of the soft tissues of the neck, or consultation with otolaryngology, may be
warranted. A biphasic illness with poor response to nebulized epinephrine in conjunction with high fever and toxic appearance should
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prompt consideration of bacterial tracheitis (picture 1) [2]. (See "Croup: Clinical features, evaluation, and diagnosis", section on 'Differential
diagnosis' and "Bacterial tracheitis in children: Clinical features and diagnosis".)
FOLLOW-UP — Any patient who was admitted to the hospital, received nebulized epinephrine, or had a prolonged outpatient visit should
have follow-up scheduled with the primary care provider within 24 hours or as soon as can be arranged. Although some children may
continue to have mild to moderate symptoms at the time of follow-up, there are no studies that support the routine use of corticosteroid
therapy beyond 24 hours.
Follow-up should continue until the child's symptoms have begun to resolve. The child whose symptoms do not resolve over the course of
approximately seven days may have an underlying airway abnormality or may be developing a complication of croup. (See 'Atypical course'
above.)
PROGNOSIS — Symptoms of croup resolve in most children within three days, but may persist for up to one week [26,27]. Approximately 8
to 15 percent of children with croup require hospital admission [19,28], and among those, less than 1 percent require intubation [22].
Mortality is rare, occurring in <0.5 percent of intubated children [29].
Complications — Complications of croup are uncommon. Children with moderate to severe croup are at risk for hypoxemia (oxygen
saturation <92 percent in room air) and respiratory failure. Other complications include pulmonary edema, pneumothorax, and
pneumomediastinum [30]. These complications can be anticipated and managed by aggressive monitoring and intervention in the medical
setting. Out-of-hospital cardiac arrest and death also have been reported [31].
Secondary bacterial infections may arise from croup. Bacterial tracheitis, bronchopneumonia, and pneumonia occur in a small number of
patients [5,27,32,33]. In most instances, the child has been relatively stable or beginning to improve after several days of illness, but then
suddenly worsens, with higher or recurrent fever, increased (and potentially productive) cough, and/or respiratory distress. (See "Bacterial
tracheitis in children: Clinical features and diagnosis", section on 'Clinical features' and "Community-acquired pneumonia in children:
Clinical features and diagnosis", section on 'Clinical presentation'.)
Recurrent symptoms — Approximately 5 percent of children treated for croup in the outpatient setting have repeat visits for recurrent
symptoms within seven days following discharge [19]. Children who have recurrent episodes of classic viral croup may require radiographic
evaluation or bronchoscopy to evaluate for underlying airway abnormalities. Recurrent episodes of croup-like symptoms occurring outside
the typical age range for "viral croup" (ie, six months to three years) and recurrent episodes that do not appear to be simple "spasmodic
croup" should raise suspicion for large airway lesions, gastroesophageal reflux or eosinophilic esophagitis, or atopic conditions [34-39].
(See "Assessment of stridor in children" and "Croup: Clinical features, evaluation, and diagnosis", section on 'Spasmodic croup'.)
INFORMATION FOR PATIENTS — UpToDate offers two types of patient education materials, "The Basics" and "Beyond the Basics." The
Basics patient education pieces are written in plain language, at the 5th to 6th grade reading level, and they answer the four or five key
questions a patient might have about a given condition. These articles are best for patients who want a general overview and who prefer
short, easy-to-read materials. Beyond the Basics patient education pieces are longer, more sophisticated, and more detailed. These articles
are written at the 10th to 12th grade reading level and are best for patients who want in-depth information and are comfortable with some
medical jargon.
Here are the patient education articles that are relevant to this topic. We encourage you to print or e-mail these topics to your patients. (You
can also locate patient education articles on a variety of subjects by searching on "patient info" and the keyword(s) of interest.)
● Basics topics (see "Patient education: Croup (The Basics)")
● Beyond the Basics topics (see "Patient education: Croup in infants and children (Beyond the Basics)")
SUMMARY AND RECOMMENDATIONS
● Children with croup should be seen in the office or emergency department if they have stridor at rest, an underlying airway abnormality,
previous episodes of moderate to severe croup, underlying conditions that may predispose to respiratory failure, rapid progression of
symptoms, inability to tolerate fluids, prolonged symptoms, or an atypical course. (See 'Telephone triage' above.)
● Children with mild symptoms (ie, no stridor at rest and no respiratory distress) can be managed at home. Families should be instructed
in provision of supportive care and indications to seek medical attention. (See 'Home treatment' above.)
● We suggest that a single dose of oral dexamethasone (0.15 to 0.6 mg/kg) be used when electing to treat children with mild croup who
are seen in the outpatient setting (algorithm 1) (Grade 2A). (See 'Outpatient treatment' above and "Croup: Pharmacologic and
supportive interventions", section on 'Dexamethasone'.)
● Children with moderate croup (ie, stridor at rest with mild to moderate retractions) should be evaluated in the office or emergency
department, and those with severe croup (stridor at rest with marked retractions and significant distress or agitation) should be
evaluated in the emergency department (table 1) (calculator 1). Children with severe croup must be approached cautiously, as any
increase in anxiety may worsen airway obstruction. (See 'Moderate to severe croup' above.)
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● We recommend that children with moderate to severe croup be treated with a single dose of dexamethasone (0.6 mg/kg, maximum of
10 mg) by the least invasive route (algorithm 1) (Grade 1A). (See 'Initial treatment' above and "Croup: Pharmacologic and supportive
interventions", section on 'Glucocorticoids'.)
● We recommend that children with moderate to severe croup be treated with nebulized epinephrine (Grade 1A) in addition to
dexamethasone (algorithm 1). (See 'Initial treatment' above and "Croup: Pharmacologic and supportive interventions", section on
'Nebulized epinephrine'.)
• Racemic epinephrine is administered as 0.05 mL/kg per dose (maximum of 0.5 mL) of a 2.25 percent solution diluted to 3 mL total
volume with normal saline. It is given via nebulizer over 15 minutes.
• L-epinephrine is administered as 0.5 mL/kg per dose (maximum of 5 mL) of a 1:1000 dilution. It is given via nebulizer over 15
minutes.
Nebulized epinephrine can be repeated every 15 to 20 minutes. The administration of three or more doses within a two- to three-hour
time period should prompt initiation of close cardiac monitoring if this is not already underway.
● Children with moderate to severe croup should be observed for three to four hours after intervention. Those who improve may be
discharged home. Children with persistent or worsening symptoms during the observation period should be admitted to the hospital.
(See 'Discharge to home' above and 'Indications for hospital admission' above.)
● Management of children hospitalized for croup includes:
• Supportive care with provision of intravenous fluids and fever reduction. (See 'Supportive care' above.)
• Respiratory care with repeated doses of nebulized epinephrine, as indicated by respiratory distress, and administration of
humidified air or oxygen, as indicated by hypoxemia. (See 'Respiratory care' above.)
• Monitoring for worsening respiratory distress. (See 'Monitoring' above.)
We suggest not using repeated doses of corticosteroids (Grade 2C). (See 'Repeated corticosteroid dosing' above and "Croup:
Pharmacologic and supportive interventions", section on 'Repeated dosing'.)
● Children who have moderate to severe symptoms that persist for more than a few days, or recurring episodes of croup not associated
with other manifestations of a viral illness (no fever and/or rhinorrhea) should undergo investigation for other causes of upper airway
obstruction. (See 'Atypical course' above and 'Recurrent symptoms' above and "Croup: Clinical features, evaluation, and diagnosis",
section on 'Differential diagnosis'.)
● Children who received nebulized epinephrine, had a prolonged outpatient visit, or were admitted to the hospital should have follow-up
scheduled with the primary care provider within 24 hours of discharge or as soon as follow-up can be arranged. Most children with
croup recover uneventfully. (See 'Follow-up' above and 'Prognosis' above.)
Use of UpToDate is subject to the Subscription and License Agreement.
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GRAPHICS
Westley croup severity score
Clinical feature
Level of consciousness

Assigned score
Normal, including sleep = 0

Score

Severity

≤2

Mild

Disoriented = 5
Cyanosis

None = 0

Description

Management

Occasional barky
cough, no stridor
at rest, mild or no
retractions

Home treatment:
Symptomatic care including
antipyretics, mist, and oral
fluids

With agitation = 4

Outpatient treatment:
Single dose of oral
dexamethasone 0.6 mg/kg
(maximum 10 mg)*

At rest = 5
Stridor

None = 0
With agitation = 1
At rest = 2

Air entry

3 to 7

Moderate

Normal = 0
Decreased = 1
Markedly decreased = 2

Retractions

None = 0
Mild = 1

Frequent barky
cough, stridor at
rest, and mild to
moderate
retractions, but
no or little
distress or
agitation

Single dose of oral
dexamethasone 0.6 mg/kg
(maximum 10 mg)*

Frequent barky
cough, stridor at
rest, marked
retractions,
significant
distress and
agitation

Single dose of oral/IM/IV
dexamethasone 0.6 mg/kg
(maximum 10 mg)*

Depressed level
of consciousness,
stridor at rest,
severe
retractions, poor
air entry, cyanosis
or pallor

Single dose of IM/IV
dexamethasone 0.6 mg/kg
(maximum 10 mg)*

Moderate = 2
Severe = 3
8 to 11

≥12

Severe

Impending
respiratory
failure

Nebulized epinephrine ¶
Hospitalization is generally
not needed, but may be
warranted for persistent or
worsening symptoms after
treatment with
glucocorticoid and nebulized
epinephrine

Repeated doses of nebulized
epinephrine ¶ may be
needed
Inpatient admission is
generally required unless
marked improvement occurs
after treatment with
glucocorticoid and nebulized
epinephrine

Repeated doses of nebulized
epinephrine ¶ may be
needed
Intensive care unit
admission is generally
required
Consultation with
anesthesiologist or ENT
surgeon may be warranted
to arrange for intubation in
a controlled setting

IV: Intravenous; IM: intramuscular; ENT: ear, nose, throat.
* The intravenous preparation of dexamethasone (4 mg per mL) can be given orally; mix with flavored syrup.
¶ Nebulized epinephrine has an onset of effect within 10 minutes. Nebulized racemic epinephrine is administered as 0.05 mL/kg per dose (maximum of 0.5
mL) of a 2.25% solution diluted to 3 mL total volume with normal saline. Racemic epinephrine is commercially available in the United States and some other
countries as a nebulizer preparation (ie, single-use preservative free bullets [ampules]). Nebulized L-epinephrine is administered as 0.5 mL/kg per dose
(maximum of 5 mL) of a 1 mg/mL (1:1000) preservative-free solution. L-epinephrine is the same type of epinephrine used in other medical indications (eg,
IM injection for anaphylaxis) and is widely available as a parenteral preparation. Use of either product by nebulization is acceptable and may be determined
by availability and institutional protocol. Refer to topic for detail.
References:
1. Westley CR, Cotton EK, Brooks JG. Nebulized racemic epinephrine by IPPB for the treatment of croup: a double-blind study. Am J Dis Child 1978;
132:484.
2. Toward Optimized Practice (TOP) Working Group for Croup. Guidelines for the diagnosis and management of croup (revised 2008). Available at
www.topalbertadoctors.org/download/252/croup_guideline.pdf (Accessed on March 13, 2015).
3. Clarke M, Allaire J. An evidence-based approach to the evaluation and treatment of croup in children. Pediatric Emergency Medicine Practice 2012;
9:1.
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Management of croup in the outpatient and emergency department settings

IV: intravenous; IM: intramuscular; ICU: intensive care unit; ENT: ear, nose, throat.
* Signs of impending respiratory failure include: fatigue and listlessness, profound retractions, decreased or absent breath sounds, depressed level of consciousness, tachy
proportion to fever (note that tachycardia may also be caused by epinephrine), and/or poor color (cyanosis or pallor).
¶ The intravenous preparation of dexamethasone (4 mg per mL) can be given orally; mix with flavored syrup.
Δ A single dose of nebulized budesonide (2 mg [2 mL solution] via nebulizer) may provide an alternative to IM or IV dexamethasone for children with vomiting and no IV ac

◊ Nebulized epinephrine has an onset of effect within 10 minutes. Nebulized racemic epinephrine is administered as 0.05 mL/kg per dose (maximum of 0.5 mL) of a 2.25%

to 3 mL total volume with normal saline. Racemic epinephrine is commercially available in the United States and some other countries as a nebulizer preparation (ie, single
preservative free bullets [ampules]). Nebulized L-epinephrine is administered as 0.5 mL/kg per dose (maximum of 5 mL) of a 1 mg/mL (1:1000) preservative-free solution
is the same type of epinephrine used in other medical indications (eg, IM injection for anaphylaxis) and is widely available as a parenteral preparation. Use of either produc
is acceptable and may be determined by availability and institutional protocol. Refer to UpToDate content on the management of croup for details.
§ Discharge criteria include all of the following: no stridor at rest, normal pulse oximetry, good air exchange, normal color, tolerating fluids by mouth, and caregivers under
instructions and are able to return for care if needed.
¥ Poor response to nebulized epinephrine in conjunction with high fever and toxic appearance should prompt consideration of bacterial tracheitis. Refer to UpToDate topic o
diagnosis of croup for a guide to the differential diagnosis.
Courtesy of Charles Woods, MD with additional data from:
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Bacterial tracheitis: Endoscopy

Note the adherent mucopurulent membranes within the trachea.
Courtesy of Glenn C Isaacson, MD, FAAP, FACS.
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INTRODUCTION — Heart failure (HF) results from structural or functional cardiac disorders that
impair the ability of the ventricle(s) to fill with and/or eject blood. The presentation of pediatric HF is
diverse because of the numerous underlying cardiac etiologies (table 1) and varying clinical settings.
The etiology, clinical manifestations, and diagnostic evaluation of HF in children are reviewed here.
The management of HF in children is discussed separately. (See "Heart failure in children:
Management".)
EPIDEMIOLOGY — In the United States, HF is estimated to affect 12,000 to 35,000 children below
the age of 19 years in the United States each year [1,2]. HF-related hospitalizations account for
approximately 11,000 to 14,000 hospitalizations in children per year in the United States [2].
PATHOPHYSIOLOGY AND ETIOLOGY — The causes of pediatric HF can be divided into
pathophysiologic categories (table 1). This categorization helps in the understanding of the
underlying physiology and clinical manifestations of the different causes of pediatric HF, and guides
the approach to management. It is important to recognize however, that these categories may
overlap in some patients (eg, volume overload and pressure overload can be associated with
ventricular dysfunction). (See "Heart failure in children: Management".)
● Ventricular dysfunction − Ventricular dysfunction leads to impaired ejection of blood from the
ventricle. Unless specified, ventricular dysfunction implies systolic dysfunction (reduced
ventricular contractility). Ventricular diastolic dysfunction implies impaired ventricular filling and
noncompliance with abnormally steep pressure-volume relationship resulting in high ventricular
filling pressures. Ventricular dysfunction (systolic or diastolic) can occur in children with
congenital heart disease (CHD) and in those with structurally normal hearts. Children with CHD
may have ventricular dysfunction at presentation, but more commonly develop dysfunction and
HF several years (or even decades) following surgical repair of their cardiac defect (ie, "burntout" CHD). (See 'Ventricular dysfunction' below.)
● Volume overload with preserved ventricular contractility − Volume overload resulting in HF
is typically due to CHD lesions with significant left-to-right shunt of blood from the systemic to
the pulmonary circulation (eg, ventriculoseptal defect) or, less commonly, valvular insufficiency.
(See 'Volume overload with preserved ventricular contractility' below.)
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● Pressure overload with preserved ventricular contractility − Pressure overload may be
caused by CHD with severe ventricular outflow obstruction that impedes ejection of blood from
the heart (eg, valvar stenosis), resulting in inadequate cardiac output and/or high filling
pressures. (See 'Pressure overload with preserved ventricular contractility' below.)
Ventricular dysfunction — The cardiac causes of ventricular dysfunction can be separated into
children with structurally normal hearts and those born with CHD (table 1).
Structurally normal heart — Causes of ventricular dysfunction in children with structurally
normal hearts include:
● Cardiomyopathy − The most common cause of HF in children with a structurally normal heart is
cardiomyopathy. Based on data from large registry studies, the estimated incidence of pediatric
cardiomyopathy in the approximately 1 case per 100,000 children per year [3,4]. Dilated
cardiomyopathy (DCM) accounted for 50 to 60 percent of cases, hypertrophic cardiomyopathy
(HCM) accounted for 25 to 40 percent, left ventricular noncompaction accounted for 9 percent,
restrictive or other types of cardiomyopathy accounted for approximately 3 percent. (See
"Definition and classification of the cardiomyopathies".)
Although the primary physiologic abnormality in DCM is left ventricular (LV) systolic dysfunction,
diastolic dysfunction can occur in more severe cases. In contrast, LV systolic function is usually
preserved in children with HCM and restrictive cardiomyopathy; when heart failure occurs in
these settings, it is usually due to diastolic dysfunction. HF is rare in children with HCM, as most
patients have preserved ventricular function. Patients with HCM who present in infancy with HF
symptoms are at high risk of mortality. (See "Hypertrophic cardiomyopathy in children: Clinical
manifestations and diagnosis".)
● Myocarditis − Inflammation of the myocardium (myocarditis) is usually due to a viral infection;
less commonly, it may be caused by nonviral pathogens or noninfectious causes (table 2).
Myocarditis often results in ventricular dysfunction and HF [5]. Acute myocarditis may be
followed by either a complete recovery of left ventricular function or a secondary dilated
cardiomyopathy with chronic HF. Myocarditis is discussed in greater detail separately. (See
"Clinical manifestations and diagnosis of myocarditis in children".)
● Myocardial ischemia/infarction − In children, HF as a result of myocardial ischemia/infarction
is uncommon. Infants born with anomalous left coronary artery arising from the pulmonary artery
(ALCAPA) usually present with symptoms and signs of myocardial ischemia/infarction and are
often in heart failure. Coronary vasculitis associated with Kawasaki disease may rarely present
with myocardial ischemia and left ventricular dysfunction. Myocardial ischemia/infarction due to
premature atherosclerotic coronary artery disease is very rare in childhood. (See "Congenital
and pediatric coronary artery abnormalities", section on 'Variations of coronary artery origin from
the pulmonary artery' and "Cardiovascular sequelae of Kawasaki disease", section on
'Cardiovascular complications'.)
● Arrhythmias − The following arrhythmias may lead to ventricular dysfunction and pediatric HF:
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• Complete heart block – Complete heart block (CHB) may lead to HF if the junctional
escape rhythm is not fast enough for the body's needs. CHB is discussed in greater detail
separately. (See "Bradycardia in children", section on 'Third degree AV block' and
"Bradycardia in children", section on 'Chronic symptomatic bradycardia' and "Neonatal
lupus: Epidemiology, pathogenesis, clinical manifestations, and diagnosis", section on
'Heart block'.)
• Supraventricular and ventricular arrhythmias – Supraventricular arrhythmias (eg,
supraventricular tachycardia, atrial flutter, atrial fibrillation, ectopic atrial tachycardia, or
paroxysmal junctional reciprocating tachycardia), if incessant and not recognized for
hours/days after onset, may result in ventricular dysfunction and HF. Similarly, junctional or
ventricular tachycardia may also lead to progressive HF. It may be difficult to ascertain in a
child presenting with ventricular dysfunction and a concurrent tachyarrhythmia whether the
arrhythmia is the primary diagnosis (with secondary ventricular dysfunction) or is secondary
to an underlying cardiomyopathy/ventricular dysfunction. Control of arrhythmia with
medications or ablative methods usually leads to improved ventricular function. (See
"Irregular heart rate (arrhythmias) in children" and "Supraventricular tachycardia in children:
AV reentrant tachycardia (including WPW) and AV nodal reentrant tachycardia" and
"Management and evaluation of wide QRS complex tachycardia in children", section on
'Monitoring'.)
● Drug/toxins − Pediatric cancer patients who have been treated with chemotherapy agents,
especially anthracyclines, carry a life-long risk of developing ventricular dysfunction and HF [6].
(See "Clinical manifestations, monitoring, and diagnosis of anthracycline-induced cardiotoxicity"
and "Prevention and management of anthracycline cardiotoxicity".)
● Noncardiac causes – Noncardiac causes of HF due to ventricular dysfunction include:
• Sepsis (see "Systemic inflammatory response syndrome (SIRS) and sepsis in children:
Definitions, epidemiology, clinical manifestations, and diagnosis")
• Chronic kidney disease (see "Clinical presentation and evaluation of chronic kidney disease
in children", section on 'Risk for cardiovascular disease' and "Cardiorenal syndrome:
Definition, prevalence, diagnosis, and pathophysiology")
• Respiratory disorders (eg, obstructive sleep apnea, bronchopulmonary dysplasia, cystic
fibrosis, interstitial lung disease), which can cause pulmonary hypertension and right heart
failure
• Human immunodeficiency virus (HIV) infection (see "Pediatric HIV infection: Classification,
clinical manifestations, and outcome", section on 'Long-term morbidities' and "Cardiac and
vascular disease in HIV-infected patients")
• Systemic lupus erythematous (SLE) (see "Systemic lupus erythematosus (SLE) in children:
Clinical manifestations and diagnosis", section on 'Cardiac abnormalities')
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Congenital heart disease — Ventricular dysfunction may develop in children born with complex
CHD who undergo surgical repair or palliation in early childhood. Although impaired ventricular
function is most frequently detected by the onset of symptoms during adolescence and young
adulthood, it may be detected earlier in the first decade of life on routine echocardiographic imaging
in asymptomatic patients. The progression of ventricular dysfunction is variable depending on the
underlying pathophysiology of the corrected cardiac defect. As long-term survival following complex
CHD repair continues to improve, these patients with "burnt-out" CHD are expected to represent a
growing proportion of patients with chronic HF in the general population [7]. (See "Management of
patients post-Fontan procedure", section on 'Ventricular dysfunction'.)
Volume overload with preserved ventricular contractility — Volume overload may be due to
cardiac or noncardiac causes:
● Cardiac causes — Volume overload occurs due to a moderate or large communication (shunt)
between systemic and pulmonary circulations and may occur with the following cardiac lesions
(table 1):
• Ventricular septal defect (see "Pathophysiology and clinical features of isolated ventricular
septal defects in infants and children")
• Patent ductus arteriosus (see "Clinical manifestations and diagnosis of patent ductus
arteriosus in term infants, children, and adults")
• Atrial septal defect, rarely (see "Classification of atrial septal defects (ASDs), and clinical
features and diagnosis of isolated ASDs in children")
• Aortopulmonary window
• Atrioventricular septal defect
• Single ventricle physiology with unobstructed pulmonary blood flow
In the early neonatal period, infants with these defects generally do not have clinically significant
left-to-right shunting due to high pulmonary vascular resistance (PVR). During the first six to
eight weeks after birth, the physiologic decline in PVR leads to a progressive increase in
shunting with increase in pulmonary blood flow, pulmonary venous return, and left (systemic)
ventricular preload, resulting in symptoms and signs of HF. (See "Pathophysiology of left-to-right
shunts".)
Volume overload may also occur with valvular insufficiency from:
• Aortic regurgitation, seen in some children with bicuspid aortic valves and following
catheter-based intervention in patients with valvar aortic stenosis (ie, balloon aortic
valvuloplasty) (see "Aortic regurgitation in children" and "Valvar aortic stenosis in children",
section on 'Aortic regurgitation')
• Mitral regurgitation (see "Clinical manifestations and diagnosis of chronic mitral
regurgitation")
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• Pulmonary regurgitation, seen in some children as a long-term complication following
tetralogy of Fallot repair (see "Management and outcome of tetralogy of Fallot", section on
'Chronic pulmonary regurgitation')
● Noncardiac causes — Non-cardiac causes of HF due to volume overload with preserved
ventricular pump function include:
• Arteriovenous malformation (extra-cardiac shunting)
• Fluid overload (eg, oliguric renal failure)
Pressure overload with preserved ventricular contractility — Ventricular outflow obstruction
leads to pressure overload. Mild outflow obstruction is asymptomatic; however, severe obstruction
often presents acutely with HF (low cardiac output) in early infancy. Moderate/severe outflow
obstruction may also lead to HF from chronically elevated filling pressures. Depending on severity
and chronicity, pressure overload may result in either systolic or diastolic dysfunction.
The obstructive lesions associated with HF include (table 1):
● Aortic stenosis (see "Valvar aortic stenosis in children", section on 'Critical AS')
● Coarctation of the aorta (see "Clinical manifestations and diagnosis of coarctation of the aorta",
section on 'Manifestations according to age')
● Pulmonary stenosis (see "Clinical manifestations and diagnosis of pulmonic stenosis in adults")
In addition, systemic hypertension can result in pressure overload of the heart. The ventricular
function is usually preserved, but dysfunction may occur with severe hypertension. Similarly,
pulmonary hypertension results in pressure overload on the right ventricle and may result in right HF.
(See "Evaluation of hypertension in children and adolescents".)
STAGING AND SEVERITY — Categorization of the stage and severity of the patient's HF is
important for monitoring the disease progression and guiding management decisions [8]:
● Staging — The staging system of pediatric HF (stages A to D) is used to describe the
development and progression of disease following exposure to a risk factor for HF (table 3).
● Severity – The two main classification systems used for describing severity of pediatric HF are
the New York Heart Association (NYHA) and Ross classifications. The NYHA classification relies
on patient reporting of symptom severity and thus has limitations in children (table 4):
• NYHA class — The New York Heart Association (NYHA) Classes (I to IV) are most
commonly used to quantify the degree of functional limitation imposed by HF in adults and
may be used in adolescents (table 4) [9]. (See "Predictors of survival in heart failure due to
systolic dysfunction", section on 'NYHA functional class'.)
• Ross classification — The Ross HF Classification is an adaptation of the NYHA system
that is used to describe HF severity in infants and children based on a history of feeding
intolerance, growth problems, exercise intolerance, and physical findings (table 4) [10,11].
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The Ross classification has been validated in two prospective studies in infants in which the Ross
class demonstrated correlation with physiologic measures of HF severity (ie, plasma levels of
norepinephrine and peripheral lymphocytic beta-adrenergic receptor density) [12,13].
CLINICAL MANIFESTATIONS — Symptoms and physical findings in children with HF reflect the
patient's inability to adequately increase cardiac output (eg, exercise intolerance and easy fatigue)
and/or pulmonary or systemic fluid overload (eg, shortness of breath at rest or with effort due to
pulmonary interstitial edema or hepatomegaly).
Symptoms — Symptoms of HF vary with the age of the patient as follows:
● Infants – The most common symptoms are tachypnea and diaphoresis during feeds, easy
fatigability, irritability, decreased volume of feeds, and poor weight gain. Failure to thrive may
result in delayed motor milestones.
● Young children – In young children, symptoms may include gastrointestinal symptoms
(abdominal pain, nausea, vomiting, and poor appetite), failure to thrive, easy fatigability, and
recurrent or chronic cough with wheezing. These symptoms be mistaken for common childhood
illnesses such as gastroenteritis, reflux, asthma, or even behavioral issues.
● Older children – Older children may present with exercise intolerance, anorexia, abdominal
pain, wheezing, dyspnea, edema, palpitations, chest pain, or syncope [14].
A family history of congenital heart disease or cardiomyopathy in a sibling or parent may suggest a
similar diagnosis in the child being evaluated.
Physical examination — Physical findings vary depending on the cardiac output, and degree of
volume overload and pulmonary congestion, and/or systemic venous congestion.
● Tachycardia – Tachycardia is a response to decreased cardiac output in patients with
depressed myocardial contractility. Tachycardia is defined as the presence of a heart rate value
greater than expected for age (table 5).
● Poor perfusion – Poor perfusion as a result of diminished cardiac output is manifested by cool
and mottled extremities, decreased capillary refill, decreased peripheral pulses, and lowered
systemic blood pressure.
● Gallop rhythm – An S3 gallop may be present in children with diminished cardiac output or
volume overload. (See "Approach to the infant or child with a cardiac murmur", section on 'S3
and S4'.)
● Pulmonary findings – Pulmonary congestion is manifested primarily with changes in
respiratory status.
• Tachypnea is the most common finding of pulmonary congestion. Normal respiratory rate
varies with age (table 5).
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• Other signs of respiratory distress seen in patients with HF include retractions, use of
accessory respiratory muscles, and in infants, grunting with nasal flaring.
• Ausculatory findings, include wheezing and rales, are more commonly seen in older
children as compared with infants.
● Systemic congestion – Systemic congestion may be manifested by the following findings:
• Hepatomegaly is the most common finding of systemic venous congestion. Ascites and
splenomegaly may be present in severe right heart failure.
• Other findings may include jugular venous distension (not generally observed in infants and
young children) and peripheral edema.
● Other findings – Other findings may suggest an underlying etiology for HF, as demonstrated by
the following examples:
• High blood pressure limited to upper extremities and/or feeble pulses in lower extremities
are suggestive of aortic coarctation. (See "Clinical manifestations and diagnosis of
coarctation of the aorta", section on 'Blood pressure and pulses'.)
• The presence of a systolic murmur may be seen in patients with outflow obstruction in
hypertropic cardiomyopathy or aortic stenosis, congenital heart defects with left-to-right
shunting (eg, ventricular septal defects), or mitral regurgitation. (See "Approach to the infant
or child with a cardiac murmur", section on 'Heart murmurs'.)
• Precordial examination may reveal a "thrill" in patients with shunt lesions, whereas those
with a long-standing cardiomyopathy may have a "heave" with a laterally displaced point of
maximal impulse. (See "Approach to the infant or child with a cardiac murmur", section on
'Palpation of the chest'.)
DIAGNOSTIC EVALUATION — The diagnosis of HF in children is based on a combination of
clinical, radiographic, echocardiographic, and laboratory findings. Characteristic signs and physical
findings of impaired cardiac output include exercise and/or feeding intolerance, tachycardia,
respiratory distress (eg, tachypnea and dyspnea), poor perfusion, and poor growth [8,15]. (See
'Clinical manifestations' above.)
Noninvasive imaging studies and laboratory tests are initially obtained to confirm the diagnosis,
ascertain the severity of HF, and determine the underlying cause if unclear from the history. The
initial evaluation generally includes chest radiography, electrocardiogram, echocardiography, and
laboratory tests (including brain natriuretic peptide [BNP] or N-terminal pro-BNP [NT-proBNP],
troponin, complete blood count, and serum chemistries).
Unstable patients — Evaluation should only proceed if the patient is clinically stable. In patients
who have severe cardiorespiratory compromise (ie, shock or impending cardiac arrest), prompt
initiation of treatment to restore adequate perfusion should be provided prior to undergoing a detailed
evaluation to determine the underlying cause of HF (algorithm 1). (See "Initial management of shock
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in children" and "Etiology, clinical manifestations, evaluation, and management of neonatal shock",
section on 'Initial stabilization'.)
Neonates presenting with unexplained shock should be started on prostaglandin infusion, which
should be continued until a ductal-dependent cardiac defect is excluded using echocardiography.
(See "Diagnosis and initial management of cyanotic heart disease in the newborn", section on
'Prostaglandin E1'.)
Chest radiography — Chest radiography is helpful to assess for cardiomegaly and pulmonary
congestion, and monitor the effectiveness of HF treatment. Pulmonary interstitial edema and pleural
effusion are common findings in newly diagnosed HF (image 1).
Cardiomegaly may be seen in a number of cardiac diseases, including:
● Left-to-right shunting defects – In this setting, cardiomegaly reflects the presence of a moderate
to large shunt with volume overload and subsequent atrial and ventricular dilatation (image 2).
● Dilated cardiomyopathy – Cardiomegaly reflects the dilatation of left ventricle (image 3).
● Myocarditis – Ventricular dilation may not be severe in this setting or ventricular size may be
normal (image 4 and image 5). (See "Clinical manifestations and diagnosis of myocarditis in
children", section on 'Chest radiograph'.)
● Arrhythmogenic right ventricular cardiomyopathy – Right ventricular dilation may sometimes be
seen. (See "Arrhythmogenic right ventricular cardiomyopathy: Diagnostic evaluation and
diagnosis".)
● Restrictive cardiomyopathy – Biatrial enlargement may be seen.
● Pericardial effusion
In a prospective cohort of 95 children referred to a pediatric cardiology clinic, cardiomegaly on chest
radiograph had a specificity of 92.3 percent and a negative predictive value of 91.1 percent in
predicting ventricular dilation on echocardiogram [16].
Electrocardiogram — The electrocardiogram (ECG) is an important diagnostic tool in the evaluation
of a child with HF. Sinus tachycardia is the most common ECG finding and is nonspecific. It
represents a physiologic compensation for reduced stroke volume.
In some cases, the ECG may point toward an underlying cause. Examples include:
● ST segment and T wave abnormalities are common in all forms of cardiomyopathy and
myocarditis (waveform 1).
● Increased QRS voltage that meets criteria for ventricular hypertrophy may be seen in
hypertrophic or dilated cardiomyopathy (waveform 2).
● Decreased QRS voltage may suggest myocardial edema or pericardial effusion, and may be
present in children with myocarditis (waveform 3).
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● Bi-atrial enlargement may be present in restrictive cardiomyopathy.
● A deep q wave in inferior and lateral leads (I, aVL, and V5-V6) with ST segment and T wave
changes is suggestive of a myocardial infarct and is a classic finding in infants with anomalous
left coronary arising from the pulmonary artery (ALCAPA) (waveform 4).
● Varying degrees of heart block may sometimes be observed in patients with rheumatic or lyme
carditis, or in patients with neonatal lupus.
● Atrial, junctional, or ventricular tachycardia or frequent atrial or ventricular ectopy may suggest
arrhythmia as an underlying cause of ventricular dysfunction or may represent a complication.
Echocardiography — Echocardiography is the primary imaging modality to assess ventricular size
and function in children with signs and symptoms of HF. It also establishes whether the child has a
structurally normal heart or underlying structural congenital heart disease (CHD).
Important aspects of the echocardiogram evaluation include [8]:
● Cardiac anatomy
● Arterial and venous connections
● Origin of coronary arteries
● Presence and amount of shunting
● Presence and amount of valvular stenosis and regurgitation
● Atrial and ventricular sizes (including chamber size, wall thickness, and trabeculations)
● Left ventricle (LV) and right ventricle (RV) global and regional systolic function
● LV diastolic function
● Estimation of RV and pulmonary artery pressures
● Atrial or ventricular thrombi
● Pericardial effusion
Measurements of ventricular size, mass, and volume are compared with normalized pediatric values
to account for variations by age and body size [15].
Echocardiographic findings in children with HF vary depending on the mechanism:
● Ventricular dysfunction – Findings that suggest ventricular dysfunction include:
• Impaired ventricular systolic function (eg, ejection fraction [EF] <56 percent or fractional
shortening [FS] <29 percent [17,18])
• Enlarged or dilated ventricle(s) assessed as Z-scores of ventricular volume compared with
healthy age-matched children [18,19]
Left atrial and ventricular size may be helpful in determining chronicity. Left ventricular dilation, a
spherical appearance, and eccentric hypertrophy (increased mass with normal wall thickness),
often described as components of remodeling, usually suggest long-standing dilated
cardiomyopathy rather than an acute process (eg, myocarditis).
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● Volume overload – Findings that suggest volume overload include:
• Atrial and/or ventricular enlargement
• Sizable septal defects with a large amount of shunting
• Severe valvar regurgitation
● Pressure overload – Findings that suggest pressure overload include:
• Ventricular hypertrophy (eg, increased LV wall thickness)
• Severe outflow tract obstruction (eg, valvar, subvalvar, or supravalvar aortic or pulmonic
stenosis)
Echocardiographic findings in specific causes of HF are discussed in detail separately:
● Dilated cardiomyopathy (see "Causes of dilated cardiomyopathy", section on 'Definition')
● Hypertrophic cardiomyopathy (see "Hypertrophic cardiomyopathy: Clinical manifestations,
diagnosis, and evaluation", section on 'Echocardiography')
● Restrictive cardiomyopathy (see "Idiopathic restrictive cardiomyopathy", section on
'Echocardiography')
● Arrhythmogenic right ventricular cardiomyopathy (see "Arrhythmogenic right ventricular
cardiomyopathy: Diagnostic evaluation and diagnosis", section on 'Echocardiography')
● Left ventricular non-compaction (see "Isolated left ventricular noncompaction", section on
'Echocardiography')
● Myocarditis (see "Clinical manifestations and diagnosis of myocarditis in children", section on
'Echocardiogram')
● Anomalous origin of the left coronary artery from pulmonary artery (ALCAPA) (see "Congenital
and pediatric coronary artery abnormalities", section on 'Noninvasive imaging')
● Pulmonary hypertension
● CHD (eg, ventricular septal defect, patent ductus arteriosus, atrial septal defect) (see
"Echocardiographic evaluation of ventricular septal defects" and "Clinical manifestations and
diagnosis of patent ductus arteriosus in term infants, children, and adults", section on
'Echocardiography' and "Classification of atrial septal defects (ASDs), and clinical features and
diagnosis of isolated ASDs in children", section on 'Echocardiography')
Laboratory tests — For most children who present with new onset of HF symptoms, initial
laboratory tests include the following:
● BNP – BNP measurements are used to assess the severity of HF and monitor response to
therapy [20].
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BNP and the inactive N-terminal fragment (NT-proBNP) levels have been extensively studied in
adults and are used to assist in the diagnosis and monitoring of HF, and as prognostic markers.
(See "Natriuretic peptide measurement in heart failure".)
BNP and NT-proBNP appear to be effective markers of structural and functional heart disease in
children and are useful in the integrated evaluation of children with HF [15,20-23]. The role of
these markers in pediatric patients is less well established than in adults, due to differences in
ventricular impairment and morphology between adult and pediatric cardiac diseases and the
lack of normative pediatric standards because of variation of levels due to assay methods and
age. BNP and NT-proBNP levels are higher at birth and decrease rapidly during the first days of
life [24].
BNP levels can help discriminate between cardiac disease and noncardiac causes of HF
symptoms (eg, pulmonary disease) [25-28]. BNP testing has been used in a wide range of
pediatric cardiac diseases, including CHD [23,29,30], myocarditis, cardiomyopathy, pulmonary
hypertension, and anthracycline-induced cardiac toxicity [31-33].
In patients with left-to-right shunting defects (eg, atrial or ventricular septal defects, patent
ductus arteriosus), BNP levels correlate with the degree of shunting [23,34]; and in children with
ventricular dysfunction, BNP levels correlate negatively with ejection fraction [35-38]. BNP levels
also correlate with functional class of HF and with outcome [23,27,34-40].
● Troponin – Cardiac troponin I and troponin T are sensitive biomarkers for myocyte injury.
Troponin levels are elevated in myocarditis and myocardial ischemia. Among children presenting
with left ventricular dysfunction, an elevated troponin level may suggest acute myocarditis rather
than dilated cardiomyopathy [41]. (See "Troponin testing: Clinical use".)
● Complete blood count – Anemia may contribute to HF in a predisposed patient (eg, one with a
moderate to severe ventricular septal defect), or exacerbate the severity of HF symptoms in a
patient with preexisting HF. In a single institution study of children hospitalized for acute HF, the
prevalence of anemia at the time of admission was 18 percent and nearly 40 percent of patients
developed anemia at some time during the hospitalization [42]. In children with HF and anemia,
the mechanism of anemia should be investigated.
Anemia is a common finding in adults with HF. In this setting, anemia is often multifactorial (eg,
chronic inflammation, dilution due to fluid overload, iron deficiency, renal disease, use of ACE
inhibitors) and is more common among patients with poor functional class. (See "Approach to
anemia in adults with heart failure".)
● Serum chemistries – This includes electrolytes, blood urea nitrogen, creatinine, and liver
function tests
• Hyponatremia may be seen in children with severe HF [43].
• Renal impairment may be a contributing factor for HF or exacerbate preexisting failure.
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• Baseline electrolytes are needed prior to initiating therapy with diuretics or angiotensinconverting enzyme inhibitors to avoid potential side effects of these drugs.
• Liver function studies may be elevated due to hepatic congestion with right-sided HF.
Additional evaluation — Additional testing in children with HF may include cardiac magnetic
resonance imaging (MRI) and or cardiac catheterization if the information from echocardiography is
insufficient. Ambulatory ECG testing is performed in children with symptoms suggestive of arrhythmia
and in patients at risk for arrhythmia. Exercise testing may be helpful in determining the patient's
functional class, particularly for children with cardiomyopathy. A three-generation pedigree is an
important part of the evaluation in children with a suspected familial cause of HF (eg,
cardiomyopathy). Tests to identify the underlying etiology may be warranted if the cause is unclear
from the initial evaluation.
● Magnetic resonance imaging – Occasionally, the information from echocardiography is
insufficient because of altered geometry, particularly in the assessment of right ventricular and
single ventricular function in children with complex congenital heart disease [1], or in patients
with inflammation. In these settings, cardiac magnetic resonance imaging (MRI) can provide
accurate and detailed information regarding cardiac anatomy, ventricular function, myocardial
inflammation, and infiltration by fat and fibrous tissues [44]. The need for sedation, particularly in
young children, is an important limitation of cardiac MRI in pediatric patients. In addition, cardiac
MRI may not be available at all centers.
Clinical settings where cardiac MRI may have utility in pediatric HF include (see "Clinical utility of
cardiovascular magnetic resonance imaging"):
• Evaluation of anatomic details in complex CHD and for providing quantitative assessment of
shunts and right ventricular function.
• Distinguishing restrictive cardiomyopathy from constrictive pericarditis (see "Differentiating
constrictive pericarditis and restrictive cardiomyopathy").
• Non-invasive assessment of myocardial inflammation in patients with suspected myocarditis
(see "Clinical manifestations and diagnosis of myocarditis in children", section on 'Magnetic
resonance imaging').
• Evaluation of right ventricular function, dilation, and fatty infiltration in patients with
arrhythmogenic right ventricular cardiomyopathy (see "Arrhythmogenic right ventricular
cardiomyopathy: Diagnostic evaluation and diagnosis").
• Assessing the extent of non-compacted myocardium in non-compaction cardiomyopathy
(see "Isolated left ventricular noncompaction").
• Quantitative assessment of myocardial fibrosis by measuring late gadolinium enhancement,
an independent risk factor for ventricular arrhythmia and sudden cardiac death (see
"Hypertrophic cardiomyopathy in children: Clinical manifestations and diagnosis", section on
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'Additional testing' and "Hypertrophic cardiomyopathy: Clinical manifestations, diagnosis,
and evaluation", section on 'Cardiovascular magnetic resonance').
● Cardiac catheterization – Cardiac catheterization can provide useful information in the
following settings:
• It may help in establish the etiology of HF if the underlying cause remains unclear after
noninvasive testing with echocardiography and/or MRI.
• If the coronary anatomy is unclear or equivocal on echocardiography and there is clinical
concern for a coronary anomaly (eg, anomalous left coronary arising from the pulmonary
artery [ALCAPA], Kawasaki disease), coronary angiography is can be helpful. (See
"Congenital and pediatric coronary artery abnormalities" and "Cardiovascular sequelae of
Kawasaki disease", section on 'Coronary artery aneurysm'.)
• Cardiac catheterization with endomyocardial biopsy may be performed in the evaluation of
suspected myocarditis or to differentiate restrictive cardiomyopathy from constrictive
pericarditis. These issues are discussed separately. (See "Clinical manifestations and
diagnosis of myocarditis in children", section on 'Endomyocardial biopsy' and "Differentiating
constrictive pericarditis and restrictive cardiomyopathy", section on 'Cardiac
catheterization'.)
• Cardiac catheterization may be performed to evaluate pulmonary vascular resistance (PVR)
and vasodilator responsiveness in children with known or suspected pulmonary
hypertension.
• Cardiac catheterization is also used to guide the need and timing of cardiac transplantation
in children with HF by assessing their hemodynamic status (intracardiac pressures,
pulmonary artery pressure, PVR, and cardiac output).
● Ambulatory ECG monitoring – Ambulatory ECG monitoring (eg, 24-hour Holter monitoring)
should be performed in patients with symptoms suggestive of arrhythmia (eg, palpitations,
syncope). In addition, ambulatory ECG monitoring is helpful in the assessment of children at risk
for arrhythmia, including patients with cardiomyopathy, heterotaxy syndromes, congenitally
corrected transposition of the great arteries, and patients who have undergone Fontan palliation
or atrial switch operation [8].
● Exercise testing – For children with known or suspected cardiomyopathy who are able to
perform exercise testing, this assessment can provide useful information that can be used in
determining the child's functional class and can help with risk stratification (ie, risk of ventricular
arrhythmia and sudden cardiac death) [8]. (See "Overview of aerobic exercise testing in children
and adolescents".)
● Other studies – Additional testing may be warranted depending on the clinical findings:
• For patients with clinical evidence of myocarditis, diagnostic evaluation is performed to
determine the underlying infectious etiology. (See "Clinical manifestations and diagnosis of
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myocarditis in children", section on 'Further diagnostic evaluation'.)
• For patients with cardiomyopathy, studies to determine the etiology may include thyroid
function tests, metabolic screening, and genetic testing. For children with newly diagnosed
HF due to cardiomyopathy, referral to a clinical geneticist may be warranted since many
types of cardiomyopathy may have a genetic origin, particularly hypertrophic
cardiomyopathy. (See "Genetics of dilated cardiomyopathy" and "Hypertrophic
cardiomyopathy in children: Clinical manifestations and diagnosis", section on 'Genetic
testing'.)
• For patients with clinical findings that suggest a rheumatologic disorder, additional testing
may include inflammatory markers (eg, C-reactive protein, erythrocyte sedimentation rate),
anti-streptolysin titers (rheumatic heart disease) and anti-nuclear antibody testing (collagen
vascular diseases including systemic lupus erythematous). (See "Acute rheumatic fever:
Clinical manifestations and diagnosis", section on 'Diagnosis' and "Systemic lupus
erythematosus (SLE) in children: Clinical manifestations and diagnosis", section on
'Autoantibodies'.)
DIFFERENTIAL DIAGNOSIS — Numerous noncardiac conditions can present with signs and
symptoms that mimic HF. The clinical history, family history, and physical examination can distinguish
HF from many of these disorders, though echocardiography and other testing (eg, electrocardiogram,
chest radiograph, brain natriuretic peptide [BNP]) are ultimately necessary to confirm the diagnosis.
● Respiratory distress – Noncardiac causes of respiratory distress in neonates include transient
tachypnea of the newborn, respiratory distress syndrome, meconium aspiration, congenital
diaphragmatic hernia, pneumothorax, pneumonia, and pulmonary hypoplasia. In older infants
and children, common causes include pneumonia, bronchiolitis, and asthma. (See "Overview of
neonatal respiratory distress: Disorders of transition" and "Causes of acute respiratory distress
in children".)
● Failure to thrive – Other causes of poor weight gain and failure to thrive include gastrointestinal
disorders (eg, protein-milk allergy, cystic fibrosis, celiac disease), chronic infections,
hyperthyroidism, and metabolic disorders. (See "Failure to thrive (undernutrition) in children
younger than two years: Etiology and evaluation", section on 'Etiology'.)
● Edema – Peripheral edema may be caused by renal failure, venous thrombosis, or adverse drug
effects. (See "Pathophysiology and etiology of edema in children", section on 'Etiology'.)
● Shock – Shock may be due to overwhelming sepsis or hypovolemia. (See "Initial evaluation of
shock in children", section on 'Pathophysiology'.)
SUMMARY AND RECOMMENDATIONS
● Heart failure (HF) results from structural or functional cardiac disorders that impair the ability of
the ventricle(s) to fill with and/or eject blood. It is estimated to affect 12,000 to 35,000 children in
the United States each year. (See 'Introduction' above and 'Epidemiology' above.)
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● The causes of pediatric HF can be divided into the following pathophysiologic categories (table
1). (See 'Pathophysiology and etiology' above.)
• Ventricular dysfunction may occur in both patients with a structurally normal heart (eg,
cardiomyopathy, myocarditis, and complete heart block) and those with complex congenital
heart disease (CHD). Although HF in patients with CHD may be present at the time of
diagnosis, it is more commonly a long-term complication following surgical cardiac repair.
(See 'Ventricular dysfunction' above.)
• Volume overload with preserved ventricular contractility is most commonly due to CHD with
significant left-to-right shunting of blood from the systemic to pulmonary circulation. (See
'Volume overload with preserved ventricular contractility' above.)
• Pressure overload with preserved ventricular contractility is most commonly due to CHD
with ventricular outflow obstruction. (See 'Pressure overload with preserved ventricular
contractility' above.)
● Categorization of the stage and severity of the patient's HF is important for monitoring the
disease progression and guiding management decisions. The staging system of pediatric HF
(stages A to D) is used to describe the development and progression of disease following
exposure to a risk factor for HF (table 3). The New York Heart Association (NYHA) class is most
commonly used to quantify the degree of functional limitation imposed by HF in adults and may
be used in adolescents (table 4). The Ross HF classification is an adaptation of the NYHA
system that is used to describe HF severity in infants and children (table 4). (See 'Staging and
severity' above.)
● Symptoms and physical findings reflect a limited ability to adequately increase cardiac output
(eg, exercise intolerance, easy fatigue, or gastrointestinal symptoms), and/or pulmonary (eg,
respiratory distress with tachypnea) or systemic (eg, hepatomegaly) fluid overload. Clinical
features vary with age at presentation. (See 'Clinical manifestations' above.)
● The diagnosis of HF in children is based on a combination of clinical, radiographic,
echocardiographic, and laboratory findings. Noninvasive imaging studies and laboratory tests
are initially obtained to confirm the diagnosis, ascertain the severity of HF, and determine the
underlying cause if unclear from the history. The initial evaluation generally includes chest
radiography, electrocardiogram (ECG), echocardiography, and laboratory tests (including brain
natriuretic peptide [BNP] or N-terminal pro-BNP [NT-proBNP], troponin, complete blood count,
and serum chemistries). (See 'Diagnostic evaluation' above.)
● Evaluation should only proceed if the patient is clinically stable. In patients who have severe
cardiorespiratory compromise (ie, shock or impending cardiac arrest), prompt initiation of
treatment to restore adequate perfusion should be provided prior to undergoing a detailed
evaluation to determine the underlying cause of HF (algorithm 1). (See "Initial management of
shock in children" and "Etiology, clinical manifestations, evaluation, and management of
neonatal shock", section on 'Initial stabilization'.)
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● Numerous noncardiac conditions can present with signs and symptoms that mimic HF. The
clinical history and physical examination can distinguish HF from many of these disorders,
though echocardiography and other testing (eg, ECG, chest radiograph, BNP) may ultimately be
necessary to confirm the diagnosis. (See 'Differential diagnosis' above.)
Use of UpToDate is subject to the Subscription and License Agreement.
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GRAPHICS
Causes of heart failure in infants and children
Ventricular dysfunction
Structurally normal heart
Cardiomyopathy
Dilated
Hypertrophic (rarely causes HF, except with so called "burnt-out" HCM)
Restrictive
Non-compaction
Arrhythmogenic right ventricular cardiomyopathy

Myocarditis
Myocardial infarction/ischemia
Anomalous left coronary artery arising off the pulmonary artery (ALCAPA)
Kawasaki disease with coronary artery aneurysm
Coronary vasculitis
Premature atherosclerotic coronary artery disease (very rare in children; may occur in patients with rare
genetic lipid disorders [eg, homozygous familial hypercholesterolemia])

Arrhythmogenic
Complete heart block with bradycardia
Supraventricular tachycardia
Ventricular tachycardia

Drug/toxin exposure
Anthracycline

Noncardiac causes
Sepsis
Renal failure
Respiratory disorders (eg, obstructive sleep apnea, bronchopulmonary dysplasia, cystic fibrosis, interstitial
lung disease)
HIV infection
Systemic lupus erythematosus

Congenital heart disease
Complex congenital heart defect with concurrent ventricular dysfunction
Complex congenital heart defect, surgically corrected with late ventricular dysfunction ("burnt-out"
congenital heart disease)

Preserved ventricular contractility
Volume overload
Left-to-right shunting
Ventricular septal defect
Patent ductus arteriosus
Atrial septal defect (rare)
Aortopulmonary window
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Atrioventricular septal defect
Single ventricle physiology with unobstructed pulmonary blood flow

Valvular insufficiency
Aortic regurgitation
Mitral regurgitation
Pulmonary regurgitation

Noncardiac causes
Arteriovenous malformation
Fluid overload

Pressure overload
Left-sided
Aortic stenosis
Aortic coarctation
Systemic hypertension

Right-sided
Pulmonary stenosis
Pulmonary hypertension

HF: heart failure; HCM: hypertrophic cardiomyopathy; HIV: human immunodeficiency virus.
Adapted from: Hsu DT, Pearson GD. Heart failure in children: part I: history, etiology, and pathophysiology. Circ
Heart Fail 2009; 2:65.
Graphic 79989 Version 5.0

https://www.uptodate.com/contents/heart-failure-in-children-etiology-clinical-manifestations-and-diagnosis/print?source=search_result&search=PEDI…

21/40

8/30/2017

Heart failure in children: Etiology, clinical manifestations, and diagnosis - UpToDate

Major causes of myocarditis
Infectious causes
Viral
Adenovirus

Infectious causes
(cont.)
Spirochetal

Noninfectious causes
Cardiotoxins
Alcohol

Arborvirus

Leptospirosis

Anthracyclines

Coxsackie B virus

Lyme disease

Arsenic

Cytomegalovirus

Relapsing fever

Carbon monoxide

Dengue

Syphilis

Catecholamines

Echovirus

Mycotic

Cocaine

Epstein-Barr virus

Actinomyocosis

Cyclophosphamide

Hepatitis B and C

Aspergillosis

Herpesvirus

Blastomycosis

Heavy metals (copper, lead,
iron)

HIV

Candidiasis

Methysergide

Influenza A and B

Coccidiomycosis

Mumps

Cryptococcosis

Parvovirus

Histoplasmosis

Poliomyelitis

Mucormycosis

Rabies

Nocardia

Rubella

Sporotrichosis

Rubeola

Rickettsial

Hypersensitivity reactions
Antibiotics (penicillins,
cephalosporins, sulfonamides)
Clozapine
Diuretics (thiazide, loop)
Dobutamine
Insect bites (bee, wasp,
spider, scorpion)

Vaccinia (smallpox vaccine)

Q fever

Lithium

Varicella

Rocky mountain spotted fever

Methyldopa

Variola

Typhus

Snake bites

Yellow fever
Bacterial
Bartonella
Brucellosis
Chlamydia
Cholera
Clostridial
Diphtheria
Gonococcal
Haemophilus
Legionella
Meningococcal
Mycoplasma

Protozoal
Amebiasis
Chagas' disease (South
American trypanosomiasis)
Leishmaniasis

Tetanus toxoid
Systemic disorders
Celiac disease
Collagen-vascular diseases

Malaria

Granulomatosis with
polyangiitis (Wegener's)

Sleeping sickness (African
trypanosomiasis)

Hypereosinophilia

Toxoplasmosis
Helminthic

Inflammatory bowel disease
(Crohn's disease, ulcerative
colitis)

Ascariasis

Kawasaki disease

Echinococcosis

Sarcoidosis

Filariasis

Thyrotoxicosis

Paragonimiasis

Radiation

Pneumococcal
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Psittacosis

Schistosomiasis

Salmonella

Strongyloidiasis

Staphylococcal

Trichinosis

Streptococcal
Tetanus
Tuberculosis
Tularemia
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Stages of heart failure in infants and children and recommended therapy
Stage

Definition

Examples

A

Patients with increased risk of
developing HF, but with
normal cardiac function and
chamber size

Exposure to cardiotoxic
agents

Therapy
None

Family history of heritable
cardiomyopathy
Univentricular heart
Congenitally corrected
transposition of the great
arteries

B

C

Patients with abnormal
cardiac morphology or
function, with no symptoms of
HF, past or present

Aortic insufficiency with LV
enlargement

Patients with structural or
functional heart disease, and
past or current symptoms of
HF

Symptomatic
cardiomyopathy

History of anthracycline
exposure with decreased
LV systolic function

Congenital heart defect
with ventricular pump
dysfunction

ACE inhibitor for patients
with systemic ventricular
dysfunction

ACE inhibitor and an
aldosterone antagonist;
oral diuretic therapy as
needed for fluid
overload; low-dose digoxin
if needed for additional
symptom relief
After a few weeks of
stability, a beta blocker is
added in patients with
persistent LV dilation and
dysfunction

D

Patients with end-stage HF
requiring specialized
interventions

Marked symptoms at rest
despite maximal medical
therapy

Pharmacologic therapy
consists of intravenous
diuretics and/or inotropes
Other interventions may
include positive pressure
ventilation, cardiac
resynchronization therapy,
mechanical circulatory
support, and heart
transplantation

HF: heart failure; LV: left ventricular; ACE: angiotensin-converting enzyme.
Original table modified for this publication. Rosenthal D, Chrisant MR, Edens E, et al. International Society for
Heart and Lung Transplantation: Practice guidelines for management of heart failure in children. J Heart Lung
Transplant 2004; 23:1313. Table used with the permission of Elsevier Inc. All rights reserved.
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NYHA and modified Ross heart failure classification for children
NYHA

Ross

Class
I

No limitations of physical activity

No limitations or symptoms

Class
II

May experience fatigue, palpitations, dyspnea, or angina
during moderate exercise but not during rest

Infants: Mild tachypnea or
diaphoresis with feeding
Older children: Mild to moderate
dyspnea on exertion

Class
III

Symptoms with minimal exertion that interfere with normal
daily activity

Infants: Growth failure and marked
tachypnea or diaphoresis with
feeding
Older children: Marked dyspnea on
exertion

Class
IV

Unable to carry out any physical activity because they
typically have symptoms of HF at rest that worsen with any
exertion

Symptoms at rest such as
tachypnea, retractions, grunting, or
diaphoresis

HF: Heart failure; NYHA: New York Heart Association.
Reproduced from: Kirk R, Dipchand AI, Rosenthal DN, et al. The International Society for Heart and Lung
Transplantation Guidelines for the management of pediatric heart failure: Executive summary [Corrected]. J
Heart Lung Transplant 2014; 33:888. Table used with the permission of Elsevier Inc. All rights reserved.
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Pediatric respiratory rate and heart rate by age*

Age group

Respiratory rate

Heart rate

Median
(1st-99th percentile)

Median
(1st-99th percentile)

0 to 3 months

43 (25-66)

143 (107-181); term newborn at birth:
127 (90-164)

3 to 6 months

41 (24-64)

140 (104-175)

6 to 9 months

39 (23-61)

134 (98-168)

9 to 12 months

37 (22-58)

128 (93-161)

12 to 18 months

35 (21-53)

123 (88-156)

18 to 24 months

31 (19-46)

116 (82-149)

2 to 3 years

28 (18-38)

110 (76-142)

3 to 4 years

25 (17-33)

104 (70-136)

4 to 6 years

23 (17-29)

98 (65-131)

6 to 8 years

21 (16-27)

91 (59-123)

8 to 12 years

19 (14-25)

84 (52-115)

12 to 15 years

18 (12-23)

78 (47-108)

15 to 18 years

16 (11-22)

73 (43-104)

* The respiratory and heart rates provided are based upon measurements in awake, healthy infants and children
at rest. Many clinical findings besides the actual vital sign measurement must be taken into account when
determining whether a specific vital sign is normal in an individual patient. Values for heart rate or respiratory
rate that fall within normal limits for age may still represent abnormal findings that are caused by underlying
disease in a particular infant or child.
Data from: Fleming S, Thompson M, Stevens R, et al. Normal ranges of heart rate and respiratory rate in
children from birth to 18 years of age: a systematic review of observational studies. Lancet 2011; 377:1011.
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Initial management of shock in children
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DKA: diabetic ketoacidosis.
* For possible cardiogenic shock with hypovolemia, give 5 to 10 mL/kg of isotonic fluids (eg, normal saline or
Ringers lactate), infused over 10 to 20 minutes. Evaluate target endpoints and slowly give another 5 to 10
mL/kg if there has been improvement or no change. For patients with diabetic ketoacidosis, give 10 mL/kg of
isotonic fluids over one hour.
¶ Such as inotropes or vasodilators. For newborns, prostaglandin E 1 .
Δ For patients with DKA who do not improve with 20 mL/kg, look for another cause of shock before
administering additional crystalloid. For possible cardiogenic shock, slowly give another 5 to 10 mL/kg if there
has been improvement or no change.
◊ Dopamine if normotensive, norepinephrine if hypotensive and vasodilated, and epinephrine if hypotensive

and vasoconstricted.
Adapted from: Carcillo JA, Fields AI. Clinical practice parameters for hemodynamic support of pediatric and
neonatal patients in septic shock. Crit Care Med 2002; 30:1365.
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Chest radiography of an infant with critical coarctation of the aorta and
heart failure

This is a chest radiograph of a newborn infant who presented with respiratory distress. Image A is a
frontal radiograph of the chest demonstrating pulmonary edema caused by critical coarctation of the
descending aorta, which was diagnosed by echocardiography. Image B is the lateral chest radiograph from
the same patient.
Courtesy of Lachlan Smith, MD.
Graphic 88511 Version 1.0
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Chest radiograph in a six-year-old patient with a large
secundum atrial septal defect

The chest radiograph demonstrates moderate cardiomegaly with increased
convexity of the right side of the heart (arrowheads). There is a large pulmonary
outflow tract (arrow) and increased pulmonary vascularity. These findings are
consistent with the presence of a large left-to-right shunt.
ASD: atrial septal defect.
Graphic 93805 Version 1.0
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Chest radiograph of 13-year-old boy with dilated cardiomyopathy

Chest radiograph demonstrating cardiomegaly and pulmonary interstitial edema in a 13-yearold boy with dilated cardiomyopathy.
Graphic 63664 Version 2.0
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Chest radiograph of an adolescent with viral myocarditis

Anterior-posterior (AP) chest radiograph of an adolescent with viral myocarditis. The child was a previously
healthy 15-year-old boy who presented with severe chest pain in the setting of a viral prodrome. Chest
radiograph demonstrates mild cardiomegaly, bilateral pleural effusions, prominence of the central pulmonary
vessels, and interstitial haziness, suggestive of pulmonary edema.
Graphic 111231 Version 1.0
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Chest radiograph of a child with fulminant viral myocarditis

Anterior-posterior (AP) chest radiograph of a child with fulminant viral myocarditis. The child was a previously
healthy 9-year-old girl who presented with progressive orthopnea, cough, and respiratory distress following
two weeks of a viral prodrome. Chest radiograph demonstrates bilateral lung opacities, sizable bilateral
pleural effusions, and borderline cardiomegaly. The child presented in severe distress and suffered
cardiopulmonary arrest shortly after arrival to the emergency department. Management included inotropic
support, diuretic therapy, placement of bilateral chest tubes, and intravenous immune globulin. She
subsequently made a full recovery.
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Left ventricular hypertrophy (LVH) with strain pattern

The ST-T wave abnormalities secondary to LVH (often termed "strain") are most often seen in
the anterolateral leads (eg, I, aVL, V4-V6). Typical abnormalitites include a horizontal or
downsloping ST segment and T wave inversions. In some cases there is concavity to the ST
segment which has a final downward turn that blends into an inverted T wave.
Graphic 76497 Version 5.0

Normal ECG

Normal electrocardiogram showing normal sinus rhythm at a rate of 75 beats/min, a PR interval of
0.14 sec, a QRS interval of 0.10 sec, and a QRS axis of approximately 75°.
Courtesy of Ary Goldberger, MD.
Graphic 76183 Version 3.0
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Electrocardiogram of 13-year-old boy with dilated cardiomyopathy

Electrocardiogram demonstrating increased QRS voltage with ST segment and T wave abnormalities in
a 13-year-old boy with dilated cardiomyopathy.
Graphic 53365 Version 2.0
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Electrocardiogram in a 17-year-old female with myocarditis

Electrocardiogram demonstrating decreased QRS voltage with ST segment and T wave abnormalities in
a 17-year-old female with myocarditis.
Graphic 63132 Version 2.0
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Electrocardiogram in a 10-week-old infant with anomalous left coronary
arising off the pulmonary artery (ALCAPA)

Electrocardiogram demonstrating deep q waves in inferior and lateral leads (I, aVL, and V5-V6) with ST
segment and T wave abnormalities in a 10-week-old female with ALCAPA.
Graphic 51869 Version 3.0

https://www.uptodate.com/contents/heart-failure-in-children-etiology-clinical-manifestations-and-diagnosis/print?source=search_result&search=PEDI…

39/40

8/30/2017

Heart failure in children: Etiology, clinical manifestations, and diagnosis - UpToDate

Contributor Disclosures
Rakesh K Singh, MD, MS Nothing to disclose TP Singh, MD, MSc Nothing to disclose John K
Triedman, MD Consultant/Advisory Boards: Biosense Webster [supraventricular and ventricular
topics (EP mapping and ablation systems)]. Carrie Armsby, MD, MPH Nothing to disclose
Contributor disclosures are reviewed for conflicts of interest by the editorial group. When found,
these are addressed by vetting through a multi-level review process, and through requirements for
references to be provided to support the content. Appropriately referenced content is required of all
authors and must conform to UpToDate standards of evidence.
Conflict of interest policy

https://www.uptodate.com/contents/heart-failure-in-children-etiology-clinical-manifestations-and-diagnosis/print?source=search_result&search=PEDI…

40/40

8/30/2017

Initial evaluation of shock in children - UpToDate

Official reprint from UpToDate®
www.uptodate.com ©2017 UpToDate®

Initial evaluation of shock in children
Author: Mark Waltzman, MD
Section Editor: Susan B Torrey, MD
Deputy Editor: James F Wiley, II, MD, MPH

All topics are updated as new evidence becomes available and our peer review process is complete.
Literature review current through: Jul 2017. | This topic last updated: Feb 27, 2017.
INTRODUCTION — This topic will review the initial evaluation of children with shock and focus on the
clinical features that identify and classify shock and can be used to evaluate response to treatment.
The physiology, classification, and initial management of pediatric shock, including the evaluation and
management of specific types of pediatric shock are discussed separately:
● (See "Pathophysiology and classification of shock in children".)
● (See "Initial management of shock in children".)
● (See "Systemic inflammatory response syndrome (SIRS) and sepsis in children: Definitions,
epidemiology, clinical manifestations, and diagnosis".)
● (See "Septic shock: Rapid recognition and initial resuscitation in children" and "Septic shock:
Ongoing management after resuscitation in children".)
● (See "Hypovolemic shock in children: Initial evaluation and management".)
DEFINITION — Shock is a dynamic and unstable pathophysiologic state characterized by inadequate
tissue perfusion. Shock develops as the result of conditions that cause decreased intravascular
volume, abnormal distribution of intravascular volume, and/or impaired cardiovascular function.
Aggressive treatment within the first few hours after presentation may prevent the invariable
progression and poor outcome that characterize the natural clinical course of shock, manifested
clinically by end-organ damage, failure of multiple organ systems, and death. (See "Pathophysiology
and classification of shock in children", section on 'Physiologic determinants' and "Pathophysiology
and classification of shock in children", section on 'Stages of shock'.)
EPIDEMIOLOGY — Clinical experience suggests that frequent causes of shock among children
include hypovolemia from diarrheal disease or traumatic hemorrhage and sepsis:
● Hypovolemia from gastroenteritis is the most common cause of pediatric shock worldwide [1].
Widespread use of oral rehydration therapy has substantially reduced mortality in developing
countries, although this intervention continues to be underutilized in some developed countries.
(See "Oral rehydration therapy", section on 'Efficacy'.)
https://www.uptodate.com/contents/initial-evaluation-of-shock-in-children/print?source=search_result&search=PEDIATRIC%20SHOCK&selectedTitle…
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● Trauma, including hemorrhagic shock, also remains a significant cause of death in children [2].
● In addition, severe sepsis occurs frequently in children around the world, especially low birth
weight newborns and infants younger than one month of age, immunosuppressed patients, and
children with chronic debilitating disease. (See "Systemic inflammatory response syndrome
(SIRS) and sepsis in children: Definitions, epidemiology, clinical manifestations, and diagnosis",
section on 'Epidemiology'.)
Cardiogenic and obstructive shock occur much less frequently in children. However, clinicians must
consider these etiologies since they are typically not fluid responsive and require specific therapies [3].
Common causes of cardiogenic shock in children include (table 1) [3]:
● Sepsis (see "Septic shock: Rapid recognition and initial resuscitation in children", section on
'Fluid-refractory shock')
● Congenital heart disease and heart failure (see "Heart failure in children: Etiology, clinical
manifestations, and diagnosis")
● Myocarditis (see "Clinical manifestations and diagnosis of myocarditis in children", section on
'Clinical manifestations')
● Cardiomyopathy (see "Familial dilated cardiomyopathy: Prevalence, diagnosis and treatment",
section on 'Diagnosis of familial DCM')
● Poisoning or drug toxicity (table 2)
● Brady- or tachyarrhythmias (see "Pediatric advanced life support (PALS)", section on 'Bradycardia
algorithm' and "Pediatric advanced life support (PALS)", section on 'Tachycardia algorithm')
● Thoracic trauma with blunt cardiac injury (see "Overview of intrathoracic injuries in children",
section on 'Blunt cardiac injury')
Obstructive shock can be caused by cardiac tamponade, tension pneumothorax, ductal dependent
congenital cardiac lesions, or massive pulmonary embolism (table 1). (See "Pathophysiology and
classification of shock in children", section on 'Obstructive shock'.)
PATHOPHYSIOLOGY — The physiologic determinants and stages of shock are discussed separately.
(See "Pathophysiology and classification of shock in children", section on 'Physiologic determinants'
and "Pathophysiology and classification of shock in children", section on 'Stages of shock'.)
Shock can develop from a variety of conditions that result in the following:
● Insufficient circulating blood volume (preload)
● Changes in vascular resistance (afterload)
● Heart failure (contractility)
● Obstruction to blood flow
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The pathophysiologic consequences of inadequate circulation may be compounded by conditions
(such as fever from infection or increased work of breathing from injury) that increase tissue metabolic
needs.
Deleterious effects of decreased tissue perfusion include [4]:
● Poor perfusion of vital organs results in impaired function. For example, inadequate perfusion of
the brain and kidneys can cause depressed mental status and low urine output, respectively.
● Lactic acid accumulates as cells switch to anaerobic metabolism to generate energy. Increased
lactic acid in tissues causes metabolic acidosis, which interferes with cell and organ function.
● Hypoperfusion initiates inflammatory events (such as the activation of neutrophils and release of
cytokines) that disrupt the microcirculation and contribute to tissue injury. Adrenergic stress
responses that are activated to compensate for decreased tissue perfusion and increased
metabolic demand include the following:
● Blood flow to vital organs is preserved through stimulation of the heart (tachycardia and increased
contractility) by the sympathetic nervous system and increased peripheral vasoconstriction
(increased systemic vascular resistance and venous tone) mediated by the sympathetic nervous
and renin-angiotensin systems.
● Hormones such as catecholamines, corticosteroids, and glucagon initiate increased liver
glycolysis and lipolysis to maintain cell energy sources, causing an increase in lactic acid
production.
The classification of shock is based upon the physiologic mechanisms that result in decreased tissue
perfusion (table 3). This classification has important consequences for management decisions. (See
"Pathophysiology and classification of shock in children", section on 'Classification' and "Initial
management of shock in children", section on 'Specific management decisions'.)
Classification of pediatric shock and typical causes include the following [3]:
● Hypovolemic shock – Hypovolemic shock is the most common type of shock in children.
Causes include fluid and electrolyte loss (as from gastroenteritis or osmotic diuresis), hemorrhage
(as from trauma), capillary leak (as from bowel obstruction or burns), inadequate fluid intake, and
insensible losses (eg, fever, tachypnea, or burns). (See "Hypovolemic shock in children: Initial
evaluation and management", section on 'Etiology'.)
By definition, preload is decreased in hypovolemic shock. Systemic vascular resistance may be
increased as the result of compensatory mechanisms. Cardiac contractility is typically normal.
(See "Hypovolemic shock in children: Initial evaluation and management", section on
'Pathophysiology and classification'.)
● Distributive shock – Distributive shock physiologically refers to a condition in which systemic
vascular resistance is initially decreased. It may occur as the result of sepsis, anaphylaxis, or
neurologic injury. (See "Pathophysiology and classification of shock in children", section on
'Distributive shock'.)
https://www.uptodate.com/contents/initial-evaluation-of-shock-in-children/print?source=search_result&search=PEDIATRIC%20SHOCK&selectedTitle…
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With sepsis and anaphylaxis, volume depletion may also develop because of losses related to the
underlying infection (septic shock), or inflammatory cascade (anaphylaxis). Both processes are
associated with increased capillary permeability with loss of plasma from the intravascular space
into the tissues. Myocardial dysfunction can also contribute to poor tissue perfusion.
In septic shock, abnormal distribution of blood flow as the result of changes in vasomotor tone
causes inappropriate tissue perfusion (such as decreased splanchnic circulation with increased
flow to skin and muscle). Systemic vascular resistance (SVR) may be low, producing increased
blood flow to skin and a wide pulse pressure (warm shock) or SVR may be increased, in which
case, blood flow to skin is decreased and the pulse pressure is narrow (cold shock). (See
"Systemic inflammatory response syndrome (SIRS) and sepsis in children: Definitions,
epidemiology, clinical manifestations, and diagnosis", section on 'Clinical manifestations'.)
Neurogenic shock may develop in a child with a high spinal cord injury (above the sixth thoracic
spinal level) [3]. Uncontrolled vasodilation occurs as the result of the sudden loss of sympathetic
tone. Compensatory sympathetic mechanisms (such as tachycardia and peripheral
vasoconstriction) are absent. (See "Evaluation of cervical spine injuries in children and
adolescents", section on 'Physical examination'.)
● Cardiogenic shock – Cardiogenic shock results from pump failure because of intrinsic cardiac
disease (eg, congenital heart disease, myocarditis, myocardial contusion, myocardial ischemia,
cardiomyopathy, or arrhythmia (table 1)). Physiologic features of cardiogenic shock include
tachycardia, increased systemic vascular resistance, and decreased cardiac output [3]. (See
"Pathophysiology and classification of shock in children", section on 'Cardiogenic shock'.)
● Obstructive shock – Obstructive shock describes physical obstruction of systemic blood flow
from the heart which causes abrupt impairment of cardiac output (table 1). Causes of obstructive
shock include cardiac tamponade, tension pneumo- or hemothorax and massive pulmonary
embolism. Infants with ductal-dependent congenital heart lesions, such as coarctation of the aorta
and hypoplastic left ventricle syndrome, may also present in shock when the ductus arteriosus
closes during the first few weeks of life. Conditions that cause obstructive shock must be
recognized quickly because they generally require specific treatment. (See "Pathophysiology and
classification of shock in children", section on 'Obstructive shock' and "Approach to the illappearing infant (younger than 90 days of age)", section on 'Initial stabilization'.)
For any given condition that can cause shock, the classification may be mixed. Patients with
distributive shock, in particular, often have multiple physiologic abnormalities. As an example, children
with distributive shock from sepsis may also have volume loss (from vomiting, diarrhea, poor intake, or
increased insensible fluid loss from tachypnea and fever) and myocardial depression from the effect of
inflammatory mediators released in response to infection [3]. (See 'Clinical classification of shock'
below.)
EVALUATION — Children can compensate for circulatory dysfunction (primarily by increasing heart
rate, systemic vascular resistance, and venous tone) and maintain normal blood pressures despite
significantly compromised tissue perfusion. Consequently, hypotension is a very late and ominous
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finding [3,5]. The challenge for the clinician is to recognize children in shock early (before they develop
hypotension), when they are more likely to respond favorably to treatment.
Although the cause of shock may not be initially apparent, treatment must begin immediately. A
systematic approach to the evaluation of children with evidence of poor perfusion typically identifies
features of the history, physical examination, and ancillary studies that suggest the underlying
condition (algorithm 1).
The goals of the initial evaluation of shock in children include:
● Immediate identification of life-threatening conditions (eg, tension pneumothorax, hemothorax,
cardiac tamponade, or pulmonary embolism)
● Rapid recognition of circulatory compromise
● Early classification of the type and cause of shock
The initial management of undifferentiated shock is provided in the algorithm and discussed in detail
separately (algorithm 2). (See "Initial management of shock in children".)
A general approach to the assessment of airway, ventilatory, and circulatory function in children is
reviewed separately. (See "Initial assessment and stabilization of children with respiratory or
circulatory compromise", section on 'Initial assessment' and "Emergency endotracheal intubation in
children" and "Assessment of perfusion in pediatric resuscitation".)
Rapid assessment — The pediatric assessment triangle (PAT) provides a quick evaluation of
appearance, breathing, and circulation for acutely ill or injured children that should identify conditions
that require immediate intervention.
Features of the PAT that are specific for the evaluation of shock include:
Appearance — Significant changes in appearance (such as poor tone, unfocused gaze, or weak
cry) may be indicators of decreased cerebral perfusion. Subtle differences in appearance (such as
decreased responsiveness to caretakers or painful procedures) may also be important indicators of
shock.
Breathing — A child with depressed mental status as the result of shock may not be able to
maintain a patent airway. Tachypnea without respiratory distress can develop in response to metabolic
acidosis. Children with cardiogenic shock typically have some increased work of breathing in addition
to tachypnea.
Children with severe respiratory distress and signs of circulatory compromise may have obstructive
shock and require life-saving interventions to treat one of the following:
● Tension pneumothorax – Signs of tension pneumothorax include respiratory distress, decreased
breath sounds over the involved hemithorax, subcutaneous air, and distended neck veins.
Children with tension pneumothorax frequently have sustained thoracic trauma, although a
spontaneous pneumothorax can also develop tension. Treatment consists of needle
decompression followed by chest tube thoracostomy. (See "Initial evaluation and stabilization of
https://www.uptodate.com/contents/initial-evaluation-of-shock-in-children/print?source=search_result&search=PEDIATRIC%20SHOCK&selectedTitle…
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children with thoracic trauma", section on 'Initial rapid assessment' and "Initial evaluation and
stabilization of children with thoracic trauma", section on 'Chest decompression'.)
● Cardiac tamponade – Features that may be seen with cardiac tamponade include respiratory
distress, muffled heart tones, pulsus paradoxus, and distended neck veins. Cardiac tamponade
can occur as the result of penetrating thoracic trauma or from the accumulation of fluid as the
result of infection, malignancy, or following cardiac surgery (movie 1). Pericardiocentesis is
emergently indicated. (See "Causes of acute respiratory distress in children", section on 'Cardiac
tamponade' and "Emergency pericardiocentesis".)
● Ductal-dependent congenital heart disease – Infants with ductal-dependent congenital heart
disease may have respiratory distress, circulatory collapse, cyanosis not responsive to oxygen
administration, cardiomegaly, and/or a pulse or blood pressure gradient between the upper and
lower extremities which may occur abruptly as the ductus arteriosus closes. Although timing
varies, it is most common in neonates between one and three weeks after birth. Identification and
management of infants with congenital heart disease is discussed separately. (See "Identifying
newborns with critical congenital heart disease" and "Diagnosis and initial management of
cyanotic heart disease in the newborn", section on 'Initial management'.)
● Massive pulmonary embolism (PE) – Findings that suggest PE include cyanosis, respiratory
distress, and pleuritic chest pain. PE occurs uncommonly in children. There is typically a
predisposing condition (such as a central venous access device or an inherited hypercoagulable
state). (See "Venous thrombosis and thromboembolism in infants and children: Risk factors and
clinical manifestations", section on 'Pulmonary embolism'.)
Circulation — Poor perfusion can often be identified rapidly, before a blood pressure
measurement is taken. Features of circulation that should be quickly evaluated include:
● Quality of central and peripheral pulses – Decreased intensity of distal pulses in comparison to
central pulses suggests peripheral vasoconstriction and compensated shock. (See "Assessment
of perfusion in pediatric resuscitation", section on 'Peripheral versus central pulses'.)
Bounding pulses may be present in patients with distributive (“warm”) shock.
● Skin temperature – Skin may be mottled or cool in children with compensated shock, but this
finding can also be influenced by environmental temperature.
● Capillary refill – Capillary refill greater than two seconds suggests shock [6]. The usefulness of
capillary refill is limited by interobserver variability and by the effect of environmental temperature.
(See "Assessment of perfusion in pediatric resuscitation", section on 'Skin examination and
capillary refill'.)
Flash capillary refill (<1 second) may be present in patients with distributive (“warm”) shock.
● Heart rate – Tachycardia is frequently present (table 4) although a normal or low heart rate with
signs of compensated or hypotensive shock can occur with cervical or high thoracic spinal cord
injury.
https://www.uptodate.com/contents/initial-evaluation-of-shock-in-children/print?source=search_result&search=PEDIATRIC%20SHOCK&selectedTitle…

6/34

8/30/2017

Initial evaluation of shock in children - UpToDate

Hypoxia and some poisonings (eg, ingestion of beta blockers, calcium channel blockers, cardiac
glycosides, opioids, or benzodiazepines) can cause bradycardia (table 2). Bradycardia can also
be an agonal event for patients with shock from any cause.
A more general discussion of the PAT is provided separately. (See "Initial assessment and stabilization
of children with respiratory or circulatory compromise", section on 'Pediatric assessment triangle'.)
History — The following historical features may identify the condition causing shock:
● A history of fluid loss (due to gastroenteritis, diabetic ketoacidosis, or a gastrointestinal bleed) is
consistent with hypovolemic shock. (See "Hypovolemic shock in children: Initial evaluation and
management", section on 'History'.)
● Children who have been injured may have hypovolemic shock from hemorrhage (eg, solid organ
injury from blunt abdominal trauma), obstructive shock (eg, tension pneumothorax or cardiac
tamponade), and/or neurogenic shock (eg, spinal cord injury). (See "Trauma management:
Approach to the unstable child", section on 'Circulation'.)
● Fever and/or immunocompromise (due to chemotherapy, sickle cell disease, or inherited
immunodeficiencies) may indicate septic shock. (See "Septic shock: Rapid recognition and initial
resuscitation in children", section on 'Rapid recognition'.)
● A history of exposure to an allergen (eg, a bee sting or food) suggests anaphylactic shock.
● Shock may develop as the result of exposure to toxins (eg, iron, arsenic, beta blockers, calcium
channel blockers, or cardiac glycosides).
● Patients with chronic heart disease (eg, cardiomyopathy or complex congenital heart disease)
may develop cardiogenic shock.
● Adrenal crisis must be considered in a patient at risk for adrenal insufficiency (eg, patients
receiving chronic steroid therapy, hypopituitarism, neonates with congenital adrenal disease, or
sepsis) (table 5). (See "Diagnosis of adrenal insufficiency in children" and "Treatment of adrenal
insufficiency in children".)
Physical examination — A complete physical examination, including vital signs with pulse oximetry,
should be performed (table 6 and table 4).
An accurate weight is essential for determining fluid requirements and medication doses. The child's
length provides a reasonable estimate of weight when a weight cannot be measured. (See "Initial
assessment and stabilization of children with respiratory or circulatory compromise", section on
'Estimation of weight'.)
Abnormal vital signs provide essential information regarding the severity, classification, and cause of
shock.
● Respiratory rate – Children with shock are usually tachypneic. Capnography may be helpful for
identifying hyperventilation in response to metabolic acidosis [7]. A falsely low EtCO2 can also
https://www.uptodate.com/contents/initial-evaluation-of-shock-in-children/print?source=search_result&search=PEDIATRIC%20SHOCK&selectedTitle…
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occur in the setting of poor pulmonary perfusion as a component of the shock state. (See "Carbon
dioxide monitoring (capnography)".)
● Heart rate – In children, sinus tachycardia is a consistent sign of shock (except for patients with
cardiogenic shock from a bradyarrhythmia or spinal cord injury). For patients with compensated
shock, it may be the only abnormal vital sign. Other causes of tachycardia with poor perfusion in
children include:
• Supraventricular tachycardia (SVT) – With SVT, the heart rate is typically >220 beats per
minute for infants, >180 beats per minute for older children and adolescents, and relentlessly
regular (table 7 and waveform 1). Pediatric treatment is discussed in the algorithm and
provided separately (algorithm 3). (See "Management of supraventricular tachycardia in
children".)
• Ventricular tachycardia (VT) – VT is an uncommon rhythm in children that can be identified
by electrocardiogram (waveform 2). Initial pediatric treatment is provided in the algorithm and
discussed separately (algorithm 3). (See "Management and evaluation of wide QRS complex
tachycardia in children", section on 'Stable patient'.)
● Blood pressure – Children with shock may have normal blood pressures. Hypotension must be
rapidly identified, because those with low blood pressures typically deteriorate rapidly to
cardiovascular collapse and cardiopulmonary arrest [3]. Measurement with a manual cuff may be
more accurate for children with circulatory compromise. Blood pressures determined with
automated oscillometric devices can be higher than those using manual devices, particularly for
hypotensive patients [8]. For children with normal systolic blood pressures, the classification of
shock may be suggested by changes in the pulse pressure.
• Narrow pulse pressure (typically <30 mmHg in older children and adults) occurs when
diastolic blood pressure is increased as the result of a compensatory increase in systemic
vascular resistance (such as with hypovolemic and cardiogenic shock).
• Widening of pulse pressure (typically >40 mmHg in older children and adults; lower pulse
pressures may reflect widening in infants and neonates) can be seen when diastolic blood
pressure is decreased as the result of decreased systemic vascular resistance (as can occur
with distributive shock).
● Temperature – Fever (or hypothermia in young infants) is often consistent with septic shock.
Additional features of the physical examination that suggest the etiology of shock include the
following:
● Stridor, wheezing, or abnormal breath sounds – Children with stridor or wheezing may have
anaphylaxis. Those with crackles may have a pneumonia (septic shock) or heart failure
(cardiogenic shock). Those with asymmetric breath sounds may have a tension pneumothorax.
Airway obstruction from other causes (such as foreign body aspiration or status asthmaticus) may
lead to cardiovascular collapse from hypoxemia.
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● Distended neck veins – Distended neck veins suggest an abnormality of cardiac contractility
with heart failure, or obstruction to venous return caused by cardiac tamponade or tension
pneumo- or hemothorax.
● Abnormal heart sounds – Cardiogenic shock is suggested by cardiac murmurs or a gallop
rhythm. Muffled heart tones suggest pericardial fluid and, when accompanied by pulsus
paradoxus identifies cardiac tamponade.
● Pulse differential – Decreased pulses and/or blood pressure in the lower extremities when
compared to the upper extremities suggests coarctation of the aorta or other structural heart
disease.
● Hepatomegaly – Hepatic congestion and resulting hepatomegaly can be seen with heart failure.
● Abnormal abdominal findings – Abdominal distention, masses, or tenderness is consistent with
an abdominal catastrophe such as bowel obstruction, perforation, or peritonitis. Inflicted injury
should be considered in the absence of a plausible history of trauma.
● Abnormal skin findings – Urticaria or facial edema suggests anaphylaxis but is not a consistent
finding in severe reactions. Purpura can be seen with septic shock. Bruises and/or abrasions may
be noted with trauma.
Ancillary studies — Selected ancillary studies may be useful for successfully treating shock,
identifying the etiology, and monitoring response to treatment. Ancillary studies should be
simultaneously obtained with rapid assessment and treatment based upon the most likely etiology for
shock as follows:
● Hypovolemic shock without hemorrhage (see "Hypovolemic shock in children: Initial
evaluation and management", section on 'Ancillary data') – Suggested studies for patients with
significant hypovolemic shock reflecting more than 10 percent dehydration include:
• Rapid blood glucose
• Serum electrolytes
• Blood lactate
• Urine dipstick
• Chest radiograph for patients without rapid improvement after 60 mL/kg of isotonic fluid
administration
• Two view abdominal radiograph for patients with abdominal findings that suggest possible
perforation or obstruction
Serum lactate is a marker of tissue perfusion and has been used to measure the severity of shock
in patients with sepsis. Lactate clearance has been used to monitor the response to therapy.
Although not specifically studied in hypovolemic shock, blood lactate may also be an indicator of
severity of illness and lactate clearance a measure of response to fluid therapy. The role of serum
lactate and other studies for children with suspected septic shock are discussed in more detail
separately. (See "Systemic inflammatory response syndrome (SIRS) and sepsis in children:
Definitions, epidemiology, clinical manifestations, and diagnosis", section on 'Laboratory studies'
https://www.uptodate.com/contents/initial-evaluation-of-shock-in-children/print?source=search_result&search=PEDIATRIC%20SHOCK&selectedTitle…
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and "Systemic inflammatory response syndrome (SIRS) and sepsis in children: Definitions,
epidemiology, clinical manifestations, and diagnosis", section on 'Imaging'.)
A urine dipstick reading provides a quick measure of specific gravity, ketones, and glucose.
Glycosurias with ketonuria suggests diabetic ketoacidosis.
A chest radiograph in children with suspected hypovolemic shock who do not rapidly improve
after up to 60 mL/kg of isotonic fluid administration is also suggested. If the heart size is small,
then additional bolus fluid administration is indicated. In contrast, if the heart is big, then fluid
therapy should be moderated and additional types of shock (eg, septic or cardiogenic shock) may
be present and warrant specific therapy. (See "Septic shock: Rapid recognition and initial
resuscitation in children" and "Initial management of shock in children", section on 'Specific
management decisions'.)
For patients with abdominal findings and possible third spacing, plain radiography of the abdomen
may identify signs of bowel obstruction or perforation. Additional studies are usually warranted to
establish a definitive diagnosis (eg, ultrasound for intussusception or upper gastrointestinal series
for malrotation). (See "Intussusception in children", section on 'Diagnosis' and "Acute appendicitis
in children: Diagnostic imaging" and "Intestinal malrotation in children", section on 'Diagnosis'.)
● Hypovolemic shock with hemorrhage – In addition to the above studies, patients with
hemorrhagic hypovolemic shock warrant the following:
• Hematocrit
• Arterial or venous blood gas measurements
• Type and cross match (patients with trauma and hemorrhagic shock)
• Coagulation studies (platelet count, prothrombin time [PT] with international normalized ratio
[INR], and activated partial thromboplastin time [PTT])
• Chest radiograph
• Bedside focused assessment with sonography for trauma (FAST)
For patients with traumatic hemorrhagic shock, a chest radiograph may also identify intrathoracic
bleeding (ie, hemothorax) or other obstructive causes for shock, such as tension pneumothorax
or pericardial effusion. (See "Trauma management: Approach to the unstable child", section on
'Screening radiographs'.)
Bedside focused assessment with sonography for trauma (FAST) can rapidly identify pericardial
effusion and serious intraabdominal hemorrhage. Additional imaging is typically warranted for
these patients to better define sites of bleeding. The approach to imaging in the pediatric trauma
patient is discussed separately. (See "Trauma management: Approach to the unstable child",
section on 'Adjuncts to the primary survey' and "Trauma management: Approach to the unstable
child", section on 'Adjuncts to the secondary survey'.)
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● Sepsis and septic shock – Suggested laboratory studies for children with sepsis and septic
shock are discussed in detail separately and include (see "Systemic inflammatory response
syndrome (SIRS) and sepsis in children: Definitions, epidemiology, clinical manifestations, and
diagnosis", section on 'Laboratory studies'):
• Rapid blood glucose
• Arterial or venous blood gas
• Complete blood count with differential
• Blood lactate
• Serum electrolytes
• Blood urea nitrogen and serum creatinine
• Ionized blood calcium
• Serum total bilirubin and alanine aminotransferase
• PT and INR
• PTT
• Fibrinogen and D-dimer
• Blood culture
• Urinalysis
• Urine culture
• Other cultures as indicated by clinical findings
• Diagnostic serologic testing as indicated to identify suspected sources of infection
• Inflammatory biomarkers (eg, C-reactive protein, procalcitonin) in selected cases
Children with tachypnea, rales, wheezing, hypoxemia, or white blood cell count greater than
20,000/mm3 warrant a chest radiograph to identify bronchopneumonia, pulmonary edema, and
heart size. Cardiomegaly suggests fluid overload or congenital heart disease. (See "Systemic
inflammatory response syndrome (SIRS) and sepsis in children: Definitions, epidemiology, clinical
manifestations, and diagnosis", section on 'Imaging'.)
Other imaging may be appropriate depending upon clinical findings. For example, computed
tomography of the head may be necessary in the patient with evidence of coagulopathy and
altered mental status to evaluate for intracranial hemorrhage; ultrasound or computed
tomography of the abdomen may be indicated to evaluate for intra-abdominal abscess. (See
"Systemic inflammatory response syndrome (SIRS) and sepsis in children: Definitions,
epidemiology, clinical manifestations, and diagnosis", section on 'Imaging'.)
● Cardiogenic shock – Children with a history of congenital or acquired heart disease, abnormal
cardiac examinations, cardiomegaly on chest radiograph, or who are not improving with initial
treatment should receive 12-lead electrocardiograms (ECG) to evaluate for heart failure or signs
of ischemia. Depending upon specific findings, consultation with a pediatric cardiologist and
echocardiography may also be warranted.
Cardiac arrhythmias may be suspected based upon heart rate and waveform during continuous
monitoring. However, a 12-lead ECG is necessary to fully characterize the arrhythmia. (See
https://www.uptodate.com/contents/initial-evaluation-of-shock-in-children/print?source=search_result&search=PEDIATRIC%20SHOCK&selectedTitle…
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"Supraventricular tachycardia in children: AV reentrant tachycardia (including WPW) and AV
nodal reentrant tachycardia", section on 'Diagnosis' and "Management and evaluation of wide
QRS complex tachycardia in children".)
● Obstructive shock – Although chest radiograph or computed tomography of the chest can be
diagnostic, whenever possible, tension pneumo- and hemothorax should be identified clinically or
by emergent bedside ultrasonography and rapidly treated by chest tube thoracostomy. (See
"Placement and management of thoracostomy tubes", section on 'Indications' and "Imaging of
pneumothorax", section on 'Identifying a pneumothorax'.)
In unstable patients, bedside ultrasound can also identify pericardial fluid and guide
pericardiocentesis in patients with cardiac tamponade. (See "Emergency pericardiocentesis",
section on 'Ultrasound-guided pericardiocentesis technique'.)
Computed tomographic pulmonary angiography provides definitive diagnostic imaging for
pulmonary embolism (PE) but should only be performed in patients who respond to the initial
treatment of shock (oxygenation, intravenous fluid resuscitation, and vasopressor support). In
patients who remain unstable despite adequate resuscitation and in whom the suspicion for
pulmonary embolus is high, definitive testing is typically considered unsafe. Bedside transthoracic
or transesophageal ultrasonography may be used in such patients to establish a presumptive
diagnosis of PE and used to justify administration of thrombolytic therapy. (See "Clinical
presentation, evaluation, and diagnosis of the nonpregnant adult with suspected acute pulmonary
embolism", section on 'Hemodynamically unstable patients'.)
CLINICAL CLASSIFICATION OF SHOCK — Once the initial evaluation is completed, a constellation
of clinical characteristics suggest a specific type of shock (algorithm 1). A patient may have more than
one type of shock (such as an infant with cardiogenic shock from supraventricular tachycardia who is
also hypovolemic because he has been unable to drink, or a child with underlying cardiomyopathy
who is septic).
Findings that may be helpful include:
● Hypovolemic shock – History of volume loss (including hemorrhage associated with trauma),
narrow pulse pressure, signs of poor peripheral perfusion (decreased distal pulses, cool
extremities, prolonged capillary refill), small heart on chest radiograph (if one is obtained) (table
8). (See "Hypovolemic shock in children: Initial evaluation and management", section on
'Evaluation'.)
● Distributive shock – Vascular dilation typically causes a widened pulse pressure. Other features
associated with specific types of distributive shock include:
• Septic shock – History of fever or immunocompromise, variable peripheral perfusion
(vasodilation with warm shock, vasoconstriction with cold shock), purpuric rash, abnormal
white blood cell count, disseminated intravascular coagulation. (See "Systemic inflammatory
response syndrome (SIRS) and sepsis in children: Definitions, epidemiology, clinical
manifestations, and diagnosis", section on 'Diagnosis'.)
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• Anaphylactic shock – History of exposure to an allergen (such as a bee sting or food),
stridor, wheezing, wide pulse pressure, vasodilation, urticaria, facial edema. (See
"Anaphylaxis: Acute diagnosis", section on 'Definition and diagnosis'.)
• Neurogenic shock – History of trauma with severe head or cervical spine injury, hypotension
with wide pulse pressure, normal heart rate or bradycardia.
● Cardiogenic shock – History of heart disease (eg, corrected congenital heart disease or
cardiomyopathy), history of palpitations, signs of heart failure (eg, pulmonary rales,
hepatomegaly, gallop rhythm, distended jugular veins), or arrhythmia.
● Obstructive shock – History of thoracic trauma, deviation of the trachea, and distended neck
veins in a patient with tension pneumo- or hemo-thorax; muffled heart sounds and pulsus
paradoxus in a patient with cardiac tamponade; abrupt circulatory collapse in a patient with
pulmonary embolism caused by predisposition to thrombosis (eg sickle cell disease or congenital
thrombophilia); or abrupt onset of new heart murmur, shock, and/or cyanosis in a neonate with a
ductal dependent congenital heart lesion (eg, critical coarctation of the aorta or hypoplastic left
heart syndrome) within the first few weeks of life due to closure of the ductus arteriosus. (See
"Identifying newborns with critical congenital heart disease".)
MANAGEMENT — Definitive management of shock depends upon correct classification of the type of
shock present and definitive treatment of the underlying etiology. The initial management of
undifferentiated shock is provided in the algorithm and discussed in detail separately (algorithm 2).
(See "Initial management of shock in children".)
The initial management of hypovolemic and septic shock are discussed elsewhere. (See
"Hypovolemic shock in children: Initial evaluation and management", section on 'Management' and
"Septic shock: Rapid recognition and initial resuscitation in children", section on 'Resuscitation'.)
SUMMARY
● Shock develops as the result of conditions that cause decreased intravascular volume
(hypovolemic shock), abnormal distribution of intravascular volume (distributive shock), impaired
cardiovascular function (cardiogenic shock), or obstruction to cardiac output (obstructive shock)
(table 3). (See 'Pathophysiology' above.)
● The goals of the evaluation of shock are to identify life threatening conditions and to rapidly
recognize children with circulatory compromise so that treatment can be initiated before
hypotension develops. (See 'Evaluation' above.)
● Rapid assessment of appearance, breathing, and circulation should identify children with lifethreatening conditions, including hypotensive shock, obstructive causes of shock (eg, tension
pneumothorax, hemothorax, cardiac tamponade, or pulmonary embolism), and compensated
shock. (See 'Rapid assessment' above.)
● Clinical features and ancillary studies often suggest the cause of shock and can be used to guide
management decisions (algorithm 1). (See 'Clinical classification of shock' above and 'Ancillary
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studies' above and "Initial management of shock in children", section on 'Specific management
decisions'.)
● Definitive management of pediatric shock depends upon correct classification of the type of shock
based upon clinical findings and definitive treatment of the underlying etiology. The initial
management of undifferentiated shock is provided in the algorithm and discussed in detail
separately (algorithm 2). (See "Initial management of shock in children" and "Hypovolemic shock
in children: Initial evaluation and management" and "Septic shock: Rapid recognition and initial
resuscitation in children" and "Septic shock: Ongoing management after resuscitation in
children".)
Use of UpToDate is subject to the Subscription and License Agreement.
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GRAPHICS
Causes of cardiogenic shock and obstructive shock in children
Trauma

Metabolic derangements

Hemopericardium with tamponade*

Acidosis

Blunt cardiac injury

Hyperkalemia

Myocardial contusion
Traumatic aneurysm
Traumatic septal defect

Hypocalcemia
Congenital organic acidemias

Chamber rupture

Late septic shock

Valvular rupture

Hypoxic or anoxic/ischemic injury

Tension pneumothorax*
Tension pneumopericardium*

Congenital heart disease
Critical aortic stenosis*
Critical coarctation of the aorta*
Mitral stenosis*
Mitral atresia*
Interrupted aortic arch*
Hypoplastic left heart*
Pulmonary hypotension
Severe heart failure secondary to congenital
heart disease
Postoperative cardiac surgery

Dysrhythmias

Hypothermia
Viral myocarditis
Cardiomyopathies
Dilated cardiomyopathies
Infiltrative cardiomyopathies
Mucopoylsaccharidosis
Glycogen storage diseases

Ischemic heart disease
Anomalous left coronary artery
Kawasaki disease
Myocardial infarction

Thyrotoxicosis
Pheochromocytoma

Supraventricular tachycardia
Ventricular tachycardia
Atrioventricular block
Junctional ectopic tachycardia
Bradycardia

Massive pulmonary embolus*
Drug toxicity
Beta blockers
Barbiturates
Chemotherapeutic agents
Calcium channel blockers
Radiation
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*Denotes that the condition primarily causes obstructive shock. All other conditions primarily cause cardiogenic
shock.
Data from:
1. Witte MK, Hill JH, Blumer JL. Adv Pediatr 1987; 34:139.
2. Perkin RM, Levin DL. Shock. In: Essentials of Pediatric Intensive Care, Levin DL, Morriss FC (Eds), Quality
Medical Pub, St. Louis, MO 1990. p.78.
3. Tobias JD. Shock in children: The first 60 minutes. Pediatr Ann 1996; 25:330.
4. Bengur AR, Meliones JN. Cardiogenic shock. New Horiz 1998; 6:139.
5. Bell LM. Shock. In: Textbook of Pediatric Emergency Medicine, Fleisher GR, Ludwig S, Henretig FM (Eds),
Lippincott Williams & Wilkins, Philadelphia 2000. p.47.
6. Williams TM. Indiana Med 1988; 81:18.
7. Hazinski MF, Barkin RM. Shock. In: Pediatric Emergency Medicine: Concepts and Clinical Practice, Barkin
RM (Ed), Mosby-Yearbook Inc, St. Louis, MO 1997. p.118.
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Drug- and toxin-induced changes in blood pressure and pulse
Hypertension with
tachycardia

Hypertension
with bradycardia

Hypotension with
tachycardia

Hypotension with
bradycardia

Sympathomimetics

Alpha-adrenergic
agonists

Beta-adrenergic
agonists

Beta-blockers

Amphetamines
Cocaine

Phenylpropanolamine

Theophylline

Ephedrine

Phenylephrine

Albuterol

Pseudoephedrine

Phentermine

Isoproterenol

Theophylline

Ergot alkaloids

Caffeine

Sumatriptan

Methylphenidate
Cathinones

Anticholinergics
Antihistamines
TCAs (early)
Phenothiazines (some)
Antiparkinson agents

Clonidine (early)
Guanfacine
Imidazolines
Tetrahydrozoline
Oxymetazoline

Cholinergic agents

Muscle relaxants

Organophosphates

Clozapine

Carbamates

Central hallucinogens

Steroid hormones

Designer amphetamines

Glucocorticoids

Lysergic acid
diethylamide (LSD)

Mineralocorticoids

Phencyclidine (PCP)

Progesterone

Synthetic cannabinoids

Androgens

Envenomations
Black widow spider bite
Scorpion stings

Drug withdrawal states
MAOIs (foods with
tyramine)

Estrogen

Yohimbine
Heavy metals

Terbutaline
Caffeine

Disulfiram reaction
(late)
Toxic alcohols
Isopropyl alcohol

Carbon monoxide
Alpha-adrenergic
antagonists

Calcium-channel
blockers
Cardiac glycosides
Digoxin
Digitalis purpurea
Oleander
Red squill
Bufotenin

Clonidine
Alpha-methyldopa
Cyanide
Carbon monoxide (late)

Phenothiazines

Opioids

TCAs

Sedative-hypnotics

Hydralazine

Heavy metals (acute)
Iron
Arsenic

Colchicine
Nitrates

Barbiturates
Benzodiazepines

Cholinergics
Organophosphates
Carbamates

Antiarrhythmics

Sodium nitroprusside

Lead

Disulfiram reaction
(early)

Nicotine
Cholinergic agents
(sometimes)
Organophosphates
Carbamates

Thyroid hormone
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Hemodynamic profiles of the types of shock in children
Physiologic
variable

Preload

Pump
function

Afterload

Tissue
perfusion

Tissue
perfusion

Clinical
measurement

Clinical signs*
or central
venous
pressure (if
measured)

Cardiac
output or
index ¶

Systemic
vascular
resistance

Capillary refill
time Δ

Mixed venous
oxygen
saturation ◊

Hypovolemic

↓

↓

↑

↑

Low

Cardiogenic

↑

↓

↑

↑

Low

Distributive

↓ or ↔

↑

↓

↓ (initial)

High

Obstructive

↑

↓

↑

↑

Low

* Clinical signs of decreased preload include tachycardia, tachypnea, decreased or absent peripheral pulses;
normal or weak central pulses; capillary refill time >2 seconds; skin that is pale, mottled, cold or diaphoretic;
dusky or pale extremities, altered mental status, decreased urine output, and flat jugular veins. Clinical signs of
increased preload include jugular venous distension, pulmonary edema, and hepatomegaly. These patients are
also typically tachycardic and poorly perfused. Refer to topics on evaluation of shock in children.
¶ Cardiac index (cardiac output per body surface area) is typically what is measured during clinical care.
Δ In patients with shock, capillary refill time >2 seconds is associated with low mixed venous oxygen saturation
while flash capillary refill suggests increased mixed venous oxygen saturation.
◊ A low mixed oxygen saturation is <70 percent when measured through a triple lumen catheter and <65 percent

when measured through a pulmonary artery catheter.
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Approach to the classification of undifferentiated shock in
children

Graphic 81356 Version 2.0
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DKA: diabetic ketoacidosis.
* For possible cardiogenic shock with hypovolemia, give 5 to 10 mL/kg of isotonic fluids (eg, normal saline or
Ringers lactate), infused over 10 to 20 minutes. Evaluate target endpoints and slowly give another 5 to 10
mL/kg if there has been improvement or no change. For patients with diabetic ketoacidosis, give 10 mL/kg of
isotonic fluids over one hour.
¶ Such as inotropes or vasodilators. For newborns, prostaglandin E 1 .
Δ For patients with DKA who do not improve with 20 mL/kg, look for another cause of shock before
administering additional crystalloid. For possible cardiogenic shock, slowly give another 5 to 10 mL/kg if there
has been improvement or no change.
◊ Dopamine if normotensive, norepinephrine if hypotensive and vasodilated, and epinephrine if hypotensive

and vasoconstricted.
Adapted from: Carcillo JA, Fields AI. Clinical practice parameters for hemodynamic support of pediatric and
neonatal patients in septic shock. Crit Care Med 2002; 30:1365.
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Pediatric respiratory rate and heart rate by age*

Age group

Respiratory rate

Heart rate

Median
(1st-99th percentile)

Median
(1st-99th percentile)

0 to 3 months

43 (25-66)

143 (107-181); term newborn at birth:
127 (90-164)

3 to 6 months

41 (24-64)

140 (104-175)

6 to 9 months

39 (23-61)

134 (98-168)

9 to 12 months

37 (22-58)

128 (93-161)

12 to 18 months

35 (21-53)

123 (88-156)

18 to 24 months

31 (19-46)

116 (82-149)

2 to 3 years

28 (18-38)

110 (76-142)

3 to 4 years

25 (17-33)

104 (70-136)

4 to 6 years

23 (17-29)

98 (65-131)

6 to 8 years

21 (16-27)

91 (59-123)

8 to 12 years

19 (14-25)

84 (52-115)

12 to 15 years

18 (12-23)

78 (47-108)

15 to 18 years

16 (11-22)

73 (43-104)

* The respiratory and heart rates provided are based upon measurements in awake, healthy infants and children
at rest. Many clinical findings besides the actual vital sign measurement must be taken into account when
determining whether a specific vital sign is normal in an individual patient. Values for heart rate or respiratory
rate that fall within normal limits for age may still represent abnormal findings that are caused by underlying
disease in a particular infant or child.
Data from: Fleming S, Thompson M, Stevens R, et al. Normal ranges of heart rate and respiratory rate in children
from birth to 18 years of age: a systematic review of observational studies. Lancet 2011; 377:1011.
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Rapid overview: Adrenal crisis in children and adolescents
Signs and symptoms that may indicate adrenal crisis:
• Hypotension or shock, particularly if disproportionate to apparent underlying illness
• Serum electrolyte abnormalities:
- Hyponatremia with or without hyperkalemia
- Metabolic acidosis
- Hypoglycemia

• Vomiting and diarrhea, sometimes with severe abdominal pain or unexplained fever, weight loss, and
anorexia

Consider the diagnosis in:
• Any patient with known disorders of adrenal insufficiency (eg, congenital adrenal hyperplasia), especially
if exposed to stress (illness)
• Other patients presenting with the above signs, especially with hyperpigmentation or vitiligo
• Critically ill patients with septic shock, who are unresponsive to fluid resuscitation and inotropic
medications (in this case, adrenal crisis can be caused by bilateral adrenal hemorrhage)
• Patients on or withdrawing from chronic treatment with corticosteroids, especially if exposed to stress
• Patients with other autoimmune endocrine deficiencies, such as type 1 diabetes mellitus, hypothyroidism,
or gonadal failure
• Neonates with the above symptoms and signs should prompt consideration of the diagnosis of congenital
adrenal hyperplasia (CAH) due to 21-hydroxylase deficiency, or (very rarely) other causes of adrenal
insufficiency
- In the United States, 21-hydroxylase deficiency is part of the newborn screen in all states, so most affected
infants will be diagnosed prior to presentation with adrenal crisis. Adrenal crisis usually presents between the first
and fourth week of life. Affected females will have ambiguous genitalia; males usually have no obvious genital
abnormalities.
- The presentation of adrenal crisis in an infant may mimic that of pyloric stenosis. However, infants with pyloric
stenosis typically have hypokalemic alkalosis rather than the hyperkalemic acidosis that is typical of adrenal
crisis.

Evaluation:
• If adrenal crisis is suspected, then patients should be treated empirically with stress doses of
glucocorticoids, as outlined below
• Baseline blood samples should be drawn for subsequent testing for electrolytes, glucose, cortisol and
other adrenal steroids, ACTH, and renin, prior to the administration of corticosteroids. Treatment should not
be delayed pending results.

Treatment:
• Shock: give a bolus of normal saline (0.9%), 20 mL/kg IV over one hour. If shock is persistent, repeat up
to a total of 60 mL/kg within one hour.
• Hypoglycemia: give an initial bolus of 0.5 to 1 g/kg of dextrose IV (maximum single dose 25 g). The
glucose bolus is infused slowly, at 2 to 3 mL per minute
- For all age groups, this can be given as 25% dextrose solution (D25W), 2 to 4 mL/kg. [D25W is 250 mg
dextrose/mL]
- An alternative for infants and children up to 12 years of age is to use 10% dextrose solution (D10W), 5 to
10 mL/kg. [D10W is 100 mg dextrose/mL]

• Stress glucocorticoids: administer hydrocortisone (Solu-Cortef) as a bolus, using a dose of 50 to 100
2
Δ
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mg/m 2 IV.* Δ If body surface area is not available, age-based dosing may be used as follows:
- Infants and toddlers, 0 to 3 years old: 25 mg IV
- Children 3 to 12 years: 50 mg IV
- Children and adolescents 12 years and older: 100 mg IV

• Continue glucocorticoids at the same dose given as a constant rate or as four divided doses over the
following 24 hours
• Electrolytes: if hyperkalemia is present, perform EKG to evaluate:
- EKG changes consistent with hyperkalemia: initially a tall peaked T wave with shortened QT interval, followed
by progressive lengthening of the PR interval and QRS duration
- If these changes are present, treat with insulin and glucose infusion, with or without other measures to treat
hyperkalemia. (Refer to topic on the management of hyperkalemia in children).
- Monitor and treat other electrolyte abnormalities and fluid balance

* Dosing based on body surface area (BSA) is preferred if the patient's BSA is known, or if the BSA can be
promptly calculated based on measured height and weight. A BSA calculator is available in the UpToDate
program.
Δ Hydrocortisone also may be given intramuscularly (IM) if intravenous access is not readily available.
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Normal blood pressure in children: 50th to 90th percentiles
Age

Systolic pressure, mm Hg

Diastolic pressure, mm Hg

Birth, 12 hours, <1000 g

39-59

16-36

Birth, 12 hours, 3 kg

50-70

25-45

Neonate, 96 hours

60-90

20-60

Infant, 6 months

87-105

53-66

Toddler, 2 years

95-105

53-66

School age, 7 years

97-112

57-71

Adolescent, 15 years

112-128

66-88

The median (50th percentile) systolic blood pressure for children older than 1 year may be approximated
by the following formula: 90 mm Hg + (2 x age in years). The lower limit (5th percentile) of systolic blood
pressure can be estimated with this formula: 70mm Hg + (2 x age in years).
A low systolic blood pressure should prompt an immediate evaluation for additional signs of inadequate
perfusion, such as diminished mental status, prolonged capillary refill, and tachycardia.
Data from: Vershold, H. Aortic blood pressure during the first 12 hours of life in infants with birth weight 6104220 grms. Pediatrics 1981; 67:107 and Report of the second Task Force on Blood Pressure Control in Children-1987. Task Force on Blood Pressure Control in Children. National Heart, Lung, and Blood Institute, Bethesda,
Maryland. Pediatrics 1987; 79:1.
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Rapid overview: Emergent management of supraventricular tachycardia
(SVT) in children
Evaluation
Provide oxygen and ventilation immediately as needed
Goals: Identify the unstable patient; distinguish SVT from sinus tachycardia
Clinical assessment
Potential causes of sinus tachycardia (dehydration, fever, pain, drugs)
Signs of poor perfusion (poor capillary refill, hypotension, pallor, diminished mental status)
Signs of heart failure (increased work of breathing, rales, hepatomegaly)
12-lead ECG
The following are consistent with SVT:
Rate: Infants 220 to 280 bpm; children and adolescents 180 to 240 bpm
Relentlessly regular rhythm without variation with respiration or activity
Abnormal P waves (absent or negative in II, III, and aVF)
For wide QRS complex, assume the origin is ventricular (although in children, most are SVT with
aberrant conduction)*

Management
Goal: Terminate the abnormal rhythm. Consult pediatric cardiology early.
Stable
Children with SVT who are stable are
unlikely to deteriorate suddenly.
Begin treatment with vagal maneuvers
and/or adenosine and consult pediatric
cardiology.

Unstable
For unstable patients (depressed mental status,
hypotension, signs of shock), begin treatment to convert
to sinus rhythm immediately.
Continue oxygen and ventilation as needed.

Vagal maneuvers: For infants, apply
bag containing ice water to the face above
the nose and mouth for 15 to 30 seconds.
Do not obstruct ventilation. In older
children, bearing down or blowing into an
occluded straw for 15 to 20 seconds
provides vagal stimulation. Do not use
carotid massage or orbital pressure.

Vagal maneuvers: Do not delay treatment to administer
vagal maneuvers in unstable patients. Attempt while
preparing for cardioversion or drug therapy.

Adenosine: With continuous ECG
monitoring, administer rapidly through IV
closest to the central circulation. Initial
dose: 0.1 mg/kg (max 6 mg); if no
response in two minutes, repeat dose 0.2
mg/kg (max 12 mg). Follow each dose

Without IV/IO in place:

¶
immediately with a saline flush of 5 mL.

Synchronized cardioversion: Cardiovert immediately
all unstable patients without IV access. Use 0.5 to 1 J/kg.
If not effective, increase to 2 J/kg.
With IV/IO in place: Δ

Adenosine: If immediately available,
adenosine may be given to unstable patients
with narrow complex SVT with IV
access while preparing to cardiovert. Initial
dose: 0.1 mg/kg (max 6 mg); if no response
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in two minutes, repeat dose 0.2 mg/kg (max
12 mg). Follow each dose immediately with a
saline flush of 5 mL. ¶
Synchronized cardioversion: If adenosine
is not immediately available or if there is no
response to adenosine, synchronized
cardioversion should be performed in all
unstable patients with IV access. Use 0.5 to 1
J/kg. If not effective, increase to 2 J/kg.
IV antiarrhythmic options for refractory
SVT: ◊
Procainamide: § Procainamide is an option for
SVT that is refractory to adenosine and
cardioversion. Dose: Neonates receive a loading
dose of 7 to 10 mg/kg over 30 to 45 minutes; for
infants and older children the loading dose is 10 to
15 mg/kg over 30 to 45 minutes (maximum adult
dose range 1000 to 1500 mg). Follow with a
continuous infusion starting at 20 mcg/kg per
minute (maximum 2000 mg/day).
OR
Amiodarone: § Amiodarone is an option for SVT
that is refractory to adenosine and cardioversion.
Dose: 5 mg/kg IV over 20 to 60 minutes. If no
response, repeat the bolus dose up to a total of 15
mg/kg. If the patient responds, then follow bolus
with a continuous infusion of 10 to 15 mg/kg per
24 hours (0.4 to 0.6 mg/kg per hour).
ECG: electrocardiogram; bpm: beats per minute; IV: intravenous; IO: intraosseous.
* Refer to separate UpToDate content for details of evaluation and management of wide QRS complex
tachyarrhythmias in children.
¶ The use of two syringes (one with adenosine and the other with normal saline flush) connected to a stopcock is
a useful way of ensuring rapid and effective drug delivery.
Δ IV access is preferred over IO for administration of adenosine and antiarrhythmic drugs. An IO can be used for
these agents, but conversion to sinus rhythm with adenosine may not be successful when using IO access.
◊ The agents listed here are supported by the American Heart Association guidelines for pediatric
cardiopulmonary resuscitation. Other options that may be used for termination of SVT include IV verapamil (in
children >1 year only) and IV esmolol. Consultation with a pediatric cardiologist is advised. Refer to UpToDate
topics on management of tachyarrhythmias in children for further details.
§ These drugs have potential for serious adverse effects and, therefore, consultation with a pediatric cardiologist
is advised whenever possible. Both amiodarone and procainamide can prolong the QT interval and they should not
be administered together. Refer to UpToDate content on SVT in children for additional details.
Graphic 53559 Version 8.0
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Conversion of supraventricular tachycardia with adenosine
administration

Electrocardiogram during conversion of supraventricular tachycardia to sinus rhythm with
administration of adenosine. During tachycardia at a rate of 230 beats/min, there is a normalappearing QRS complex without a delta wave (no ventricular preexcitation), and there is no
distinct P wave. After conversion to sinus rhythm, there is a short PR interval (80 milliseconds)
and wide up-sloping QRS complex (90 milliseconds) representing ventricular preexcitation,
indicative of the Wolff-Parkinson-White syndrome.
Reproduced with permission from: MacDonald MG, Mullett MD, Seshia MMK. Avery's Neonatology
Pathophysiology & Management of the Newborn, 6th Edition. Philadelphia: Lippincott Williams & Wilkins,
2005. Copyright © 2005 Lippincott Williams & Wilkins.
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Pediatric tachycardia algorithm (with a pulse and poor perfusion)

PALS: pediatric advanced life support; IO: intraosseous; IV: intravenous; ECG: electrocardiogram; HR: heart rate.
* Vagal manuevers: In infants or young children, place a plastic bag filled with ice and cold water over the face for 15
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to 30 seconds or stimulate the rectum with a thermometer. In older children, encourage bearing down (Valsalva
maneuver) for 15 to 20 seconds. Carotid massage and orbital pressure should not be performed in children.
Reprinted with permission. Pediatric Advanced Life Support: 2010. American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. © 2010 American Heart Association, Inc. This
algorithm remains unchanged in the 2015 update.
Graphic 67438 Version 25.0
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12-lead ECG in child with catecholaminergic polymorphic
ventricular tachycardia (CPVT)

This is the ECG of a five-year-old with recurrent exertional syncope. The ECG demonstrates
bidirectional VT. This child underwent genetic testing and was positive for the RyR2 mutation.
Graphic 76976 Version 10.0
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Physical findings of volume depletion in infants and children
Finding

Mild
(3 to 5%)

Moderate
(6 to 9%)

Severe
(≥10%)

Pulse

Full, normal rate

Rapid

Rapid and weak or
absent

Systolic pressure

Normal

Normal to low

Low

Respirations

Normal

Deep, rate may be
increased

Deep, tachypnea or
decreased to absent

Buccal mucosa

Tacky or slightly dry

Dry

Parched

Anterior fontanelle

Normal

Sunken

Markedly sunken

Eyes

Normal

Sunken

Markedly sunken

Skin turgor

Normal

Reduced

Tenting

Skin

Normal

Cool

Cool, mottled,
acrocyanosis

Urine output

Normal or mildly reduced

Markedly reduced

Anuria

Systemic signs

Increased thirst

Listlessness, irritability

Grunting, lethargy, coma
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INTRODUCTION — This topic will review the initial management of children with shock. The classification of pediatric
shock, initial evaluation of shock in children, and management of specific types of shock are discussed separately:
● (See "Pathophysiology and classification of shock in children".)
● (See "Initial evaluation of shock in children".)
● (See "Systemic inflammatory response syndrome (SIRS) and sepsis in children: Definitions, epidemiology, clinical
manifestations, and diagnosis".)
● (See "Septic shock: Rapid recognition and initial resuscitation in children".)
● (See "Hypovolemic shock in children: Initial evaluation and management".)
DEFINITIONS — Shock is a physiologic state characterized by a significant, systemic reduction in tissue perfusion;
resulting in decreased tissue oxygen delivery and diminished removal of harmful byproducts of metabolism (eg, lactate).
According to Pediatric Advanced Life Support (PALS) course, shock is further classified into the following stages [1] (see
"Pathophysiology and classification of shock in children", section on 'Stages of shock'):
● Compensated shock – During compensated shock, the body's homeostatic mechanisms rapidly compensate for
diminished perfusion and systolic blood pressure is maintained within the normal range. Heart rate is initially increased.
Signs of peripheral vasoconstriction (such as cool skin, decreased peripheral pulses, and oliguria) can be noted as
perfusion becomes further compromised.
● Hypotensive shock – During this stage, compensatory mechanisms are overwhelmed. Heart rate is markedly
elevated and hypotension develops. Signs and symptoms of organ dysfunction (such as altered mental status as the
result of poor brain perfusion) appear. Systolic blood pressure falls, although children who have lost as much as 30 to
35 percent of circulating blood volume can typically maintain normal systolic blood pressures. Once hypotension
develops, the child's condition usually deteriorates rapidly to cardiovascular collapse and cardiac arrest.
● Irreversible shock – During this stage, progressive end-organ dysfunction leads to irreversible organ damage and
death. Tachycardia may be replaced by bradycardia and blood pressure becomes very low. The process is often
irreversible, despite resuscitative efforts.
In addition to these stages of shock, four broad mechanisms of shock are recognized: hypovolemic, distributive,
cardiogenic, and obstructive. Each type is characterized by one primary physiologic derangement as follows (table 1) (see
"Pathophysiology and classification of shock in children", section on 'Classification'):
● Hypovolemic – Decreased preload caused by volume loss including hemorrhage, gastrointestinal losses, insensible
losses (eg, burns), or third spacing
● Distributive – Decreased vascular resistance due to vasodilation caused by conditions such as sepsis, anaphylaxis, or
acute injury to the spinal cord or brain
● Cardiogenic – Decreased cardiac contractility caused by conditions such as primary myocardial injury, arrhythmias,
cardiomyopathy, myocarditis, congenital heart disease with heart failure, sepsis, or poisoning
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● Obstructive – Increased vascular resistance caused by conditions such as congenital heart disease with ductal
dependent lesions (eg, hypoplastic left heart), or acquired obstructive conditions (eg, pneumothorax, cardiac
tamponade, or massive pulmonary embolism)
However, a patient may have more than one type of shock (such as an infant with cardiogenic shock from supraventricular
tachycardia who is also hypovolemic because he has been unable to drink or a child with underlying cardiomyopathy who is
septic). (See "Initial evaluation of shock in children", section on 'Clinical classification of shock'.)
An algorithm for identifying the cause of shock is provided (algorithm 1). Recognition of shock and classification based upon
clinical findings is discussed in detail separately. (See "Initial evaluation of shock in children", section on 'Evaluation'.)
EARLY GOAL-DIRECTED THERAPY — Early goal-directed therapy for shock refers to an aggressive systematic approach
to resuscitation targeted to improvements in physiologic indicators of perfusion and vital organ function within the first six
hours. Targeted interventions are determined by degree of illness and response to treatment within the first hour of care.
This approach has been most strongly promoted for children with septic shock. (See "Septic shock: Rapid recognition and
initial resuscitation in children", section on 'Resuscitation'.)
Early goal-directed therapy for septic shock in adults is discussed in detail separately. (See "Evaluation and management of
suspected sepsis and septic shock in adults".)
Physiologic indicators and target goals — Physiologic indicators that should be targeted during therapy (with goals in
parentheses) include [2]:
● Blood pressure (systolic pressure at least fifth percentile for age: 60 mmHg <1 month of age, 70 mmHg + [2 x age in
years] in children 1 month to 10 years of age, 90 mmHg in children 10 years of age or older)
● Quality of central and peripheral pulses (strong, distal pulses equal to central pulses)
● Skin perfusion (warm, with capillary refill <2 seconds)
● Mental status (normal mental status)
● Urine output (≥1 mL/kg per hour, once effective circulating volume is restored)
Heart rate is an important physiologic indicator of circulatory status. For children with shock, tachycardia is often a
compensatory response to poor tissue perfusion. In this situation, a decrease in heart rate with fluid therapy can be a
valuable indicator of improved perfusion in response to treatment (table 2). However, many other factors (ie, fever, drugs,
hypoxia, and anxiety) influence heart rate. In addition, an abnormal heart rate may be the direct result of the cause of shock
(as with myocarditis or beta blocker ingestion). Although trends in response to treatment should be carefully monitored,
specific target goals for heart rate are difficult to define and may not be useful. (See "Initial evaluation of shock in children",
section on 'Circulation'.)
Elevation of serum or blood lactate (>4 mmol/L) may help identify the severity of shock at presentation. Although evidence
is limited in children, reduction in serum or blood lactate levels have been associated with improved survival in adults with
shock. Rapid determination of blood lactate may be obtained at the bedside. (See "Evaluation and management of
suspected sepsis and septic shock in adults".)
Identifying physiologic indicators to monitor the effectiveness of resuscitation for children with shock is challenging.
Parameters that are monitored for adults with sepsis (ie, central venous pressure and central venous oxygen saturation)
require central venous catheterization, which can be technically difficult and not always practical or appropriate in children.
Noninvasive ultrasonic determination of cardiac index, cardiac output, systemic vascular resistance, and stroke volume is
feasible in healthy children, and age-based normative values have been published [3]. Although not widely available,
bedside Doppler ultrasound shows promise as a noninvasive method to guide vasoactive therapy by calculating cardiac
output (CO) and systemic vascular resistance (SVR) from measurements of blood flow over the pulmonary artery or aorta.
As an example, in an observational study of children with fluid-resistant septic shock, this method identified warm shock
(high CO, low SVR) and cold shock (low to normal CO, high SVR) in 30 children and correlated these shock states with the

https://www.uptodate.com/contents/initial-management-of-shock-in-children/print?source=search_result&search=PEDIATRIC%20SHOCK&selectedTit… 2/36

8/30/2017

Initial management of shock in children - UpToDate

underlying diagnosis; warm shock in children with central venous catheter related sepsis (15 of 16 patients) and cold shock
in those patients with community acquired sepsis (12 of 14 patients) [4].
Several physiologic indicators can be readily monitored noninvasively during the initial management of shock and, since
many children in shock respond well, invasive monitoring can often be avoided [2]. Mean arterial pressure can be measured
with a blood pressure cuff. Clinical experience suggests that the quality of central and peripheral pulses, skin perfusion,
mental status, and urine output are useful signs for assessing response to therapy [2]. Limited observational evidence
suggests that capillary refill time may correlate with mixed central venous oxygen saturation (ScvO2), an invasive
measurement of tissue oxygen extraction. In a prospective study of 21 critically ill children, the majority of whom had septic
shock, a central capillary refill time ≤2 seconds had a sensitivity of 84 percent and a positive predictive value of 50 percent
for a ScvO2 ≥70 percent suggesting that cardiac output was providing adequate tissue perfusion [5].
Fluid administration — Limited evidence exists concerning the optimal amount and rate of fluid administration for children
with shock. Several studies support the use of isotonic crystalloid fluid bolus (ie, normal saline or Ringers Lactate) as a
component of goal-directed therapy for shock other than obstructive shock (eg, tension pneumothorax, pericardial
tamponade, or massive pulmonary embolus). However, aggressive fluid resuscitation may be harmful for children who are
not hypovolemic or have compensated shock with certain comorbidities (eg, cardiac disease, diabetic ketoacidosis [DKA],
syndrome of inappropriate antidiuretic hormone secretion [SIADH], severe malnutrition, or malaria). Patients with
obstructive shock should receive emergent correction of the underlying cause (eg, needle or chest tube thoracostomy for
tension pneumothorax or pericardiocentesis for cardiac tamponade). Neonates with ductal dependent lesions and
circulatory collapse may also be hypovolemic. However, primary treatment should focus on reopening the ductus arteriosus
with prostaglandin E1 (alprostadil). (See 'Evidence for goal-directed therapy in children' below and 'Risks' below and
'Obstructive shock' below.)
The etiology and degree of shock determines the volume and rate of initial fluid resuscitation (table 1) [1,2] (see 'Definitions'
above):
● Hypotensive hypovolemic or distributive shock – We recommend that children with hypotensive hypovolemic or
distributive shock (as from gastrointestinal losses, traumatic hemorrhage, sepsis, or anaphylaxis), receive 20 mL/kg per
bolus of isotonic crystalloid, such as normal saline or Ringer's lactate solution, infused over 5 to 10 minutes and
repeated, as needed, up to four times in patients without improvement and no signs of fluid overload [2,6,7]. Additional
therapies, such as blood transfusion in patients with hypovolemic shock from hemorrhage or vasoactive drug therapy
and corticosteroid administration in patients with septic shock may be required depending upon the response to fluid
administration. (See 'Hypovolemic shock' below and 'Distributive shock' below.)
Observational studies of rapid fluid resuscitation as a component of goal-directed therapy and in conjunction with other
critical care interventions such as prophylactic endotracheal intubation with mechanical ventilation and close monitoring
by pediatric critical care specialists has been associated with a marked decrease in mortality, especially in children with
hypotensive septic shock. (See 'Evidence for goal-directed therapy in children' below.)
Techniques to rapidly deliver intravenous fluid include gravity, applying pressure directly to the bag of fluid with an
inflatable device, delivering aliquots of fluid using a large syringe that is refilled through a three-way stopcock attached
to the bag (the "push-pull" method) or use of rapid infusion pumps designed to deliver high volumes of warmed fluids or
blood. Gravity alone is likely insufficient to deliver 20 mL/kg over 5 to 10 minutes. This was demonstrated in a
randomized trial that compared the rate at which fluid could be delivered to 57 children requiring fluid resuscitation
using gravity, an inflatable pressure bag, or a "push-pull" method [8]. The median volume of fluid delivered over five
minutes by gravity was 6.2 mL/kg, in comparison to 20.9 mL/kg for the pressure bag and 20.2 mL/kg for the "push-pull"
method. These differences remained significant after controlling for intravenous catheter gauge, age, and weight.
● Compensated hypovolemic or distributive shock – We suggest that children with compensated hypovolemic or
distributive shock receive 20 mL/kg per bolus of isotonic crystalloid, such as normal saline or Ringer's lactate solution
over 5 to 20 minutes. Patients should be closely monitored during fluid administration. Additional fluid boluses may be
indicated depending upon the patients’ response. Evidence suggests that overly aggressive fluid bolus may be harmful
in selected patients, including those with cardiogenic shock, DKA, syndrome of inappropriate antidiuretic hormone
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secretion, severe malnutrition, or, in resource-limited settings, severe febrile illness in the absence of dehydration or
hemorrhage. (See 'Risks' below.)
● Cardiogenic shock – For suspected cardiogenic shock in patients with signs such as a gallop rhythm, pulmonary
rales, jugular venous distension, or hepatomegaly, a smaller isotonic crystalloid fluid bolus of 5 to 10 mL/kg, infused
over 10 to 20 minutes decreases the likelihood of exacerbating heart failure. (See 'Cardiogenic shock' below.)
● Diabetic ketoacidosis – Children with diabetic ketoacidosis (DKA) should receive careful fluid resuscitation (one bolus
of 10 mL/kg, maximum 1 L, infused over one hour) in order to avoid cerebral edema, a rare complication of DKA. (See
"Treatment and complications of diabetic ketoacidosis in children and adolescents", section on 'Cerebral edema'.)
● Severe febrile illness in resource-limited settings – Children with severe febrile illness without dehydration or
hemorrhage and with normal blood pressure who reside in resource-limited settings, where aggressive monitoring,
endotracheal intubation with mechanical ventilation, and vasopressor therapies are not available, and who have no
signs of dehydration or hemorrhage should not receive boluses of isotonic fluid. This approach is associated with
increased mortality when compared with blood transfusion and maintenance fluid therapy alone. (See 'Risks' below.)
Risks — Aggressive fluid replacement may be harmful and should be avoided in patients with the following conditions:
● Cardiogenic shock – Although many children with cardiogenic shock have some degree of hypovolemia, fluids should
be administered slowly and in boluses of 5 to 10 mL/kg in such patients to avoid worsening myocardial insufficiency
and pulmonary edema. Clinical findings of cardiogenic shock include gallop rhythm, jugular venous distension,
pulmonary rales, and hepatomegaly.
● Severe anemia – Rapid fluid administration in children with hemoglobin levels below 5 g/dL may further dilute the
hemoglobin concentration, impair oxygen delivery, and precipitate heart failure [9]. Blood transfusion is the preferred
therapy in such patients, although careful fluid administration may be acceptable if transfusion is delayed. As an
example, in a small trial of 38 children with severe falciparum malaria (hemoglobin <5 g/dL), administration of 20 mL/kg
of isotonic saline or 4.5 percent albumin versus maintenance fluid therapy only while waiting for blood transfusion did
not cause congestive heart failure and resulted in significantly less need for emergency interventions (0 versus 22
percent, respectively) [10].
● Syndrome of inappropriate antidiuretic hormone secretion (SIADH) – Aggressive fluid therapy in the absence of
hypovolemia can cause cerebral edema in patients with meningitis and adult respiratory distress syndrome in patients
with pneumonia as a result of fluid overload caused by SIADH. (See "Pathophysiology and etiology of the syndrome of
inappropriate antidiuretic hormone secretion (SIADH)", section on 'Etiology'.)
● Diabetic ketoacidosis (DKA) – Cerebral edema, a rare complication of DKA, usually develops during treatment and
has been associated with rapid administration of fluids. However, cerebral edema may also occur in optimally managed
patients. (See "Treatment and complications of diabetic ketoacidosis in children and adolescents", section on 'Cerebral
edema'.)
● Severe malnutrition – Intravenous fluid resuscitation in children with severe malnutrition and signs of shock is
controversial [11]. Sunken eyes, lethargy, and tenting may occur from malnutrition alone and can cause clinicians to
overestimate the degree of dehydration [12]. Some experts believe that malnutrition causes sodium and water
retention, overexpansion of the extracellular fluid, and myocardial dysfunction [11,13-15]. Thus, rapid administration of
intravenous fluids to infants and children who do not have fluid depletion or physiologic changes associated with
severe malnutrition or both may risk fluid overload, heart failure, and pulmonary edema and is not recommended by the
World Health Organization (WHO) [12,16].
However, evidence suggests that the WHO recommendations for fluid resuscitation in severely malnourished may be
too restrictive. For example, in an observational study of fluid resuscitation in 149 severely malnourished children with
cholera and severe dehydration, infusion of approximately 20 mL/kg per hour of an isotonic saline solution over four to
six hours was not associated with heart failure in any patient, and all patients survived [17]. Furthermore, in a clinical
trial of 61 children with severe malnutrition accompanied by decompensated shock in the majority of patients,
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administration of 30 to 40 mL/kg of crystalloid fluids over two hours failed to reverse shock in over half of patients and
was accompanied by high mortality [11].
Thus, pending further study, some experts suggest that severely malnourished children receive fluid resuscitation with
careful reassessment according to the WHO guidelines for children with shock and no signs of malnutrition. (See
'Resource-limited settings' below.)
In resource-limited settings that cannot provide advanced airway and circulatory support, bolus administration of
albumin or normal saline may be associated with increased mortality for children with signs of shock and severe febrile
illness but without dehydration or hemorrhage. (See "Septic shock: Rapid recognition and initial resuscitation in
children", section on 'Resource-limited settings'.)
● Penetrating torso wounds – Limited evidence suggests that aggressive fluid resuscitation in patients with
uncontrolled hemorrhage caused by penetrating injuries may disrupt thrombus formation and enhance bleeding.
Delayed fluid resuscitation with controlled hypotension may be beneficial for selected patients with penetrating injuries
(eg, gunshot or stab wounds) to the torso when rapid access to emergency surgery with control of the bleeding source
is possible. However, limited evidence supports this approach and the decision to implement delayed fluid resuscitation
of hypotension should be made jointly with the trauma surgeon. (See "Initial evaluation and management of shock in
adult trauma", section on 'Delayed fluid resuscitation/controlled hypotension'.)
Resource-limited settings — We suggest that children in resource-limited settings with signs of shock receive fluid
resuscitation according to the 2016 emergency triage assessment and treatment (ETAT) guidelines developed by the World
Health Organization (WHO) (table 3). This guidance also includes, recommendations for fluid administration for children
with severe anemia and for those with severe malnutrition [18].
In addition, we recommend that children in resource-limited settings who have severe febrile illness without dehydration or
hemorrhage and with normal blood pressures not receive boluses of isotonic fluid. In a randomized trial of bolus fluid
therapy versus no bolus in such patients, administration of 20 to 40 mL/kg of isotonic crystalloid solution or albumin was
associated with significantly increased mortality. (See "Septic shock: Rapid recognition and initial resuscitation in children",
section on 'Resource-limited settings'.)
Children in resource-limited settings are frequently malnourished, severely anemic, and, depending upon the region, may
have a high prevalence of Falciparum malaria. Furthermore, many of these resource-limited settings do not have critical
care capability with respect to monitoring, mechanical ventilation, and administration of vasopressors [18]. Thus, fluid
administration should be tailored to the specific cause of shock and based upon whether severe anemia, severe
malnutrition, or malaria is clinically suspected. Children receiving intravenous fluid therapy warrant frequent reevaluation of
their condition with modification of fluid therapy based upon clinical response.
Oral rehydration for children with severe malnutrition and the treatment of children with dengue virus hemorrhagic fever are
discussed in greater detail separately. (See "Severe malnutrition in children in resource-limited countries: Treatment",
section on 'Rehydration' and "Dengue virus infection: Prevention and treatment", section on 'Treatment of shock'.)
Choice of fluid — Fluid therapy for children with shock should begin with isotonic crystalloid, such as normal saline or
Lactated Ringers solution, as supported by the following evidence:
● Randomized trials and meta-analyses have failed to consistently demonstrate a difference between colloid and
crystalloid for the treatment of shock in adults. (See "Treatment of hypovolemia (dehydration) in children", section on
'Crystalloid versus colloid' and "Treatment of severe hypovolemia or hypovolemic shock in adults", section on 'Colloid
versus crystalloid'.)
● For children, randomized trials comparing colloid with crystalloid for hypotensive newborns and for children with
dengue shock syndrome have not demonstrated a difference between the solutions [19-22].
● Colloid solutions are more expensive and patients may develop adverse reactions to them.
● Many patients in shock are hyperglycemic. Although identification and treatment of hypoglycemia is very important, the
rapid infusion and large amounts of bolus fluids to treat shock necessitate exclusion of glucose from the resuscitation
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fluids.
Pharmacologic therapy — Vasoactive agents may be useful for children with shock (other than hypovolemic shock) who
have not improved with initial fluid resuscitation. These agents have effects on myocardial contractility, heart rate, and
vasculature that can improve cardiac output (table 4). Initiation of vasoactive agents prior to or in place of adequately fluid
resuscitating the patient, regardless of the etiology of shock, may lead to end-organ ischemia. Furthermore, these agents
should be avoided in children with hypovolemic shock. (See "Use of vasopressors and inotropes".)
Drugs that are typically used during the initial management of children with shock include dopamine, epinephrine,
norepinephrine, dobutamine, and phosphodiesterase enzyme inhibitors. The choice of agent depends on the
pathophysiologic parameters that must be manipulated [23].
● The effect of dopamine is dose-dependent. At low doses, it stimulates the heart and improves renal blood flow. At
higher doses, it causes vasoconstriction and increases systemic vascular resistance (SVR). In most situations,
dopamine should be used first when vasoactive infusions are required to treat shock that has not responded to fluid
administration.
● Epinephrine stimulates the heart and is a potent vasoconstrictor. It also relaxes bronchial smooth muscle. It is typically
used for patients with anaphylaxis or those who do not respond to dopamine, particularly those with septic shock and
increased SVR (cold shock) [2].
● Like epinephrine, norepinephrine stimulates the heart and causes vasoconstriction. Vasoconstrictive effects are usually
greater than the effects on contractility and heart rate. It can be used for children who do not respond to dopamine and
is preferred over epinephrine by some experts for those patients with sepsis and decreased SVR (warm shock) [2].
● Dobutamine increases myocardial contractility and heart rate. It also decreases systemic vascular resistance, which
can cause hypotension. It is useful for patients with decreased myocardial function who are normotensive.
● Phosphodiesterase enzyme inhibitors (ie, milrinone and inamrinone) improve cardiac contractility and reduce afterload.
They may be used to treat cardiogenic shock [2].
Evidence for goal-directed therapy in children — The following observational evidence supports the elements of a goaldirected approach (including physiologic targets, fluid administration, and pharmacologic therapy) for the initial
management of hypovolemic and septic shock in children (algorithm 2). These studies, when combined with clinical
experience and an understanding of the pathophysiology of shock, suggest that many children with shock benefit from
early, aggressive treatment targeted to improvement in physiologic indicators that are reliable and easy to evaluate [1,2,24]:
● An observational study of 1422 children with signs of shock (abnormal capillary refill, tachycardia, and/or hypotension)
who were transferred from a community hospital setting to a tertiary care pediatric facility found that early reversal of
shock in the community hospital and use of Pediatric Advanced Life Support/Advanced Pediatric Life Support
(PALS/APLS) interventions were associated with a decrease in mortality and morbidity (permanent neurologic
dysfunction) regardless of underlying etiology (eg, trauma, sepsis) [25]:
• When adjusted for severity of illness, trauma status (trauma versus no trauma), and treating facility, early reversal
of shock was associated with a 57 percent reduction in the odds of mortality and functional morbidity (odds ratio
[OR]: 0.4; 95% CI: 0.3-0.7). Death occurred in 16 percent (163 of 996 patients) without early shock reversal versus
5 percent (26 of 514 patients) with early shock reversal.
• When adjusted for severity of illness, trauma status (trauma versus no trauma), and treating facility, use of
PALS/APLS interventions were associated with a 40 percent decrease in the odds of mortality and morbidity (OR:
0.6; 95% CI: 0.4-0.9). Death occurred in 15 percent of children not receiving PALS/APLS intervention (142 of 946
patients) versus 9 percent of children receiving PALS/APLS intervention (49 of 564 patients).
● In an observational study of 136 children with septic shock, mortality was 6 percent (3 of 53 patients) in those who
were not in shock on admission to a pediatric intensive care unit versus 19 percent (21 of 83 patients) in those with
shock on arrival who did not have shock reversed during emergency department care or transport (p = 0.02) [26]. Mean
transfer time ranged from 6 to 14 hours and was not different between the two groups. Fluid and vasopressor
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management followed the 2002 American College of Critical Care Medicine/Pediatric Advanced Life Support
consensus guidelines in only 38 percent of these children with persistent shock.
● Institution of timely goal-directed interventions by a mobile intensive care team, including early and aggressive bolus
colloid administration, endotracheal intubation and mechanical ventilation, and vasoactive therapy in conjunction with
regionalization of care for 331 children with meningococcemia in the United Kingdom was associated with a decrease
in the case fatality rate from 23 to 2 percent over five years (annual reduction in the odds of death 0.41, 95% CI: 0.270.62) [27].
● The use of goal-directed therapy has been associated with reduced mortality in children with severe sepsis [2]. As an
example, in one institution, the mortality rate from purpura and severe sepsis decreased from approximately 20 to 1
percent [28]. Similarly, in the United States, death from severe sepsis was estimated as 4 percent (2 percent in healthy
children and 8 percent in children with prior chronic illness) in 2003 compared with 9 percent in 1999 [29,30].
Trials of protocol-driven therapy for the treatment of severe sepsis and septic shock in adults have had variable results with
the largest trials finding no mortality benefit for early goal-directed therapy. No similar trials comparing the clinical outcomes
of goal-directed therapy for septic shock in children have been performed. However, these findings in adults may reflect a
higher quality of care in the control group relative to older studies which made the potential mortality benefit of goal-directed
therapy difficult to prove (see "Evaluation and management of suspected sepsis and septic shock in adults").
Given the varied presentation of severe sepsis and septic shock in children (especially around the ranges of “normal”
parameters for blood pressure and heart rate), there has been less standardization of treatment in the initial management of
these patients. This lack of consistent care supports the benefits of early goal-directed therapy in this population as a way
to standardize the approach and ensure prompt therapy. (See "Septic shock: Rapid recognition and initial resuscitation in
children".)
GOAL-DIRECTED APPROACH — Successful management of children with shock requires the rapid initiation of
aggressive treatment. A goal-directed approach can generally be applied to most patients who present with shock,
independent of the underlying cause (algorithm 2). However, during this initial stabilization, clues to the exact etiology of
shock must also be sought to best direct subsequent therapy and quickly identify patients who may be harmed by or not
respond to this approach. (See 'Risks' above.)
We suggest using a goal-directed approach for children who present with shock and are receiving care in a facility with
critical care capability as follows:
● Rapid assessment should quickly determine the presence and presumptive type of shock. Initial management of
hypovolemic, distributive, and cardiogenic shock should focus on fluid resuscitation with isotonic crystalloid solution
appropriate to the type of shock and specific pharmacologic therapies, as indicated, once the etiology of shock is
identified. (See 'Fluid administration' above.)
● Interventions must be administered in a rapid sequence, with evaluation of physiologic indicators before and after each
intervention. The ideal timeline for the initial management of shock in children is uncertain and may be unachievable in
clinical practice. However, clinicians should work rapidly to reverse shock utilizing all resources at their disposal.
● Once physiologic goals have been achieved, indicating that perfusion is improved, the patient should continue to
receive supportive treatment and careful monitoring. Achieving a normal blood pressure is essential for the patient who
has hypotensive shock.
For children with compensated shock and normal blood pressures, therapeutic endpoints based upon noninvasive
indicators are reasonable targets, but they may be unreliable. Skin perfusion can be influenced by room temperature,
mental status may be abnormal as the result of a drug ingestion or central nervous system infection, and accurate
measurement of urine output requires bladder catheterization.
● If obstructive shock is present, it requires emergent recognition and treatment of the underlying cause (eg, tension
pneumo- or hemothorax, cardiac tamponade, congenital heart disease with closure of the ductus arteriosus, or
pulmonary embolism). If shock is due to a cardiac arrhythmia, such as supraventricular tachycardia, then treatments to
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restore normal sinus rhythm are essential initial steps (algorithm 3). (See "Initial evaluation of shock in children",
section on 'Rapid assessment' and "Pediatric advanced life support (PALS)", section on 'Heart rate and rhythm'.)
The following algorithm for initiating and reevaluating therapy once shock is recognized has been adapted from consensus
recommendations for the management of septic shock in children which were based primarily upon evidence extrapolated
from adult studies (algorithm 2) [2,31]. Although the specific time sequence is not usually achievable in practice in the
emergency department, it provides a point of reference that reminds clinicians of the urgency of the patient's condition:
● Within the initial 5 to 15 minutes of therapy, the following actions should commence:
• Vascular or intraosseous access should be established. Ideally, two access sites, preferably large gauge, short,
peripheral catheters, capable of large volume infusion should be obtained. (See "Vascular (venous) access for
pediatric resuscitation and other pediatric emergencies", section on 'Peripheral access' and "Intraosseous
infusion", section on 'Techniques'.)
• Rapid measurement of blood glucose should be obtained and treatment of hypoglycemia initiated.
• Trauma patients warrant prompt evaluation by a trauma surgeon to determine the need for operative intervention.
(See 'Additional management decisions' below.)
• Life-threatening obstructive causes of shock should be identified and the treatment initiated for the underlying
cause (eg, pericardiocentesis for cardiac tamponade, anticoagulation and thrombectomy for pulmonary embolus,
chest tube thoracostomy or needle thoracentesis for pneumothorax, or prostaglandin E1 for ductal dependent
congenital heart disease). (See 'Life-threatening conditions' below and 'Obstructive shock' below.)
• Isotonic crystalloid infusion should be started. Rapid infusion of 20 mL/kg over 5 minutes should be performed in
children who are hypotensive and without signs of cardiogenic or obstructive shock.
• Patients with compensated shock should also receive 20 mL/kg over 5 to 20 minutes as long as there are no signs
of cardiogenic or obstructive shock, diabetic ketoacidosis (DKA), or other conditions that may worsen with fluid
administration. (See 'Risks' above.)
• For children with signs of cardiogenic shock who may be hypovolemic, fluid should be given cautiously (5 to 10
mL/kg over 10 to 20 minutes).
• Children with DKA should receive careful fluid resuscitation (one bolus of 10 mL/kg (maximum 1 L) infused over
one hour). (See 'Fluid administration' above and 'Risks' above.)
• Children with signs of anaphylaxis should also receive intramuscular epinephrine, diphenhydramine, and a
glucocorticoid (eg, methylprednisolone) (table 5). (See 'Distributive shock' below.)
• Heart rate and pulse oximetry should be continuously monitored and blood pressure should be frequently
accessed.
• Other diagnostic studies (ie, CBC, electrolytes, serum or blood lactate, cultures, and type and cross match) should
be obtained as indicated by clinical assessment. (See "Initial evaluation of shock in children", section on 'Ancillary
studies'.)
● After the initial fluid bolus, the following physiologic indicators (with goals in parentheses) should be evaluated and
repeatedly assessed during treatment:
• Blood pressure (systolic pressure at least fifth percentile for age: 60 mmHg <1 month of age, 70 mmHg + [2 x age
in years] in children 1 month to 10 years of age, 90 mmHg in children 10 years of age or older)
• Quality of central and peripheral pulses (strong, distal pulses equal to central pulses)
• Skin perfusion (warm, with capillary refill <2 seconds)
• Mental status (normal mental status)
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• Urine output (≥1 mL/kg per hour, once effective circulating volume is restored)
● Within 15 to 30 minutes of presentation, the following should be performed, if possible:
• Abnormalities in calcium, and electrolyte measurements should be identified and treatment initiated. (See
"Overview of the treatment of hyponatremia in adults" and "Treatment and prevention of hyperkalemia in adults",
section on 'Patients with a hyperkalemic emergency' and "Clinical manifestations and treatment of hypokalemia in
adults", section on 'Treatment' and "Treatment of hypocalcemia", section on 'Therapeutic approach'.)
• Appropriate antibiotics should be administered to children who may be in septic shock. (See 'Distributive shock'
below and "Septic shock: Rapid recognition and initial resuscitation in children", section on 'Initial antimicrobial
therapy'.)
• Children, other than those with obstructive shock, cardiogenic shock or DKA, who have not improved should
continue to receive isotonic crystalloid in 20 mL/kg boluses to a total of 60 mL/kg over the first 30 minutes of
treatment. (See 'Cardiogenic shock' below and "Treatment and complications of diabetic ketoacidosis in children
and adolescents", section on 'Dehydration'.)
• Vasoactive drug therapy may be initiated in children with possible cardiogenic shock who have not responded to
fluid and to children with signs of septic shock who have not responded to 60 mL/kg or more of isotonic fluid
boluses. (See 'Cardiogenic shock' below and "Use of vasopressors and inotropes".)
• Patients should be evaluated for physiologic indicators of peripheral perfusion and signs of fluid overload
(decreased oxygenation, rales, gallop rhythm, hepatomegaly) before and after each bolus.
● Children who have not improved after 30 to 60 minutes should be evaluated for other causes of shock. Consultation
with pediatric critical care specialists and in victims of trauma, trauma surgeons with pediatric expertise should be
arranged. Additional therapies may be provided, as indicated:
• For children with hypovolemic shock, reassess the estimated fluid losses, continue fluid replacement, and evaluate
the need for colloid or blood transfusion. (See 'Hypovolemic shock' below.)
• For children with septic shock unresponsive to fluid, initiate vasoactive drug therapy and evaluate the need for
corticosteroid therapy. (See 'Distributive shock' below.)
● Patients with fluid and/or catecholamine-resistant shock should be admitted to an intensive care unit where additional
monitoring of more precise physiologic indicators (ie, central venous pressure and central venous oxygen saturation)
can be performed. (See 'Monitoring' below and 'Disposition' below.)
● Children noted to have elevations in serum lactate at the onset of resuscitation, may benefit from serial lactate
measurements. Data in adults suggest that patients with persistent elevation in serum lactate (lactate levels remaining
within 10 percent of initial value) have a significantly higher mortality [32].
ADDITIONAL MANAGEMENT DECISIONS
Airway management — Children with signs of shock should receive supplemental oxygen. Early positive pressure
ventilation and intubation should be performed in patients with airway compromise or impending respiratory failure [23].
These interventions can maximize oxygenation, decrease the work of breathing, and may redistribute blood flow from
respiratory muscles to more vital organs. Of note, patients with some forms of obstructive shock (eg, tension
pneumothorax) may have worsening of their condition with positive pressure ventilation. The clinician should be alert to the
possible presence of obstructive shock and rapidly perform appropriate decompression maneuvers. (See 'Life-threatening
conditions' below.)
Intubation should be performed using a rapid sequence technique (table 6). This approach requires that vascular access
already be in place. (See "Rapid sequence intubation (RSI) outside the operating room in children: Approach" and 'Vascular
access' below.)
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It is important to choose agents that do not worsen cardiovascular status. Etomidate is a reasonable choice in many
children with shock, other than septic shock, because it typically does not compromise hemodynamic stability. However,
limited, low quality evidence in children suggests that etomidate may adversely affect outcome in patients with septic shock
who already have some degree of adrenocortical suppression, such as those with severe sepsis.
We suggest the following approach in children with shock (see "Rapid sequence intubation (RSI) outside of the operating
room in children: Medications for sedation and paralysis", section on 'Etomidate' and "Rapid sequence intubation (RSI)
outside of the operating room in children: Medications for sedation and paralysis", section on 'Ketamine'):
● Ketamine, if available and not contraindicated, is preferable to sedate a child in septic shock. (See "Septic shock:
Rapid recognition and initial resuscitation in children", section on 'Airway and breathing'.)
● Etomidate is a reasonable sedative choice for children with hypovolemic and cardiogenic shock.
● Etomidate should not be used routinely in children with septic shock but may be appropriate if ketamine is otherwise
contraindicated or unavailable. If etomidate is used, there is a potential for adrenal suppression. The emergency
clinician should inform the physician assuming care in the intensive care unit that etomidate has been used and should
avoid repeated bolus doses or etomidate infusion to maintain sedation after intubation. (See "Septic shock: Rapid
recognition and initial resuscitation in children", section on 'Airway and breathing'.)
● The use of corticosteroids for the treatment of septic shock in general is reviewed elsewhere. (See "Glucocorticoid
therapy in septic shock".)
Vascular access — Vascular access must be quickly obtained as soon as circulatory compromise is identified. Peripheral
intravenous access should be attempted initially. Intraosseous cannulation should be considered if rapid intravenous access
cannot be secured, particularly for children who are hypotensive. Central venous access is warranted in children with fluid
refractory septic shock to assist in guiding goal-directed therapy. (See 'Early goal-directed therapy' above and "Vascular
(venous) access for pediatric resuscitation and other pediatric emergencies", section on 'General approach' and
"Intraosseous infusion", section on 'Indications'.)
Life-threatening conditions — Life-threatening conditions that warrant prompt intervention and can be associated with
shock include:
● Angioedema with upper airway obstruction – Children with upper airway obstruction from anaphylaxis should
receive epinephrine (table 5). Intubation or a surgical airway may be necessary for patients with complete upper airway
obstruction or with no response to epinephrine. (See "Emergency evaluation of acute upper airway obstruction in
children", section on 'Determining the cause of upper airway obstruction' and "The difficult pediatric airway", section on
'Approach to the failed airway'.)
● Tension pneumo- or hemothorax – Tension pneumo- or hemothorax typically presents with severe respiratory
distress, asymmetric breath sounds, and poor perfusion and must be promptly decompressed. (See "Prehospital care
of the adult trauma patient", section on 'Needle chest decompression' and "Placement and management of
thoracostomy tubes".)
● Cardiac tamponade – Patients with respiratory distress, poor perfusion, muffled heart tones, pulsus paradoxus,
hepatomegaly, and/or distended neck veins may have obstructive shock from cardiac tamponade. Fluid must be
drained as quickly as possible, preferably in the operating room. (See "Emergency pericardiocentesis", section on
'Technique overview'.)
● Ductal dependent congenital heart defects – Infants under 28 days of age with a high clinical suspicion for ductaldependent congenital heart defects should receive prostaglandin E1 (also known as alprostadil). (See "Approach to the
ill-appearing infant (younger than 90 days of age)", section on 'Initial stabilization'.)
● Pulmonary embolism – Treatment for massive pulmonary embolism consists of supportive care, antithrombotic
therapy (unless otherwise contraindicated, as with patients who have had recent surgery), and, in selected patients,
thromboembolectomy. (See "Treatment, prognosis, and follow-up of acute pulmonary embolism in adults", section on
'Embolectomy' and "Diagnosis and treatment of venous thrombosis and thromboembolism in infants and children".)
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● Arrhythmia – Poor perfusion as a result of brady- or tachyarrhythmias requires immediate medical attention as follows:
• Supraventricular tachycardia or ventricular tachycardia with poor perfusion should be treated with synchronized
cardioversion (table 7). (See "Management and evaluation of wide QRS complex tachycardia in children", section
on 'Unstable patient'.)
• Children with bradycardia who are not hypoxic should receive epinephrine (or atropine if increased vagal tone or
primary AV block is suspected) and may require cardiac compressions (algorithm 4). (See "Pediatric advanced life
support (PALS)", section on 'Bradycardia algorithm'.)
SPECIFIC MANAGEMENT DECISIONS — Whenever clinical features suggest a cause of shock, specific therapy should
be initiated. (See "Initial evaluation of shock in children", section on 'Clinical classification of shock'.)
Hypovolemic shock — Intravascular fluid loss (whether from hemorrhage, vomiting, diarrhea, osmotic diuresis, or capillary
leak) is the principal feature of hypovolemic shock. (See "Initial evaluation of shock in children", section on 'Evaluation'.)
The management of hypovolemic shock focuses on fluid replacement and preventing ongoing fluid loss. Vasoactive
infusions will not improve perfusion.
For hypovolemic shock, most children should receive 20 mL/kg per bolus, repeated as needed. Each bolus should be
infused over 5 to 10 minutes. Rapid infusion of fluids should be performed with caution in children with severe malnutrition.
(See 'Resource-limited settings' above.)
Considerations for children who have not improved after receiving a total of 60 mL/kg over 30 to 60 minutes include:
● The amount of fluid loss may have been underestimated (as with burn injury) or there may be significant ongoing fluid
loss (ie, from hemorrhage with blunt abdominal trauma or capillary leak with bowel obstruction).
● Other conditions may be causing or contributing to shock (ie, a child with multiple trauma who has a spinal cord injury).
● Although controversial, colloid is a reasonable option for patients with hypoalbuminemia (albumin <3 g/dL) or
hyperchloremic metabolic acidosis who have not improved after initial therapy with at least 60 mL/kg of crystalloid
solutions [2]. However, hydroxyethyl starch solutions may be harmful and should be avoided. (See "Septic shock:
Rapid recognition and initial resuscitation in children", section on 'Intravenous fluid therapy'.)
● Patients with hemorrhagic shock who have not improved should receive blood and require definitive treatment for the
cause of hemorrhage [2]. Delayed fluid resuscitation for traumatic hemorrhagic is not recommended for children. (See
"Trauma management: Approach to the unstable child", section on 'Fluid resuscitation'.)
Hypovolemic shock is uncommon in children with diabetic ketoacidosis (DKA). Patients in DKA whose perfusion does not
improve with 10 mL/kg of isotonic fluid should be evaluated for other causes of shock. (See "Treatment and complications
of diabetic ketoacidosis in children and adolescents", section on 'Dehydration'.)
Distributive shock — Distributive shock is notable for a marked decrease in systemic vascular resistance. Thus,
vasopressors are frequently employed along with fluid therapy, depending upon the underlying etiology as follows:
● Septic shock – We endorse management of septic shock according to the American Critical Care Medicine guidelines
for neonates and children (algorithm 5). Clinical manifestations, rapid recognition, resuscitation, and initial management
after resuscitation for pediatric septic shock are discussed in detail separately:
• (See "Systemic inflammatory response syndrome (SIRS) and sepsis in children: Definitions, epidemiology, clinical
manifestations, and diagnosis".)
• (See "Septic shock: Rapid recognition and initial resuscitation in children".)
• (See "Septic shock: Ongoing management after resuscitation in children".)
● Anaphylactic shock – A history of allergies and/or the presence of stridor, wheezing, urticaria, or facial edema
suggest anaphylaxis. Children with possible anaphylaxis should receive intramuscular epinephrine, intravenous or
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intramuscular diphenhydramine, and steroids, in addition to rapid infusions of normal saline. Wheezing should be
treated with nebulized albuterol. Patients with cardiovascular collapse or those that respond poorly to intramuscular
epinephrine may require epinephrine intravenously (table 5 and table 8 and table 9). (See 'Goal-directed approach'
above and "Anaphylaxis: Emergency treatment", section on 'Immediate management'.)
● Neurogenic shock – Neurogenic shock refers to hypotension, usually with bradycardia, attributed to interruption of
autonomic pathways in the spinal cord causing decreased vascular resistance. Patients with traumatic spinal cord
injury may also suffer from hemodynamic shock related to blood loss and other complications. An adequate blood
pressure is believed to be critical in maintaining adequate perfusion to the injured spinal cord and thereby limiting
secondary ischemic injury. Appropriate mean arterial pressure for age should be maintained using intravenous fluids,
transfusion, and pharmacologic vasopressors as needed. Bradycardia caused by cervical spinal cord or high thoracic
spinal cord disruption may require external pacing or administration of atropine. (See "Acute traumatic spinal cord
injury", section on 'Cardiovascular complications'.)
Cardiogenic shock — A history of heart disease, an abnormal cardiac examination, and/or worsening clinical condition
with fluid resuscitation are suggestive of cardiogenic shock. Additional findings include tachycardia out of proportion to fever
or respiratory distress, cyanosis unresponsive to oxygen, raised jugular venous pulsations, and absent femoral pulses.
Cardiogenic shock is less common than other forms of shock in children. Early consultation with a pediatric cardiologist or
intensivist is recommended. (See "Initial evaluation of shock in children", section on 'Clinical classification of shock'.)
Management issues include the following:
● Cardiogenic shock (as from myocarditis or a toxic ingestion) should be considered for any child without a readily
apparent cause for shock whose condition worsens with fluid therapy (table 10). (See "Clinical manifestations and
diagnosis of myocarditis in children", section on 'Clinical manifestations'.)
● Some children with poor cardiac function may also be volume depleted. Fluid should be administered slowly and in
boluses of 5 to 10 mL/kg.
● Treatment with dobutamine or phosphodiesterase enzyme inhibitors can improve myocardial contractility and reduce
systemic vascular resistance (afterload). (See "Use of vasopressors and inotropes", section on 'Dobutamine'.)
● Cardiac arrhythmias (eg, supraventricular or ventricular tachycardia) should be addressed prior to fluid resuscitation
(algorithm 3).
Obstructive shock — Causes of obstructive shock (eg, tension pneumothorax, cardiac tamponade, hemothorax,
pulmonary embolism, or ductal-dependent congenital heart defects) require specific interventions to relieve the obstruction
to blood flow. (See 'Life-threatening conditions' above.)
MONITORING — Effective management of children with shock requires frequent adjustment of therapeutic interventions
based upon continuous hemodynamic monitoring and assessment of end organ perfusion (brain, kidneys, and skin).
Monitoring should include continuous noninvasive measurement of heart rate and pulse oximetry with frequent
measurement of blood pressure. In addition to these parameters, the following clinical features should also be observed
before and after each fluid bolus (see 'Physiologic indicators and target goals' above):
● Quality of central and peripheral pulses
● Skin perfusion (as indicated by temperature and capillary refill)
● Mental status
● Auscultation of lung and heart sounds
● Palpation of liver edge (to identify hepatomegaly as a sign of heart failure)
More aggressive monitoring may be necessary for children who do not improve with fluid resuscitation. (See 'Goal-directed
approach' above.)
Interventions to consider include:
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● A urinary catheter should be placed to monitor urine output.
● Children receiving vasoactive infusions should generally have arterial pressure monitoring after initial resuscitation.
Placement of intraarterial catheters may occur in the emergency department or intensive care unit, depending upon
resources. (See "Arterial puncture and cannulation in children", section on 'Arterial cannulation'.)
● Children with fluid and catecholamine-resistant shock should be expeditiously transferred to intensive care units where
central venous pressure (CVP) and central venous oxygen saturation (ScvO2) can be monitored. CVP is an indication
of preload. A measurement of <8 mmHg suggests that fluid resuscitation has been inadequate.
● ScvO2 measurements provide information regarding oxygen supply and consumption at the tissue level as an
indication of perfusion. Experts recommend a target ScvO2 of >70 percent as an indication of adequate perfusion [2]. In
adults, lactate clearance is considered a reasonable alternative to measurement of ScvO2, but data in children are
limited. (See "Evaluation and management of suspected sepsis and septic shock in adults".)
DISPOSITION — Children with shock whose symptoms resolve with treatment should be admitted to the hospital for
observation. The cause of shock may persist (as with an infant with severe diarrhea), may reoccur (as with a biphasic
anaphylactic reaction [33,34]), or may not be apparent.
Children who have not improved with initial management and those whose conditions may worsen (ie, with septic or
cardiogenic shock) should be admitted to an intensive care unit. Early consultation with a pediatric intensivist is suggested.
Patients with hemorrhagic shock from trauma should be evaluated by a surgeon as quickly as possible.
PITFALLS — The management of children with shock is challenging. Some pitfalls include:
● Failure to recognize nonspecific signs of compensated shock (ie, unexplained tachycardia, abnormal mental status, or
poor skin perfusion)
● Inadequate monitoring of response to treatment
● Inappropriate volume for fluid resuscitation (usually too little for children with sepsis or hypovolemic shock, but possibly
too much for those with cardiogenic shock)
● Failure to reconsider possible causes of shock for children who are getting worse or not improving
● Failure to recognize and treat obstructive shock
SUMMARY AND RECOMMENDATIONS
● Shock is a dynamic and unstable pathophysiologic state characterized by inadequate tissue perfusion that must be
identified promptly. Aggressive treatment within the first few hours after presentation can prevent the invariable
progression and poor outcome that characterize the natural clinical course of shock. (See 'Definitions' above.)
● Patients with obstructive shock (eg, tension pneumo- or hemothorax, cardiac tamponade, ductal dependent congenital
heart defects, or pulmonary embolus) require specific interventions performed emergently to relieve the obstruction to
blood flow. (See 'Life-threatening conditions' above.)
● For the initial management of children with shock, other than obstructive shock, who are cared for in a setting with
critical care capability, we suggest early goal-directed therapy (algorithm 2) (Grade 2C). Physiologic indicators that
should be targeted include central and peripheral pulses, skin perfusion, mental status, blood pressure, and urine
output (once effective circulating volume is restored). Physiologic indicators should be frequently assessed. (See 'Goaldirected approach' above and 'Monitoring' above.)
● The etiology and degree of shock determines the volume and rate of initial fluid resuscitation (table 1) (see 'Fluid
administration' above):
• We recommend that children with hypotensive hypovolemic or distributive shock (as from gastrointestinal losses,
traumatic hemorrhage, sepsis, or anaphylaxis), receive 20 mL/kg per bolus of isotonic crystalloid, such as normal
saline or Ringers Lactate solution, infused over 5 to 10 minutes and repeated, as needed, up to four times in
https://www.uptodate.com/contents/initial-management-of-shock-in-children/print?source=search_result&search=PEDIATRIC%20SHOCK&selectedT… 13/36

8/30/2017

Initial management of shock in children - UpToDate

patients without improvement and no signs of fluid overload (Grade 1C). (See 'Fluid administration' above and
'Evidence for goal-directed therapy in children' above.)
• We suggest that children with compensated hypovolemic or distributive shock, other than those with diabetic
ketoacidosis, syndrome of inappropriate antidiuretic hormone secretion, severe malnutrition, or, in resource-limited
settings, severe febrile illness without dehydration or hemorrhage, receive 20 mL/kg per bolus of isotonic
crystalloid, such as normal saline or Ringers Lactate solution over 5 to 20 minutes (Grade 2C). Patients should be
closely monitored during fluid administration. (See 'Fluid administration' above and 'Risks' above.)
• For suspected cardiogenic shock, children who are also hypovolemic should receive a smaller isotonic crystalloid
fluid bolus of 5 to 10 mL/kg, infused over 10 to 20 minutes. This approach decreases the likelihood of exacerbating
heart failure.
• Children with diabetic ketoacidosis (DKA) should receive careful fluid resuscitation (one bolus of 10 mL/kg,
maximum 1 L, infused over one hour) in order to avoid cerebral edema, a rare complication of DKA. (See
"Treatment and complications of diabetic ketoacidosis in children and adolescents", section on 'Cerebral edema'.)
• We suggest that children with signs of shock cared for in resource-limited settings that do not have critical care
capability with respect to monitoring, mechanical ventilation, and administration of vasopressors receive fluid
resuscitation according to the emergency triage assessment and treatment guidelines developed by the World
Health Organization (WHO) (Grade 2C). We recommend that children in resource-limited settings who have
severe febrile illnesses without dehydration or hemorrhage and with normal blood pressures not receive boluses
of isotonic fluid (Grade 1B). (See 'Resource-limited settings' above.)
● We recommend that children with shock receive isotonic crystalloid rather than colloid as the initial fluid therapy (Grade
1B). (See 'Choice of fluid' above.)
● Additional care includes establishing a secure airway and assessing for and treating life-threatening conditions (ie,
upper airway obstruction, tension pneumothorax, cardiac tamponade, and unstable tachycardia). (See 'Additional
management decisions' above.)
● In the absence of severe malnutrition, fluid resuscitation and preventing ongoing fluid loss are the treatments for
hypovolemic shock. Children who have not improved following the rapid infusion of 60 mL/kg of crystalloid should be
carefully reevaluated. We suggest that those with nontraumatic hypovolemic shock who have capillary leak or
hypoalbuminemia and do not respond to 60 mL/kg of crystalloid receive colloid therapy or blood products (Grade 2C).
Children with hemorrhagic shock who do not respond to 60 mL/kg of crystalloid should receive blood. (See
'Hypovolemic shock' above.)
● For neonates and children with septic shock, additional management according to the American College of Critical
Care Medicine guidelines is suggested (algorithm 5). (See 'Distributive shock' above and "Septic shock: Rapid
recognition and initial resuscitation in children".)
● Children with anaphylaxis require prompt treatment with intramuscular epinephrine, diphenhydramine, and steroids
(table 5). (See 'Distributive shock' above and "Anaphylaxis: Emergency treatment".)
● All children who have been treated for shock should be admitted to the hospital. Those who do not improve with initial
treatment should be admitted to an intensive care unit. (See 'Disposition' above.)
Use of UpToDate is subject to the Subscription and License Agreement.
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GRAPHICS
Hemodynamic profiles of the types of shock in children
Physiologic
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perfusion
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central venous
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measured)
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Mixed venous
oxygen
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↓

↓

↑

↑

Low

Cardiogenic

↑

↓

↑

↑

Low

Distributive

↓ or ↔

↑

↓

↓ (initial)

High

Obstructive

↑

↓

↑

↑

Low

* Clinical signs of decreased preload include tachycardia, tachypnea, decreased or absent peripheral pulses; normal or weak central
pulses; capillary refill time >2 seconds; skin that is pale, mottled, cold or diaphoretic; dusky or pale extremities, altered mental status,
decreased urine output, and flat jugular veins. Clinical signs of increased preload include jugular venous distension, pulmonary edema, and
hepatomegaly. These patients are also typically tachycardic and poorly perfused. Refer to topics on evaluation of shock in children.
¶ Cardiac index (cardiac output per body surface area) is typically what is measured during clinical care.
Δ In patients with shock, capillary refill time >2 seconds is associated with low mixed venous oxygen saturation while flash capillary refill
suggests increased mixed venous oxygen saturation.
◊ A low mixed oxygen saturation is <70 percent when measured through a triple lumen catheter and <65 percent when measured through

a pulmonary artery catheter.
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Approach to the classification of undifferentiated shock in
children

Graphic 81356 Version 2.0
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Heart rates in normal children
Age

Awake rate

Sleeping rate

Neonate (28 days or younger)

100-205

90-160

Infant (29 days to 1 year)

100-180

90-160

Toddler (1 to <3 years)

98-140

80-120

Preschool (3 to 5 years)

80-120

65-100

School-aged child (6 to 12 years)

75-118

58-90

Adolescent (>12 years)

60-100

50-90

Data from Pediatric Advanced Life Support Provider Manual, American Heart Association, 2016. p. 48.
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WHO 2016 guidelines: Fluid management in children with signs of impaired circulation in
resource-limited settings
Children who are not in shock but have signs of circulatory impairment
1. Children with only one or two signs of impaired circulation (eg, cold extremities or capillary refill >3 seconds or a weak and fast
pulse) but who do not have the full clinical features of shock (ie, all three signs present together) should not receive any rapid
infusion of fluids but should still receive maintenance fluids appropriate for their age and weight.
2. In the absence of shock, rapid IV infusion of fluids may be particularly harmful to children who have severe febrile illness,
severe pneumonia, severe malaria, meningitis, severe acute malnutrition, severe anemia, congestive heart failure with
pulmonary edema, congenital heart disease, renal failure or diabetic ketoacidosis.
3. Children with any sign of impaired circulation (ie, cold extremities or prolonged capillary refill or weak, fast pulse) should be
prioritized for full assessment and treatment and reassessed within 1 hour.

Children who are in shock
1. Children who are in shock (ie, who have all the following signs: cold extremities with capillary refill >3 seconds and a weak and
fast pulse) should receive IV fluids.
They should be given 10 to 20 mL/kg body weight (BW) of isotonic crystalloid fluids over 30 to 60 minutes.
They should be fully assessed, an underlying diagnosis made, receive other relevant treatment and their condition
monitored.
The child should be reassessed at the completion of infusion and during subsequent hours to check for any deterioration:
If the child is still in shock, consider giving a further infusion of 10 mL/kg BW over 30 minutes.
If shock has resolved, provide fluids to maintain normal hydration status only (maintenance fluids).
If, at any time, there are signs of fluid overload, cardiac failure or neurological deterioration, the infusion of fluids should
be stopped, and no further IV infusion of fluids should be given until the signs resolve.
2. Children in shock and with severe anaemia (erythrocyte volume fraction [hematocrit] <15 or hemoglobin <5 g/dL as defined
by WHO) should receive a blood transfusion as early as possible and receive other IV fluids only to maintain normal hydration.
3. Children with severe acute malnutrition* who are in shock should receive 10 to 15 mL/kg BW of IV fluids over the first hour.
Children who improve after the initial infusion should receive only oral or nasogastric maintenance fluids. Any child who does
not improve after 1 hour should be given a blood transfusion (10 mL/kg BW slowly over at least 3 hours).
IV: intravenous. WHO: World Health Organization.
* In infants and children aged 6 to 59 months, severe acute malnutrition is defined as weight-for-height Z-score <–3 using WHO growth
standards, or mid-upper arm circumference (MUAC) < 11.5 cm; or clinical signs of bilateral oedema of nutritional origin.
Adapted from: Updated guideline: paediatric emergency triage, assessment and treatment. Geneva: World Health Organization, 2016.
Available here (Accessed on May 13, 2016).
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Vasoactive medication receptor activity and clinical effects
Receptor activity

Drug
Alpha-1

Beta-1

Beta-2

Predominant clinical effects

Dopaminergic

Phenylephrine

+++

0

0

0

SVR ↑ ↑, CO ↔/↑

Norepinephrine

+++

++

0

0

SVR ↑ ↑, CO ↔/↑

Epinephrine

+++

+++

++

0

CO ↑ ↑, SVR ↓ (low dose) SVR/↑ (higher dose)

Dopamine (mcg/kg/min)*
0.5 to 2.

0

+

0

++

CO

5. to 10.

+

++

0

++

CO ↑, SVR ↑

10. to 20.

++

++

0

++

SVR ↑ ↑

Dobutamine

0/+

+++

++

0

CO ↑, SVR ↓

Isoproterenol

0

+++

+++

0

CO ↑, SVR ↓

+++: Very strong effect; ++: Moderate effect; +: Weak effect; 0: No effect.
* Doses between 2. and 5. mcg/kg/min have variable effects.
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Initial management of shock in children

DKA: diabetic ketoacidosis.
* For possible cardiogenic shock with hypovolemia, give 5 to 10 mL/kg of isotonic fluids (eg, normal saline or
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Ringers lactate), infused over 10 to 20 minutes. Evaluate target endpoints and slowly give another 5 to 10
mL/kg if there has been improvement or no change. For patients with diabetic ketoacidosis, give 10 mL/kg of
isotonic fluids over one hour.
¶ Such as inotropes or vasodilators. For newborns, prostaglandin E 1 .
Δ For patients with DKA who do not improve with 20 mL/kg, look for another cause of shock before
administering additional crystalloid. For possible cardiogenic shock, slowly give another 5 to 10 mL/kg if there
has been improvement or no change.
◊ Dopamine if normotensive, norepinephrine if hypotensive and vasodilated, and epinephrine if hypotensive

and vasoconstricted.
Adapted from: Carcillo JA, Fields AI. Clinical practice parameters for hemodynamic support of pediatric and
neonatal patients in septic shock. Crit Care Med 2002; 30:1365.
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Pediatric tachycardia algorithm (with a pulse and poor perfusion)

PALS: pediatric advanced life support; IO: intraosseous; IV: intravenous; ECG: electrocardiogram; HR: heart rate.
* Vagal manuevers: In infants or young children, place a plastic bag filled with ice and cold water over the face for 15
to 30 seconds or stimulate the rectum with a thermometer. In older children, encourage bearing down (Valsalva
maneuver) for 15 to 20 seconds. Carotid massage and orbital pressure should not be performed in children.
Reprinted with permission. Pediatric Advanced Life Support: 2010. American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. © 2010 American Heart Association, Inc. This
algorithm remains unchanged in the 2015 update.
Graphic 67438 Version 25.0
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Rapid overview: Emergent management of anaphylaxis in infants and children*
Diagnosis is made clinically:
The most common signs and symptoms are cutaneous (eg, sudden onset of generalized urticaria, angioedema, flushing, pruritus).
However, 10 to 20% of patients have no skin findings.
Danger signs: Rapid progression of symptoms, evidence of respiratory distress (eg, stridor, wheezing, dyspnea,
increased work of breathing, retractions, persistent cough, cyanosis), signs of poor perfusion, abdominal pain,
vomiting, dysrhythmia, hypotension, collapse.

Acute management:
The first and most important therapy in anaphylaxis is epinephrine. There are NO absolute contraindications to epinephrine
in the setting of anaphylaxis.
Airway: Immediate intubation if evidence of impending airway obstruction from angioedema. Delay may lead to complete
obstruction. Intubation can be difficult and should be performed by the most experienced clinician available. Cricothyrotomy may
be necessary.
IM epinephrine (1 mg/mL preparation): Epinephrine 0.01 mg/kg should be injected intramuscularly in the mid-outer thigh.
For large children (>50 kg), the maximum is 0.5 mg per dose. If there is no response or the response is inadequate, the injection
can be repeated in 5 to 15 minutes (or more frequently). If epinephrine is injected promptly IM, patients respond to one, two, or
at most, three injections. If signs of poor perfusion are present or symptoms are not responding to epinephrine injections,
prepare IV epinephrine for infusion (see below).
Place patient in recumbent position, if tolerated, and elevate lower extremities.
Oxygen: Give 8 to 10 L/minute via facemask or up to 100% oxygen, as needed.
Normal saline rapid bolus: Treat poor perfusion with rapid infusion of 20 mL/kg. Re-evaluate and repeat fluid boluses (20
mL/kg), as needed. Massive fluid shifts with severe loss of intravascular volume can occur. Monitor urine output.
Albuterol: For bronchospasm resistant to IM epinephrine, give albuterol 0.15 mg/kg (minimum dose: 2.5 mg) in 3 mL saline
inhaled via nebulizer. Repeat, as needed.
H1 antihistamine: Consider giving diphenhydramine 1 mg/kg (max 40 mg) IV.
H2 antihistamine: Consider giving ranitidine 1 mg/kg (max 50 mg) IV.
Glucocorticoid: Consider giving methylprednisolone 1 mg/kg (max 125 mg) IV.
Monitoring: Continuous noninvasive hemodynamic monitoring and pulse oximetry monitoring should be performed. Urine output
should be monitored in patients receiving IV fluid resuscitation for severe hypotension or shock.

Treatment of refractory symptoms:
Epinephrine infusion ¶: In patients with inadequate response to IM epinephrine and IV saline, give epinephrine continuous
infusion at 0.1 to 1 mcg/kg/minute, titrated to effect.
Vasopressors ¶: Patients may require large amounts of IV crystalloid to maintain blood pressure. Some patients may require a
second vasopressor (in addition to epinephrine). All vasopressors should be given by infusion pump, with the doses titrated
continuously according to blood pressure and cardiac rate/function monitored continuously and oxygenation monitored by pulse
oximetry.
IM: intramuscular; IV: intravenous.
* A child is defined as a prepubertal patient weighing less than 40 kg.
¶ All patients receiving an infusion of epinephrine and/or another vasopressor require continuous noninvasive monitoring of blood
pressure, heart rate and function, and oxygen saturation. We suggest that pediatric centers provide instructions for preparation of
standard concentrations and also provide charts for established infusion rate for epinephrine and other vasopressors in infants and
children.
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Rapid overview of rapid sequence intubation in children
Preparation: Utilize an active checklist to:
Begin preoxygenation as described below.
Identify conditions that will affect choice of medications (eg, increased intracranial pressure, septic shock, bronchospasm, status
epilepticus, or, if succinylcholine use is planned, absolute contraindications for its use as listed below).
Identify conditions that will predict difficult intubation or bag-mask ventilation (eg, small chin, inability to fully open the mouth,
upper airway trauma, or infection).
Assemble equipment and check for function.
Develop contingency plan for failed intubation (refer to UpToDate topics on devices for difficult endotracheal intubation).

Preoxygenation
Begin preoxygenation as soon as rapid sequence intubation is potentially needed:
Spontaneously breathing: 100% FiO 2 (7 L/min oxygen flow) by nonrebreather mask for 3 minutes
Apneic or inadequate breathing: Bag-mask ventilation with small tidal breaths using 100% FiO 2
During induction and paralysis, apneic oxygenation via nasal cannula at flow rate of 1 L/kg/min (maximum flow 15 L/min)
may be provided
Administer oxygen at the highest concentration available.

Pretreatment (optional)
Atropine: Although not routinely recommended, many experts suggest atropine as pretreatment for:
Children ≤1 year
Children in shock
Children <5 years receiving succinylcholine
Older children receiving a second dose of succinylcholine
Dose: 0.02 mg/kg IV without a minimum dose (maximum single dose 0.5 mg; if no IV access, can be given IM).
Fentanyl: Optional for increased intracranial pressure in patients with normal or elevated blood pressure. Dose: 1 to 3 mcg/kg
given over 30 to 60 seconds to avoid respiratory depression and chest wall rigidity. Give 3 minutes before induction agent is
administered.
Lidocaine: Optional for increased intracranial pressure (not recommended for pretreatment in children by some airway experts).
Dose: 1 to 2 mg/kg IV (maximum dose 200 mg). Give 2 to 3 minutes before intubation.

Sedation
Etomidate:
Safe with hemodynamic instability, neuroprotective, transient adrenal cortico-suppression. Do not use routinely in patients
with septic shock.
Dose: 0.3 mg/kg IV.
Ketamine:
Safe with hemodynamic instability if patient is not catecholamine depleted. Use in patients with bronchospasm and septic
shock. Use with caution in hypertensive patients with increased intracranial pressure.
Dose: 1 to 2 mg/kg IV (if no IV access, can be given IM dose: 3 to 7 mg/kg).
Propofol:
Causes hypotension. May use in hemodynamically stable patients with status epilepticus.
Dose 1 to 1.5 mg/kg IV.
Midazolam:
May use in hemodynamically stable patients with status epilepticus. Time to clinical effect is longer, inconsistently induces
unconsciousness. May cause hemodynamic instability at doses required for sedation.
Dose: 0.2 to 0.3 mg/kg IV (maximum dose 10 mg, onset of effect requires 2 to 3 minutes).
Fentanyl:
Optional for cardiogenic shock or catecholamine-depleted shock (eg, persistent hypotension despite vasopressor therapy).
Limited evidence in children.
Dose 1 to 5 mcg/kg titrated to effect. Start at lower end of range in hypotensive patients. Give over 30 to 60 seconds to avoid
respiratory depression or chest wall rigidity.
Thiopental:
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Neuroprotective. Do not use with hemodynamic instability.
Dose: 3 to 5 mg/kg IV.*

Paralytic
Rocuronium:
Use for children with contraindication for succinylcholine or as primary paralytic if sugammadex is immediately available.
Dose: 1 mg/kg IV. ¶
Succinycholine:
Do not use with extensive crush injury with rhabdomyolysis, chronic skeletal muscle disease (eg, Becker muscular
dystrophy) or denervating neuromuscular disease (eg, cerebral palsy with paralysis); 48 to 72 hours after burn, multiple
trauma, or denervating injury; patients with history or malignant hyperthermia; or pre-existing hyperkalemia.
Dose: Infants and children ≤2 years: 2 mg/kg IV, older children and adolescents: 1 to 1.5 mg/kg IV (if IV access unobtainable,
can be given IM, dose: 3 to 5 mg/kg). Δ

Protection and positioning
Maintain manual cervical spine immobilization during intubation in the trauma patient.
If cervical spine injury is not potentially present, put the patient in the "sniffing position" (ie, head forward so that the external
auditory canal is anterior to the shoulder and the nose and mouth point to the ceiling).
Utilize external laryngeal manipulation or, in infants, gentle cricoid pressure to optimize the view of the glottis during direct
laryngoscopy if the initial view is suboptimal or inadequate despite correct laryngoscope blade positioning. ◊

Positioning, with placement
Confirm tracheal tube placement with end-tidal CO 2 detection and auscultation.

Postintubation management
Obtain a chest radiograph to confirm the depth of tracheal tube insertion.
Provide ongoing sedation (eg, midazolam), analgesia (eg, fentanyl 1 mcg/kg), and, if indicated, paralysis. §

If IV access unobtainable, intraosseous administration of drugs listed is an acceptable alternative.
IM: intramuscularly; IV: intravenously.
* Not available in many countries, including the United States and Canada.
¶ Sugammadex in a dose of 16 mg/kg can provide immediate reversal of paralysis when given approximately 3 minutes after a single dose
of rocuronium. Vecuronium may be used in children with contraindications to succinylcholine and when rocuronium is not available.
Suggested dose for rapid sequence intubation: 0.15 to 0.2 mg/kg. Patients may experience prolonged and unpredictable duration of
paralysis at this dose.
Δ Defasciculating agents (eg, rocuronium or vecuronium at one-tenth of the paralyzing dose) are not routinely recommended for children
receiving succinylcholine.
◊ Bimanual laryngoscopy, also called external laryngeal manipulation (ELM), entails manipulating the thyroid cartilage or hyoid bone with
the right hand during laryngoscopy in order to improve the view of the glottis. For a description of how to perform ELM, refer to topics on
emergency endotracheal intubation in children and rapid sequence intubation in children.
§ If decompensation occurs after successful intubation, use the DOPE mnemonic to find the cause:
D: Dislodgement of the tube (right mainstem or esophageal)
O: Obstruction of tube
P: Pneumothorax
E: Equipment failure (ventilator malfunction, oxygen disconnected or not on)
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Rapid overview: Emergent management of supraventricular tachycardia (SVT) in children
Evaluation
Provide oxygen and ventilation immediately as needed
Goals: Identify the unstable patient; distinguish SVT from sinus tachycardia
Clinical assessment
Potential causes of sinus tachycardia (dehydration, fever, pain, drugs)
Signs of poor perfusion (poor capillary refill, hypotension, pallor, diminished mental status)
Signs of heart failure (increased work of breathing, rales, hepatomegaly)
12-lead ECG
The following are consistent with SVT:
Rate: Infants 220 to 280 bpm; children and adolescents 180 to 240 bpm
Relentlessly regular rhythm without variation with respiration or activity
Abnormal P waves (absent or negative in II, III, and aVF)
For wide QRS complex, assume the origin is ventricular (although in children, most are SVT with aberrant conduction)*

Management
Goal: Terminate the abnormal rhythm. Consult pediatric cardiology early.
Stable

Unstable

Children with SVT who are stable are unlikely to
deteriorate suddenly.

For unstable patients (depressed mental status, hypotension, signs of
shock), begin treatment to convert to sinus rhythm immediately.

Begin treatment with vagal maneuvers and/or
adenosine and consult pediatric cardiology.

Continue oxygen and ventilation as needed.

Vagal maneuvers: For infants, apply bag
containing ice water to the face above the nose and
mouth for 15 to 30 seconds. Do not obstruct
ventilation. In older children, bearing down or
blowing into an occluded straw for 15 to 20 seconds
provides vagal stimulation. Do not use carotid
massage or orbital pressure.

Vagal maneuvers: Do not delay treatment to administer vagal
maneuvers in unstable patients. Attempt while preparing for
cardioversion or drug therapy.

Adenosine: With continuous ECG monitoring,
administer rapidly through IV closest to the central
circulation. Initial dose: 0.1 mg/kg (max 6 mg); if
no response in two minutes, repeat dose 0.2 mg/kg
(max 12 mg). Follow each dose immediately with a

Without IV/IO in place:

saline flush of 5 mL.

¶

Synchronized cardioversion: Cardiovert immediately all unstable
patients without IV access. Use 0.5 to 1 J/kg. If not effective, increase
to 2 J/kg.
With IV/IO in place: Δ

Adenosine: If immediately available, adenosine may be
given to unstable patients with narrow complex SVT with
IV access while preparing to cardiovert. Initial dose: 0.1
mg/kg (max 6 mg); if no response in two minutes,
repeat dose 0.2 mg/kg (max 12 mg). Follow each dose
immediately with a saline flush of 5 mL. ¶
Synchronized cardioversion: If adenosine is not
immediately available or if there is no response to
adenosine, synchronized cardioversion should be
performed in all unstable patients with IV access. Use 0.5
to 1 J/kg. If not effective, increase to 2 J/kg.
IV antiarrhythmic options for refractory SVT: ◊
Procainamide: § Procainamide is an option for SVT that is
refractory to adenosine and cardioversion. Dose: Neonates
receive a loading dose of 7 to 10 mg/kg over 30 to 45 minutes;
for infants and older children the loading dose is 10 to 15 mg/kg
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over 30 to 45 minutes (maximum adult dose range 1000 to 1500
mg). Follow with a continuous infusion starting at 20 mcg/kg per
minute (maximum 2000 mg/day).
OR
Amiodarone: § Amiodarone is an option for SVT that is
refractory to adenosine and cardioversion. Dose: 5 mg/kg IV over
20 to 60 minutes. If no response, repeat the bolus dose up to a
total of 15 mg/kg. If the patient responds, then follow bolus with
a continuous infusion of 10 to 15 mg/kg per 24 hours (0.4 to 0.6
mg/kg per hour).

ECG: electrocardiogram; bpm: beats per minute; IV: intravenous; IO: intraosseous.
* Refer to separate UpToDate content for details of evaluation and management of wide QRS complex tachyarrhythmias in children.
¶ The use of two syringes (one with adenosine and the other with normal saline flush) connected to a stopcock is a useful way of ensuring
rapid and effective drug delivery.
Δ IV access is preferred over IO for administration of adenosine and antiarrhythmic drugs. An IO can be used for these agents, but
conversion to sinus rhythm with adenosine may not be successful when using IO access.
◊ The agents listed here are supported by the American Heart Association guidelines for pediatric cardiopulmonary resuscitation. Other
options that may be used for termination of SVT include IV verapamil (in children >1 year only) and IV esmolol. Consultation with a
pediatric cardiologist is advised. Refer to UpToDate topics on management of tachyarrhythmias in children for further details.
§ These drugs have potential for serious adverse effects and, therefore, consultation with a pediatric cardiologist is advised whenever
possible. Both amiodarone and procainamide can prolong the QT interval and they should not be administered together. Refer to UpToDate
content on SVT in children for additional details.
Graphic 53559 Version 8.0
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Pediatric bradycardia algorithm (with a pulse and poor perfusion)

PALS: pediatric advanced life support; CPR: cardiopulmonary resuscitation; IO: intraosseous; IV:
intravenous; HR: heart rate; AV: atrioventricular; ABCs: airway, breathing, circulation.
Reprinted with permission. Pediatric Advanced Life Support: 2010. American Heart Association
Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. © 2010
American Heart Association, Inc. This algorithm remains unchanged in the 2015 update.
Graphic 52446 Version 18.0
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American College of Critical Care Medicine algorithm for time-sensitive, goal-directed stepwise
management of hemodynamic support in infants and children*

American College of Critical Care Medicine algorithm for time-sensitive, goal-directed stepwise management of hemodynamic support
in infants and children. Proceed to next step if shock persists:
1. First hour goals—restore and maintain heart rate thresholds, capillary refill ≤2 seconds, and normal blood pressure in the first
hour/emergency department.
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2. Subsequent ICU goals— As above and warm extremities, urine output >1 mL/kg/hour; normal mental status; and
normalization of serum lactate, anion gap, and INR. if shock not reversed proceed to invasive monitoring and restore and
maintain normal perfusion pressure (MAP – CVP) for age, ScvO 2 >70%, and cardiac index 3.3 to 6.0 L/minute/m 2 in PICU.

IV: intravenous; IO: intraosseous; IM: intramuscular; PALS: Pediatric Advanced Life Support; US: ultrasound; PICCO: pulse index contour;
FATD: femoral artery thermodilution; PAC: pulmonary artery catheter; MAP: mean arterial pressure; CVP: central venous pressure; ScvO 2 :
central venous oxygen saturation; CI: cardiac index; IAP: intraabdominal pressure; ECMO: extracorporeal membrane oxygenation.
* This algorithm represents the approach to septic shock contained in the text and figures presented by the American College of Critical Care
Medicine. The timeframes reflect optimal care. However, these timeframes are not always feasible depending upon resources available. For
further guidance, refer to UpToDate topics on septic shock in children.
¶ The ScVO 2 target does not apply to congenital heart patients with mixing lesions. Central venous access for invasive monitoring is indicated
for patients with catecholamine-resistant septic shock. Central venous access is also appropriate in patients who have reversal of shock after
initiation of vasoactive drugs, although patients who rapidly improve after receiving vasoactive medications and in whom a rapid weaning of
support is expected, may not require central venous line placement.
From: Davis AL, Carcillo JA, Aneja RK, et al. American College of Critical Care Medicine Clinical Practice Parameters for hemodynamic support
of pediatric and neonatal septic shock. Crit Care Med 2017; 45:1061. DOI: 10.1097/CCM.0000000000002425. Copyright © 2017 Society of
Critical Care Medicine. Reproduced with permission from Lippincott Williams & Wilkins. Unauthorized reproduction of this material is prohibited.
Graphic 113240 Version 3.0
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Example of epinephrine infusion - Pediatric 10 kg
Example of preparation of epinephrine infusion for refractory symptoms of anaphylaxis for
pediatric patient of 10 kg body weight for emergency/critical care units
Final concentration: Epinephrine 10 mcg/mL
Add 1 mg (1000 mcg) of epinephrine to 100 mL bag of 0.9% normal saline (NS) or 5% dextrose water (D5W)
Preparation
1. CHECK vial strength.
2. To prepare epinephrine infusion for a final concentration of 10 mcg/mL, dilute 10 mL of 0.1 mg/mL epinephrine (may also be
labeled 1:10,000) in 100 mL bag of 0.9% NS or D5W OR 1 mL of 1 mg/mL epinephrine (may also be labeled 1:1000) in 100
mL bag of 0.9% NS or D5W.*
Administration
Infuse an initial dose of 0.1 mcg/kg/minute using a programmable infusion pump and titrate, as needed, while continuously
monitoring the patient's cardiac rhythm and blood pressure.
For detail on titrating the infusion based upon response, refer to the UpToDate topic on emergency treatment for anaphylaxis.
Administration rate for infusion pump to deliver pediatric
dose shown

Pediatric dose for 10 kg child
mcg per kg per
minute

mcg per minute

mL per minute for
10 kg child

mL per hour for 10
kg child

0.05

0.5

0.05

3

0.1

1

0.1

6

0.2

2

0.2

12

3

0.3

18

4

0.4

5

0.5

0.6

6

0.6

36

0.7

7

0.7

42

0.8

8

0.8

48

0.9

9

0.9

54

1

10

1

60

0.3
0.4
0.5

Multiply by patient
weight
(10 kg)

Multiply by 60
minutes

24
30

The above table is provided as an example. There are other acceptable concentrations.
Intravenous epinephrine, like all vasopressors, can cause life-threatening hypertension, cardiac ischemia, and ventricular
arrhythmias. It should be administered ONLY by clinicians trained and experienced in dose titration of intravenous epinephrine
using continuous noninvasive electronic monitoring of heart rate and blood pressure.
Epinephrine is an ischemia-causing agent and vesicant. Monitor infusion site for extravasation. Central venous catheter
administration is preferred when available. Refer to the Lexicomp drug reference for information on managing extravasation
including infiltration of phentolamine.
To reduce the risk of making a medication error, we suggest that centers have available an institutionally approved protocol for
epinephrine infusion that includes steps on how to prepare and administer the infusion and standard concentration(s).
* Unused diluted solutions should be discarded within 24 hours or less of preparation depending on local standards.
References:
1. Gahart BL, Nazareno AR, Ortega MQ. Gahart's 2016 Intravenous Medications: A Handbook for Nurses and Health Professionals,
32nd ed, Elsevier-Mosby, St. Louis, MO 2016.
2. Lieberman P, Nicklas RA, Oppenheimer J, et al. The diagnosis and management of anaphylaxis practice parameter: 2010 update. J
Allergy Clin Immunol 2010; 126:477.
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Example of epinephrine infusion - Pediatric 20 kg
Example of preparation of epinephrine infusion for refractory symptoms of anaphylaxis for
pediatric patient of 20 kg body weight for emergency/critical care units
Final concentration: Epinephrine 10 mcg/mL
Add 1 mg (1000 mcg) of epinephrine to 100 mL bag of 0.9% normal saline (NS) or 5% dextrose water (D5W)
Preparation
1. CHECK vial strength.
2. To prepare epinephrine infusion for a final concentration of 10 mcg/mL, dilute 10 mL of 0.1 mg/mL epinephrine (may also be
labeled 1:10,000) in 100 mL bag of 0.9% NS or D5W OR 1 mL of 1 mg/mL epinephrine (may also be labeled 1:1000) in 100
mL bag of 0.9% NS or D5W.*
Administration
Infuse an initial dose of 0.1 mcg/kg/minute using a programmable infusion pump and titrate, as needed, while continuously
monitoring the patient's cardiac rhythm and blood pressure.
For detail on titrating the infusion based upon response, refer to the UpToDate topic on emergency treatment of anaphylaxis.
Administration rate for infusion pump to deliver pediatric
dose shown

Pediatric dose for 20 kg child
mcg per kg per
minute

mcg per minute

mL per minute for
20 kg child

mL per hour for 20
kg child

0.05

1

0.1

6

0.1

2

0.2

12

0.2

4

0.4

24

6

0.6

36

8

0.8

10

1

0.6

12

1.2

72

0.7

14

1.4

84

0.8

16

1.6

96

0.9

18

1.8

108

1

20

2

120

0.3
0.4
0.5

Multiply by patient
weight
(20 kg)

Multiply by 60
minutes

48
60

The above table is provided as an example. There are other acceptable concentrations.
Intravenous epinephrine, like all vasopressors, can cause life-threatening hypertension, cardiac ischemia, and ventricular
arrhythmias. It should be administered ONLY by clinicians trained and experienced in dose titration of intravenous epinephrine
using continuous noninvasive electronic monitoring of heart rate and blood pressure.
Epinephrine is an ischemia causing agent and vesicant. Monitor infusion site for extravasation. Central venous catheter
administration is preferred when available. Refer to the Lexicomp drug reference for information on managing extravasation
including infiltration of phentolamine.
To reduce the risk of making a medication error, we suggest that centers have available an institutionally approved protocol for
epinephrine infusion that includes steps on how to prepare and administer the infusion and standard concentration(s).
* Unused diluted solutions should be discarded within 24 hours or less of preparation, depending on local standards.
References:
1. Gahart BL, Nazareno AR, Ortega MQ. Gahart's 2016 Intravenous Medications: A Handbook for Nurses and Health Professionals,
32nd ed, Elsevier-Mosby, St. Louis, MO 2016.
2. Lieberman P, Nicklas RA, Oppenheimer J, et al. The diagnosis and management of anaphylaxis practice parameter: 2010 update. J
Allergy Clin Immunol 2010; 126:477.
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Drug- and toxin-induced changes in blood pressure and pulse
Hypertension with
tachycardia

Hypertension with
bradycardia

Hypotension with
tachycardia

Hypotension with
bradycardia

Sympathomimetics

Alpha-adrenergic agonists

Beta-adrenergic agonists

Beta-blockers

Amphetamines

Phenylpropanolamine

Theophylline

Cocaine

Phenylephrine

Albuterol

Ephedrine

Phentermine

Isoproterenol

Pseudoephedrine
Theophylline
Caffeine
Methylphenidate
Cathinones

Anticholinergics

Ergot alkaloids
Sumatriptan
Clonidine (early)
Guanfacine
Imidazolines

Antihistamines

Tetrahydrozoline

TCAs (early)

Oxymetazoline

Phenothiazines (some)

Cholinergic agents

Antiparkinson agents

Organophosphates

Muscle relaxants

Carbamates

Clozapine

Central hallucinogens

Steroid hormones
Glucocorticoids

Designer amphetamines

Mineralocorticoids

Lysergic acid diethylamide
(LSD)

Estrogen

Phencyclidine (PCP)
Synthetic cannabinoids

Envenomations
Black widow spider bite
Scorpion stings

Drug withdrawal states

Terbutaline
Caffeine

Disulfiram reaction (late)
Toxic alcohols
Isopropyl alcohol

Cardiac glycosides
Digoxin
Digitalis purpurea
Oleander
Red squill
Bufotenin

Clonidine

Carbon monoxide

Alpha-methyldopa

Alpha-adrenergic antagonists

Cyanide

Phenothiazines
TCAs
Hydralazine

Heavy metals (acute)
Iron
Arsenic

Colchicine

Progesterone

Nitrates

Androgens

Sodium nitroprusside

Yohimbine

Calcium-channel blockers

Carbon monoxide (late)
Opioids
Sedative-hypnotics
Barbiturates
Benzodiazepines

Cholinergics
Organophosphates
Carbamates

Antiarrhythmics

Heavy metals
Lead

Disulfiram reaction (early)

MAOIs (foods with tyramine)
Nicotine
Cholinergic agents
(sometimes)
Organophosphates
Carbamates

Thyroid hormone
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INTRODUCTION — Acute severe hypertension resulting in hypertensive emergencies and urgencies occurs
infrequently in children. Proper management of this potentially life-threatening condition and prevention of its
complications depend on prompt recognition and treatment.
The clinician should understand that there is a spectrum of severity of acute hypertension. Any classification
scheme that divides the clinical presentation of acute severe hypertension into "urgent" or "emergent" is by its
nature arbitrary [1,2]. Clinical findings, especially patient symptoms, must be used to gauge the severity of
acute hypertension and guide management.
This topic discusses the rapid assessment and treatment of hypertensive emergencies and urgencies in
children. The diagnostic evaluation to acute severe hypertension is discussed separately. (See "Approach to
hypertensive emergencies and urgencies in children".)
DEFINITION — Acute severe hypertension has traditionally been divided into hypertensive emergencies and
hypertensive urgencies. The clinician should understand that there is a spectrum of severity of acute
hypertension. Any classification scheme that divides the clinical presentation of acute severe hypertension
into separate categories is by its nature arbitrary [1,2]. Clinical judgment must be used to gauge the severity
of acute hypertension and guide management.
Hypertension — Hypertension in children is defined as either systolic and/or diastolic blood pressure (BP)
≥95th percentile measured upon three or more occasions. As in adults, hypertension in children is further
divided into the two following stages:
● Stage 1 hypertension – Systolic and/or diastolic BP between the 95th percentile and 5 mmHg above the
99th percentile.
● Stage 2 hypertension – Systolic and/or diastolic BP ≥99th percentile plus 5 mmHg.
Severity — The decision process for evaluation and treatment varies with the severity of the hypertension.
Stage 2 identifies those children who need more prompt evaluation and immediate pharmacologic treatment,
while stage 1 hypertension allows for more time for evaluation and initial treatment with nonpharmacologic
therapy unless the patient is symptomatic or has hypertensive target-organ damage. (See "Definition and
diagnosis of hypertension in children and adolescents", section on 'Definition'.)
While there is no specific numerical value or BP percentile that identifies “acute severe hypertension” in youth,
in one relatively large case series of pediatric patients with acute severe hypertension, most patients had BP
readings well in excess of stage 2 hypertension [3].
https://www.uptodate.com/contents/management-of-hypertensive-emergencies-and-urgencies-in-children/print?source=see_link
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Hypertensive emergency — An acute severe symptomatic elevation in BP WITH evidence of potentially lifethreatening symptoms or target organ damage defines a hypertensive emergency [4-6]. Blood pressures
(BPs) are commonly elevated far above the level of stage 2 hypertension.
The most commonly involved organs are the brain, kidneys, eyes, and heart. Careful intervention to lower
blood pressure should begin emergently upon recognition of a hypertensive emergency and should be
accomplished with intravenous antihypertensive agents [1,2,4-9]. (See 'Approach' below.)
Hypertensive emergencies in children most commonly manifest as hypertensive encephalopathy: severe BP
elevation with neurologic symptoms of lethargy, coma, and/or seizures [1,2,7]. Cardiopulmonary
manifestations (congestive heart failure, pulmonary edema) may also be seen. Acute kidney injury can also
be a manifestation of hypertensive emergency.
The absolute level of BP elevation is less important than whether symptoms and/or target end organ damage
is present. For example, a child with chronic hypertension may have impressively high BP measurements
without symptoms. Another child with an acute rise in BP may manifest a hypertensive emergency despite a
BP that seems to be only moderately elevated. (See 'Hypertensive urgency' below.)
Hypertensive urgency — An acute severe elevation in BP WITHOUT severe, life-threatening symptoms or
evidence of acute target organ damage describes a hypertensive urgency [4-6]. The duration of hypertension
(acute or chronic) is an important determinant of intervention. (See 'Hypertensive urgency goal' below.)
APPROACH — The approach to a patient presenting to the emergency department with acute severe
hypertension requires immediate confirmation of marked blood pressure (BP) elevation, rapid assessment of
severity of disease, exclusion of causes of severe hypertension for which rapid reduction of BP might be
harmful, and prompt initiation of antihypertensive therapy (table 1) [1,2,5-10]. Knowledge of the most
prevalent etiologies by age group also helps guide treatment decisions (table 2). (See "Approach to
hypertensive emergencies and urgencies in children" and 'Specific pediatric hypertensive emergencies'
below.)
Confirmation of severe hypertension — As with less severe hypertension, once an elevated BP is
discovered, the measurement should be confirmed, preferably using auscultation with careful attention to cuff
size and placement. A BP cuff that is too small will artificially elevate the BP reading (figure 1 and table 3).
(See "Definition and diagnosis of hypertension in children and adolescents", section on 'Technique of BP
measurement'.)
If manual BP measurement is not be feasible/possible in the acute/emergency situation, automated BP
readings may be substituted; the same guidance regarding cuff size should be followed.
A reliable method for obtaining frequent repeat BPs (intra-arterial line, oscillometric device) should be
established to assist with ongoing management. Oscillometric devices are actually well-suited for measuring
BP repeatedly at short intervals and can therefore be relied upon until an invasive method of measuring BP
can be established.
Specific causes of hypertension that may require other management approaches should be identified before
antihypertensive treatment is started. These etiologies would include aortic coarctation, head trauma,
intracranial mass lesion, sympathomimetic drug overdose, and severe pain. (See "Management of coarctation
of the aorta" and "Clinical manifestations and diagnosis of coarctation of the aorta" and "Cocaine: Acute
intoxication" and "Severe traumatic brain injury in children: Initial evaluation and management" and "Elevated
intracranial pressure (ICP) in children: Clinical manifestations and diagnosis".)
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General measures — When the presence of severe acute hypertension is confirmed, the patient should be
placed in a treatment area that can support critical care functions and monitoring. Treatment includes (table
1):
● Establishment of continuous cardiorespiratory monitoring, including pulse oximetry.
● Frequent, continual BP monitoring (eg, automatic BP measurements every minute).
● Assessment of airway and breathing and performance of endotracheal intubation in patients with
depressed mental status, respiratory failure, or status epilepticus. Patients with findings suggestive of
head trauma require cervical spine immobilization and maintenance of inline cervical stabilization during
airway procedures. Medications that might increase BP (eg, ketamine) should be avoided during rapid
sequence intubation. (See "Emergency endotracheal intubation in children" and "Pediatric cervical spine
immobilization".)
● Intravenous (IV) access consisting of two IV lines, whenever possible. One IV line should be dedicated to
administration of antihypertensive medications. Initial laboratory studies should be obtained, if not already
available (table 4). (See "Approach to hypertensive emergencies and urgencies in children", section on
'Ancillary studies'.)
● Intra-arterial measurement of BP, if possible during antihypertensive therapy. However, treatment should
not be delayed by arterial cannulation. Frequently repeated BP measurement by means of auscultation or
an automatic oscillometric BP device may suffice during initial care, with invasive monitoring established
later.
● Seizures, if present, should be treated with anticonvulsants, such as lorazepam (initial dose: 0.05 to 0.1
mg/kg) until seizures stop. (See "Management of convulsive status epilepticus in children".)
Blood pressure management — There have been no randomized clinical trials evaluating management of
pediatric hypertensive emergencies. Despite the lack of evidence, many antihypertensive agents have found
widespread use [2]. Treatment recommendations are based upon limited pediatric evidence from small
observational studies and have been largely extrapolated from randomized controlled trials in adults. The
choice of medication should be dictated by the suspected underlying cause of the hypertensive emergency.
(See 'Specific pediatric hypertensive emergencies' below.)
Studies in adults suggest that intravenous medications are superior to oral medications for hypertensive
emergencies and that a controlled decrease in blood pressure (BP) typically avoids permanent hypertensioninduced organ damage AND ischemic end organ damage related to overly rapid lowering of BP. An
experienced clinician, such as a pediatric nephrologist or intensivist, should guide therapy of pediatric
hypertensive emergencies whenever possible once emergency care is accomplished. (See "Moderate to
severe hypertensive retinopathy and hypertensive encephalopathy in adults".)
There is an urgent need for better information on pharmacologic management of pediatric acute severe
hypertension. Despite recent legislative initiatives, many commonly used antihypertensive medications lack
evidence-based dosing recommendations. For many drugs where dosing recommendations are available,
they are based upon small case series or expert opinion, and were generated prior to passage of the Food
and Drug Modernization Act [11]. This is particularly true for some of the more commonly used intravenously
administered antihypertensive medications, including hydralazine and labetalol. The lack of dosing
recommendations based upon properly conducted pediatric clinical trials clearly hinders provision of safe,
effective care to this vulnerable patient population.
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Hypertensive emergency goal — We recommend that children with acute severe hypertension and lifethreatening symptoms and/or target-organ involvement should emergently receive intravenous medication
that lowers systolic blood pressure (BP) in a controlled fashion by no more than 25 percent of the overall
planned BP reduction over the first eight hours of treatment [2,4,5,10,12]. The ultimate goal for treatment is
achievement of a BP value that will cause cessation of life-threatening signs and symptoms and prevent
further hypertensive target organ effects. Generally speaking, this is typically a BP between the 95th and 99th
percentiles for age, sex, and height (table 5 and table 6), but the goal should be individualized for each patient
as determined by response to treatment.
In the author's experience, this goal can be accomplished by first administering one to two intravenous
boluses of an antihypertensive medication (eg, labetalol 0.2 mg/kg per dose, hydralazine 0.2 mg/kg per dose)
followed by the initiation of a continuous infusion of labetalol or nicardipine (algorithm 1 and table 7). The
infusion rate should be titrated to achieve the desired BP reduction while avoiding additional symptomatic BP
increases.
Overly rapid lowering of BP by more than 25 percent of the planned BP reduction in the first eight hours of
treatment can cause irreversible target organ damage, including permanent neurologic sequelae, visual
defects, myocardial infarction, and renal insufficiency due to abnormalities of autoregulation induced by
chronic hypertension [1,6,8,13].
The amount of time taken for further BP reduction after the initial eight hours of therapy will depend upon the
clinical setting and should be guided by an experienced clinician, such as a pediatric nephrologist or
intensivist. (See 'First line intravenous agents' below and 'Other intravenous agents' below and 'Specific
pediatric hypertensive emergencies' below.)
Hypertensive urgency goal — A child with a hypertensive urgency warrants an immediate evaluation.
When the urgency arises from an acute process with a rapid change in mean arterial pressure (eg,
poststreptococcal glomerulonephritis), intervention should occur promptly (within hours), and treatment with
intravenous antihypertensive medications is appropriate (table 7). However, in the setting of a chronic
condition (eg, chronic kidney disease), where BP has increased gradually over time, lowering of the BP
should occur less quickly (eg, over one to two days or more), and oral medications may be used (eg, oral
clonidine or isradipine) (table 8 and algorithm 1).
Mode of administration — We suggest that pediatric hypertensive emergencies be managed with
continuous intravenous antihypertensive administration (table 7). This approach permits the rapid modification
of treatment based upon patient response [1,2,7,10]. There is a wide range of dosing for continuous
intravenous infusion of antihypertensive agents. In general, the clinician should start with the lowest dose of
the range and adjust the infusion rate based upon BP response.
First line intravenous agents — Nicardipine and labetalol are typically used in children and adolescents
[2,10]. Esmolol and fenoldopam are less frequently employed. Sodium nitroprusside, which had commonly
been used in the past, is no longer recommended as a first-line agent due to problems with cyanide toxicity,
especially when used in children with renal impairment or when used for prolonged periods, unless other
agents are unavailable (table 7) [2,14,15]. Further information regarding pharmacology and side effects of
these medications is discussed separately. (See "Drugs used for the treatment of hypertensive emergencies".)
Patients with volume overload also require diuretic therapy, for example, intravenous furosemide, to maximize
the antihypertensive treatment effect, but diuretics should never be used alone in such patients.
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● Nicardipine – Some experts recommend the following: Initial: 0.5 to 1 mcg/kg per minute; titrate dose
according to BP; rate of infusion may be increased every 15 to 30 minutes; maximum dose: 4 to 5 mcg/kg
per minute. Bolus doses of 30 mcg/kg have been reported effective in adults but have not been studied in
children.
● Labetalol – An alpha and beta adrenergic blocker, labetalol is given as an initial bolus of 0.2 to 1 mg/kg
(maximum dose: 40 mg) followed by an infusion of 0.25 to 3 mg/kg per hour. Limited information
regarding labetalol use in pediatric patients is currently available in the literature [16]; labetalol should be
initiated cautiously in pediatric patients (using the lower doses listed) with careful dosage adjustment and
BP monitoring.
Other intravenous agents — Hydralazine is an acceptable alternative to bolus-dose labetalol. Phentolamine
may be indicated in specific forms of severe hypertension due to excessive circulating catecholamines.
Recent clinical trials have expanded the information available on pediatric use of esmolol and fenoldopam, but
these agents aren't widely used. Enalaprilat may occasionally be useful in children, but must be used with
extreme caution because of significant risk for inducing renal insufficiency (table 7). Diazoxide is no longer
recommended for treatment of pediatric hypertensive emergencies because of uncontrolled and excessive
lowering of BP.
● Hydralazine – A direct vasodilator of arterial smooth muscle, hydralazine can be given as a bolus dose of
0.2 to 0.6 mg/kg (maximum dose: 20 mg). Onset of action is slower than nicardipine or labetalol, and
duration of action is longer than either of these agents. Overshoot hypotension with the potential for
target organ ischemia has been shown to occur fairly commonly [17]. It is also suggested for use in
treatment of preeclampsia. (See 'Specific pediatric hypertensive emergencies' below and "Management
of hypertension in pregnant and postpartum women", section on 'Preeclampsia'.)
● Phentolamine – An alpha adrenergic blocker, phentolamine is given as an intravenous bolus in a dose of
0.1 mg/kg, maximum dose 5 mg, for the treatment of secondary hypertension caused by excessive
circulating catecholamines (eg, pheochromocytoma, cocaine or pseudoephedrine overdose) [18,19]. It
should be noted that phentolamine use in pediatric patients is exceedingly rare, as newer, easier to
administer agents have largely replaced it. (See 'First line intravenous agents' above.)
● Esmolol – A beta adrenergic blocker, esmolol is given as 100 to 500 mcg/kg loading dose followed by an
initial infusion of 50 to 150 mcg/kg per minute; titrate dose by 50 to 100 mcg/kg per minute every 10
minutes until desired effect or maximum dose of 1000 mcg/kg per minute is reached. It is most commonly
used in the operating room or intensive care settings after cardiac surgery due to the rapidity of its onset
of action and short duration of effect.
● Fenoldopam – A peripheral dopamine receptor agonist, fenoldopam is given as a starting infusion of 0.2
mcg/kg per minute; the dose is titrated at 15 minute intervals, depending upon the BP response to a
maximum of 0.8 mcg/kg per minute. Fenoldopam is less potent than other intravenous agents and is
therefore not recommended for first-line use.
● Enalaprilat – Intravenous bolus of enalaprilat, an angiotensin converting enzyme inhibitor, is sometimes
used for patients with high renin states (eg, renal parenchymal disease). However, the safe and effective
pediatric dose is unknown, and it may cause prolonged hypotension and renal insufficiency, especially in
neonates [20].
● Sodium nitroprusside – Although its use is limited by the potential for cyanide accumulation, especially in
patients with impaired renal function, sodium nitroprusside may be indicated in selected patients,
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especially those with left-sided heart failure. Its efficacy in reducing BP in children has been confirmed in
two clinical trials [15,21]. Of note, appreciable cyanide accumulation was seen in one of these trials [15],
confirming the potential risks of prolonged use of this agent.
Use of oral antihypertensive agents — Oral antihypertensive agents are not recommended for use in
treatment of children with hypertensive emergencies but are useful in some children with hypertensive
urgencies arising from chronic conditions (eg, chronic kidney disease) and associated with relatively slow rise
in mean arterial BP (table 8). Potential agents include clonidine, isradipine, hydralazine and minoxidil. Shortacting oral nifedipine is no longer recommended in children due to difficulties with dosing, prolonged and
unpredictable action, risk of hypotension, and rebound hypertension [22].
● Clonidine – A centrally-acting alpha 2-adrenergic agonist, clonidine reduces BP by reducing cerebral
sympathetic output. It has a relatively rapid onset of effect, approximately 15 to 30 minutes following oral
administration [23], making it attractive for use in management of acute hypertension. Although the
effective dose for acute hypertension in infants and toddlers is unknown, doses of 0.05 to 0.1 mg/dose
may be used in older children and adolescents, and can be repeated hourly for up to eight hours
(maximum total dose: 0.8 mg) until the desired BP is reached.
● Isradipine – A rapidly acting calcium channel blocker, isradipine usually reduces BP within one hour of
administration, with its peak effect occurring in two to three hours [24]. Doses of 0.05 to 0.1 mg/kg per
dose are usually effective. Lower doses of 0.03 to 0.05 mg/kg per dose should probably be used in
children less than two years of age [25]. Unlike nifedipine, a stable extemporaneous suspension of
isradipine can be compounded, facilitating precise dosing, even in infants and small children.
● Hydralazine – As discussed above, hydralazine is a direct vasodilator usually given in doses of 0.25
mg/kg when administered orally. Its onset of action is 30 minutes to two hours. Duration of action varies
from 6 to 12 hours.
● Minoxidil – Another direct arterial vasodilator, minoxidil opens potassium channels in vascular smooth
muscle cells, causing potassium efflux, which in turn leads to hyperpolarization and relaxation. Doses of
0.1 to 0.2 mg/kg per dose up to 10 mg/dose have been used in children [26]. Minoxidil is the most potent
oral vasodilator and also has the longest duration of action, up to 8 to 12 hours.
Ongoing antihypertensive therapy — Further antihypertensive therapy in children who have experienced a
hypertensive emergency is best guided by a pediatric nephrologist or other physician with expertise in the
management of pediatric hypertension.
Once initial control of severe hypertension is achieved, plans should be made for further diagnostic evaluation
and correction of any identifiable underlying cause, if possible. If an intravenous infusion was required to
control the child's BP, gradual conversion to oral antihypertensive medications should be undertaken until
definitive treatment can be arranged.
If the underlying cause cannot be corrected so that hypertension is abolished, or if hypertension persists after
treatment, chronic pharmacologic therapy should be continued. Choice of drug depends on the underlying
cause of hypertension, physician comfort, and the presence of any comorbid conditions (eg, diabetes mellitus
and/or kidney disease). (See "Nonemergent treatment of hypertension in children and adolescents", section
on 'Choice of drug'.)
Non-pharmacologic measures (eg, salt restriction, weight control) should be utilized in conjunction with
antihypertensive medications in such patients. (See "Nonemergent treatment of hypertension in children and
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adolescents", section on 'Management approach'.)
The rare patient with primary hypertension as the cause of their acute severe hypertension should also
receive both non-pharmacologic and pharmacologic therapy. Non-pharmacologic measures, if successfully
adhered to by the patient, offer the possibility of eventual discontinuation of drug therapy, especially if obesity
is a significant contributor to the BP elevation. (See "Nonemergent treatment of hypertension in children and
adolescents", section on 'Management approach'.)
SPECIFIC PEDIATRIC HYPERTENSIVE EMERGENCIES — Patient age and etiology of the hypertensive
emergency also determine the optimal therapy in children.
Hypertensive encephalopathy — Use of a continuous infusion of an intravenous antihypertensive agent is
imperative to avoid producing cerebral ischemia from overly rapid blood pressure (BP) reduction (table 7)
[2,6,27]. Labetalol and nicardipine are typically used in this clinical setting; sodium nitroprusside is another
option due to its rapid onset and short duration of action but cannot be used for prolonged periods of time due
to the risk of cyanide toxicity. (See 'First line intravenous agents' above.)
Great care must be taken to differentiate hypertensive encephalopathy from hypertension associated with
acute intracranial injury or an intracranial mass lesion for which antihypertensive treatment is contraindicated.
(See "Severe traumatic brain injury in children: Initial evaluation and management" and "Elevated intracranial
pressure (ICP) in children: Clinical manifestations and diagnosis".)
Renal disease — Children with acute kidney injury or underlying chronic kidney disease and hypertensive
emergencies may require dialysis in addition to antihypertensive treatment, depending on the degree of renal
impairment. Labetalol and nicardipine avoid the potential for cyanide toxicity seen with sodium nitroprusside,
especially if high dose or long duration of antihypertensive therapy is anticipated (table 7) [28]. Enalaprilat
may be very effective in these patients due to blockade of the renin-angiotensin system, but may exacerbate
renal insufficiency.
Since many patients with renal disease and severe hypertension are volume overloaded, diuretics (eg,
intravenous furosemide 1 to 2 mg/kg initial bolus dose; maximum 40 to 80 mg in patients with moderate renal
insufficiency) should be considered as adjunctive treatment after other agents have been started. (See "Loop
diuretics: Maximum effective dose and major side effects", section on 'Maximum effective dose'.)
Neonatal hypertension — Limited experience suggests that nicardipine is the drug of choice for this age
group (table 7) [29-31]. (See "Etiology, clinical features, and diagnosis of neonatal hypertension".)
Nicardipine has been reported as effective in reducing hypertension caused by many different etiologies in
neonates, including renal artery thrombosis, coarctation of the aorta, bronchopulmonary dysplasia, polycystic
kidney disease and renal vein thrombosis [29,30]. Labetalol may be relatively contra-indicated if
bronchopulmonary dysplasia is also present. Enalaprilat should generally be avoided in neonates due to their
high-renin state as it may cause prolonged oliguria [2,20].
Coarctation of the aorta — Although preoperative patients typically do not receive antihypertensive agents,
if severe symptoms are present, consideration should be given to use of either labetalol or esmolol until a
corrective procedure can be performed. In neonates, prostaglandin E1 reopens the ductus arteriosus so that
blood flow bypasses the coarctation and stabilizes the patient prior to repair. Patients with heart failure should
receive inotropic support with dopamine or dobutamine. (See "Management of coarctation of the aorta".)
Immediate post-coarctectomy hypertension, while less common in the current era, is likely caused by
activation of the renin-angiotensin system and increased circulating catecholamines [32]. Nicardipine,
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labetalol and esmolol have been successfully used in such patients [33-35]. Sodium nitroprusside, which had
been used in the past for postoperative hypertension, has fallen out of favor because it may increase
myocardial oxygen consumption.
Preeclampsia/eclampsia — Delivery of the fetus prevents progression of maternal hypertension and avoids
fetal complications. Severe preeclampsia dictates delivery if the pregnancy is beyond 32 weeks gestation.
Women who have severe preeclampsia at less than 32 weeks require management at a tertiary care
obstetrical center [36]. (See "Preeclampsia: Management and prognosis", section on 'Preeclampsia with
features of severe disease'.)
Labetalol is the first line treatment for severe preeclampsia in pregnant women. Hydralazine is an acceptable
alternative although it is associated with a greater risk of maternal hypotension. Nicardipine has also been
used successfully [37-39]. Sodium nitroprusside is contraindicated because of potential cyanide toxicity in the
fetus. (See "Management of hypertension in pregnant and postpartum women", section on 'Drugs to avoid in
pregnancy'.)
Cocaine or amphetamine overdose — Indirect alpha adrenergic effects cause increased norepinephrine
release and decreased reuptake. Hypertension is frequently transient, and many patients need no specific
treatment. Lorazepam (1 mg IV every five minutes, 0.05 mg/kg IV every five minutes in children) is often
effective in treating hypertension and agitation in this clinical setting. Patients experiencing hypertensive
emergencies after cocaine or amphetamine exposure should initially receive phentolamine (0.1 mg/kg,
maximum dose: 5 mg). Patients with chest pain should also receive sublingual nitroglycerin. Beta adrenergic
blockers are contraindicated because they can cause unopposed alpha adrenergic effects with exacerbation
of hypertension and myocardial ischemia [19,40]. (See "Cocaine: Acute intoxication".)
Pheochromocytomas and paragangliomas — The signs and symptoms of pheochromocytomas and
paragangliomas are caused by hypersecretion of norepinephrine, epinephrine, and dopamine by the tumor;
although increased central sympathetic activity also may contribute. The classic triad of symptoms in these
disorders consists of episodic headache, sweating, and tachycardia, usually accompanied by hypertension.
Abdominal pain and back pain are also common in children. Although surgical resection is the primary
treatment, all patients should be treated with a medical regimen prior to surgery to reduce the risk of
perioperative complications from catecholamine release. Alpha adrenergic blockade with oral
phenoxybenzamine, doxazosin, or prazosin is typically employed as initial treatment, with the addition of beta
blockade only after alpha blockade has been accomplished. Alternatively, calcium channel blockers or
metyrosine may be used. (See "Pheochromocytoma in children", section on 'Clinical presentation' and
"Pheochromocytoma in children", section on 'Treatment'.)
SUMMARY AND RECOMMENDATIONS
Definition
● An acute severe elevation in blood pressure (BP) without severe, life-threatening symptoms and
evidence of acute end organ damage describes a hypertensive urgency. A child with hypertensive
urgency warrants an immediate evaluation. (See 'Hypertensive urgency' above.)
● An acute severe elevation in BP with severe, life-threatening symptoms and/or evidence of acute end
organ damage establishes the presence of a hypertensive emergency. Hypertensive emergencies in
children usually manifest as hypertensive encephalopathy: severe BP elevation with neurological
symptoms of lethargy, coma, and/or seizures. (See 'Hypertensive emergency' above.)
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Management of hypertensive emergency
● Once an elevated BP is discovered, the measurement should be confirmed, preferably using auscultation
with careful attention to cuff size and placement. A BP cuff that is too small will artificially elevate the BP
reading (figure 1 and table 3). (See "Definition and diagnosis of hypertension in children and
adolescents", section on 'Technique of BP measurement'.)
● The approach to a patient presenting to the emergency department with severe hypertension requires
immediate confirmation of marked BP elevation, rapid assessment of severity of disease, exclusion of
other causes of severe hypertension for which rapid reduction of BP might be harmful, and prompt
institution of antihypertensive therapy (table 1 and algorithm 1). Knowledge of the most prevalent
etiologies by age group also helps guide treatment decisions (table 2). (See "Approach to hypertensive
emergencies and urgencies in children", section on 'Etiology of hypertensive emergency' and 'Specific
pediatric hypertensive emergencies' above.)
● We recommend that children with acute severe hypertension and life-threatening symptoms and/or
target-organ involvement should emergently receive intravenous medication that lowers systolic BP in a
controlled fashion by no more than 25 percent of the overall planned BP reduction over the first eight
hours of treatment (Grade 1B). The ultimate goal for treatment is achievement of a BP value that will
cause cessation of life-threatening signs and symptoms and prevent further hypertensive target organ
effects. Generally speaking, this is typically a BP between the 95th and 99th percentiles for age, sex, and
height (table 5 and table 6), but the goal should be individualized for each patient as determined by
response to treatment. (See 'Hypertensive emergency goal' above.)
● Children with a hypertensive emergency should receive intravenous medication to lower BP. We suggest
treatment with labetalol or nicardipine (table 7 and algorithm 1) (Grade 2C). Nicardipine is preferred in
children with contraindications for labetalol (eg, asthma, bronchopulmonary dysplasia, or heart failure).
(See 'First line intravenous agents' above and 'Other intravenous agents' above.)
● Patient age and etiology of the hypertensive emergency also determine the optimal therapy in children.
(See 'Specific pediatric hypertensive emergencies' above.)
Management of hypertensive urgency
● A child with hypertensive urgency warrants an immediate evaluation. We suggest that children with
hypertensive urgencies, who have a rapid rise in mean arterial blood pressure associated with an acute
condition (eg, poststreptococcal glomerulonephritis), receive intravenous bolus doses of labetalol or
hydralazine to control BP promptly (table 7) (Grade 2C).
● We suggest that children with hypertensive urgencies, who have a gradual rise in mean arterial BP
associated with a chronic condition (eg, chronic kidney disease), receive oral medications (Grade 2C). In
these patients, lowering of blood pressure should occur less rapidly (eg, hours to days), and clonidine or
isradipine are commonly used (table 8 and algorithm 1).
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GRAPHICS
Hypertensive emergencies and urgencies in children - rapid overview
Clinical features
Hypertensive emergency - symptomatic severe hypertension or rapid increase in blood pressure associated with
one or more of the following signs of target-organ damage:
Seizures or encephalopathy
Papilledema and retinal hemorrhage or exudates
Heart failure
Renal insufficiency

Hypertensive urgency - severe hypertension or rapid increase in blood pressure without the presence of severe
target-organ damage or major symptoms
Other findings - findings suggesting a specific underlying etiology for hypertension include:
Hematuria, proteinuria, and edema (glomerulonephritis)
Ataxia, focal neurologic deficits, lethargy, coma (intracranial mass lesion or intracranial trauma)
Diminished femoral pulses or lower extremity BP (coarctation of the aorta)
Sympathomimetic overdose (eg, cocaine, amphetamine ingestion)
Pregnancy (ecclampsia)
Abdominal or flank bruit (renovascular disease)

Diagnostic evaluation
Confirm severely elevated blood pressure with strict attention to BP cuff size and placement*
Measure 4 limb BP, especially in infants and young children
Exclude other causes of severe hypertension (eg, primary head trauma, intracranial mass lesion, coarctation of
the aorta, sympathomimetic ingestion ¶)
Blood studies: CBC with differential and reticulocyte count; serum electrolytes including calcium, blood urea
nitrogen, and creatinine
Urine studies: microscopic urinalysis and urine culture; urine pregnancy test in postmenarchal females, urine drug
screen for cocaine, amphetamines, and PCP if drug use suspected
Other diagnostic studies: EKG, chest radiograph (heart failure); Echocardiogram if rapidly available, Head CT if
signs of trauma or intracranial mass lesion

Treatment
Assess airway and breathing. Perform endotracheal intubation as needed.
Obtain vascular access
Obtain intraarterial line for BP measurement or frequently measure BP by auscultation or rapidly cycling
oscillometric BP
Do not delay treatment for arterial cannulation
For hypertensive emergencies, lower BP by no more than 25 percent of the planned total BP reduction over the
first 8 hours using IV medication. Treatment should be started immediately. If possible, consult with pediatric
nephrologist or other physician with expertise in managing pediatric hypertensive emergencies. Δ
For hypertensive urgencies, use either an intravenous or oral medication depending on the clinical circumstances
and desired rapidity of antihypertensive effect. Δ
ICP: intracranial pressure; BP: blood pressure; CBC: complete blood count; PCP: phencyclidine; EKG: electrocardiogram;
CT: computed tomography.
* Auscultation is preferred. A BP cuff that is too small will artificially elevate BP.
¶ Mixed alpha and beta sympathomimetic ingestions may be accompanied by tachycardia, hypertension, hyperthermia,
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widened pulse pressure, delirium, seizures, dilated reactive pupils, diaphoresis, and pallor.
Δ Refer to UpToDate topics on approach to and management of hypertensive urgencies and emergencies in children.
Graphic 82046 Version 6.0
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Causes of pediatric hypertensive emergencies by age
Infancy

Childhood

Adolescence

Renal vascular disease*

Renal parenchymal disease*

Primary hypertension*

Congenital renal anomaly*

Renovascular disease*

Non-adherence to medication*

Bronchopulmonary dysplasia*

Coarctation of the aorta

Renal parenchymal disease*

Coarctation of the aorta*

Pheochromocytoma

Increased intracranial pressure

Volume overload

Increased intracranial pressure

Renovascular disease

Increased intracranial pressure

Drug induced/toxicologic

Preeclampsia/Eclampsia

Renal parenchymal disease

Drug induced/toxicologic

Renal vein thrombosis

Pheochromocytoma

Congenital adrenal hyperplasia
Tumor (eg, neuroblastoma)
* Common causes of hypertensive emergency.
Adapted from: Constantine, E. Hypertension. In: Textbook of Pediatric Emergency Medicine, 6th ed, Fleisher GR, Ludwig S,
Henretig, FM (Ed), Lippincott, Williams & Wilkins, Philadelphia, 2010, p.315.
Graphic 73225 Version 5.0

https://www.uptodate.com/contents/management-of-hypertensive-emergencies-and-urgencies-in-children/print?source=see_link

14/25

8/30/2017

Management of hypertensive emergencies and urgencies in children - UpToDate

Determining appropriate blood pressure cuff size in children

The width of the bladder of the blood pressure cuff should be approximately 40 percent of the
circumference of the upper arm midway between the olecranon and the acromion. The length of
the bladder of the cuff should encircle 80 to 100 percent of the circumference of the upper arm
at the same position.
Graphic 73414 Version 3.0
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Recommended dimensions for blood pressure cuff bladders
Age range

Width, cm

Length, cm

Maximum arm circumference, cm*

Newborn

4

8

10

Infant

6

12

15

Child

9

18

22

Small adult

10

24

26

Adult

13

30

34

Large adult

16

38

44

Thigh

20

42

52

* Calculated so that the largest arm would still allow the bladder to encircle arm by at least 80 percent.
Fourth report on the diagnosis, evaluation, and treatment of high blood pressure in children and adolescents. National
Heart, Lung and Blood Institute. National Institutes of Health. May 2004.
Graphic 58304 Version 2.0
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Recommended studies in children with hypertensive emergencies*
All patients
Serum BUN, creatinine, electrolytes, and glucose
Complete blood count with reticulocyte count
Microscopic urinalysis
EKG
Chest radiograph

Selected patients
Urine toxicology screen for amphetamines, PCP, cocaine metabolites
Urine pregnancy test
Head CT
BUN: blood urea nitrogen; EKG: electrocardiogram; PCP: phencyclidine; CT: computed tomography.
* Additional specialized diagnostic testing may be deferred until blood pressure is controlled.
Graphic 57292 Version 3.0
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Blood pressure levels for boys by age and height percentile
Age
(year)
1

2

3

4

5

6

7

8

9

BP
(percentile)

Systolic BP (mmHg)

Diastolic BP (mmHg)

Percentile of height

Percentile of height

5 th

10 th

25 th

50 th

75 th

90 th

95 th

5 th

10 th

25 th

50 th

75 th

90 th

95 th

50 th

80

81

83

85

87

88

89

34

35

36

37

38

39

39

90 th

94

95

97

99

100

102

103

49

50

51

52

53

53

54

95 th

98

99

101

103

104

106

106

54

54

55

56

57

58

58

99 th

105

106

108

110

112

113

114

61

62

63

64

65

66

66

50 th

84

85

87

88

90

92

92

39

40

41

42

43

44

44

90 th

97

99

100

102

104

105

106

54

55

56

57

58

58

59

95 th

101

102

104

106

108

109

110

59

59

60

61

62

63

63

99 th

109

110

111

113

115

117

117

66

67

68

69

70

71

71

50 th

86

87

89

91

93

94

95

44

44

45

46

47

48

48

90 th

100

101

103

105

107

108

109

59

59

60

61

62

63

63

95 th

104

105

107

109

110

112

113

63

63

64

65

66

67

67

99 th

111

112

114

116

118

119

120

71

71

72

73

74

75

75

50 th

88

89

91

93

95

96

97

47

48

49

50

51

51

52

90 th

102

103

105

107

109

110

111

62

63

64

65

66

66

67

95 th

106

107

109

111

112

114

115

66

67

68

69

70

71

71

99 th

113

114

116

118

120

121

122

74

75

76

77

78

78

79

50 th

90

91

93

95

96

98

98

50

51

52

53

54

55

55

90 th

104

105

106

108

110

111

112

65

66

67

68

69

69

70

95 th

108

109

110

112

114

115

116

69

70

71

72

73

74

74

99 th

115

116

118

120

121

123

123

77

78

79

80

81

81

82

50 th

91

92

94

96

98

99

100

53

53

54

55

56

57

57

90 th

105

106

108

110

111

113

113

68

68

69

70

71

72

72

95 th

109

110

112

114

115

117

117

72

72

73

74

75

76

76

99 th

116

117

119

121

123

124

125

80

80

81

82

83

84

84

50 th

92

94

95

97

99

100

101

55

55

56

57

58

59

59

90 th

106

107

109

111

113

114

115

70

70

71

72

73

74

74

95 th

110

111

113

115

117

118

119

74

74

75

76

77

78

78

99 th

117

118

120

122

124

125

126

82

82

83

84

85

86

86

50 th

94

95

97

99

100

102

102

56

57

58

59

60

60

61

90 th

107

109

110

112

114

115

116

71

72

72

73

74

75

76

95 th

111

112

114

116

118

119

120

75

76

77

78

79

79

80

99 th

119

120

122

123

125

127

127

83

84

85

86

87

87

88

50 th

95

96

98

100

102

103

104

57

58

59

60

61

61

62

90 th

109

110

112

114

115

117

118

72

73

74

75

76

76

77

95 th

113

114

116

118

119

121

121

76

77

78

79

80

81

81

99 th

120

121

123

125

127

128

129

84

85

86

87

88

88

89

th
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10

11

12

13

14

15

16

17

50 th

97

98

100

102

103

105

106

58

59

60

61

61

62

63

90 th

111

112

114

115

117

119

119

73

73

74

75

76

77

78

95 th

115

116

117

119

121

122

123

77

78

79

80

81

81

82

99 th

122

123

125

127

128

130

130

85

86

86

88

88

89

90

50 th

99

100

102

104

105

107

107

59

59

60

61

62

63

63

90 th

113

114

115

117

119

120

121

74

74

75

76

77

78

78

95 th

117

118

119

121

123

124

125

78

78

79

80

81

82

82

99 th

124

125

127

129

130

132

132

86

86

87

88

89

90

90

50 th

101

102

104

106

108

109

110

59

60

61

62

63

63

64

90 th

115

116

118

120

121

123

123

74

75

75

76

77

78

79

95 th

119

120

122

123

125

127

127

78

79

80

81

82

82

83

99 th

126

127

129

131

133

134

135

86

87

88

89

90

90

91

50 th

104

105

106

108

110

111

111

60

60

61

62

63

64

64

90 th

117

118

120

122

124

125

126

75

75

76

77

78

79

79

95 th

121

122

124

126

128

129

130

79

79

80

81

82

83

83

99 th

128

130

131

133

135

136

137

87

87

88

89

90

91

91

50 th

106

107

109

111

113

114

115

60

61

62

63

64

65

65

90 th

120

121

123

125

126

128

128

75

76

77

78

79

79

80

95 th

124

125

127

128

130

132

132

80

80

81

82

83

84

84

99 th

131

132

134

136

138

139

140

87

88

89

90

91

92

92

50 th

109

110

112

113

115

117

117

61

62

63

64

65

66

66

90 th

122

124

125

127

129

130

131

76

77

78

79

80

80

81

95 th

126

127

129

131

133

134

135

81

81

82

83

84

85

85

99 th

134

135

136

138

140

142

142

88

89

90

91

92

93

93

50 th

111

112

114

116

118

119

120

63

63

64

65

66

67

67

90 th

125

126

128

130

131

133

134

78

78

79

80

81

82

82

95 th

129

130

132

134

135

137

137

82

83

83

84

85

86

87

99 th

136

137

139

141

143

144

145

90

90

91

92

93

94

94

50 th

114

115

116

118

120

121

122

65

66

66

67

68

69

70

90 th

127

128

130

132

134

135

136

80

80

81

82

83

84

84

95 th

131

132

134

136

138

139

140

84

85

86

87

87

88

89

99 th

139

140

141

143

145

146

147

92

93

93

94

95

96

97

The 90 th percentile is 1.28 standard deviation, 95 th percentile is 1.645 standard deviation, and the 99 th percentile
is 2.326 over the mean.
BP: blood pressure.
From: The fourth report on the diagnosis, evaluation, and treatment of high blood pressure in children and adolescents.
National Heart, Lung and Blood Institute. National Institutes of Health. May 2004.
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Blood pressure levels for girls by age and height percentile
Age
(year)
1

2

3

4

5

6

7

8

9

BP
(percentile)

Systolic BP (mmHg)

Diastolic BP (mmHg)

Percentile of height

Percentile of height

5 th

10 th

25 th

50 th

75 th

90 th

95 th

5 th

10 th

25 th

50 th

75 th

90 th

95 th

50 th

83

84

85

86

88

89

90

38

39

39

40

41

41

42

90 th

97

97

98

100

101

102

103

52

53

53

54

55

55

56

95 th

100

101

102

104

105

106

107

56

57

57

58

59

59

60

99 th

108

108

109

111

112

113

114

64

64

65

65

66

67

67

50 th

85

85

87

88

89

91

91

43

44

44

45

46

46

47

90 th

98

99

100

101

103

104

105

57

58

58

59

60

61

61

95 th

102

103

104

105

107

108

109

61

62

62

63

64

65

65

99 th

109

110

111

112

114

115

116

69

69

70

70

71

72

72

50 th

86

87

88

89

91

92

93

47

48

48

49

50

50

51

90 th

100

100

102

103

104

106

106

61

62

62

63

64

64

65

95 th

104

104

105

107

108

109

110

65

66

66

67

68

68

69

99 th

111

111

113

114

115

116

117

73

73

74

74

75

76

76

50 th

88

88

90

91

92

94

94

50

50

51

52

52

53

54

90 th

101

102

103

104

106

107

108

64

64

65

66

67

67

68

95 th

105

106

107

108

110

111

112

68

68

69

70

71

71

72

99 th

112

113

114

115

117

118

119

76

76

76

77

78

79

79

50 th

89

90

91

93

94

95

96

52

53

53

54

55

55

56

90 th

103

103

105

106

107

109

109

66

67

67

68

69

69

70

95 th

107

107

108

110

111

112

113

70

71

71

72

73

73

74

99 th

114

114

116

117

118

120

120

78

78

79

79

80

81

81

50 th

91

92

93

94

96

97

98

54

54

55

56

56

57

58

90 th

104

105

106

108

109

110

111

68

68

69

70

70

71

72

95 th

108

109

110

111

113

114

115

72

72

73

74

74

75

76

99 th

115

116

117

119

120

121

122

80

80

80

81

82

83

83

50 th

93

93

95

96

97

99

99

55

56

56

57

58

58

59

90 th

106

107

108

109

111

112

113

69

70

70

71

72

72

73

95 th

110

111

112

113

115

116

116

73

74

74

75

76

76

77

99 th

117

118

119

120

122

123

124

81

81

82

82

83

84

84

50 th

95

95

96

98

99

100

101

57

57

57

58

59

60

60

90 th

108

109

110

111

113

114

114

71

71

71

72

73

74

74

95 th

112

112

114

115

116

118

118

75

75

75

76

77

78

78

99 th

119

120

121

122

123

125

125

82

82

83

83

84

85

86

50 th

96

97

98

100

101

102

103

58

58

58

59

60

61

61

90 th

110

110

112

113

114

116

116

72

72

72

73

74

75

75

95 th

114

114

115

117

118

119

120

76

76

76

77

78

79

79

99 th

121

121

123

124

125

127

127

83

83

84

84

85

86

87

th
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10

11

12

13

14

15

16

17

50 th

98

99

100

102

103

104

105

59

59

59

60

61

62

62

90 th

112

112

114

115

116

118

118

73

73

73

74

75

76

76

95 th

116

116

117

119

120

121

122

77

77

77

78

79

80

80

99 th

123

123

125

126

127

129

129

84

84

85

86

86

87

88

50 th

100

101

102

103

105

106

107

60

60

60

61

62

63

63

90 th

114

114

116

117

118

119

120

74

74

74

75

76

77

77

95 th

118

118

119

121

122

123

124

78

78

78

79

80

81

81

99 th

125

125

126

128

129

130

131

85

85

86

87

87

88

89

50 th

102

103

104

105

107

108

109

61

61

61

62

63

64

64

90 th

116

116

117

119

120

121

122

75

75

75

76

77

78

78

95 th

119

120

121

123

124

125

126

79

79

79

80

81

82

82

99 th

127

127

128

130

131

132

133

86

86

87

88

88

89

90

50 th

104

105

106

107

109

110

110

62

62

62

63

64

65

65

90 th

117

118

119

121

122

123

124

76

76

76

77

78

79

79

95 th

121

122

123

124

126

127

128

80

80

80

81

82

83

83

99 th

128

129

130

132

133

134

135

87

87

88

89

89

90

91

50 th

106

106

107

109

110

111

112

63

63

63

64

65

66

66

90 th

119

120

121

122

124

125

125

77

77

77

78

79

80

80

95 th

123

123

125

126

127

129

129

81

81

81

82

83

84

84

99 th

130

131

132

133

135

136

136

88

88

89

90

90

91

92

50 th

107

108

109

110

111

113

113

64

64

64

65

66

67

67

90 th

120

121

122

123

125

126

127

78

78

78

79

80

81

81

95 th

124

125

126

127

129

130

131

82

82

82

83

84

85

85

99 th

131

132

133

134

136

137

138

89

89

90

91

91

92

93

50 th

108

108

110

111

112

114

114

64

64

65

66

66

67

68

90 th

121

122

123

124

126

127

128

78

78

79

80

81

81

82

95 th

125

126

127

128

130

131

132

82

82

83

84

85

85

86

99 th

132

133

134

135

137

138

139

90

90

90

91

92

93

93

50 th

108

109

110

111

113

114

115

64

65

65

66

67

67

68

90 th

122

122

123

125

126

127

128

78

79

79

80

81

81

82

95 th

125

126

127

129

130

131

132

82

83

83

84

85

85

86

99 th

133

133

134

136

137

138

139

90

90

91

91

92

93

93

The 90 th percentile is 1.28 standard deviation, 95 th percentile is 1.645 standard deviation, and the 99 th percentile
is 2.326 over the mean.
BP: blood pressure.
From: The fourth report on the diagnosis, evaluation, and treatment of high blood pressure in children and adolescents.
National Heart, Lung and Blood Institute. National Institutes of Health. May 2004.
Graphic 52646 Version 5.0

https://www.uptodate.com/contents/management-of-hypertensive-emergencies-and-urgencies-in-children/print?source=see_link

21/25

8/30/2017

Management of hypertensive emergencies and urgencies in children - UpToDate

Initial management of children with severe hypertension

HF: heart failure; IV: intravenous; PO: oral.
Reproduced with permission from: Flynn, JT, Tullus, K. Severe hypertension in
children and adolescents: pathophysiology and treatment. Pediatr Nephrol 2008;
Online first. Copyright © 2008 Springer Science and Business Media.
Graphic 65359 Version 3.0
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Intravenous drugs for treatment of hypertensive emergencies and urgencies in
children
Drug*
Labetalol

Route
Intravenous
infusion or
bolus

Dose
range ¶
Bolus: 0.2- 1
mg/kg up to
40 mg/dose

Onset of
action

Duration
of action

Mechanism
of action

Comments Δ

2-5 min

2-6 hr

α- and β adrenergic
blocker

Contraindicated
in asthma, BPD,
HF and may
mask symptoms
of hypoglycemia

Infusion:
0.25-3
mg/kg/hr
Nicardipine

Intravenous
infusion

0.5- 4
mcg/kg/min

2-5 min

30 min - 4 hr
(increases
with time of
infusion)

Calcium
channel blocker

May cause reflex
tachycardia

Hydralazine

Intravenous
bolus

IV: 0.2-0.6
mg/kg

10 min (max
effect may
take up to 80
min)

4-6 hours

Direct
vasodilator

May cause reflex
tachycardia

Maximum
single dose:
20 mg

Variable
response with
potential for
prolonged
hypotension

Esmolol

Intravenous
infusion

100-500
mcg/kg
loading dose
then 100-500
mcg/kg/min

Immediate

10-30 min

β - adrenergic
blocker

Contraindicated
in asthma, BPD,
HF and may
cause profound
bradycardia

Fenoldopam

Intravenous
infusion

0.1-2
µg/kg/min

5-40 min

60 min

Peripheral
dopamine
receptor
agonist

Limited
experience in
children

Nitroprusside

Intravenous
infusion

0.5-10
mcg/kg/min

Seconds

Effect
requires
continuous
infusion

Venodilator
with some
arteriolar
dilation

Monitor cyanide
levels with
prolonged (>72
hr) use or
coadminister
sodium
thiosulfate
May increase
ICP

ICP: intracranial pressure; BPD: bronchopulmonary dysplasia; HF: heart failure.
* Bolded medications are most commonly used for hypertensive emergencies in children.
¶ See text for specific drug information about starting dose and recommended titration intervals.
Δ All agents may cause excessive hypotension.
Adapted from: Flynn, JT, Tullus, K. Severe hypertension in children and adolescents: pathophysiology and treatment.
Pediatr Nephrol 2009; 24:1101.
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Oral drugs for treatment of hypertensive urgencies in children

Drug

Route*

Dose

Onset
of
action

Duration
of action

Mechanism of
action

Comments

Clonidine ¶

Oral

0.05-0.1 mg/dose
every hour up to
0.8 mg total dose

15-30
minutes

6-8 hours

Central alpha2
adrenergic and
imidazoline agonist

Effective dose for
acute hypertension
in infants and
toddlers is not
known

Hydralazine

Oral

0.25 mg/kg per
dose up to 25 mg
maximum single
dose

30 min

2-8 hours

Direct vasodilator

Variable response

Isradipine

Oral

0.05-0.1 mg/kg
per dose up to 5
mg maximum
single dose

<1 hour

6-8 hours

Calcium channel
blocker

Stable oral
suspension can be
compounded

Minoxidil

Oral

0.1-0.2 mg/kg per
dose up to 10 mg
maximum single
dose

1 hour

8-12 hours

Direct arterial
vasodilator

Most potent oral
vasodilator with
longest duration of
action

* All of this drugs can be compounded to make liquid formulations although stability will vary.
¶ This dosing regimen is for older children and adolescents.
Adapted from: Flynn, JT, Tullus, K. Severe hypertension in children and adolescents: pathophysiology and treatment.
Pediatr Nephrol 2009; 24: 1101.
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INTRODUCTION — Congenital metabolic disorders result from the absence or abnormality of an enzyme or its cofactor, leading to
either accumulation or deficiency of a specific metabolite (table 1 and table 2 and table 3 and table 4 and table 5 and table 6).
The presenting features of inborn errors of metabolism (IEM) may be acute or chronic. Acute signs include episodic vomiting
accompanied by dehydration or shock, lethargy and coma, rhabdomyolysis, and hypoglycemia associated with minor illnesses, stress,
or a prolonged fast. Chronic signs of metabolic disease include growth delay/failure to thrive (FTT), hepatomegaly, cardiomyopathy,
spastic diplegia, and developmental delay or regression.
Optimal outcome for children with IEM depends upon recognition of the signs and symptoms of metabolic disease, prompt evaluation,
and referral to a center familiar with the evaluation and management of these disorders [1]. Delay in diagnosis may result in acute
metabolic decompensation, progressive neurologic injury, or death.
This topic provides an overview of the presentation, initial evaluation, and management of children with suspected IEM who present with
acute metabolic decompensation. Confirmation of diagnosis of specific disorders typically requires specialized testing and should be
undertaken in consultation with a specialist in genetics or metabolic diseases. Determination of the specific IEM is reviewed separately.
The classification and most common chronic presentations of IEM are also discussed separately, as are individual disorders. (See
"Inborn errors of metabolism: Classification" and "Inborn errors of metabolism: Epidemiology, pathogenesis, and clinical features" and
"Inborn errors of metabolism: Identifying the specific disorder".)
CAUSES OF ACUTE METABOLIC DECOMPENSATION — Inborn errors of metabolism (IEM) can be grouped into disorders of
intermediary metabolism (classic IEM), disorders of biosynthesis and breakdown of complex molecules, and disorders of
neurotransmitter metabolism (table 1). Many of the disorders of intermediary metabolism can present with acute, life-threatening illness,
particularly organic acidurias, urea cycle disorders, maple syrup urine disease, and fatty acid oxidation disorders. Neurotransmitter
defects and related disorders can present with severe metabolic encephalopathy. In contrast, the disorders involving complex molecules
tend to progress more slowly and do not typically cause acute metabolic decompensation. (See "Inborn errors of metabolism:
Classification", section on 'Classification'.)
Metabolic crises occur when there is build-up of toxic metabolites. Triggers include factors that cause increased catabolism (acute
infection; surgery, trauma, or even the birthing process; fasting) or increased consumption of a food component (eg, increased protein
intake when switching from breast milk to cow’s milk). Acute metabolic decompensation typically occurs after a period of apparent
wellbeing. The duration of the symptom-free period may range from hours to months and sometimes years. (See "Inborn errors of
metabolism: Identifying the specific disorder", section on 'Clinical evaluation' and "Inborn errors of metabolism: Epidemiology,
pathogenesis, and clinical features", section on 'Age at presentation'.)
As an example, episodic metabolic decompensation with poor intake or fasting may be a feature of carbohydrate disorders, fatty acid
oxidation disorders, and certain amino acid disorders. In many cases, the severity of decompensation may seem out of proportion to the
precipitating condition (eg, mild gastroenteritis resulting in severe dehydration necessitating hospitalization for intravenous fluids or
recurrent episodes of hypoglycemia in a school-aged child) [2,3].
Acute metabolic decompensation requires prompt recognition and intervention to prevent mortality and long-term morbidity.
CLINICAL PRESENTATIONS — An acute presentation with multisystem involvement is strongly suggestive of an inborn error of
metabolism (IEM). The initial clinical manifestations of acute metabolic decompensation can include:
● Vomiting and anorexia or failure to feed
● Lethargy that can progress to coma
● Seizures, particularly intractable
● Rapid, deep breathing that can progress to apnea (see 'Acid-base disorders' below)
● Hypothermia (related to illness, not specific to a particular metabolic pathway)
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In one review of 53 patients who presented to an emergency department and were subsequently diagnosed with an IEM, 85 percent had
neurologic signs or symptoms, 58 percent had gastrointestinal signs or symptoms, and 51 percent had both neurologic and
gastrointestinal signs and/or symptoms [4]. Neurologic symptoms included hypotonia, lethargy, coma, seizures, and psychomotor delay.
Gastrointestinal symptoms included vomiting and hepatic dysfunction.
Other common clinical manifestations of IEM are reviewed separately. The combination of clinical and laboratory features usually seen
in each specific type of IEM (table 1) is also discussed in detail elsewhere. (See "Inborn errors of metabolism: Epidemiology,
pathogenesis, and clinical features", section on 'Clinical manifestations' and "Inborn errors of metabolism: Classification", section on
'Classification'.)
Gastrointestinal — Recurrent episodes of vomiting and dehydration (particularly if related to intake of protein or specific carbohydrates)
are features of amino acid disorders, organic acidemias, and urea cycle disorders. Patients may also present with poor feeding and/or
failure to thrive (FTT). FTT can range from severe to mild, depending upon the specific disorder and the severity of the defect. Feeding
problems are also variable. The infant may have a weak suck or may suck normally, may feed infrequently if lethargic or may feed more
frequently if it is a condition that leads to hypoglycemia, and may take a normal volume of feeds or may tire with feeding and not take a
normal amount in conditions where there is hypotonia. (See "Urea cycle disorders: Clinical features and diagnosis" and "Organic
acidemias".)
Lethargy and coma — Lethargy and coma may occur in amino acid disorders, organic acidemias, urea cycle disorders, fatty acid
oxidation defects, mitochondrial disorders, and disorders of carbohydrate metabolism (usually in the context of acute or episodic
decompensation as described above). Depending upon the disorder, patients may be entirely neurologically normal prior to an acute
metabolic decompensation or may have a longstanding history of developmental delay.
Cerebral edema can develop in certain IEM, particularly maple syrup urine disease and disorders associated with significant
hyperammonemia and severe hypoglycemia. (See "Elevated intracranial pressure (ICP) in children: Clinical manifestations and
diagnosis" and 'Hyperammonemia' below and 'Hypoglycemia' below.)
Lethargy and coma are uncommon features of lysosomal storage and peroxisomal disorders. (See "Evaluation of stupor and coma in
children" and "Acute toxic-metabolic encephalopathy in children".)
Respiratory — Rapid or deep breathing may be caused by the metabolic derangement. Hyperammonemia stimulates the respiratory
center, causing hyperpnea that then results in a respiratory alkalosis in urea cycle disorders. In organic acidemias, the metabolic
acidosis caused by the IEM leads to tachypnea (as seen in nonmetabolic causes of acidosis). As the metabolic derangement
progresses, there may be significant global neurologic depression leading to apnea.
Seizures — Although IEM are a rare cause of seizures in children, seizures may occur in virtually all IEM [5-7]. These seizures are
typically related to the metabolic derangement, but are not a generalized seizure disorder. Seizures may be the only manifestation of
pyridoxine-dependent seizures that are due to alpha-aminoadipic semialdehyde (alpha-AASA) dehydrogenase deficiency [8-11].
Seizures in other IEM are usually secondary to hypoglycemia or the accumulation of toxic metabolites in disorders of intermediary
metabolism. Such seizures may respond poorly to standard anticonvulsant medications, responding instead to resolution of the primary
metabolic derangement. (See 'Seizures' below and "Neonatal epilepsy syndromes", section on 'Severe syndromes' and "Etiology and
pathogenesis of infantile spasms", section on 'Inborn errors of metabolism' and "Treatment of neonatal seizures", section on 'Pyridoxine
or PLP responsive seizures'.)
SIDS or ALTE — Metabolic disease plays a small but significant role in the cause of unexpected infant death [12]. Sudden infant death
syndrome (SIDS) or an apparent life-threatening event (ALTE) may occur in infants with amino acid disorders, organic acidemias, urea
cycle disorders, fatty acid oxidation disorders, and mitochondrial disorders. (See "Acute events in infancy including brief resolved
unexplained event (BRUE)" and "Sudden unexpected infant death including SIDS: Initial management", section on 'Metabolic disease'
and 'SIDS and ALTE' below.)
LABORATORY FINDINGS — Most episodes of metabolic decompensation due to inborn errors of metabolism (IEM) are associated with
one or more of the following metabolic derangements that are typically part of the routine assessment of a patient with one of the clinical
presentations mentioned above (table 7 and table 8):
● Acid-base disorder (including lactic acidosis)
● Hyperammonemia
● Hypoglycemia
● Sepsis-like features secondary to bone marrow suppression
An abnormal laboratory value may be the first finding noted that suggests an IEM. In some disorders, these laboratory abnormalities are
only present during the episode of metabolic decompensation. (See 'Evaluation of specific critical presentations' below.)

https://www.uptodate.com/contents/inborn-errors-of-metabolism-metabolic-emergencies/print?source=search_result&search=acid%20base&selected…

2/23

8/30/2017

Inborn errors of metabolism: Metabolic emergencies - UpToDate

Other common laboratory findings in patients with IEM are reviewed separately. The combination of clinical and laboratory features
usually seen in each specific type of IEM (table 1) is also discussed in detail elsewhere. (See "Inborn errors of metabolism:
Epidemiology, pathogenesis, and clinical features" and "Inborn errors of metabolism: Classification", section on 'Classification' and
"Inborn errors of metabolism: Epidemiology, pathogenesis, and clinical features", section on 'Laboratory findings'.)
Acid-base disorders — Acid-base disorders may occur in most types of IEM (table 7), with the exception of lysosomal storage
diseases and peroxisomal disorders. (See 'Acid-base disorder' below.)
Metabolic acidosis (low serum bicarbonate [HCO3] and low arterial pH) is usually present in organic acidemias. Metabolic acidosis also
may be present in amino acid disorders, disorders of pyruvate metabolism, mitochondrial disorders, and disorders of carbohydrate
metabolism [13,14]. The metabolic acidosis in these disorders is usually accompanied by an increased anion gap. The anion gap results
from the presence of abnormal metabolites, such as ketoacids, lactic acid, or the organic acid that is unable to be metabolized. Lactic
acidosis caused by abnormal oxidative metabolism is a frequent finding in mitochondrial disorders, glycogen storage disorders, and
disorders of gluconeogenesis. (See "Approach to the child with metabolic acidosis" and "Approach to the adult with metabolic acidosis"
and "The delta anion gap/delta HCO3 ratio in patients with a high anion gap metabolic acidosis".)
Metabolic acidosis is uncommon in lysosomal storage and peroxisomal disorders and is not seen in urea cycle disorders.
A respiratory alkalosis (low arterial partial pressure of carbon dioxide [PCO2] and low arterial pH) is suggestive of hyperammonemia,
which is a characteristic feature of urea cycle disorders [15]. The respiratory alkalosis is caused by hyperpnea, which is induced by
hyperammonemia. Respiratory alkalosis also may occur in Leigh syndrome (a mitochondrial disorder) and other disorders associated
with hyperammonemia. (See "Simple and mixed acid-base disorders".)
Hyperammonemia — Hyperammonemia is a characteristic feature of the urea cycle defects and organic acidemias, particularly
propionic and methylmalonic acidemias (table 7) [16]. It also may occur in other amino acid disorders (such as lysinuric protein
intolerance) and fatty acid oxidation defects. Modest elevations of ammonia occur rarely in mitochondrial disorders or with hepatic
dysfunction. (See 'Hyperammonemia' below.)
Ammonia concentrations tend to be highest in urea cycle disorders (300 to 1000 micromol/L [5.1 to 17 mcg/mL]) and only moderately
elevated or normal in organic acidemias. However, ammonia can be normal in urea cycle disorders when the patient is not acutely ill and
can sometimes be over 1000 micromol/L (17 mcg/mL) in organic acidemias. Of note, there is variability in the normal range of serum
ammonia reported due to differences in units used and methodology employed by each laboratory.
Modest elevations of ammonia occur rarely in mitochondrial disorders or with hepatic dysfunction. The ammonia concentration is usually
normal in disorders of carbohydrate metabolism, lysosomal storage disorders, or peroxisomal disorders [13].
Hypoglycemia — Hypoglycemia typically occurs in disorders of ketogenesis, fatty acid oxidation disorders (such as medium chain acylCoA dehydrogenase deficiency), some glycogen storage diseases (GSD), disorders of gluconeogenesis, and hereditary fructose
intolerance (HFI) (table 7). It also may occur in amino acid disorders, organic acidemias, and mitochondrial disorders. (See "Metabolic
myopathies caused by disorders of lipid and purine metabolism" and "Causes of hypoglycemia in infants and children" and "Overview of
inherited disorders of glucose and glycogen metabolism".)
The hypoglycemia in GSD and organic acidemias usually is accompanied by ketosis, whereas no ketosis or inappropriately low ketone
body production is more typical of disorders of ketogenesis and fatty acid oxidation disorders in which fatty acids cannot be converted to
ketoacids in the liver. Patients with GSD may also have increased plasma concentrations of lactate, pyruvate, triglycerides, and uric
acid. (See 'Hypoglycemia' below.)
INITIAL EVALUATION — The detection of inborn errors of metabolism (IEM) depends upon a high index of suspicion and in particular
should be considered in patients with certain critical presentations, such as hypoglycemia or hyperammonemia. Patients with lifethreatening illness should undergo concurrent evaluation for other conditions in the differential diagnosis (eg, sepsis, cardiac disease)
[17-19]. (See 'Evaluation of specific critical presentations' below and 'Differential diagnosis' below and "Inborn errors of metabolism:
Epidemiology, pathogenesis, and clinical features" and "Inborn errors of metabolism: Identifying the specific disorder" and "Inborn errors
of metabolism: Classification", section on 'Classification'.)
Testing should be performed at the time of presentation or when symptoms are most pronounced because laboratory values may be
normal when the patient is well. Blood and urine samples (and cerebrospinal fluid [CSF] in patients with persistent seizures, dystonia, or
focal neurologic signs) should be obtained at the time of the initial evaluation (to the extent possible) for both basic tests and selected
specialized tests (table 8), even though the specialized tests may not be necessary [4,20]. This is because medical interventions may
affect certain laboratory results that are necessary to establish the diagnosis (eg, administration of glucose containing intravenous [IV]
fluids will affect the ability to detect hypoglycemia) [2].
We suggest a stepwise approach to evaluation, beginning with basic tests that are routinely available [2,4,8,17,20,21], before completing
specialized metabolic investigations. These basic tests are prompted in any infant or child who presents with the neurologic and/or
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gastrointestinal symptoms described above.
The initial laboratory evaluation of a patient with suspected IEM includes (table 8) [2,8,17]:
● Complete blood count (CBC) with differential – Hematologic manifestations of IEM may involve any or all of the cell lines. The CBC
also may provide a clue to sepsis, which may be the trigger for a metabolic crisis. (See "Inborn errors of metabolism: Epidemiology,
pathogenesis, and clinical features", section on 'Hematologic abnormalities'.)
● Arterial blood gas – An arterial blood gas is used to detect acid-base disturbances. Metabolic acidosis with an increased anion gap
is commonly associated with organic acidemias. Respiratory alkalosis is commonly seen in urea cycle disorders as a result of
hyperammonemia (table 7). (See 'Acid-base disorder' below.)
● Blood glucose – Hypoglycemia is typical of disorders of ketogenesis (eg, fatty acid oxidation disorders), glycogen storage disorders,
and disorders of carbohydrate metabolism (eg, disorders of fructose metabolism). (See 'Hypoglycemia' below.)
● Serum ammonia – The blood sample to measure ammonia concentration should be obtained from an artery or vein without using a
tourniquet, placed on ice for transport to the laboratory, and analyzed immediately. If the plasma ammonia concentration is >100
micromol/L (1.7 microgram/mL), the measurement should be repeated immediately. Significant elevations in ammonia (≥300
micromol/L [5.1 microgram/mL]) are most commonly associated with urea cycle disorders and certain organic acidemias
(particularly propionic and methylmalonic acidemias). An elevated ammonia concentration (≥120 micromol/L [2.0 microgram/mL] in
the newborn and ≥80 micromol/L [1.4 microgram/mL] in older infants and children) is neurotoxic and must be treated immediately.
The duration of hyperammonemia, rather than the peak level, is predictive of poor developmental outcome in newborns. (See
'Hyperammonemia' below and 'Immediate management' below.)
● Electrolytes, blood urea nitrogen (BUN), creatinine – Measurement of serum electrolytes is necessary to calculate the anion gap. A
metabolic acidosis with an increased anion gap is commonly seen in organic acidemias. In addition, the finding of hyponatremia and
hyperkalemia may provide a clue to salt-wasting. (See "Inborn errors of metabolism: Epidemiology, pathogenesis, and clinical
features", section on 'Renal disease' and "The delta anion gap/delta HCO3 ratio in patients with a high anion gap metabolic
acidosis".)
● Uric acid – Uric acid may be high in patients with glycogen storage disease (GSD). It can also be abnormal in patients with more
chronic forms of IEM, with decreased levels seen in patients with defects of purine metabolism or molybdenum cofactor deficiency
and increased levels in patients with Lesch-Nyhan disease. (See "Uric acid balance".)
● Examination of the urine, including color, odor, dipstick, and presence of ketones – Several components of the urinalysis are helpful
in the evaluation of the child with potential IEM:
• The presence or absence of ketones in the urine is helpful in determining the etiology of hypoglycemia. (See 'Hypoglycemia'
below.)
• The urine pH is helpful in determining the cause of metabolic acidosis, if metabolic acidosis is present. (See 'Acid-base
disorder' below.)
• Decreased urine specific gravity in a patient who is vomiting is suggestive of impaired ability to concentrate the urine, which is
suggestive of renal tubular dysfunction (particularly when it occurs in conjunction with glucosuria and proteinuria). Renal tubular
dysfunction occurs in a number of IEM. (See "Inborn errors of metabolism: Epidemiology, pathogenesis, and clinical features",
section on 'Renal disease'.)
• The presence of leukocyte esterase or nitrites on dipstick analysis is suggestive of urinary tract infection, which may be the
precipitant for metabolic crisis, or the presenting manifestation of an IEM that has an associated increased risk of sepsis (eg,
galactosemia, GSD type Ib [glucose-6-phosphatase deficiency, von Gierke disease]). (See "Urinary tract infections in infants
and children older than one month: Clinical features and diagnosis", section on 'Dipstick analysis'.)
• The presence of reducing substances in the urine is a clue to certain IEM if the urine dipstick is negative for glucose (table 7).
Children who have nonglucose reducing substances in the urine may have a carbohydrate intolerance disorder (eg,
galactosemia, hereditary fructose intolerance [HFI]) or an amino acid disorder. However, the absence of reducing substances in
the urine does not exclude these disorders. False-positive tests for urine reducing substances in children may occur in children
who have taken penicillins, salicylates, ascorbic acid, or drugs excreted as glucuronides [2].
Additional tests in selected patients include:
● Lactate dehydrogenase, aldolase, creatine kinase, and urine myoglobin in patients who have complaints of muscle weakness,
tenderness, cramping, atrophy, or exercise intolerance that may indicate presence of rhabdomyolysis (eg, McArdle disease,
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VLCAD, CPT II). (See "Approach to the metabolic myopathies" and "Metabolic myopathies caused by disorders of lipid and purine
metabolism".)
● Uric acid in patients with fasting hypoglycemia, ketosis, and muscle symptoms (eg, GSD). (See "Overview of inherited disorders of
glucose and glycogen metabolism", section on 'Clinical and laboratory features'.)
● Liver function tests (aminotransferases, bilirubin, prothrombin time) in patients with coagulopathy, jaundice, or other evidence of
liver dysfunction/failure. HFI and galactosemia typically present with liver dysfunction and coagulopathy. Citrin deficiency,
transaldolase deficiency, tyrosinemia type I, and disorders of bile acid biosynthesis may present with cholestatic jaundice and acute
liver failure.
If possible, at the time of the initial evaluation, samples also should be obtained for the specialized tests that may be necessary
depending upon the results of the initial evaluation [2,4,20]:
● Quantitative plasma amino acids
● Acylcarnitine profile
● Lactate
● Qualitative urine organic acids
These samples should be placed in the appropriate tubes or containers, processed, and stored according to the requirements of
individual clinical laboratories. Important aspects of the handling and/or processing of specimens and pertinent findings of specific tests
as related to IEM are discussed separately. (See "Inborn errors of metabolism: Identifying the specific disorder", section on 'Specialized
tests'.)
EVALUATION OF SPECIFIC CRITICAL PRESENTATIONS — Inborn errors of metabolism (IEM) may present as a critical illness with
acute metabolic decompensation associated with metabolic derangement in individuals of any age. The particular combination of
metabolic derangements can help to distinguish among the various categories of IEM (table 7), guiding decisions regarding additional
evaluation, as discussed below and elsewhere. These findings also are used to guide immediate management [2]. (See 'Clinical
presentations' above and 'Laboratory findings' above and 'Initial evaluation' above and 'Immediate management' below and "Inborn
errors of metabolism: Identifying the specific disorder", section on 'Specialized tests'.)
Evaluation of patients who present with other clinical manifestations suggestive of an IEM is presented separately. (See "Inborn errors of
metabolism: Identifying the specific disorder", section on 'Evaluation of specific presentations'.)
Hypoglycemia — Hypoglycemia in infants and children requires prompt recognition and treatment to prevent severe and potentially
permanent neurologic sequelae. The treatment of hypoglycemia, discussed in detail separately, should be initiated as soon as possible
after critical samples are obtained. (See "Approach to hypoglycemia in infants and children", section on 'Immediate management'.)
The presence or absence of ketosis helps to distinguish among the different types of IEM that can cause hypoglycemia (table 7) (see
'Hypoglycemia' above). As examples:
● Ketosis is usually present in patients with hypoglycemia and glycogen storage disease (GSD); these patients also typically have
increased plasma concentrations of lactate, pyruvate, triglycerides, and uric acid. (See "Overview of inherited disorders of glucose
and glycogen metabolism" and "Causes of hypoglycemia in infants and children" and "Metabolic myopathies caused by disorders of
lipid and purine metabolism".)
● Ketosis is also usually present in patients with hypoglycemia and organic acidemia or maple syrup urine disease. (See "Organic
acidemias" and "Overview of maple syrup urine disease".)
● Ketosis is usually absent or inappropriately low in patients with fatty acid oxidation disorders and disorders of ketogenesis (such as
HMG-CoA lyase and 3-ketothiolase deficiency) because fatty acids cannot be converted to ketoacids in the liver.
Additional evaluation for metabolic causes of hypoglycemia should be performed while the patient is hypoglycemic (or on samples that
were obtained at the time of presentation and appropriately stored). Additional evaluation includes:
● Plasma acylcarnitine profile and quantitative plasma carnitine levels (free, total, and acyl). Low carnitine levels are seen in primary
carnitine deficiency or in secondary carnitine deficiency associated with organic acidemias or mitochondrial disorders. (See "Inborn
errors of metabolism: Identifying the specific disorder", section on 'Specialized tests'.)
● Measurements of lactate, triglycerides, uric acid, and creatine kinase may assist in the diagnosis of certain GSD. Lactate,
triglycerides, and uric acid typically are elevated in glucose-6-phosphatase deficiency (GSD Ia, von Gierke disease), the most
common GSD. Creatine kinase concentration is increased in glycogen debrancher deficiency (GSD III, Forbes disease). (See
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"Glucose-6-phosphatase deficiency (glycogen storage disease I, von Gierke disease)" and "Glycogen debrancher deficiency
(glycogen storage disease III)".)
The approach to the neonate, infant, or child with hypoglycemia is discussed in greater detail separately. (See "Pathogenesis, screening,
and diagnosis of neonatal hypoglycemia" and "Approach to hypoglycemia in infants and children".)
Hyperammonemia — An elevated ammonia concentration is neurotoxic and must be treated. Treatment, described below, should be
initiated pending confirmation of a specific diagnosis. (See 'Immediate management' below.)
Additional tests should be ordered if the plasma ammonia is elevated and the tests have not been obtained previously (algorithm 1).
These include (table 8):
● Quantitative plasma amino acid analysis. (See "Inborn errors of metabolism: Identifying the specific disorder", section on 'Plasma
amino acids'.)
● Qualitative urine organic acid analysis. (See "Inborn errors of metabolism: Identifying the specific disorder", section on 'Urine
organic acids'.)
● Aspartate aminotransferase (AST), alanine aminotransferase (ALT), and measures of liver synthetic function should be checked
since liver dysfunction/liver failure can result in hyperammonemia, independent of an IEM. (See "Acute liver failure in children:
Etiology and evaluation".)
Acid-base disorder — Metabolic acidosis due to an IEM is usually associated with an increased anion gap (table 7). The anion gap
results from the presence of abnormal metabolites, such as ketoacids, lactic acid, or methylmalonic acid. The evaluation of metabolic
acidosis is discussed in detail separately. (See "Approach to the child with metabolic acidosis" and "Approach to the adult with metabolic
acidosis" and "The delta anion gap/delta HCO3 ratio in patients with a high anion gap metabolic acidosis".)
The urine pH is helpful in determining the cause of metabolic acidosis. The appropriate physiologic response to metabolic acidosis is
increased urinary acid excretion, with the urine pH usually falling below 5. A urine pH >5 is more suggestive of metabolic acidosis due to
renal tubular acidosis rather than an IEM. (See "Overview and pathophysiology of renal tubular acidosis and the effect on potassium
balance" and 'Acid-base disorders' above.)
Respiratory alkalosis usually accompanies hyperammonemia in urea cycle disorders, unless shock or secondary infection is present.
The respiratory alkalosis is caused by hyperpnea that is induced by the elevated ammonia level. The evaluation of respiratory alkalosis
and other acid-base disorders are discussed in greater detail separately. (See "Simple and mixed acid-base disorders".)
Among patients with an otherwise unexplained acid-base disorder, additional evaluation should include:
● Plasma lactate and pyruvate levels (the latter is only accurate when obtained in a specimen container with perchlorate) (see "Inborn
errors of metabolism: Identifying the specific disorder", section on 'Lactate and pyruvate')
● Quantitative plasma amino acid analysis (see "Inborn errors of metabolism: Identifying the specific disorder", section on 'Plasma
amino acids')
● Quantitative urine organic analysis (see "Inborn errors of metabolism: Identifying the specific disorder", section on 'Urine organic
acids')
SIDS and ALTE — The following are the most common IEM that can cause sudden infant death syndrome (SIDS) or an apparent lifethreatening event (ALTE) (see "Acute events in infancy including brief resolved unexplained event (BRUE)" and "Sudden unexpected
infant death including SIDS: Initial management", section on 'Metabolic disease'):
● Fatty acid oxidation defects, the most common of which is medium chain acyl-CoA dehydrogenase (MCAD) deficiency
● Disorders of amino acid metabolism and urea cycle disorders
● Organic acidemias
Laboratory evaluation for these disorders is recommended for all cases of SIDS and selected cases of ALTE (eg, event is truly life
threatening and other findings suggest an IEM). This evaluation includes:
● Plasma acylcarnitine profile (see "Inborn errors of metabolism: Identifying the specific disorder", section on 'Acylcarnitine profile')
● Quantitative plasma carnitine levels to test for primary (eg, defect in the sodium-dependent carnitine transporter) or secondary
carnitine deficiency (eg, loss of carnitine caused by disorders such as fatty acid oxidation disorders or organic acidemias) (see
"Inborn errors of metabolism: Identifying the specific disorder", section on 'Other')
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● Quantitative plasma amino acid analysis (see "Inborn errors of metabolism: Identifying the specific disorder", section on 'Plasma
amino acids')
● Qualitative urine organic acid analysis (see "Inborn errors of metabolism: Identifying the specific disorder", section on 'Urine organic
acids')
● Plasma lactate and pyruvate (the latter is only accurate when obtained in a specimen container with perchlorate) (see "Inborn errors
of metabolism: Identifying the specific disorder", section on 'Lactate and pyruvate')
Postmortem evaluation is discussed separately. (See "Inborn errors of metabolism: Identifying the specific disorder", section on
'Postmortem'.)
Seizures — Metabolic disorders are rare causes of seizures in children. Seizures caused by IEM usually present early and may not be
responsive to standard anticonvulsant medications [6]. Although seizures can occur in all forms of IEM, the conditions that present most
commonly with seizures include (see 'Seizures' above and "Neonatal epilepsy syndromes", section on 'Severe syndromes'):
● Urea cycle disorders and amino acid metabolism disorders
● Organic acidemias
● Gangliosidoses
● Disorders of pyruvate metabolism
● Peroxisomal disorders
● Mitochondrial disorders
● Pyridoxine and pyridoxal-5-phosphate-responsive seizures
● Biotinidase deficiency/holocarboxylase synthetase deficiency
● Nonketotic hyperglycinemia
● Molybdenum cofactor deficiency and isolated sulfite oxidase deficiency
● Disorders of copper metabolism
● Neuronal ceroid lipofuscinoses
● Disorders of creatine metabolism
● Purine and pyrimidine metabolism disorders
The likelihood of an IEM causing seizures is highest in individuals with infantile-onset seizures or persistent seizures with developmental
delay/hypotonia/hypertonia or developmental regression. In such individuals, the evaluation for these IEM may include (see "Inborn
errors of metabolism: Identifying the specific disorder", section on 'Specialized tests'):
● A trial of pyridoxine (100 mg intravenously) or pyridoxal phosphate (the active form of pyridoxine) under electroencephalographic
observation in neonates with frequent or persistent seizures [22-24]; if there is no response, a trial of folinic acid and biotin should
be considered (algorithm 2). Alpha aminoadipic semialdehyde (AASA), a biomarker for pyridoxine-dependent seizure or folic acidresponsive seizure can be clinically measured both in plasma and urine.
● Qualitative urine organic acid analysis.
● Quantitative plasma amino acid analysis.
● Arterial lactate and pyruvate concentrations.
● Quantitative cerebrospinal fluid (CSF) amino acid analysis performed at the same time the sample is obtained for plasma amino
acid analysis. A CSF:plasma glycine ratio >0.08 is abnormal and consistent with nonketotic hyperglycinemia.
● Quantitative CSF lactate; individuals with disorders of mitochondrial energy metabolism may have normal plasma lactate levels and
therefore measuring lactate either by direct analysis of the CSF or by measuring brain lactate by magnetic resonance (MR)
spectroscopy is recommended.
● Plasma and urine creatine and guanidinoacetate levels to assess for abnormalities of creatine metabolism, such as
guanidinoacetate methyltransferase deficiency. Plasma analysis alone cannot reliably detect X-linked creatine transporter
deficiency.
● Dilated ophthalmologic examination to detect the cherry red spot associated with gangliosidoses (picture 1) or retinal findings of
mitochondrial diseases.
● Cranial magnetic resonance imaging (MRI) to evaluate for leukodystrophy or basal ganglia changes associated with gangliosidoses
or mitochondrial disorders, respectively; MR spectroscopy should be considered to screen for a variety of neurometabolic disorders.
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If the MRI and/or ophthalmologic examination suggest a particular disorder, further studies are done to confirm the diagnosis. If no
diagnosis is established, secondary studies are needed to detect disorders of purine and pyrimidine metabolism (urine purines and
pyrimidines), fatty acid oxidation (plasma acylcarnitine profile), neurotransmitter metabolism (CSF neurotransmitter levels), copper
metabolism (serum copper, ceruloplasmin for Menkes disease), or peroxisomes (very long chain fatty acid, phytanic acid, pipecolic
acid). (See "Peroxisomal disorders".)
DIFFERENTIAL DIAGNOSIS — In neonates, the differential diagnosis includes sepsis, congenital viral infection [25], duct-dependent
heart disease, drug withdrawal, and congenital adrenal hyperplasia [2,9,17]. In older children, the differential diagnosis includes
diabetes, ingestion or intoxication, encephalitis, and adrenal insufficiency [8]. Most of these are distinguished from inborn errors of
metabolism (IEM) by laboratory findings specific to each disorder. Evaluation and/or empiric therapy, if indicated, for these conditions
should be undertaken concurrently with the evaluation for IEM since early initiation of supportive measures and definitive therapy is
critical for both IEM and the other diagnoses. (See appropriate topic reviews). (See "Acute toxic-metabolic encephalopathy in children".)
IMMEDIATE MANAGEMENT — Infants and children with critical metabolic illness require immediate management to prevent further
acute deterioration and long-term sequelae. Appropriate and aggressive treatment before confirmation of the diagnosis may be lifesaving or prevent or reduce the long-term neurologic sequelae of some of these conditions [9,17,20].
Pending confirmation of the diagnosis, supportive interventions are undertaken. These include provision of ventilatory support and fluid
resuscitation, removal of accumulating metabolites, and prevention of catabolism (by promoting anabolism). In addition, selected
cofactors may be administered, if indicated, before confirmation of the diagnosis and in some cases to support the diagnosis (eg,
pyridoxine) [2,26].
Specific therapy is usually initiated after confirmation of the diagnosis. Treatment should be planned in consultation with a geneticist or
specialist in metabolic disease [17].
Supportive measures
● Ventilatory support should be provided as necessary when direct toxic effects of metabolites cause respiratory depression or
cerebral edema.
● Fluid resuscitation with saline (usually half-normal saline, but electrolyte composition should be based upon clinical status and
serum electrolyte concentrations) should be provided as necessary to maintain adequate circulation. Lactate (ie, lactated ringers
solution) should be avoided because of the potential to exacerbate lactic acidosis [2]. The administration of hypotonic fluids may
cause cerebral edema [2].
● Treatment of hypoglycemia should be initiated as soon as possible. Critical blood samples for evaluation of metabolic causes of
hypoglycemia should be obtained before treatment, if possible (see 'Hypoglycemia' above). The treatment of hypoglycemia is
discussed in detail separately. (See "Approach to hypoglycemia in infants and children", section on 'Immediate management' and
"Management and outcome of neonatal hypoglycemia".)
● Bicarbonate may be necessary to correct metabolic acidosis in some circumstances. However, if the acidosis is the result of an
untreated organic acidemia, it is unlikely that bicarbonate administration will be of any significant benefit. Bicarbonate should be
administered with caution since rapid or overcorrection of acidosis may have adverse effects on the central nervous system [2].
Administration of bicarbonate to hyperammonemic patients should be avoided since it may cause cerebral edema and decrease the
urinary excretion of ammonia [2]. (See "Approach to the adult with metabolic acidosis", section on 'Overview of therapy' and
"Approach to the child with metabolic acidosis", section on 'Bicarbonate therapy'.)
● Empiric administration of antibiotic therapy is indicated for patients with possible sepsis or serious bacterial infection [2]. There is a
risk of sepsis in untreated galactosemia, and certain organic acidemias, when untreated, may present with neutropenia and
infection. Thus, the diagnosis of an inborn error of metabolism (IEM) does not exclude the possibility of a concomitant serious
infection.
● Fresh frozen plasma may be necessary for patients with coagulopathy related to hepatic dysfunction [2]. (See "Hemostatic
abnormalities in patients with liver disease".)
● Enteral or parenteral nutrition should be withheld pending a specific diagnosis. The administration of amino acids that rely upon a
defective metabolic pathway for metabolism can increase toxic metabolite concentrations and worsen the clinical condition.
Removal of accumulating metabolites involves discontinuation of oral intake of protein or specific carbohydrates pending
confirmation of the diagnosis [2,9,17,27]. Additional measures (eg, dialysis) may be necessary depending upon the disease and
severity of intoxication. Medications may be given to divert amino acids away from a defective metabolic pathway (eg, Ammonul in
urea cycle disorders) in cases in which the diagnosis is already known. (See "Urea cycle disorders: Management".)
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● Significant hyperammonemia is life threatening and must be treated immediately by hemodialysis and/or medications. The acute
management of hyperammonemia in patients with urea cycle defects is discussed separately. (See "Urea cycle disorders:
Management", section on 'Initial management'.)
● Administration of intravenous (IV) dextrose (with electrolytes) provides energy and prevents catabolism. An infusion rate of 8 to 10
mg of dextrose per kilogram body weight per minute should be adequate to suppress catabolism. Dextrose solutions containing up
to 10 percent dextrose can be infused through a peripheral IV catheter. Central IV access may be necessary to administer higher
concentrations of dextrose if initiation of oral intake will be delayed for more than 24 hours.
Insulin as a continuous IV infusion may be administered if necessary to promote anabolism and maintain serum glucose between
100 and 120 mg/dL (5.56 mmol/L to 6.67 mmol/L). A typical dose for insulin in these situations is 0.05 units per kilogram body
weight per hour as a continuous IV infusion. The rate should be adjusted based upon blood sugar levels [2].
● In cases of cerebral edema due to maple syrup urine disease or hyperammonemia, hemofiltration should be employed to remove
the offending agents (leucine and ammonia, respectively), in addition to routine measures used to treat cerebral edema. (See
"Elevated intracranial pressure (ICP) in children: Clinical manifestations and diagnosis".)
Provision of cofactors — Administration of cofactors is pending confirmation of diagnosis and may be indicated in select
circumstances, as outlined below [2,22]:
● Cobalamin (vitamin B12, 1 mg subcutaneously or intramuscularly [IM]) may be administered to patients with metabolic acidosis and
suspected organic acidemia (in case the patient has a form of methylmalonic acidemia that is responsive to vitamin B12). (See
"Organic acidemias", section on 'Methylmalonic acidemia'.)
● Pyridoxine (100 mg intravenously) or pyridoxal phosphate (the active form of pyridoxine [vitamin B6], 10 mg/kg IV [23]) should be
given to neonates with seizures unresponsive to conventional anticonvulsants; if there is no response to pyridoxine, folinic acid
(leucovorin, 2.5 mg IV) should be administered for possible folinic acid responsive seizures [28] (algorithm 2). (See "Treatment of
neonatal seizures", section on 'Pyridoxine or PLP responsive seizures'.)
● Biotin (10 mg orally or via nasogastric tube) should be administered to neonates with recurrent seizures for possible biotin
responsive multiple carboxylase deficiency. (See "Overview of water-soluble vitamins", section on 'Multiple carboxylase deficiency'.)
● Carnitine supplementation (100 mg/kg per day in three divided doses either orally or IV) may be useful in patients with organic
acidemias, fatty acid oxidation disorders, and primary or secondary carnitine deficiency [29]. A higher dose (200 mg/kg per day IV
or 300 mg/kg per day orally) may be used to promote excretion of organic acids (eg, excretion of propionylcarnitine in propionic
acidemia) in critically ill patients with one of these disorders. (See "Organic acidemias", section on 'Management' and "Metabolic
myopathies caused by disorders of lipid and purine metabolism", section on 'Carnitine deficiency syndromes'.)
SUMMARY
● Optimal outcome for children with inborn errors of metabolism (IEM) (table 1) depends upon early recognition. Delay in diagnosis
may result in acute metabolic decompensation, progressive neurologic injury, or death. (See 'Introduction' above.)
● The most important clue to an IEM in the neonate is deterioration after an initial period of wellbeing. Infants with IEM are not
typically sick immediately at delivery. Older infants and children may present with recurrent episodes of metabolic decompensation.
(See 'Causes of acute metabolic decompensation' above.)
● The initial clinical manifestations of acute metabolic decompensation can include (see 'Clinical presentations' above):
• Vomiting and anorexia or failure to feed
• Lethargy that can progress to coma
• Seizures, particularly intractable
• Rapid, deep breathing that can progress to apnea
• Hypothermia
• An acute life-threatening event (ALTE) or sudden infant death syndrome (SIDS)
● Patients can also present with an acid-base disorder, hyperammonemia, or hypoglycemia. (See 'Laboratory findings' above.)
● The initial evaluation of IEM includes (see 'Initial evaluation' above):
• Complete blood count (CBC) with differential
• Arterial blood gas
• Blood glucose
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• Serum ammonia
• Electrolytes, blood urea nitrogen (BUN), creatinine, uric acid
• Liver function tests: aminotransferases, bilirubin, prothrombin time
• Examination of the urine, including color, odor, dipstick, and presence of ketones
● Testing should be performed at the time of presentation or when symptoms are most pronounced. Patients with life-threatening
illness should undergo concurrent evaluation for other conditions in the differential diagnosis. (See 'Initial evaluation' above and
'Differential diagnosis' above and 'Evaluation of specific critical presentations' above.)
● Most episodes of critical illness are associated with one or more metabolic derangements that can help to distinguish among the
various categories of IEM and guide decisions regarding additional evaluation and immediate management (table 7). (See
'Evaluation of specific critical presentations' above.)
● Management of hypoglycemia, hyperammonemia, and seizures must be initiated promptly to prevent long-term sequelae.
Supportive interventions include provision of ventilatory support and fluid resuscitation, removal of accumulating metabolites, and
prevention of catabolism. In addition, selected cofactors may be administered, if indicated, before confirmation of the diagnosis and
in some cases to support the diagnosis. (See 'Immediate management' above.)
Use of UpToDate is subject to the Subscription and License Agreement.
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GRAPHICS
Types of inborn errors of metabolism
Disorders of intermediary metabolism
Amino acid metabolism and transport
Fatty acid oxidation and ketogenesis
Carbohydrate metabolism and transport
Vitamin-related (cobalamin, folate)
Peptide metabolism
Mineral metabolism
Mitochondrial energy metabolism

Disorders of biosynthesis and breakdown of complex molecules
Purine and pyrimidine metabolism
Lysosomal storage
Peroxisomes
Isoprenoid and sterol metabolism
Bile acid and heme metabolism
Glycosylation
Lipoprotein metabolism

Disorders of neurotransmitter metabolism
Glycine and serine metabolism
Pterin and biogenic amine metabolism
Gamma-aminobutyrate metabolism
Other (eg, pyridoxine-dependent or folinic acid-dependent seizures, sulfite oxidase deficiency)
Source: Hoffman GF, Nyhan WL, Zschocke J, et al. Inherited metabolic diseases, Lippincott Williams & Wilkins, Philadelphia 2002.
Graphic 82924 Version 1.0

https://www.uptodate.com/contents/inborn-errors-of-metabolism-metabolic-emergencies/print?source=search_result&search=acid%20base&selecte…

12/23

8/30/2017

Inborn errors of metabolism: Metabolic emergencies - UpToDate

Selected disorders of carbohydrate metabolism
Carbohydrate intolerance disorders
Galactosemia
Galactokinase deficiency
UDP galactose epimerase deficiency
Hereditary fructose intolerance

Disorders of carbohydrate production or utilization
Disorders of glycogenolysis (glycogen storage diseases, GSD)
Liver glycogen synthase deficiency (GSD 0)
Glucose-6-phosphatase deficiency (GSD I; von Gierke disease)
Lysosomal acid maltase deficiency (GSD II; Pompe disease)
Glycogen debrancher deficiency (GSD III; Cori/Forbes disease)
Glycogen branching enzyme deficiency (GSD IV; Andersen disease)
Muscle phosphorylase deficiency (GSD V; McArdle disease)
Liver phosphorylase deficiency (GSD VI; Hers disease)
Muscle phosphofructokinase deficiency (GSD VII; Tarui disease)
Phosphoglycerate kinase and phosphoglycerate mutase deficiency
Phosphorylase b kinase deficiency
Disorders of gluconeogenesis
Fructose 1,6-biphosphatase deficiency
Pyruvate carboxylase deficiency
Phosphoenolpyruvate carboxykinase (PEPCK) deficiency
Pyruvate dehydrogenase deficiency
UDP: uridine diphosphate.
Graphic 56040 Version 3.0
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Selected mitochondrial disorders
Pyruvate carboxylase deficiency
Phosphoenopyruvate carboxylase deficiency
Pyruvate dehydrogenase complex deficiency
Kearns-Sayre syndrome
Mitochondrial encephalopathy lactic acidosis and stroke-like episodes (MELAS)
Myoclonic epilepsy, ragged red fiber disease (MERRF)
Freidrich ataxia
Pearson syndrome
Succinate dehydrogenase deficiency
Cytochrome C oxidase (COX) deficiency
Mitochondrial neurogastrointestinal encephalopathy syndrome (MNGIE)
Mitochondrial DNA depletion syndromes
Graphic 69937 Version 4.0
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Peroxisomal disorders
Disorders of peroxisome biogenesis
Zellweger syndrome
Neonatal adrenoleukodystrophy (NALD)
Infantile Refsum disease
Rhizomelic chondrodysplasia punctata type 1

Disorders with deficiency of a single peroxisomal enzyme
X-linked adrenoleukodystrophy, including adrenomyeloneuropathy (AMN) due to deficiency of adrenoleukodystrophy protein (ALDP)
Refsum disease (phytanoyl CoA hydroxylase deficiency)
Pseudo-NALD (acyl CoA oxidase deficiency)
D-bifunctional enzyme deficiency
Dihydroxy-acetone phosphate acyltransferase (DHAP-AT) deficiency (RCDP type 2)
Alkyl-DHAP synthase deficiency (RCDP type 3)
2-methylacyl-CoA racemase deficiency
Acatalasemia (Catalase deficiency)
Hyperoxaluria type 1 (alanine glyoxylate aminotransferase deficiency)
RCDP: rhizomelic chondrodysplasia punctata; DHAP: dihydroxy-acetone phosphate.
Graphic 74261 Version 4.0
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Selected lysosomal storage disorders
Mucopolysaccharidoses (MPS)
MPS I (Hurler, Hurler-Scheie, Scheie)
MPS II (Hunter)
MPS III (Sanfillippo)
MPS IV (Morquio)
MPS VI (Maroteaux-Lamy)
MPS VII (Sly)
MPS IX (Natowicz)

Sphingolipidoses
GM1 gangliosidosis
GM2 gangliosidosis type 1 (Tay-Sachs)
GM2 gangliosidosis type 2 (Sandhoff)
Fabry disease
Farber disease
Gaucher disease
Niemann-Pick disease
Krabbe disease
Metachromatic leukodystrophy

Oligosaccharidoses (glycoproteinoses)
Galactosialidosis
Fucosidosis types
Mannosidosis
Aspartylglucosaminuria

Mucolipidosis
Mucolipidosis type I (Sialidosis)
Mucolipidosis type II (I-cell)*
Mucolipidosis type III (pseudo-Hurler)*
Mucolopidosis type IV (Sialolipidosis)
* These disorders are caused by the same enzyme deficiency (N-acetylglucosamyl phosphotransferase).
Graphic 63392 Version 5.0
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Disorders of fatty acid oxidation
Disorders

Acylcarnitine profile abnormalities

Carnitine uptake defect

↓ Free (C0) carnitine

Short chain acyl-CoA dehydrogenase (SCAD) deficiency

↑ Butyryl (C4) carnitine

Short chain hydroxyacyl-CoA dehydrogenase (SCHAD) deficiency

↑ 3-hydroxybutyryl (C4-OH) carnitine

Medium chain acyl-CoA dehydrogenase (MCAD) deficiency

↑ Octanoyl (C8) carnitine
↑ Decanoyl (C10) carnitine
↑ Decenoyl (C10:1) carnitine

Very long chain acyl-CoA dehydrogenase (VLCAD) deficiency

↑ Tetradecenoyl (C14:1) carnitine
↑ Tetradecanoyl (C14) carnitine
↑ Tetradecendioyl (C14:2) carnitine
↑ Dodecanoyl (C12) carnitine
↑ Dodecenoyl (C12:1) carnitine
↑ Hexadecanoyl (C16) carnitine

Long chain hydroxyacyl-CoA dehydrogenase (LCHAD) deficiency

↑ Hydroxypalmitoyl (C16-OH) carnitine
↑ Hydroxyhexadecenoyl (C16:1-OH) carnitine

Trifunctional protein (TFP) deficiency

↑ Hydroxysteryl (C18-OH) carnitine
↑ Hydroxyoleyl (C18:1-OH) carnitine

Carnitine palmitoyltransferase II (CPTII) deficiency
Carnitine-acylcarnitine translocase (CACT) deficiency

↑ Palmitoyl (C16) carnitine
↑ Steryl (C18) carnitine
↑ Oleyl (C18:1) carnitine

Carnitine palmitoyltransferase I (CPTI) deficiency

↑ Free (C0) carnitine

Multiple acyl-CoA dehydrogenase deficiency (glutaric acidemia type II)

↑ In multiple nonhydroxylated acylcarnitines

List of common fatty acid oxidation disorders and associated acylcarnitine abnormalities. Note that the first newborn screen is most useful for
diagnosis and that acylcarnitine profiles may be normal for milder phenotypes when not acutely ill. Additionally, for some of the longer chain
disorders (eg, VLCAD and CPTII), further testing such as DNA mutation analysis may be required to establish a diagnosis definitively.
Graphic 86411 Version 5.0
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Distinguishing biochemical findings of inborn errors of metabolism
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Findings

-: usually absent; ±: sometimes present; +: usually present; ++: always present; A: appropriate; H: inappropriately high; L: inappropriately low.
* Within disease categories, not all diseases have all findings; for disorders with episodic decompensation clinical and laboratory findings may be present
only during acute crisis; for progressive disorders, findings may not be present early in the course of disease.
Adapted from: Weiner DL. Metabolic Emergencies. In: Textbook of Pediatric Emergency Medicine, 5th ed, Fleisher GR, Ludwig S, Henretig FM (Eds),
Lippincott, Williams & Wilkins, Philadelphia 2006. p.1193.
Graphic 76373 Version 5.0

https://www.uptodate.com/contents/inborn-errors-of-metabolism-metabolic-emergencies/print?source=search_result&search=acid%20base&selecte…

18/23

8/30/2017

Inborn errors of metabolism: Metabolic emergencies - UpToDate

Laboratory evaluation for suspected inborn errors of metabolism
Comments
Initial evaluation*
Blood tests

CBC with
differential
Blood glucose
Electrolytes,
BUN, creatinine,
uric acid
Arterial blood
gas
Plasma ammonia

Should be obtained from artery or vein without a tourniquet. The tube should be placed on ice for transport to the
laboratory and analyzed immediately. If the plasma ammonia concentration is >100 micromol/L (1.7 mcg/mL), the
measurement should be repeated immediately.

AST, ALT,
bilirubin, PT

If the patient has signs or symptoms of myopathy.

LDH, aldolase,
creatine, kinase
Urine tests

Color, odor
Urinalysis
Reducing
substances
Myoglobin

If the patient has signs or symptoms of myopathy.

Specialized tests
Blood tests

Quantitative
plasma amino
acids

Plasma amino acid analysis must be performed quantitatively rather than qualitatively.

Lactate and
pyruvate

Lactate and pyruvate should be measured in arterial blood and transported on ice.

Acylcarnitine
profile

Analysis of acylcarnitine conjugates is performed by tandem mass spectrometry and can be measured in a plasma sample
or a filter-paper bloodspot. Serum is preferred because of inherent problems in quantitating compounds from a filter-paper
blood spot

Urine tests

Qualitative urine
organic acids

Minimum of 2 to 5 mL in sterile container without preservative.

CBC: complete blood count; BUN: blood urea nitrogen; AST: aspartate aminotransferase; ALT: alanine aminotransferase; PT: prothrombin time; LDH:
lactate dehydrogenase.
* If possible, blood and urine samples should be obtained for both the initial and specialized tests at the time of presentation. Samples for specialized
tests should be processed and stored appropriately for further testing if indicated.
Graphic 67745 Version 7.0
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Diagnostic algorithm for initial evaluation of suspected
urea cycle deficiencies in patients with
hyperammonemia

ASA: argininosuccinic aciduria; CPS: carbamyl phosphate synthetase; OTC: ornithine
transcarbamylase.
Graphic 52126 Version 6.0
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Diagnostic and treatment algorithm for cofactor-responsive
neonatal seizures

Alpha-AASA: alpha-aminoadipic semialdehyde; EEG: electroencephalography; PLP: pyridoxal 5'phosphate; PNPO: pyridoxamine 5'-phosphase oxidase.
* Risk of apnea, particularly when pyridoxine is given IV.
¶ Repeated every 5 to 15 minutes with continuous EEG monitoring.
Δ If biotinidase deficiency has not been excluded by newborn screen.
◊ alpha-AASA is also elevated in molybdenum cofactor/sulfite oxidase deficiency.

Graphic 97078 Version 3.0
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Macular cherry red spot

Sphingolipids accumulate in the retinal ganglion cells in the perifoveal area of
patients with sphingolipidoses causing the perifoveal area to appear pale. The
fovea, which has no ganglion cells, retains its "cherry red" color.
Courtesy of Robert P Cruse, DO.
Graphic 65650 Version 1.0
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INTRODUCTION — Diabetic ketoacidosis (DKA) is the leading cause of morbidity and mortality
in children with type 1 diabetes mellitus (T1DM), with a case fatality rate ranging from 0.15
percent to 0.31 percent [1-3]. DKA also can occur in children with type 2 DM (T2DM); this
presentation is most common among youth of African-American descent [4-8]. (See
"Classification of diabetes mellitus and genetic diabetic syndromes".)
The management of DKA in children will be reviewed here (table 1). There is limited experience
in the management and outcomes of DKA in children with T2DM, although the same principles
should apply. The clinical manifestations and diagnosis of DKA in children and the
pathogenesis of DKA are discussed elsewhere. (See "Clinical features and diagnosis of
diabetic ketoacidosis in children and adolescents" and "Diabetic ketoacidosis and hyperosmolar
hyperglycemic state in adults: Epidemiology and pathogenesis".)
DEFINITION
● Diabetic ketoacidosis – A consensus statement from the International Society for
Pediatric and Adolescent Diabetes (ISPAD) in 2014 defined the following biochemical
criteria for the diagnosis of diabetic ketoacidosis (DKA) [9]:
• Hyperglycemia – blood glucose of >200 mg/dL (11 mmol/L) AND
• Metabolic acidosis – venous pH <7.3 or a plasma bicarbonate <15 mEq/L (15
mmol/L) AND
• Ketosis – determined by the presence of ketones in the blood or urine.
Ketosis is ideally determined by measuring serum beta-hydroxybutyrate (BOHB) in the
laboratory or by a point-of-care device. BOHB concentrations ≥3 mmol/L (31 mg/dL)
are consistent with DKA [9,10] and provide a more accurate index of ketosis than the
use of older methods using nitroprusside, which measure only acetoacetate (the
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ketone body present at a lower concentration) resulting in an underestimate of the
severity of ketonemia. If it can be established by any means that the patient has
severe ketosis (in the absence of hyperlactatemia) and measurement of blood BOHB
is not available, sequential calculation of the anion gap is a useful means to track the
progressive improvement in ketonemia. (See 'Assessment of severity' below.)
Disturbances in fluid and electrolyte balance result in volume depletion and mild to
moderate serum hyperosmolality. The clinical manifestations of DKA are related to the
degree of hyperosmolality, volume depletion, and severity of acidosis [11]. Some children
present with severe hyperglycemia (blood glucose >600 to 2500 mg/dL) and severe
ketoacidosis. These children are frequently the youngest and sickest of patients. (See
"Clinical features and diagnosis of diabetic ketoacidosis in children and adolescents".)
● Hyperglycemic hyperosmolar state – Hyperosmolar hyperglycemic state (HHS) is a
hyperglycemia emergency, distinguished from classic DKA by marked hyperglycemia
(plasma glucose >600 mg/dL [>33.3 mmol/L]) and sometimes very severe hyperglycemia
(2500 mg/dL), without significant acidosis or ketosis. These individuals frequently have
altered consciousness and moderate lactic acidosis. HHS requires prompt recognition and
management that is distinct from that of DKA. HHS is more common among adolescents at
the onset of type 2 diabetes, compared with type 1 diabetes mellitus (T1DM) [12,13]. (See
"Clinical features and diagnosis of diabetic ketoacidosis in children and adolescents",
section on 'Definition' and "Diabetic ketoacidosis and hyperosmolar hyperglycemic state in
adults: Treatment".)
INITIAL RAPID ASSESSMENT — All patients with suspected DKA should be rapidly evaluated
as follows.
Clinical assessment
● Measure vital signs and assess for signs of shock caused by volume depletion (eg,
decreased blood pressure, reduced peripheral pulses, tachycardia, and significant postural
changes in blood pressure).
● Measure weight (and length if possible) – For use in calculating fluid replacement and
insulin infusion rates. If recent measurements of weight are available, these can be
compared with the current weight to estimate the fluid deficit.
● Estimate the degree of dehydration – Note that clinical symptoms and signs of dehydration,
such as skin turgor and dryness of mucus membranes, tend to underestimate the degree
of dehydration in a child with DKA, and urine specific gravity is not valid as a result of both
glycosuria and ketonuria. Therefore, targets for fluid repletion generally rely on
assumptions of a 5 to 10 percent fluid deficit, rather than on clinical estimates of
dehydration. (See 'Dehydration' below.)
https://www.uptodate.com/contents/treatment-and-complications-of-diabetic-ketoacidosis-in-children-and-adolescents/print?source=see_link
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● Neurologic assessment – All patients should have a rapid assessment of level of
consciousness at presentation using the Glasgow coma scale (table 2). This should be
followed by a more detailed assessment for the more subtle signs of cerebral edema,
which include headache (especially sudden onset), altered or sluggish pupillary responses,
age-inappropriate incontinence, as well as vomiting, restlessness, irritability, or drowsiness.
Decreased heart rate, increasing blood pressure, and opisthotonic posturing are late signs
in the evolution of cerebral edema (table 3). The neurological assessment should be
repeated hourly throughout treatment or until the patient is clinically recovered from
ketoacidosis and their mental status examination is normal. (See 'Cerebral edema' below.)
Severe neurologic compromise at presentation is associated with poor prognosis, primarily
because such patients may have cerebral edema or be at increased risk for developing
cerebral edema during therapy. This was illustrated in a retrospective multicenter study of
61 children with DKA and cerebral edema; all patients who either died or survived in a
persistent vegetative state had a Glasgow coma score on admission ≤7 (score of 6 to 7
includes an abnormal or absent purposeful response to pain) [14]. As a result, these
children must be very carefully rehydrated and closely monitored during the initial 24 hours
of therapy. If cerebral edema is suspected, the clinician should not hesitate to use mannitol
or 3 percent saline. (See "Cerebral edema in children with diabetic ketoacidosis", section
on 'Treatment'.)
Laboratory testing
● Immediate testing – Measure using a point-of-care meter, if available, to confirm the
diagnosis of DKA:
• Blood glucose – Blood glucose >200 mg/dL (11 mmol/L) confirms hyperglycemia
• Blood beta-hydroxybutyrate – Plasma beta-hydroxybutyrate (BOHB) concentrations
are the most direct and reliable measure of the degree of ketoacidemia. BOHB
concentrations ≥3 mmol/L (31 mg/dL) document the severity of ketonemia, and
together with the blood glucose confirm the presence of DKA [9]. Once the initial
degree of ketonemia has been established, either BOHB or the anion gap may be
used to monitor the response to treatment, as described below. (See 'Monitoring'
below.)
• Urine ketones – Measurement of urine ketones should not be used to judge the
severity of ketonemia or acidosis, as this test only measures acetoacetate. Moreover,
a "large" reading in urinary acetoacetate can be reached when BOHB is only 2 to 3
mmol/L.
● Send to laboratory for urgent testing, for more accurate measurements, and to further
characterize the patient's acid-base status and dehydration:
https://www.uptodate.com/contents/treatment-and-complications-of-diabetic-ketoacidosis-in-children-and-adolescents/print?source=see_link
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Blood specimens:
• Blood glucose.
• BOHB – Even if point-of-care testing is also available.
• Blood lactate – If available, to exclude coexistence of both lactic and ketoacidosis.
• Electrolytes – Including bicarbonate.
• Blood urea nitrogen (BUN), creatinine.
• Venous pH and pCO2.
• Complete blood count.
• Calcium, phosphorus, magnesium – These are performed by some clinicians to screen
for abnormalities in these values, which are unusual. If abnormalities are present, they
usually resolve during treatment for DKA
Other specimens:
• Urinalysis (for ketones), if serum beta-hydroxybutyrate measurement is not available
• Cultures of blood, urine, and/or throat if fever or localizing signs of infection are
present
• Electrocardiogram (ECG), to look for evidence of hyperkalemia (peaked T wave) if
laboratory measurement of potassium status is delayed
Assessment of severity — Categorizing the severity of DKA at presentation helps to
determine the appropriate level of care (eg, need for intensive care unit [ICU] admission). The
severity of DKA at presentation is typically categorized by acid-base status, as indicated by
venous pH and serum bicarbonate concentrations (table 4):
• Mild – pH 7.2 to 7.3; bicarbonate 10 to 15 mEq/L
• Moderate – pH 7.1 to 7.2; bicarbonate 5 to 10 mEq/L
• Severe – pH <7.1; bicarbonate <5 mEq/L
The anion gap can be used as an index of the severity of the metabolic acidosis and is
calculated from the following equation:
Anion gap = Sodium – (chloride + bicarbonate); a normal anion gap is 12±2
However, the presence of a large anion gap in the absence of significant ketosis (BOHB <3
mmol) strongly suggests significant lactic acidosis and the possibility of hyperosmolar
hyperglycemic state (HHS) or sepsis [9] (see 'Definition' above). During treatment, the anion
gap tends to normalize before resolution of the acidosis, frequently resulting in a mild "non-gap"
acidosis as treatment progresses. This is usually associated with hyperchloremic metabolic
acidosis result from the large amount of chloride administered during rehydration. Therefore,
the anion gap is a better measure of effective treatment than the serum bicarbonate
concentration. (See 'Metabolic acidosis' below.)
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The respiratory rate also may be a helpful clue to the acid-base status because the minute
volume generally increases in proportion to the severity of the acidosis. Other factors that
predict more severe ketoacidosis include longer duration of symptoms, depressed level of
consciousness, or compromised circulation [15-17].
Disposition — All patients with DKA should be managed in a unit with personnel and facilities
capable of frequent monitoring of clinical symptoms, fluid status, and laboratory results. The
experienced clinician is in the best position to determine the safest place for therapy within their
individual institutions. In most tertiary care institutions, patients should be triaged as follows [9]:
● Pediatric intensive care unit (PICU) or specialized inpatient diabetes care unit – For
patients with signs of or risk factors for cerebral edema (altered consciousness, younger
than five years of age, severe acidosis [venous pH <7.1 or low pCO2], high BUN, hyper- or
hypokalemia, or long duration of clinical symptoms of DKA). In some institutions, this
includes patients receiving intravenous (IV) insulin and those who need frequent
monitoring.
● Regular inpatient care area (if capable of providing close monitoring) – Most other patients
with DKA, except for those with mild DKA who do not meet the standards below.
● Emergency Department care with outpatient follow-up – Patients with established diabetes
and mild DKA should be evaluated initially in an emergency room. A full clinical and
laboratory evaluation in an emergency room setting is particularly important for patients
with documented BOHB concentrations >3 mmol/L or concerns about neurologic signs. In
cases of mild DKA, initial fluid and insulin therapy in the Emergency Department can
significantly improve the clinical picture and allow the medical team to discharge patients
home, provided that the patient has access to point-of-care testing of both blood glucose
and BOHB, and the caretakers are proficient in diabetes sick-day management. However,
close monitoring and follow-up by an experienced diabetes team is required. (See 'Mild
DKA' below.)
Hospitalization with close monitoring is appropriate for young children (eg, <five years of age)
because of their sensitivity to insulin as compared with older children and because of their
increased risk for cerebral edema. Children of any age should be treated in a hospital if the
home environment does not provide close supervision and monitoring.
TREATMENT — The approach and principles of management are the same for all children with
DKA, regardless of the severity of DKA. The clinician must individualize the treatment plan
based on the child's physical and laboratory findings, and treatment will need to be adjusted
over time for each child. Protocols for management of fluids and insulin dosing are helpful but
should be used in conjunction with clinical reassessments and judgement. We recommend use
of a flow chart to track hourly vital signs and neurologic symptoms, fluid status (goals, input,
and output), and insulin dosing, as well as laboratory results (table 5). During initial therapy, the
https://www.uptodate.com/contents/treatment-and-complications-of-diabetic-ketoacidosis-in-children-and-adolescents/print?source=see_link
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patient should be carefully monitored for signs of cerebral edema. (See 'Monitoring' below and
'Cerebral edema' below.)
Moderate and severe DKA — The main principles of management are to administer insulin
and to correct the fluid and electrolyte abnormalities of hypovolemia and whole body sodium
and potassium depletion. Studies have estimated water losses of approximately 70 mL/kg
(range, 30 to 100 mL/kg), sodium 5 to 13 mEq/kg, and potassium 6 to 7 mEq/kg [18-20].
Approaches are based primarily on case series and clinical experience, generally focusing on
the outcome of avoiding cerebral edema.
Dehydration — DKA is a state of hyperosmolar dehydration. The volume depletion is
caused by urinary losses from osmotic diuresis (due to osmotic action of glucose and ketones
in the urine), as well as gastrointestinal losses from vomiting and/or diarrhea, if present. The
overall volume deficit in children with DKA is typically between 5 and 10 percent. Fluid
administration is required but should proceed cautiously to minimize the risk for cerebral
edema. The goals of initial volume expansion are to restore the effective circulating volume by
acutely replacing some of the sodium and water loss, and to restore glomerular filtration rate to
enhance clearance of ketones and glucose from the blood [15,16].
Elevations in the blood urea nitrogen (BUN) and hematocrit (Hct) are useful to confirm
hypovolemia in DKA and to follow its correction with rehydration. Many of the clinical findings
used to assess volume status are unreliable, such as the condition of the patient's oral mucus
membrane, which is almost always dry because of hyperventilation and mouth breathing.
Changes in skin turgor tend to underestimate the degree of dehydration because the fluid
losses are from both the extracellular and intracellular spaces. In addition, the degree of
extracellular fluid loss is in part masked because hyperglycemia results in a shift of water from
the intracellular to the extracellular fluid compartment [21]. Elevated urine specific gravity
cannot be used as a measure of hypovolemia in patients with DKA because glucose and, to a
lesser degree, ketones raise the specific gravity. Hypovolemic shock is a rare occurrence in
DKA but, if present, should be promptly treated. The patient in shock should be evaluated for
other causes of shock, such as sepsis. A well-planned approach to management will yield
consistent progress toward recovery. (See "Clinical features and diagnosis of diabetic
ketoacidosis in children and adolescents", section on 'Signs and symptoms'.)
Most experts recommend accomplishing the volume expansion gradually and with isotonic
fluids because these approaches might reduce the risk for cerebral edema [16,17,22]. The
evidence underlying this possible association is weak and conflicting. In one clinical study in
children, high volume of fluid administration during the first four hours of treatment was one of
several risk factors that predicted cerebral edema [23]. However, several other clinical studies
failed to show such an association [24-26]. Nonetheless, gradual correction of the deficit and
the initial use of isotonic fluids seems prudent. In patients who are not markedly hypovolemic,
this approach may even result in earlier reversal of the acidosis [27,28].
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Initial volume expansion — For patients with moderate to severe DKA, we suggest
initiating fluid repletion with an infusion of 10 mL/kg (up to a maximum volume of 1000 mL) over
one hour, using isotonic saline or Ringer's lactate [15,16,29]. If the effective circulating volume
is still compromised, an additional infusion of 10 mL/kg can be given over the next hour. We
generally do not give more than 20 mL/kg in total boluses unless the patient's cardiovascular
status is compromised. (See "Clinical features and diagnosis of diabetic ketoacidosis in children
and adolescents", section on 'Signs and symptoms'.)
Patients with mild DKA also may benefit from an intravenous (IV) fluid bolus and/or fluid
infusion during management in the Emergency Department, to hasten recovery. (See 'Mild
DKA' below.)
Subsequent fluid administration — Once the child is hemodynamically stable,
subsequent volume expansion should be given more slowly, with a goal of replacing the
remaining fluid deficit over 24 to 72 hours, depending on the rate of clinical recovery. We use a
rate of about 2500 mL/m2 per 24 hours, or 1.5 times the usual maintenance rate of fluid
requirement. The rate of fluid administration should not exceed 3000 mL/m2 per 24 hours, or 2
times the maintenance rate, unless there is objective evidence of shock. Excessive fluids may
increase the risk for cerebral edema, at least over the initial 24 to 36 hours. If the child takes
oral fluids, this intake should be included in the calculation of overall fluid administration during
the first 48 hours of treatment [9]. After the first 48 hours of treatment, hourly rates of fluid
administration can be liberalized to as much as 3500 mL/m2 per 24 hours (including oral fluids),
to achieve full hydration over 48 to 72 hours [15,16]. Fluids may be liberalized somewhat earlier
for patients with mild DKA. (See "Maintenance fluid therapy in children" and 'Cerebral edema'
below.)
The solution used for this ongoing volume repletion should initially consist of isotonic saline
(normal saline [0.9 percent saline]) or Ringer's lactate for at least the first four to six hours. For
most patients, 40 mEq/L of potassium salts should be added to the solution to correct the total
body potassium deficit. However, the appropriate solution depends on the serum potassium
concentrations, and the clinician should be alert to the possibility that acute renal failure may
develop due to renal vein thrombosis or acute tubular necrosis (see 'Serum potassium' below).
In our practice, we use Ringer's lactate solution, to which 35 mEq/L of potassium is added (20
mEq/L as potassium phosphate and 15 mEq/L as potassium chloride) throughout the period of
rehydration.
After the first four to six hours of treatment, some clinicians reduce the sodium concentration to
not less than one-half isotonic (ie, ≥0.45 percent saline), provided that the serum sodium
concentration is rising appropriately as the serum glucose concentration falls, and that the
patient's circulatory and mental status are stable. The choice between one-half isotonic,
Ringer's lactate solution or isotonic saline depends on the patient's circulatory status and the
rise in serum sodium as the hyperglycemia is corrected. The concentration of potassium salts
included in the replacement fluid should be based on serum potassium concentrations.
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Hyperglycemia — Subsequently, an insulin infusion is begun at a rate of 0.1 unit/kg per
hour [15,16]. To avoid unnecessary delay, we suggest initiating the order for the insulin infusion
as soon as DKA is recognized, and preparing the insulin infusion while the fluid bolus is being
administered. A lower dose of 0.05 unit/kg per hour may be used initially in younger children
who may be more sensitive to insulin [9,30]. The efficacy of a lower initial dose of insulin is
supported by a randomized trial in a study of 50 children with DKA, which reported that a lowdose insulin infusion (0.05 unit/kg per hour) was as effective as standard dose insulin (0.1
unit/kg per hour) in rate of blood glucose decrease and time to achieve the blood glucose target
of 250 mg/dL [31]. Further trials are needed to determine whether there are any advantages or
complications arising from the use of the low-dose infusion. There is no specific evidence that
the established initial dose of insulin (0.1 units/kg per hour) is the etiology of any of the
complications associated with our standard management of DKA in children and adolescents.
Guidelines suggest delaying the start of the insulin infusion for at least one hour after starting
fluid replacement and avoiding an initial insulin bolus because of concerns that more vigorous
insulin replacement might increase the risk for cerebral edema [9,17]. However, it should be
recognized that these approaches are based on limited data from a single clinical study [23]
that may be underpowered to have confidence in this conclusion.
● Technique – The insulin can be mixed in one-half isotonic saline and administered in a
syringe infusion pump to control the rate of insulin administration. The solution should be
concentrated as much as possible and should be flushed through the tubing, to minimize
binding of insulin to the tubing and syringe. As an example, 50 units of short-acting
("regular") insulin are added to 50 mL of one-half isotonic saline, providing 1 unit per mL of
infusate. The syringe is then "piggybacked" into the patient's indwelling IV catheter as
close as possible to the venous site.
Within 60 minutes, steady state serum insulin levels are achieved (100 to 200 microU/mL),
which offset insulin resistance, suppress glucose and fatty acid mobilization (and indirectly
inhibits ketogenesis), and stimulate peripheral glucose uptake and metabolism [32,33]. In
addition, volume expansion will lower the serum glucose by dilution. (See "Diabetic
ketoacidosis and hyperosmolar hyperglycemic state in adults: Epidemiology and
pathogenesis".)
● Two-bag system – Some institutions, including our own, use a "two bag system" to
maintain the patient's plasma glucose in an acceptable range [27,34]. In this technique, two
bags of the selected saline solution are prepared, one of which contains 10 percent
dextrose and the other does not contain dextrose. By adjusting the relative rates of fluid
administration from each bag, the rate of fluid administration can be maintained constant,
while the variable rate of dextrose infusion can be achieved to respond to changes in the
patient's serum glucose concentrations.
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● Dose adjustment – In most patients, the hyperglycemia corrects before the ketoacidosis.
When the serum glucose concentration decreases to 250 to 300 mg/dL (13.9 to 16.7
mmol/L), the IV fluid infusion should be changed to 5 percent dextrose in normal saline,
one-half normal saline, or Ringer's lactate solution. This allows continued administration of
insulin, which is often necessary to correct the residual ketoacidosis [17]. If the serum
glucose falls below 150 mg/dL (8.0 mmol/L) before complete resolution of the ketoacidosis,
the concentration of dextrose in the IV solution should be increased (eg, to 10 or 12.5
percent) to permit continued or increased rates of insulin infusion. To avoid hypoglycemia
or hyperglycemia, it is advisable to keep serum glucose concentrations around 100 to 150
mg/dL in older children (5.5 to 8.3 mmol/L), or 150 to 180 mg/dL (8.3 to 11.1 mmol/L) for
younger children, throughout the insulin infusion.
For most patients, the insulin infusion rate should be reduced only after the ketoacidosis is
corrected or nearly corrected. However, if the patient shows marked sensitivity to insulin,
as in some younger or malnourished children, it may be necessary to decrease the insulin
infusion rate to avoid hypoglycemia (eg, to 0.05 units/kg/hour), provided that the
ketoacidosis continues to improve [9].
If the ketoacidosis does not improve during the first two to four hours of the insulin infusion,
the patient should be reassessed. Possible explanations are severe insulin resistance (due
to infection, dehydration, acidosis, etc), incorrect preparation of the insulin infusion, and
decreased insulin delivery due to binding of insulin to the IV tubing or pump failure. We
recommend preparing a new insulin syringe and a new pump to rule out these possibilities.
In many such patients, the insulin dose just needs to be increased.
In unusual circumstances, and especially if facilities to administer IV insulin are not readily
available, subcutaneous or intramuscular insulin can be used as initial therapy [9,35,36].
However, when insulin is administered subcutaneously, absorption may be inconsistent,
particularly in the setting of volume depletion and secondary sympathetic activation, which
can decrease local perfusion [37].
Electrolyte and acid-base disturbances
Serum sodium — Serum sodium concentration at the time of diagnosis with DKA can
vary widely, but many patients have mild hyponatremia due to osmotic effects of hyperglycemia
combined with intake of free water. Measurements of serum sodium are also artifactually
decreased by lipemia (severe hyperlipidemia causes pseudohyponatremia). (See "Clinical
features and diagnosis of diabetic ketoacidosis in children and adolescents".)
Despite the variability in serum sodium concentration at the time of presentation, DKA is a form
of hypertonic dehydration, and care must be taken in rehydrating the patient to minimize risks
from rapid fluid shifts, which may precipitate or be involved in the development of cerebral
edema. Reversing the hyperglycemia with fluid expansion and insulin administration will lower
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the plasma osmolality, cause water to move from the extracellular fluid into the cells, and raise
the serum sodium concentration. During rehydration, the clinician must serially assess the
serum sodium concentration and ensure that it is rising gradually and appropriately as plasma
glucose concentration decreases. Failure of the serum sodium to rise appropriately could be an
early sign that the patient is at risk for cerebral edema, as suggested by a few studies [38-42].
However, a causal association between the rate or concentration of sodium administered during
treatment for DKA and the development of cerebral edema has not been conclusively
established [22].
In our practice, we measure serum sodium hourly for the first three to four hours and then every
two hours, to assess the anticipated changes of serum sodium described above. When
clinically appropriate, the frequency of measurement can be reduced to every four to six hours.
With appropriate replacement of fluids and electrolytes in a child who is otherwise improving,
the serum sodium concentration should gradually increase. The expected rise in serum sodium
(Na) attributable to the decrease in serum glucose can be calculated according to the following
formula [43]:
Corrected serum Na = Measured serum Na + [ΔSG ÷ 42]
ΔSG is the increment above normal in the serum glucose concentration (in mg/dL; the ΔSG
should be divided by 2.3 if measured in mmol/L). Thus, serum sodium should rise by
approximately 2.4 mEq/L for every 100 mg/dL decrease in plasma glucose concentration, or 0.5
mmol/L for each 1 mmol/L decrease in plasma glucose [9]. Some clinicians plot the sodium
concentration on a nomogram (figure 1) to facilitate tracking of changes in serum sodium during
insulin treatment and to help identify patients in whom the serum sodium does not rise
appropriately.
If the serum sodium fails to rise appropriately, consideration should be given to increasing the
sodium concentration in the infused fluids and decreasing their rate of administration. The
patient should be carefully monitored for early signs of cerebral edema. (See 'Cerebral edema'
below and "Cerebral edema in children with diabetic ketoacidosis".)
Serum potassium — Patients with DKA always have a total body deficit of potassium
because of both renal and gastrointestinal losses. However, serum potassium at the time of
presentation can be normal, increased, or decreased. This is because the combination of
insulin deficiency, which impairs potassium entry into the cells, and hyperosmolality, which pulls
water and potassium out of the cells, tend to raise the serum potassium, and often result in
normal or elevated serum levels of potassium despite the total body deficit.
Regardless of the initial serum potassium level, insulin therapy drives potassium into cells,
resulting in a fall in the serum potassium concentration. Thus, potassium replacement will
almost always be required within one to two hours of the initiation of fluid and insulin therapy in
children with DKA, except in those with renal failure. In our experience, most patients present
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with potassium levels in the normal or high range, due to dehydration and prerenal azotemia.
After initial IV expansion, the potassium concentration generally falls into the normokalemic or
mildly hypokalemic range. It is uncommon for patients to have hypokalemia before fluid
expansion. However, should this be the case, more aggressive potassium replacement is
indicated.
Optimal therapy varies with the initial serum potassium concentration. Regardless of the
regimen, the serum potassium should be carefully monitored during therapy. In addition,
electrocardiographic monitoring is recommended in patients with either hyperkalemia or
hypokalemia.
● If the patient is hyperkalemic, potassium replacement should not be given initially, but
should be initiated when the serum potassium falls to normal and after verifying urine
production. Verifying urine production is important before beginning potassium replacement
because acute renal failure may develop during DKA, due to acute tubular necrosis from
volume depletion, or renal vein thrombosis.
● If the patient is normokalemic and voiding, potassium replacement should be given with
the start of insulin therapy. The usual starting concentration is 40 mEq/L (40 mmol/L) of
potassium added to the saline solution (but not in the initial fluid bolus). Potassium
replacement is needed because insulin will reduce the serum potassium by increasing its
transport to the intracellular space. In addition, with the correction of the metabolic
acidosis, potassium will be exchanged for intracellularly-buffered hydrogen ions.
● If the patient is hypokalemic, potassium replacement should be started immediately, and
the insulin infusion should be delayed until serum potassium has been restored to a near
normal concentration. The maximum recommended rate of IV potassium replacement is
usually 0.5 mEq/kg/hour (0.5 mmol/kg/hour) [17]. The serum potassium concentrations
should be monitored hourly and the replacement adjusted as needed. Hypokalemia
preceding volume expansion is uncommon, and potassium replacement should be based
on laboratory measurements and not started empirically.
Potassium replacement is usually given as potassium chloride. In our practice, we have chosen
to use potassium phosphate and potassium acetate as they decrease the chloride load and
decrease the severity or likelihood of the development of hyperchloremic metabolic acidosis.
Potassium replacement therapy should continue throughout IV insulin and fluid therapy, and the
serum potassium should be carefully monitored. Oral potassium supplements may be used if
the patient is receiving maximum allowable IV supplementation. Continuous electrocardiogram
(ECG) monitoring is prudent, especially for patients with hypokalemia or severe DKA at
baseline. ECG features of hypokalemia include T-wave flattening or inversion, appearance of a
U-wave, and prolonged PR interval [9].
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Metabolic acidosis — Once the diagnosis of ketoacidosis has been established (as
opposed to lactic acidosis), either the calculated anion gap or measured beta-hydroxybutyrate
(BOHB) concentrations can be used to monitor the progress of treatment. The blood
bicarbonate concentration is not a good parameter to monitor the progress of treatment, or
resolution of the ketoacidosis, as explained below.
During treatment, insulin and fluid repletion leads to partial correction of the acidosis. Insulin
promotes the metabolism of ketoacid anions (BOHB and acetoacetic acid), resulting in the
generation of bicarbonate. Insulin also halts the production of new ketoacids, which are
generated in the liver from free fatty acids mobilized from fat in the absence of insulin.
Meanwhile, the rehydration improves renal perfusion and promotes renal excretion of the
glucose and ketone bodies. Improved tissue perfusion corrects any mild lactic acidosis that
might be present.
During this process, the anion gap is a better indicator of effective clearance of ketosis than the
serum bicarbonate, because the ketoacids could be cleared before the acidosis totally resolves.
Although oxidation of the ketoacids helps to reduce the acidosis (some to refer to these
ketoacids as "potential bicarbonate"), some ketoacids are lost in the urine before they can be
converted into bicarbonate. Moreover, regeneration of bicarbonate in the kidney is delayed by
the high chloride content in IV fluids; a patient with hyperchloremic metabolic acidosis may have
normal anion gap and BOHB, but a low bicarbonate concentration.
Measurements of serum beta-hydroxybutyrate permit direct measurement of the degree of
ketoacidosis. One study concluded that two successive beta-hydroxybutyrate values ≤1 mmol/L
(10.4 mg/dL) with venous pH ≥7.3 provides an accurate endpoint for recovery from DKA
[10,44].
Bicarbonate therapy generally should not be used in children with DKA. However, a few highly
selected patients may benefit from cautious alkali therapy, such as those with severe acidosis
(arterial pH <6.90), particularly those with impairment of cardiac contractility or life-threatening
hyperkalemia [9]. Controlled trials both in adults and children with admission pH values >6.9
have been unable to demonstrate any clinical benefit from the routine administration of sodium
bicarbonate [45,46].
In addition to lack of benefit, there are potential risks from bicarbonate therapy:
● Excessive bicarbonate therapy to a near-normal pH can lead to a rapid rise in PCO2 (thus
decreasing the acidemic stimulus for hyperventilation), resulting in a paradoxical fall in
cerebral pH as the lipid-soluble CO2 rapidly crosses the blood-brain barrier [15,16].
● The administration of alkali may slow the rate of recovery of ketosis. One report evaluating
seven patients found that the three who received bicarbonate had a rise in plasma ketoacid
levels during bicarbonate infusion and also had a six-hour delay in improvement of ketosis
[47].
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● The administration of bicarbonate can lead to a post-treatment metabolic alkalosis, after
insulin-induced metabolism of ketoacid anions results in the regeneration of bicarbonate
and spontaneous correction of most of the metabolic acidosis.
● Bicarbonate therapy has been associated with the development of cerebral edema [26].
(See 'Cerebral edema' below.)
● The rapid correction of acidosis with bicarbonate therapy may result in significant
hypokalemia [15,16].
● The additional sodium load can further increase the degree of hyperosmolality before
decreasing glucose concentration with fluid and insulin therapy.
Phosphate — Cellular phosphate depletion is a common problem in uncontrolled
diabetes mellitus. The serum phosphate concentration may initially be normal or elevated due
to movement of phosphate out of the cells. As with hyperkalemia, the phosphate depletion is
rapidly unmasked following the institution of insulin therapy, frequently leading to
hypophosphatemia. Plasma phosphate levels frequently fall as low as 1 mg/dL during treatment
of DKA and rarely have evident adverse consequences.
Phosphate replacement is not necessary or recommended for patients with mild asymptomatic
hypophosphatemia (serum phosphate ≥1 mg/dL). IV phosphate administration may induce
hypocalcemia and hypomagnesemia, and is generally not necessary or sufficient to replace the
total body phosphate deficit [48]. The phosphate deficit will be repleted after the DKA resolves
and the patient resumes eating.
There have been concerns that low plasma phosphate concentrations could result in metabolic
disturbances. In theory, a decrease erythrocyte 2,3-diphosphoglycerate concentration could
shift the oxyhemoglobin dissociation curve and have adverse effects on tissue oxygenation [49].
However, hypophosphatemia has not been shown to affect tissue oxygenation in adult patients
with DKA [50], and randomized trials of phosphate replacement in adults have failed to show
clinical benefit [51,52].
The main indication for phosphate therapy is a serum phosphate concentration less than 1.0
mg/dL (0.32 mmol/L), although many experts believe that it has no meaningful benefit. When
phosphate is given, careful monitoring of the serum calcium and magnesium is required [15,16].
In this case, phosphate can be given by using potassium phosphate salts instead of potassium
chloride to provide potassium replacement. It is also reasonable to use potassium phosphate
salts for part of the potassium replacement for patients with lesser degrees of
hypophosphatemia. Symptoms of hypophosphatemia include encephalopathy, impaired
myocardial contractility, respiratory and generalized muscle weakness, dysphagia, and ileus [9].
(See "Diabetic ketoacidosis and hyperosmolar hyperglycemic state in adults: Treatment",
section on 'Phosphate depletion'.)
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Monitoring — The initial evaluation of the child with DKA is discussed separately. (See
"Clinical features and diagnosis of diabetic ketoacidosis in children and adolescents".)
Treatment of DKA requires close monitoring of the patient's clinical condition including changes
in vital signs, neurologic status, fluid status, and metabolic state (eg, serum electrolytes,
glucose, urea nitrogen, Hct, and venous pH) (table 5) [15,16]. These parameters should be
documented in a way that is easy to follow and permits detection of clinical changes that would
require medical intervention. Most institutions use a flowchart or electronic spreadsheet for
calculation and tracking.
The key parameters are outlined below:
● Monitor blood glucose hourly during the initial four to six hours of fluid and insulin therapy.
Subsequently, the frequency of blood glucose measurements should be dictated by the
rapidity of correction of the metabolic acidosis and hyperglycemia. If capillary samples are
obtained for the measurement of blood glucose, they should initially be compared with a
venous measurement. These measurements should be used to adjust the rate of dextrose
infusion by adjusting the dextrose concentration in the fluids (but not the rate of fluid or
insulin infusion), until the metabolic acidosis due to ketosis is predominantly cleared. It is
important to remember that insulin and fluids will not correct a metabolic acidosis due to
hyperchloremia. As the ketonemia is nearly resolved, consideration can be given to
decreasing the insulin infusion rate, which will result in a decreased IV fluid infusion rate,
and permitting oral hydration. (See 'Hyperglycemia' above.)
● Electrolytes and venous pH should be evaluated hourly for the first three to four hours and
then every two hours. When clinically appropriate, the frequency of measurement can be
reduced to every four to six hours. These measurements are used to assess the
anticipated changes of sodium, potassium, bicarbonate, and anion gap. Measurement of
serum beta-hydroxybutyrate, if available, should be used because this test permits direct
monitoring of ketoacidosis during recovery. (See 'Serum sodium' above.)
● Clinical parameters including heart rate, respiratory rate, blood pressure, oxygen
saturation, and neurologic status should be monitored continuously. In patients with severe
DKA or altered mental status, frequent neurologic examinations are recommended. Monitor
for warning signs and symptoms of cerebral edema including headache, inappropriate
decrease in heart rate, recurrence of vomiting, changes in neurologic status, rising blood
pressure, and decreased oxygen saturation. (See 'Cerebral edema' below.)
● Initiate electrocardiographic monitoring in patients with severe DKA or abnormal serum
potassium concentrations. Evaluate the tracing for changes characteristic of hyperkalemia
or hypokalemia. (See "ECG tutorial: Miscellaneous diagnoses", section on 'Electrolyte
abnormalities'.)
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● Measure and record fluid input and output accurately. If the patient is neurologically
impaired or it is difficult to ascertain urine output, a urine catheter should be placed.
● If vomiting persists, a nasogastric tube should be placed to decrease the risk of aspiration
of vomitus.
Discontinuing the insulin infusion — The insulin infusion should continue at 0.05 to 0.1
units/kg per hour until all of the following conditions are met [15-17]:
● Serum anion gap reduced to normal (12 ± 2 mEq/L), or serum beta-hydroxybutyrate ≤1
mmol/L (10.4 mg/dL) on two successive occasions
● Venous pH is >7.30 or serum HCO3 is >15 mEq/L
● Plasma glucose <200 mg/dL (11.1 mmol/L)
● Tolerating oral intake
Note that patients may continue to have mild acidosis and ketonuria for several hours after the
above conditions are met. Several explanations might be suggested: first, during the course of
rehydration, the patients have received an excess of chloride and have developed a
hyperchloremic metabolic acidosis. In addition, correction of the ketoacidosis may not
necessarily result in complete correction of the metabolic acidosis. The residual acidosis is
associated with a normal anion gap that is due to urinary loss of ketoacid anions, which
represents the loss of "potential bicarbonate," as noted above. In either case, insulin therapy
will have no further effect on the acidosis. Thus, a persistent acidosis with normal anion gap is
not a contraindication for switching the patient to subcutaneous insulin, since there are no
circulating ketoacids remaining. (See 'Metabolic acidosis' above.)
When the above conditions are met, the patient can be transitioned from the insulin infusion to
subcutaneous insulin injections. The first subcutaneous injection should be given at an
appropriate interval to allow for absorption before stopping insulin infusion. The onset of rapidacting insulin (rapid acting recombinant modified human insulin) is approximately 15 minutes,
whereas that of short-acting (regular) insulin is 30 to 60 minutes. The most convenient time to
transition to subcutaneous injections is just before a mealtime.
Mild DKA — Older children and adolescents with established diabetes and mild DKA (table 4)
should be managed initially in an emergency department. After assessment and stabilization,
such patients frequently can be managed at home, provided they have access to point-of-care
testing of both blood glucose and beta-hydroxybutyrate, and the caretakers are proficient in
diabetes sick-day management. (See 'Disposition' above.)
Patients with mild DKA generally do not require a fluid bolus. However, placement of an IV may
be helpful in some cases, especially for those with nausea from DKA or an underlying
gastroenteritis. If an IV is placed, a 10 cc/kg bolus of volume-expanding fluids will frequently
result in subjective improvement. With or without a volume expanding bolus of fluids, several
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hours of IV infusion is sufficient to rehydrate the patient and correct a mild dehydration and
ketosis.
Outpatient management of mild DKA includes:
● Subcutaneous insulin – A short-acting insulin (eg, recombinant modified human insulin,
also known as "regular" insulin) can be given subcutaneously and repeated at three- to sixhour intervals as needed. The dose is adjusted depending upon the response.
● Rehydration – Commercially available fluids for oral hydration such as Rehydralyte (75
meq/L sodium and 20 meq/L potassium) can be used alone or in combination with initial
parenteral fluid repletion. These fluids contain dextrose 2.5 g/dL (2.5 percent).
● Monitoring – Close monitoring of serum electrolytes, glucose, and fluid balance is required,
including recording of fluid intake and frequent self-monitoring of blood glucose. The
patient should be transferred to an appropriate inpatient setting if there is an inadequate
response or the clinical condition deteriorates.
COMPLICATIONS AND MORTALITY — Reported mortality rates for DKA are consistent in
developed countries, ranging from 0.15 to 0.51 percent in national population studies in
Canada, the United Kingdom, and the United States [1-3,53]. Cerebral edema accounts for the
majority of deaths (60 to 90 percent) [26,54]. Other causes include aspiration pneumonia,
multiple organ failure, gastric perforation, and traumatic hydrothorax [2].
Cerebral edema — Cerebral edema occurs in 0.3 to 1 percent of children with DKA and has a
high mortality rate of 21 to 24 percent [9,15-17,53]. Children who are younger, newly diagnosed
with diabetes, or who have severe acidosis or dehydration are at the greatest risk. When
cerebral edema does occur, it generally develops during the first 12 hours of treatment rather
than before treatment, and protocols were strongly influenced by efforts to reduce risks.
Nonetheless, cerebral edema can occur in optimally managed cases, and its immediate causes
have not been established. Up to 20 percent of cases of cerebral edema occur before the
initiation of therapy [26].
All children should be carefully monitored for early signs of cerebral edema throughout the
course of treatment for DKA (table 3) [22]. The Glasgow coma scale can be used to evaluate
for neurologic dysfunction, but may not be adequately sensitive to identify children early enough
for effective intervention. More subtle neurological symptoms such as new onset or intensifying
headache, altered consciousness, recurrent vomiting, age-inappropriate incontinence,
irritability, or lethargy may be valuable as earlier indicators of cerebral edema [17,55]. Changes
detectable by head computed tomography (CT) occur late in the development of cerebral
edema. Therefore, the decision to treat should be based on clinical evaluation. Imaging may be
useful to exclude other causes of neurological deterioration, but should not delay treatment. If
cerebral edema is suspected, treatment should be initiated promptly, using mannitol (0.5 to 1
gm/kg) and/or hypertonic saline (3 percent saline, 5 to 10 mL/kg over 30 minutes).
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The pathophysiology, risk factors, diagnosis, and treatment of cerebral edema in children with
DKA are discussed in detail separately. (See "Cerebral edema in children with diabetic
ketoacidosis".)
Cognitive impairment — Preliminary evidence suggests that DKA may be associated with
subsequent neurocognitive dysfunction, even in patients who did not have clinical evidence of
cerebral edema [56,57]. There is insufficient information to determine if these effects are valid
and, if so, are directly related to DKA or are a result of other complications of type 1 diabetes,
such as recurrent hypoglycemia. (See "Hypoglycemia in children and adolescents with type 1
diabetes mellitus", section on 'Neurologic sequelae'.)
Venous thrombosis — Children with DKA appear to be at increased risk for deep venous
thrombosis, particularly in association with femoral central venous catheter placement [58,59]. It
has been suggested that this may in part be due to a prothrombotic state associated with DKA
[60].
Aspiration — Children with DKA who have an altered state of consciousness and vomiting are
at increased risk for aspiration. Placement of a nasogastric tube should be performed and
stomach contents emptied if there is a concern that the child may aspirate. If necessary,
intubation also should be performed to protect the airway.
Cardiac arrhythmia — Cardiac arrhythmias may be seen with either hypokalemia or
hyperkalemia. In addition, asystole can be caused by inappropriate administration of IV
potassium during treatment of hypokalemia. (See 'Serum potassium' above.)
Pancreatic enzyme elevations — Mild elevations in serum amylase and lipase are seen in
about 40 percent of children with DKA and are also common in adults with DKA [61]. In most
cases, this does not reflect acute pancreatitis. The diagnosis of acute pancreatitis should be
based on clinical findings and confirmed by CT scan. (See "Diabetic ketoacidosis and
hyperosmolar hyperglycemic state in adults: Clinical features, evaluation, and diagnosis",
section on 'Serum amylase and lipase'.)
PREVENTION — Attempts should be made to prevent DKA both before and after the diagnosis
of diabetes mellitus has been established. Methods that may promote earlier diagnosis of
diabetes include increasing awareness among healthcare providers and the general public [62]
and identifying high-risk individuals through family history, genetic, and immunologic screening
[15,16]. (See "Prediction of type 1 diabetes mellitus" and "Prevention of type 1 diabetes
mellitus".)
Among children with known diabetes, a comprehensive diabetes care and education program
may reduce the rates of DKA [63,64]. This is particularly important for patients with risk factors
for recurrence. (See "Clinical features and diagnosis of diabetic ketoacidosis in children and
adolescents".)
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Worsening glycemic control often precedes the onset of DKA. Thus, the patient (and/or
caregiver) should be taught to increase the frequency of testing blood glucose and measuring
urine or blood ketones when the patient's blood glucose is greater than 240 mg/dL (13.3
mmol/L). Failure to take insulin is the most common cause of recurrent DKA; this problem is
typically addressed by increasing the intensity of parental involvement, reinforcing diabetes selfmanagement education, and more frequent visits with the diabetes care team. Psychological
counseling may be helpful. Recurrent DKA is likely to remain a problem in non-adherent
patients until the adolescent (with help from the family) takes responsibility for their own
diabetes management.
SOCIETY GUIDELINE LINKS — Links to society and government-sponsored guidelines from
selected countries and regions around the world are provided separately. (See "Society
guideline links: Diabetes mellitus in children" and "Society guideline links: Hyperglycemic
emergencies".)
INFORMATION FOR PATIENTS — UpToDate offers two types of patient education materials,
"The Basics" and "Beyond the Basics." The Basics patient education pieces are written in plain
language, at the 5th to 6th grade reading level, and they answer the four or five key questions a
patient might have about a given condition. These articles are best for patients who want a
general overview and who prefer short, easy-to-read materials. Beyond the Basics patient
education pieces are longer, more sophisticated, and more detailed. These articles are written
at the 10th to 12th grade reading level and are best for patients who want in-depth information
and are comfortable with some medical jargon.
Here are the patient education articles that are relevant to this topic. We encourage you to print
or e-mail these topics to your patients. (You can also locate patient education articles on a
variety of subjects by searching on "patient info" and the keyword(s) of interest.)
● Basics topics (see "Patient education: Diabetic ketoacidosis (The Basics)")
SUMMARY AND RECOMMENDATIONS — The following is a summary of the above
discussion regarding the treatment of diabetic ketoacidosis (DKA) and is consistent with
consensus statements from the American Diabetes Association (ADA), European Society for
Paediatric Endocrinology (ESPE), the Lawson Wilkins Pediatric Endocrine Society (LWPES),
and the International Society for Pediatric and Adolescent Diabetes (ISPAD) (table 1) [1517,22]:
● Obtain initial laboratory studies (blood glucose, electrolytes, blood urea nitrogen [BUN] and
creatinine, venous pH, hematocrit (Hct), phosphorus, calcium, magnesium, and a urine
analysis; and blood beta-hydroxybutyrate, if available) (table 5). Continue to monitor blood
glucose hourly during the initial four to six hours of fluid and insulin therapy. Subsequently,
the frequency of blood glucose measurements should be dictated by the rapidity of
correction of the metabolic acidosis and hyperglycemia. Measure electrolytes and venous
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pH hourly for the first three to four hours, then every two hours thereafter until the
metabolic acidosis is cleared. (See 'Laboratory testing' above and 'Monitoring' above.)
● Admission to a pediatric intensive care unit (PICU) for management of DKA is appropriate
for children with increased risk for cerebral edema, including altered consciousness,
younger than five years of age, severe acidosis (venous pH<7.1 or low pCO2), high BUN,
or long duration of symptoms. (See 'Disposition' above.)
● We recommend careful evaluation and monitoring for signs and symptoms of cerebral
edema in all children undergoing treatment for DKA (Grade 1C). Specific signs of
increased intracranial pressure and changes detectable by head computed tomography
(CT) often occur too late for effective intervention. Early symptoms that may indicate
cerebral edema include new onset or intensifying headache, altered consciousness, and
recurrent vomiting; ultimately progressing to increasing blood pressure, bradycardia, and
opisthotonic posturing. (See 'Cerebral edema' above and "Cerebral edema in children with
diabetic ketoacidosis".)
● DKA is a state of hyperosmolar dehydration. Volume expansion is required, but should be
achieved gradually and with isotonic fluids. This is because these approaches appear to
reduce the risk for cerebral edema. (See 'Dehydration' above.)
• Fluid repletion should be initiated using an isotonic crystalloid solution at a rate of 10
mL/kg (up to a maximum volume of 1000 mL) in the first hour. Repeat this regimen if
the effective circulatory volume remains compromised. (See 'Initial volume expansion'
above.)
• Subsequently, an insulin infusion is begun at a rate of 0.1 unit/kg per hour. A lower
dose of 0.05 unit/kg per hour may be used initially in younger children who may be
more sensitive to insulin. An insulin bolus should NOT be given. Consider
subcutaneous insulin when the venous pH is ≥7.30, the serum bicarbonate is ≥16
meq/L, or the anion gap is normal. (See 'Hyperglycemia' above.)
• Add 5 percent dextrose to the intravenous (IV) fluid when the serum glucose
decreases to 250 to 300 mg/dL (13.9 to 16.7 mmol/L). If the serum glucose falls below
250 mg/dL (13.9 mmol/L) before resolution of the ketoacidosis, increase the
concentration of dextrose in the IV fluid up to 10 or 12.5 percent. Use of a "two-bag
system" can facilitate adjustments of dextrose infusion while maintaining a constant
rate of fluid administration. (See 'Hyperglycemia' above.)
• After the initial fluid bolus, ongoing volume repletion should initially consist of isotonic
saline (normal saline or lactated Ringers) at a rate that should not exceed 1.5 to 2
times maintenance and should not include urinary losses. The rate of IV fluid
administration should be calculated to fully replete the patient's estimated fluid deficit
over 48 to 72 hours. (See 'Subsequent fluid administration' above.)
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• After the first four to six hours of treatment, the IV fluid may be changed to one-half
isotonic saline or continue with lactated Ringers, provided that the patient's circulatory
status is stable and the serum sodium concentration is rising appropriately as the
serum glucose concentration falls. The choice between one-half isotonic and isotonic
saline depends on the patient's circulatory status and the rise in serum sodium as the
hyperglycemia is corrected. The goal should be a slow decrease in serum osmolality
to normal. In our practice, we generally use lactated Ringer's solution for the entire
course of rehydration and correction of the ketonemia. (See 'Subsequent fluid
administration' above and 'Serum sodium' above.)
● Initial sodium concentrations will depend on the degree of net sodium and water losses
prior to hospitalization, the degree of hyperglycemia, and the degree of lipemia
(pseudohyponatremia). With the correction of hyperglycemia, serum sodium concentrations
should rise (and should be permitted to rise). Children who do not exhibit the expected rise
in serum sodium concentration during treatment appear to have increased risk of cerebral
edema. During rehydration, the clinician should serially assess the serum sodium and
employ anticipatory planning in fluid replacement. (See 'Serum sodium' above.)
● All patients with DKA require potassium repletion, but the timing varies with serum
potassium concentration. Serum potassium should be carefully monitored during therapy.
In addition, electrocardiographic monitoring is recommended in patients with either
hyperkalemia or hypokalemia. (See 'Serum potassium' above.)
• If the patient is hyperkalemic, potassium replacement should be initiated when the
serum potassium falls to normal and after documentation of urine production.
• If the patient is normokalemic, potassium replacement should be given with the start of
insulin therapy; starting concentrations of 40 mEq/L KCl are reasonable, added to the
saline solution (but not in the initial fluid bolus).
• If the patient is hypokalemic, potassium replacement should be started immediately, as
insulin will further reduce the serum potassium. The insulin infusion should be delayed
until the serum potassium level is in the normal range. The maximum recommended
rate of IV potassium replacement is usually 0.5 mEq/kg/hour (0.5 mmol/kg/hour). Oral
potassium replacement could be considered.
● Prior to treatment, the serum anion gap can be used as an index of the severity of the
metabolic acidosis. During treatment, the anion gap tends to normalize prior to the
acidosis, resulting in a mild "non-gap" acidosis as treatment progresses. Therefore, the
anion gap is the appropriate measure of effective treatment, rather than serum
bicarbonate. (See 'Assessment of severity' above and 'Metabolic acidosis' above.)
● We recommend NOT treating with bicarbonate (Grade 1B). However, a few highly selected
patients may benefit from cautious alkali therapy, including those with severe acidosis
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(arterial pH <6.90), particularly those with impairment of cardiac contractility or lifethreatening hyperkalemia. (See 'Metabolic acidosis' above.)
Use of UpToDate is subject to the Subscription and License Agreement.
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GRAPHICS
Rapid overview of the initial evaluation and treatment of moderate to
severe diabetic ketoacidosis (DKA) in children and adolescents
Definition of diabetic ketoacidosis (DKA): hyperglycemia (blood glucose of ≥200 mg/dL (11 mmol/L)
and metabolic acidosis (venous pH <7.30 and/or serum bicarbonate <15 mEq/L), resulting in
hyperosmolality and volume depletion

Evaluation: assessment of severity
Degree of dehydration - Patients with DKA are usually more dehydrated than suggested by the
clinical examination. For moderate to severe DKA, initial fluid management is based on assuming
7 to 10 percent fluid deficit at presentation.
Initial laboratory testing should include, at a minimum: serum testing for glucose, electrolytes,
creatinine and urea nitrogen, blood gases, hematocrit, hemoglobin A1C, venous pH, and routine
urinalysis.
Neurologic status: Patients with abnormal mental status may have cerebral edema (see
complications below).

Management
Fluids:
Initial bolus of 10 mL/kg (up to a maximum volume of 1000 mL) of an isotonic solution should be given
over one hour. A second bolus may be infused over the next hour for patients with compromised
circulation.
20 mL/kg boluses may be used for the patient with DKA in shock. Hypovolemic shock is a rare
occurrence in DKA, and should prompt evaluation for other causes, such as sepsis.
Following initial fluid resuscitation, replace deficit over the next 48 hours. This fluid should be given no
more rapidly than 1.5 to 2 times the maintenance rate during the first 24 hours. Use an isotonic solution
for the first 4 to 6 hours, then switch to half normal saline solution.
Urinary losses should not be replaced.

Electrolytes:
Sodium: Serum sodium levels are generally low and should rise as fluid deficit, hyperglycemia, and
acidosis are corrected. Failure of the serum sodium to rise appropriately may be an early sign that the
patient is at risk for cerebral edema.
Potassium: Regardless of the initial measured level of serum potassium, patients with DKA have a total
body potassium deficit. Therapy with fluids and insulin will lower potassium. Therefore, potassium should
be immediately added to intravenous fluid for patients who are hypokalemic. If the patient is
normokalemic, potassium replacement should begin with the start of insulin therapy (eg, adding 40
meq/L of potassium to the IV solution). For patients who are hyperkalemic, potassium replacement
should be initiated when the serum potassium falls to normal.

Insulin: After the initial fluid bolus, begin a continuous insulin infusion at 0.05 to 0.1 units/kg per
hour. Mix 50 units of regular insulin in 50 mL normal saline (such that 1 mL of the infusion
provides 1 unit of insulin). Do not give an initial bolus of insulin.
Glucose: Blood glucose falls rapidly during the initial volume expansion, but after that should not
fall faster than 90 mg/dL (5 mmol/L) per hour. Add 5 percent dextrose solution when blood
glucose falls to 300 mg/dL (17 mmol/L). Add dextrose sooner if level is dropping too quickly. It
may be necessary to use a higher concentration (10 to 12.5 percent dextrose) to prevent
hypoglycemia while continuing to infuse insulin to correct metabolic acidosis.
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Monitoring
Record hourly vital signs and neurologic status, as well as fluid intake (intravenous and oral) and
losses.
Measure blood glucose, electrolytes, and venous pH hourly for the first three to four hours.
Continue to monitor blood glucose hourly. Electrolytes and venous pH may subsequently be
measured every two hours.

Complications
Cerebral edema: The risk for cerebral edema is increased with young age, and with greater
degree of acidosis or dehydration at presentation.
Monitor neurologic status carefully. Initiate treatment with 0.5-1 g/kg of mannitol as soon as
cerebral edema is suspected. Reduce rate of fluid and support oxygenation and ventilation.
Venous thrombosis: Avoid placing a central line.
Aspiration (as the result of altered mental status and vomiting): Consider placing nasogastric
tube in children with these symptoms.
Cardiac arrhythmia (as the result of hypo- or hyperkalemia)
Pancreatic enzyme elevations are common in DKA and do not generally reflect pancreatitis. The
laboratory abnormality generally corrects with treatment of the DKA.
Graphic 76460 Version 5.0
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Glasgow Coma Scale and Pediatric Glasgow Coma Scale

Sign
Eye
opening

Verbal
response

Motor
response

Glasgow
Coma
Scale [1]

Pediatric Glasgow Coma Scale [2]

Score

Spontaneous

Spontaneous

4

To command

To sound

3

To pain

To pain

2

None

None

1

Oriented

Age-appropriate vocalization, smile, or orientation to
sound, interacts (coos, babbles), follows objects

5

Confused,
disoriented

Cries, irritable

4

Inappropriate
words

Cries to pain

3

Incomprehensible
sounds

Moans to pain

2

None

None

1

Obeys commands

Spontaneous movements (obeys verbal command)

6

Localizes pain

Withdraws to touch (localizes pain)

5

Withdraws

Withdraws to pain

4

Abnormal flexion
to pain

Abnormal flexion to pain (decorticate posture)

3

Abnormal
extension to pain

Abnormal extension to pain (decerebrate posture)

2

None

None

1

Best total score

15

The Glasgow Coma Scale (GCS) is scored between 3 and 15, 3 being the worst, and 15 the best. It
is composed of three parameters: best eye response (E), best verbal response (V), and best motor
response (M). The components of the GCS should be recorded individually; for example, E2V3M4
results in a GCS of 9. A score of 13 or higher correlates with mild brain injury; a score of 9 to 12
correlates with moderate injury; and a score of 8 or less represents severe brain injury. The
pediatric Glasgow coma scale (PGCS) was validated in children two years of age or younger.
Data from:
1. Teasdale G, Jennett B. Assessment of coma and impaired consciousness. A practical scale. Lancet
1974; 2:81.
2. Holmes JF, Palchak MJ, MacFarlane T, Kuppermann N. Performance of the pediatric Glasgow coma
scale in children with blunt head trauma. Acad Emerg Med 2005; 12:814.
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Bedside evaluation of neurologic state of children with diabetic
ketoacidosis (DKA)
Minor criteria (moderately suspicious findings)
Headache*
Vomiting*
Irritability, lethargy, or not easily aroused from sleep (if not readily explained by a history of
sleep deprivation)*
Elevated blood pressure (eg, diastolic BP >90 mmHg)

Major criteria (very suspicious findings)
Abnormal or deteriorating mental status after initiation of therapy, agitated behavior, or
fluctuating level of consciousness
Incontinence inappropriate for age
Changes in pupillary response or other cranial nerve palsy ¶
Inappropriate slowing of heart rate (eg, decline more than 20 beats per minute that is not
attributable to improved intravascular volume or sleep state)
Rapidly rising serum sodium concentration
Decreased oxygen saturation
Abnormal neurogenic respiratory pattern (eg, grunting, tachypnea, Cheyne-Stokes respiration,
apneustic breathing)

Treatment suggested for:
Child with risk factors for cerebral edema (age <5 years, first presentation of DKA, or severe
acidosis) and
One or more of the minor criteria listed above, if not otherwise explained*
Any child with DKA and
Two or more minor criteria (if not otherwise explained)
Or any major criteria

Treatment consists of:
Reduce the rate of fluid administration
Give mannitol, 0.25 to 1 g/kg intravenously over 20 minutes. The mannitol dose may be repeated
in two hours, if there is no initial response.

The protocol describes the authors' approach to assessment and management of cerebral edema in
children and adolescents with DKA. This approach will lead to treatment of some children who do
not have cerebral edema, but this is appropriate because of the low risks of treatment and potential
benefits of early treatment in preventing the morbidity and mortality associated with cerebral
edema.
DKA: diabetic ketoacidosis; BP: blood pressure; mmHg: millimeters of mercury; CN: cranial nerves.
* Headache and vomiting are most suspicious if they develop or recur during treatment for DKA.
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¶ Key steps are to evaluate extraocular movements (CN III, IV, and VI), and pupillary dilation and
reactivity (CN II and III).
Courtesy of Morey Haymond, MD, and George Jeha, MD.
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Assessment of severity of diabetic ketoacidosis in children
Mild

Moderate

Severe

Defining features
Venous pH

7.2-7.3

7.1-7.2

<7.1

Serum bicarbonate (mEq/L)

10-15

5-10

<5

Data from: Wolfsdorf J, Glaser N, Sperling MA, American Diabetes Association. Diabetic ketoacidosis in
infants, children, and adolescents: A consensus statement from the American Diabetes Association.
Diabetes Care 2006; 29:1150.
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Monitoring of children during treatment for diabetic ketoacidosis
Parameter

Frequency

Comments

Vital signs

Hourly

Decreased resting heart rate or increased blood
pressure suggest possible cerebral edema.

Fluid input and output

Hourly

Include oral fluids.

Neurological status

At least hourly

Assess with Glasgow coma scale.
Assess for headache, decreased heart rate, ageinappropriate incontinence, as well as vomiting,
restlessness, irritability, or drowsiness (refer to
table describing the neurological evaluation in
DKA).

Blood glucose

Hourly

Use a point-of-care meter, but cross-check with
laboratory tests, to ensure correlation.

Blood betahydroxybutyrate

Every two hours

Perform if test is available.

Electrolytes, BUN,
calcium, magnesium,
phosphorus,
hematocrit, venous
blood gas

At least every two
hours

Resolution of DKA is indicated by betahydroxybutyrate ≤1 mmol/L (10.4 mg/dL) on
two successive occasions.
Timing of initiating potassium replacement
depends on initial serum potassium level (see
topic text).
Calculate the anion gap:
Anion gap = Sodium – (chloride +
bicarbonate)
Normal anion gap = 12±2; indicates
resolution of DKA
Calculate the corrected sodium
concentration:
Corrected Sodium = measured sodium +
[ΔSG ÷ 42]
Where ΔSG is the increment above normal
in serum glucose concentration, in mg/dL.

ECG monitoring

Continuous, if available

Initiate monitoring for patients with severe DKA
or abnormal serum potassium concentrations.
Monitor for T-wave flattening and inversion, or
prolonged PR interval, which indicate
hypokalemia.

DKA: diabetic ketoacidosis; BUN: blood urea nitrogen; SG: serum glucose; ECG: electrocardiogram.
Graphic 97153 Version 3.0
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Nomogram of anticipated serum Na+ versus serum
glucose during DKA treatment

(Panel A) Nomogram of anticipated serum sodium versus serum glucose during
insulin treatment. This figure depicts the anticipated rise in the plasma sodium
concentrations with the correction of hyperglycemia in diabetic ketoacidosis.
Because a particular child may have greater or lesser losses of free water before
presentation, the initial point plotted may be at different starting positions.
However, whatever the starting position, the rise in plasma glucose should be
along a line parallel to the isobars (dashed green lines), because the Na+ will
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rise by approximately 2.4 mEq/L for every 100 mg/dL fall in plasma glucose.
(Panel B) Example of the use of the nomogram of anticipated serum sodium
versus glucose during insulin treatment. For a typical patient, the measured
serum sodium will rise as expected (blue circles). If the patient's sodium does
not rise as expected as the glucose falls (red triangles), the child may have been
given excessive free water.
Na: sodium.
Graphic 64779 Version 2.0
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INTRODUCTION — Fluid therapy maintains the normal volume and composition of body fluids
and, if needed, corrects any existing abnormalities. In children, the most common abnormality
requiring fluid therapy is hypovolemia or dehydration, often related to vomiting and diarrhea
from gastroenteritis. Clinically, it is useful to divide fluid therapy into repletion therapy and
maintenance therapy.
● Repletion therapy replaces any current existing water and electrolyte deficits, replaces any
ongoing abnormal losses, and returns the patient to a normal volume and electrolyte
status.
● Maintenance therapy replaces the expected ongoing losses of water and electrolytes from
normal physiologic processes and maintains normal volume and electrolyte status
(calculator 1). (See "Maintenance fluid therapy in children".)
Volume depletion reduces the effective arterial blood volume (also called effective circulating
volume [ECV]), which refers to that part of the arterial volume that perfuses the tissues. If
severe hypovolemia is not corrected in a timely fashion, ischemic end-organ damage may occur
and, with profound or persistent hypovolemia, shock and death may ensue.
The treatment of hypovolemia in children will be reviewed here. The clinical assessment and
diagnosis of hypovolemia, and the treatment of hemorrhagic and nonhemorrhagic hypovolemic
shock are discussed separately. (See "Clinical assessment and diagnosis of hypovolemia
(dehydration) in children" and "Hypovolemic shock in children: Initial evaluation and
management".)
GENERAL PRINCIPLES — Repletion therapy in hypovolemic children is based on two steps:
● The first step involves emergent correction of moderate to severe hypovolemia, ensuring a
return of adequate intravascular volume and avoiding tissue damage. This is primarily
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provided with intravenous fluids in developed countries, although successful emergent oral
rehydration therapy (ORT) has also been documented.
● The second step finishes repletion of fluids and electrolyte losses in children initially treated
with emergent intravenous fluid therapy, and is the only fluid therapy required in patients
with mild to moderate hypovolemia. The second step can be completed either
intravenously or by ORT.
When repleting a hypovolemic child, several questions must be answered:
● Does the child require emergent therapy?
● By what route (oral or intravenous) should the fluid be delivered?
● What kind of fluid should be given?
● What fluid volume should be given initially and then in follow-up?
● How quickly should the fluid in each step be given?
Once the child has been repleted, ongoing maintenance fluid is need to replace ongoing losses
of water and electrolytes, which is discussed separately. (See "Maintenance fluid therapy in
children".)
EMERGENT FLUID REPLETION PHASE — Rapid volume repletion is required in children with
severe hypovolemia. Clinical assessment of hypovolemia is based upon physical signs that
reflect the status of the effective arterial blood volume and include pulse, blood pressure, and
skin turgor (table 1). If known, changes in weight and urine output from baseline values are also
helpful in assessing the degree of volume depletion.
Severe hypovolemia — Severe hypovolemia (defined as volume depletion ≥10
percent)presents with decreased peripheral perfusion with a capillary refill of greater than three
seconds, cool and mottled extremities, lethargy, and, in its worst manifestation, with
hypotension or even frank shock (table 1). (See "Clinical assessment and diagnosis of
hypovolemia (dehydration) in children".)
With severe hypovolemia with actual or evolving circulatory compromise, emergent intravenous
fluid therapy should begin with rapid infusion of 20 mL/kg of isotonic saline. The child should be
reassessed during and after the saline bolus, and similar isotonic fluid infusions should be
repeated as needed until adequate perfusion is restored [1]. If intravenous access is not readily
obtainable, intraosseous rehydration is an effective alternative [2]. (See "Intraosseous
infusion".)
A more detailed discussion of the treatment of hypovolemic shock can be found elsewhere.
(See "Hypovolemic shock in children: Initial evaluation and management".)
Moderate hypovolemia — In patients with more moderate forms of hypovolemia, it remains
uncertain how rapidly intravenous rehydration should be given. In most cases, a bolus of 10
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mL/kg is given over 30 to 60 minutes with reassessment to decide on administration of a repeat
intravenous bolus versus transition to oral therapy. In some cases, initial oral rehydration
therapy may be sufficient to correct moderate dehydration and no emergent repletion therapy is
necessary. (See 'Oral rehydration therapy' below.)
In a Canadian trial of 226 children with hypovolemia due to gastroenteritis, there was no
difference in the status of hydration two hours after initial intervention between patients who
were rapidly rehydrated (60 mL/kg) versus those who were treated with the standard 20 mL/kg
over one hour [3]. Both groups received 0.9 percent saline. However, a major limitation of this
study was the inconsistent and imprecise assessment of hydration [4]. As a result, patients with
mild hypovolemia who may not even require intravenous rehydration may have been included,
which may have led to a biased outcome.
Type of fluid — Isotonic crystalloid is recommended for emergent volume resuscitation in
pediatric patients [1]. Isotonic saline (0.9 percent saline solution or normal saline) is the isotonic
solution of choice to restore the circulatory volume. Rapid administration of hypotonic or
hypertonic crystalloid solutions for emergent volume expansion can result in serious
complications, including dysnatremias, cerebral edema, and, in children with marked
hyponatremia, cerebral demyelination [5,6]. (See 'Therapy according to serum sodium' below.)
The use of hypotonic or hypertonic crystalloid solutions for the purpose of emergent volume
resuscitation is never recommended in pediatric patients.
Dextrose is generally not added to normal saline solution. In a clinical trial of 188 children (age
range six months to six years), the administration of 5 percent dextrose added to normal saline
solution did not lower the rate of hospitalization compared with the standard use of normal
saline solution without dextrose [7]. Children who received the dextrose-containing solution had
a greater reduction in serum ketone levels, though these levels were still markedly abnormal
and there was no difference between the two groups in degree of metabolic acidosis. Until
further studies show that the addition of dextrose provides a significant clinical benefit without
adverse effect, normal saline without dextrose is the recommended solution for emergent
volume resuscitation.
Crystalloid versus colloid — Although isotonic saline-based crystalloid solutions and
colloid-containing solutions have been used historically to replace extracellular fluid deficits,
isotonic crystalloid solution (ie, isotonic saline) is preferred. Some clinicians have advocated the
administration of a colloid-containing solution (such as 5 percent albumin or hydroxyethyl starch
[hetastarch]) because of two theoretical advantages over crystalloid repletion [8]:
● Plasma volume expansion is achieved more rapidly because more of the colloid solution
remains in the vascular space, as opposed to saline, two-thirds of which equilibrates into
the interstitium.

https://www.uptodate.com/contents/treatment-of-hypovolemia-dehydration-in-children/print?source=see_link

3/16

8/31/2017

Treatment of hypovolemia (dehydration) in children - UpToDate

● Risk of pulmonary edema is decreased because diminished intravascular oncotic pressure
from dilutional hypoalbuminemia will not occur.
However, numerous controlled trials and systematic meta-analyses have failed to demonstrate
either of these theoretical benefits in adults. Although no such data are available in children
other than high-risk neonates, the same principles probably apply throughout childhood [9-11].
As a result, an isotonic saline solution is the treatment of choice in treating extracellular fluid
losses in all age groups. Possible mechanisms for lack of benefit are discussed elsewhere.
(See "Treatment of severe hypovolemia or hypovolemic shock in adults", section on 'Colloid
versus crystalloid'.)
In children with decreased effective arterial blood volume related to low intravascular oncotic
pressure, as in nephrotic syndrome or severe sepsis, it may be useful to use colloid-containing
solution (such as albumin) to restore perfusion. In these specific settings, salt-poor albumin is
administered at a dose between 0.5 and 1 g/kg, and is discussed separately. (See
"Symptomatic management of nephrotic syndrome in children", section on 'Furosemide and
albumin' and "Evaluation and management of edema in children", section on 'Intravenous
albumin infusion'.)
SECONDARY FLUID REPLETION PHASE — After severe volume depletion has been
corrected with intravenous fluid, fluid repletion can continue with either continued intravenous
fluid or oral rehydration therapy (ORT).
Oral rehydration therapy — Oral rehydration therapy (ORT) is the preferred treatment for
children with mild to moderate hypovolemia or as the 2nd phase of repletion therapy in children
with severe hypovolemia after effective arterial blood volume has been restored by the
administration of emergent fluid therapy [12]. In a meta-analysis that compared ORT with
traditional intravenous (IV) rehydration, the overall failure rate with ORT (defined as the need to
revert to IV therapy) was only 3.6 percent, without an increased incidence of iatrogenic
hyponatremia or hypernatremia [13].
ORT involves the administration of frequent small amounts of fluid by spoon or syringe.
Advantages of ORT include lower cost, elimination of the need for IV line placement, and
involvement of the parents in a rehydration process they can continue at home and utilize in
future illnesses. A full discussion on oral rehydration therapy is found elsewhere in the program.
(See "Oral rehydration therapy".)
Intravenous rehydration therapy — Indications for continued intravenous therapy include:
● Inability of the child to take ORT (eg, alteration in mental status, ileus, or anatomic
anomaly)
● Inability of the caretaker to provide ORT
● Failure of ORT to provide adequate rehydration (eg, persistent vomiting)
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● Severe electrolyte problems in clinical setting where ORT cannot be closely monitored or
electrolytes frequently assessed
The type of intravenous repletion fluid that is given in this second step of fluid therapy varies
with the serum sodium concentration. During the second fluid phase, in addition to completing
repletion, fluid and electrolytes to replace any abnormal ongoing losses as well as maintenance
fluids and electrolytes must be given (table 2) (calculator 1). (See "Maintenance fluid therapy in
children".)
Therapy according to serum sodium — The sodium content of fluid and the rate of
correction are dependent upon the serum sodium concentration defined as:
● Hyponatremia − serum sodium less than 130 mEq/L
● Isonatremia − serum sodium between 130 and 150 mEq/L
● Hypernatremia − serum sodium greater than 150 mEq/L
The factors that contribute to the final serum sodium at presentation (the composition of the
fluid that was lost, the type of fluid intake, and the ability to excrete water during the illness) are
discussed separately. (See "Clinical assessment and diagnosis of hypovolemia (dehydration) in
children", section on 'Serum sodium'.)
The majority of cases of hypovolemia caused by gastroenteritis are isonatremic, and fluid
repletion can be performed in a few hours in the pediatrician's office or emergency department
[14-16]. However, when hypovolemia is associated with significant hyponatremia or
hypernatremia, or when hypovolemia and associated alterations in serum sodium have evolved
slowly, attention also must be paid to the rate of correction of the serum sodium concentration
to avoid excessive shifts of water out of (hyponatremia) or into (hypernatremia) the brain that
can lead to serious neurologic complications [17]. (See "Manifestations of hyponatremia and
hypernatremia in adults".)
Volume repletion is based upon calculation and replacement of water and sodium losses. The
water deficit is best estimated from the fall in body weight from baseline, which is usually not
exactly known. The sodium deficit is equal to the deficit per liter in serum sodium (SNa)
multiplied by the volume of distribution of the osmotic effect of sodium, which is the total body
water (TBW):
● Na deficit = [TBW(n) x 140 mEq/L] - [TBW(c) x SNa]
where TBW(n) is the normal TBW and TBW(c) is the estimated current TBW.
The TBW in most children is approximately 60 percent of body weight. However, the proportion
of body weight is higher in smaller children and infants, especially low birth weight premature
infants whose TBW is approximately 80 percent of the total mass (figure 1). The TBW(c) would
be the difference between TBW(n) and the fluid loss. (See "General principles of disorders of
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water balance (hyponatremia and hypernatremia) and sodium balance (hypovolemia and
edema)", section on 'Total body water' and "Clinical assessment and diagnosis of hypovolemia
(dehydration) in children".)
So, for a 10 kg child with a 10 percent hypovolemic loss, the following calculations can be
made:
● TBW(n): 0.6 x body weight = 6 L
● Total fluid deficit: 10 percent of 0.6 L
● TBW(c): TBW(n) - fluid loss = 6-0.6 L= 5.4 L
Isonatremia — In patients with isonatremic hypovolemia, the above calculation can be
simplified because the serum sodium concentration is close to 140 mEq/L for both the normal
and current states. In addition, the difference between the two TBW states is the fluid deficit.
● Na deficit = [TBW(n) - TBW(c)] x 140 mEq/L
Intravenous therapy would consist of replacement of the fluid deficit with isotonic saline. The
serum sodium concentration should not change substantially with repletion therapy, as sodium
and water are given in proportion.
Hyponatremia — Hyponatremia in hypovolemic children is usually caused by the intake
of hypotonic solutions. Some or most of the free water in these solutions cannot be excreted
because hypovolemia also enhances the secretion of antidiuretic hormone (ADH), thereby
increasing renal water reabsorption. In addition, ADH secretion due to other nonosmotic stimuli
including pain, nausea and vomiting, stress, and hypoglycemia can be seen in children with
hyponatremia and gastroenteritis [18]. (See "Hyponatremia in children", section on 'Etiology'.)
Most affected children have mild to moderate hyponatremia (defined as serum sodium >125
mEq/L and asymptomatic) and can be treated with isotonic saline alone, similar to therapy for
isonatremia (see "Hyponatremia in children", section on 'Management'). Isotonic saline will
correct the volume depletion and raise the serum sodium at the same time. The increase in
serum sodium will occur in two stages:
● The serum sodium will rise because the sodium concentration in the infused isotonic saline
(154 mEq/L) is higher than that in the extracellular fluid.
● This will be followed by a further increase in serum sodium, as volume repletion will
remove the hypovolemic stimulus to the secretion of ADH, thereby allowing urinary
excretion of the excess water.
Another factor that can promote correction of the hyponatremia is the administration of
potassium. Potassium is the major intracellular solute and is as osmotically active as sodium.
Thus, in a hypovolemic patient who also is hypokalemic, the addition of 40 mEq of potassium
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into each liter of isotonic saline creates a slightly hypertonic solution that will raise the serum
sodium more rapidly than isotonic saline alone. Potassium, however, should not be added to
intravenous fluids in patients with oliguria, anuria, or significantly diminished renal function.
Potassium can be added with the establishment of good urinary flow, adequate renal function,
and ability to closely monitor serum potassium concentration. (See "Overview of the treatment
of hyponatremia in adults".)
Symptomatic hyponatremia — Symptomatic hyponatremia is one of the rare clinical
settings in children in which hypertonic (3 percent) saline is used (sodium concentration of 513
mEq/L compared with 154 mEq/L in 0.9 percent or isotonic saline). In the child with seizures or
altered mental status, correction of hyponatremia should not be delayed. In these patients, 3 to
5 mL/kg of 3 percent saline is the suggested initial therapy. (See "Hyponatremia in children",
section on 'Severe CNS symptoms'.)
After the initial hypertonic saline infusion, plasma sodium should be measured and, if seizures
are ongoing, the infusion should be repeated. Once the acute CNS symptoms have abated, the
ongoing sodium correction should be tailored so that the total daily correction including the
hypertonic saline bolus is less than 12 mEq/L [19].
The primary problem with symptomatic hyponatremia is evolving cerebral edema, and the risk
of morbidity from delayed therapy is greater than the risk of complication from too rapid
correction and osmotic demyelination. As a result, aggressive initial correction is indicated for
the first three to four hours (or until the symptoms resolve) at a rate not to exceed a rise in
serum sodium of 2 mEq/L per hour [20-22]. Often, an initial goal is to raise the serum sodium by
5 mEq/L over the first several hours.
After the resolution of symptoms, fluid management is determined by calculating the deficits of
sodium and water as noted above.
Hypernatremia — Hypernatremia in hypovolemic patients results from the loss of free
water due to increased insensible losses because of fever or sweating, urinary concentrating
defects, as in diabetes insipidus, or relatively dilute diarrheal fluid (sodium plus potassium
concentration less than that in the plasma), as occurs in most cases of gastroenteritis. These
deficits must be accompanied by inadequate fluid intake that would otherwise prevent a free
water deficit. (See "Clinical assessment and diagnosis of hypovolemia (dehydration) in
children", section on 'Serum sodium' and "Hypernatremia in children", section on 'Etiology'.)
Children with a serum sodium concentration above 155 mEq/L who are corrected too rapidly
are at greatest risk of neurologic sequelae, particularly seizures [23,24]. This adverse response
to therapy primarily occurs when the hypernatremia is corrected too rapidly at a rate exceeding
0.7 mEq/L per hour [24]. In comparison, no neurologic sequelae appear to occur if the plasma
sodium concentration is lowered at a rate of ≤0.5 mEq/L per hour [25]. (See "Hypernatremia in
children", section on 'Treatment'.)
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Thus, the goals of therapy in children with hypovolemia and serum sodium above 155 mEq/L
are correction of the volume deficit and gradual correction of the hypernatremia at a rate of less
than 12 mEq/L per day (less than 0.5 mEq/L per hour). The overall fluid deficit in hypernatremic
hypovolemia is a combination of the free water deficit that raised the serum sodium and an
isotonic fluid deficit from the abnormal volume losses (which may be large in children with
gastroenteritis and minimal in children with diabetes insipidus who have mainly free water loss).
Estimation of the free water deficit (essentially the amount of free water that would have to be
lost to produce the observed elevation in serum sodium) is based upon the serum sodium and
the estimated current TBW (see "Treatment of hypernatremia" and "Treatment of
hypernatremia", section on 'Derivation of the water deficit formula'):
● Free water deficit = Current TBW [(SNa/140) - 1]
Suppose, for example, a 10 kg child (TBW 0.6 times body weight) has a 1 L fluid loss and a
serum sodium concentration of 156 mEq/L. The following calculations can be made:
● Total fluid deficit = 10 percent of 10 kg = 1000 mL
● Free water deficit = 6 L [(156/140 mEq/L) - 1] = 686 mL
● Isotonic loss = Total fluid deficit - water deficit = 314 mL
During the emergent fluid phase, the patient received a 20 mL/kg bolus of normal saline (200
mL), replacing all but 114 mL of the isotonic fluid loss. (See 'Emergent fluid repletion phase'
above.)
Subsequent therapy to replace water loss would include the water deficit (686 mL), the
remainder of the isotonic fluid loss (114 mL), plus ongoing excess fluid losses (eg, diarrhea,
vomiting, or urinary losses in diabetes insipidus) and the patient's maintenance fluid
requirements. (See "Maintenance fluid therapy in children".)
The water deficit is replaced over more than 36 hours so that the serum sodium would be
lowered at a rate below 0.5 mEq/L per hour. The serum sodium concentration must be
monitored to ensure that the actual decrease is consistent with the therapeutic plan. (See
"Hypernatremia in children", section on 'Treatment'.)
Therapy based on isotonic saline infusion — If the hypovolemic child requires
hospitalization and intravenous therapy, an alternative method to fluid therapy recommends the
use of isotonic saline for repletion of fluid losses at an initial dose of 20 to 40 mL/kg over two to
four hours [26]. Maintenance fluid rates, again using isotonic saline, would be initiated when the
patient became euvolemic.
This approach was suggested to prevent hospital-acquired hyponatremia associated with the
administration of intravenous hypotonic fluids in the setting of significant ADH release [27,28].
Such hyponatremia occurs when hypotonic fluid is administered in the presence of ADH, which
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is released in response to nonosmotic stimuli such as significant hypovolemia, pain, or anxiety
[18]. In this clinical setting, the use of isotonic saline would prevent the development of
hyponatremia. Administration of isotonic saline also simplifies the treatment regimen by
eliminating the need to calculate sodium and water losses. (See "Causes of hyponatremia in
adults".)
In one study of children admitted with hypovolemia caused by gastroenteritis, patients were
assigned randomly to receive either hypotonic or isotonic intravenous fluid [29]. The
administration of hypotonic solution (0.45 percent saline) did not alter the mean sodium level of
children who were hyponatremic (from 132 to 133 mEq/L), but decreased the mean sodium
level of children who were initially normonatremic (from 137 to 135 mEq/L). The use of isotonic
solution increased mean serum sodium levels of initial hyponatremic patients (from 132 to 134
mEq/L), but there was no change in mean sodium levels in the initial normonatremic patients
(from 137 to 138 mEq/L). The degree of hypovolemia was not assessed at the time of
admission nor was a standardized infusion protocol used, making it difficult to draw firm
conclusions about the full ramifications of this study. Moreover, the clinical significance of these
small changes in sodium in normonatremic children is unclear.
Nonetheless, the use of isotonic saline infusions as the basis for fluid therapy has been
recommended as a safe and effective option for hospitalized children with hypovolemia from
gastroenteritis. Such an approach should not be used to formulate therapy in children with
hypernatremia who need free water replacement or in those with other significant electrolyte
abnormalities [30].
INFORMATION FOR PATIENTS — UpToDate offers two types of patient education materials,
"The Basics" and "Beyond the Basics." The Basics patient education pieces are written in plain
language, at the 5th to 6th grade reading level, and they answer the four or five key questions a
patient might have about a given condition. These articles are best for patients who want a
general overview and who prefer short, easy-to-read materials. Beyond the Basics patient
education pieces are longer, more sophisticated, and more detailed. These articles are written
at the 10th to 12th grade reading level and are best for patients who want in-depth information
and are comfortable with some medical jargon.
Here are the patient education articles that are relevant to this topic. We encourage you to print
or e-mail these topics to your patients. (You can also locate patient education articles on a
variety of subjects by searching on "patient info" and the keyword(s) of interest.)
● Basics topics (see "Patient education: Dehydration in children (The Basics)" and "Patient
education: Rotavirus infection (The Basics)")
● Beyond the Basics topics (see "Patient education: Acute diarrhea in children (Beyond the
Basics)" and "Patient education: Nausea and vomiting in infants and children (Beyond the
Basics)")
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SUMMARY AND RECOMMENDATIONS
● Fluid therapy maintains the normal volume and composition of body fluids and, if needed,
corrects any existing abnormalities.
● In children who are hypovolemic, repletion therapy is composed of two steps. The first is to
emergently correct severe volume depletion with intravenously administered isotonic fluids.
The second step is to finish repletion of fluids and electrolytes either with intravenous fluids
or oral rehydration therapy. (See 'General principles' above and 'Emergent fluid repletion
phase' above and 'Secondary fluid repletion phase' above.)
● In the second phase of repletion, if intravenous fluids are used, the choice of intravenous
fluid is dependent upon the serum sodium. Alternatively, isotonic fluids can be used in any
child who continues to be repleted by the intravenous route, especially in those who may
be hyponatremic because of the release of antidiuretic hormone by nonosmotic stimuli.
(See 'Therapy according to serum sodium' above and 'Therapy based on isotonic saline
infusion' above.)
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GRAPHICS
Physical findings of volume depletion in infants and children
Finding

Mild
(3 to 5%)

Moderate
(6 to 9%)

Severe
(≥10%)

Pulse

Full, normal rate

Rapid

Rapid and weak or
absent

Systolic pressure

Normal

Normal to low

Low

Respirations

Normal

Deep, rate may be
increased

Deep, tachypnea or
decreased to absent

Buccal mucosa

Tacky or slightly dry

Dry

Parched

Anterior fontanelle

Normal

Sunken

Markedly sunken

Eyes

Normal

Sunken

Markedly sunken

Skin turgor

Normal

Reduced

Tenting

Skin

Normal

Cool

Cool, mottled,
acrocyanosis

Urine output

Normal or mildly
reduced

Markedly reduced

Anuria

Systemic signs

Increased thirst

Listlessness, irritability

Grunting, lethargy,
coma
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Calculation of maintenance fluids based on body weight (Wt) in
children and infants
Body Wt
(kg)

Daily maintenance fluid

Hourly maintenance fluid

(mL/24 hours)

(mL/hour)

1 to 10

100 x Wt (kg)

4 x Wt (kg)

>10 to 20

1000 plus 50 x Wt over 10 kg

40 plus 2 x Wt over 10 kg

>20

1500 plus 20 x Wt over 20 kg*

60 plus 1 x Wt over 20 kg*

* Maximum maintenance fluid per 24 hours is 2400 mL or 100 mL/hour.
Graphic 65412 Version 7.0
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Total body water and its major subdivisions as a function of age

Data from: Friis-Hansen B. Body water compartments in children: changes during growth and related
changes in body composition. Pediatrics 1961; 28:169.
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INTRODUCTION — This topic will discuss the epidemiology of head trauma in infants and
children, the incidence of traumatic brain injury (TBI), clinical features of head-injured children
with and without ciTBI, and the evaluation of infants and children with mild head trauma.
The management of minor head trauma in children, severe TBI in children and adolescents,
concussion and mild head trauma in adolescents, and diagnosis of inflicted head trauma in
children are reviewed separately:
● (See "Minor head trauma in infants and children: Management".)
● (See "Severe traumatic brain injury in children: Initial evaluation and management".)
● (See "Concussion in children and adolescents: Management".)
● (See "Child abuse: Evaluation and diagnosis of abusive head trauma in infants and
children".)
BACKGROUND — Head trauma occurs commonly in childhood. Most head trauma in children
is minor and not associated with brain injury or long-term sequelae. However, a small number of
children who appear to be at low risk after minor head trauma may have a clinically important
traumatic brain (ciTBI) injury. (See 'Clinically important traumatic brain injury' below.)
The clinical challenge for evaluating minor head trauma in pediatric patients is to identify those
infants and children with ciTBI while limiting unnecessary radiographic imaging and radiation
exposure. Neuroimaging, usually with computed tomography (CT), is highly sensitive for
identifying brain injury requiring acute intervention. However, individual clinical predictors for
ciTBI are often nonspecific, particularly in young children. Thus, evaluation for high-risk findings
and the use of a clinical decision rule can provide a balanced approach that identifies almost all
infants and children with ciTBI after minor head trauma without overuse of CT.
DEFINITIONS
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Minor head trauma — Because of the difference in mechanisms and presentations, it is best to
define minor head trauma differently by age as follows (see 'Mechanism' below and 'Incidence
of brain injury' below):
● Children younger than two years of age – Experts define minor head trauma in these
patients as a history or physical signs of blunt trauma to the scalp, skull, or brain in an
infant or child who is alert or awakens to voice or light touch [1].
Minor head trauma is generally defined separately in children younger than two years of
age for the following reasons [1,2]:
• Clinical assessment is more difficult
• Infants with intracranial injuries are frequently asymptomatic
• Skull fractures or clinically important traumatic brain injury (ciTBI) may occur despite
minor trauma
• Inflicted injury occurs more frequently
● Children two years of age and older – The definition of minor head trauma for children
two years of age and older has often been based upon the Glasgow Coma Scale (GCS).
Some have defined minor head trauma as a GCS score of 15, whereas others have
included children with scores ≥13 (table 1) [3,4]. However, the rate of traumatic brain injury
in children with a GCS of 13 is as high as 20 percent, which makes computed tomography
(CT) of the head indicated for most children with this degree of altered mental status.
Thus, for the purposes of this discussion, we define minor head trauma in previously
healthy children two years of age and older as follows:
• GCS of 14 or 15 at the initial examination
• No abnormal or focal findings on neurologic examination
• No physical evidence of skull fracture (eg, no palpable skull defect and no signs of
basilar skull fracture such as hemotympanum, CSF oto- or rhinorrhea, or periocular or
posterior auricular hematomas)
However, the clinician should regard these patients as having apparently minor head trauma
because approximately 5 percent have TBI on neuroimaging, and 1 percent have ciTBI. (See
'Incidence of brain injury' below.)
Mild traumatic brain injury — Mild traumatic brain injury (TBI) is generally associated with
symptoms, such as a brief loss of consciousness, disorientation, or vomiting. Like minor head
trauma, patients with mild TBI usually have GCS scores of 13 to 15, measured approximately
30 minutes after the injury. In comparison, patients with moderate TBI generally have initial
GCS scores between 9 and 12, whereas those with severe injury have GCS scores ≤8 (table 1)
[5]. (See 'Clinical features' below.)
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Concussion — From a clinical standpoint, concussion can be defined as trauma-induced
brain dysfunction without demonstrable structural injury on standard neuroimaging. As such,
concussion is a type of mild traumatic brain injury. (See "Concussion in children and
adolescents: Clinical manifestations and diagnosis", section on 'Definition' and "Concussion and
mild traumatic brain injury", section on 'Definitions'.)
The clinical manifestations, diagnosis, and management of concussion in children and
adolescents are discussed in greater detail separately. (See "Concussion in children and
adolescents: Clinical manifestations and diagnosis" and "Concussion in children and
adolescents: Management" and "Concussion and mild traumatic brain injury".)
Clinically important traumatic brain injury — Several observational studies have been
performed to identify infants and children who are at higher risk of intracranial injury (ICI) after
minor head trauma [6]. For this topic, we will define clinically important traumatic brain injury
(ciTBI) using criteria similar to that established for the largest cohorts studied as follows [7-10]:
● Presence of an ICI (eg, epidural hematoma, subdural hematoma, or cerebral contusion) on
CT associated with one or more of the following:
• Neurosurgical intervention (either surgery or invasive intracranial pressure monitoring)
• Endotracheal intubation for the management of head injury
• Hospitalization directly related to the head injury for at least 48 hours
• Death
OR
● Depressed skull fracture warranting operative elevation (ie, depressed past the inner table
of the skull)
● Clinical findings of a basilar skull fracture (periorbital ecchymosis, Battle's sign (picture 1),
hemotympanum (picture 2), cerebrospinal fluid [CSF] otorrhea, or CSF rhinorrhea)
PATHOPHYSIOLOGY — Brain injury can occur following a minor head trauma because
rotational acceleration-deceleration of the head generates shearing forces that cause
mechanical disruption of nerve fibers, resulting in diffuse axonal injury. This process has been
described in association with severe brain injury and occurs in mild traumatic brain injury (TBI)
as well. Whether or not this pattern of injury differs in the developing brain is uncertain [11].
Mild TBI usually occurs with head trauma due to contact and/or acceleration (including
translational and rotational acceleration) or deceleration forces. The type of mechanical forces
applied to the brain may determine, to some extent, the nature of the resultant injury as follows
[12,13]:
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● Acceleration occurs when a moving object strikes a stationary head. Linear acceleration is
considered the least injurious force and typically is associated with superficial contusions or
in rare cases, intracranial hematomas.
● Deceleration results when a moving head strikes a stationary surface. Sudden deceleration
is thought to be responsible for most severe brainstem injuries.
● Rotation of the brain occurs when the head is struck in an asymmetric manner or an infant
is vigorously shaken. Rotational acceleration-deceleration can induce widespread injury
including large subdural hematomas. (See "Intracranial subdural hematoma in children:
Epidemiology, anatomy, and pathophysiology", section on 'Pathophysiology'.)
● Epidural hematomas typically arise from a direct blow resulting in a linear fracture that
cross middle meningeal arterial branches or dural venous sinuses, but may also occur
without an associated fracture in a significant number of children. (See "Intracranial
epidural hematoma in children: Epidemiology, anatomy and pathophysiology", section on
'Associated abnormalities'.)
EPIDEMIOLOGY — Head trauma occurs commonly in children. In the United States, among
children younger than 14 years of age, traumatic brain injury (TBI) accounts for approximately
500,000 emergency department (ED) visits, 37,000 hospitalizations and over 2000 deaths
annually [14]. In developed countries, TBI is the most common cause of death and disability in
childhood [15].
Most children with head trauma are young, male, and have a mild injury. This was
demonstrated in a large prospective series that described minor head trauma in 10,965 children
in the United Kingdom [16]. Fifty-five percent of children were younger than five years of age,
with 28 percent younger than two years of age. Boys accounted for 65 percent of patients, and
98 percent of children had Glasgow Coma Scale (GCS) scores of 15. Other series of children
with head trauma have reported lower GCS scores but many of these describe selected
populations, such as children with head injury who had neuroimaging performed [17,18].
Mechanism — Falls are the most common mechanism of injury for children sustaining minor
head trauma, followed by motor vehicle crashes, pedestrian and bicycle accidents, projectiles,
assaults, sports-related trauma, and abuse [7,16]. These mechanisms cause isolated head
trauma in the majority of patients [7].
Infants sustain more falls and are at increased risk for inflicted injury. It is of utmost importance
to identify children who have sustained an inflicted head injury, even if the injury is minor.
Children who remain in the care of the perpetrator are at significant risk for being injured again.
(See "Child abuse: Epidemiology, mechanisms, and types of abusive head trauma in infants
and children" and "Child abuse: Evaluation and diagnosis of abusive head trauma in infants and
children".)
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Incidence of brain injury — The true incidence of clinically important traumatic brain injury
(ciTBI) following minor head trauma is unknown. Most studies providing incidence data are from
selected populations in which children with moderate to severe injury are overrepresented (eg,
including only children who have had computed tomography [CT] or primarily children with
nontrivial trauma) [17-20]. Consequently, the risk of ciTBI in these series may be overestimated.
Estimates of the incidence of TBI following head trauma from selected populations are
summarized as follows:
● Among children two years of age and older with minor head trauma and a normal
neurologic examination, 3 to 7 percent may have a TBI noted on CT scan [7,17-21].
Approximately 1 percent have ciTBI, and 0.1 to 0.6 percent require surgical intervention
[8,19,22,23].
● For children younger than two years with minor head trauma and a normal neurologic
examination, approximately 3 to 10 percent have a TBI on CT, 1 percent have ciTBI, and
0.2 percent require surgical intervention [7,8,17-19,24]. Many of these younger children
have no clinical symptoms of brain injury (19 to 48 percent), although most of these
patients have scalp hematomas [7,25,26]. In a prospective series of infants under two
years of age, 1 of 14 asymptomatic infants with ciTBI required surgery [26].
Data from two European populations suggest that the incidence of ciTBI after minor head
trauma is much lower (0.6 to 1.2 percent). However, only 2 to 3 percent of patients in these
studies underwent neuroimaging [9,27].
Patients with shunts or bleeding disorders — Although the threshold for obtaining
neuroimaging after minor head trauma in patients with ventricular shunts or bleeding disorders
is lower for many clinicians, it is not clear that clinically important traumatic brain injury (ciTBI)
after minor head trauma actually occurs more frequently than in normal children. As an
example, in planned secondary analyses of a large multicenter observational study of children
with minor head injury, approximately 1 percent of children with either ventricular shunts (98
children) or bleeding disorders (230 children) had a ciTBI (eg, head injury resulting in death,
neurosurgery, intubation >24 hours, or hospital admission >2 nights) compared with 0.9 percent
of the approximately 40,000 normal children [28-30]. However, with the low numbers of patients
in these studies, the true frequency of ciTBI following minor head trauma in children with
bleeding disorders or ventricular shunts could be as high as 4 to 5 percent, respectively.
Furthermore, the rate of ciTBI seen in children with bleeding disorders occurred despite
significantly fewer severe mechanisms of injury when compared with normal children [29,30].
CLINICAL FEATURES — Similar to reports of the incidence of clinically important traumatic
brain injury (ciTBI), some studies that describe clinical features following minor head trauma
only included children who underwent head computed tomography (CT). Consequently, these
data also likely represent children whose injuries were more severe.
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Common findings — Observational studies have identified loss of consciousness, scalp
hematoma, vomiting, and headache as common features associated with minor head trauma in
children evaluated in emergency departments [31].
Loss of consciousness — Loss of consciousness (LOC) following minor head trauma
occurs in approximately 5 percent of children <2 years of age and up to 13 percent of children
≥2 years of age. It is frequently used to make decisions regarding neuroimaging [7,32]. LOC
may be associated with ciTBI depending upon its duration and the presence of other clinical
predictors [7,9,32].
However, the risk of TBI in the setting of brief, isolated LOC without any other clinical predictors
of TBI, is low [32]. As an example, in one large multicenter, prospective cohort study of 5850
children with LOC after mild head trauma, 0.5 percent of 2780 children with isolated LOC,
defined as LOC without any of the age-related PECARN clinical predictors for ciTBI (table 2),
had ciTBI compared with 4 percent of 3070 children with LOC and other PECARN clinical
predictors [32]. In this study, longer duration of LOC was also associated with ciTBI occurring in
1 percent of 907 children with LOC for <5 seconds and up to 4 percent of 200 children with
LOC >5 minutes. (See 'Approach' below.)
Scalp hematoma — Most children with isolated scalp hematomas and no other clinical
symptoms do not have ciTBI (eg, injuries resulting in death or requiring hospitalization for >2
days, endotracheal intubation for >24 hours, or neurosurgery).
However, hematomas can be an important indicator of potential TBI when they appear in
younger infants, are larger (eg, >3 cm), and are located in nonfrontal regions [33-36]. As an
example, in a multicenter observational study of 2998 children younger than 24 months of age
with an isolated scalp hematoma, 50 of 570 children (8.8 percent) that underwent CT had TBI
(eg, subdural or epidural hematomas, cerebral or subarachnoid hemorrhages, or cerebral
contusion). Of 111 patients younger than three months with any hematoma who underwent CT,
21 percent (23 out of 111) had TBI on CT confirming that an isolated scalp hematoma is an
important indicator of potential brain injury in neonates and young infants. However, ciTBI
occurred in only 12 patients (0.4 percent of all 2998 patients), none of whom died or required
neurosurgery [33]. On multivariate analysis, characteristics independently associated with TBI
on CT included younger age, larger hematoma size, nonfrontal hematoma location, and more
severe mechanisms of injury. A previously validated clinical score incorporates age and
hematoma characteristics and may help stratify the risk of TBI in young infants (table 3) [34].
The mechanism of injury is also an important consideration not addressed in this score. (See
'Younger than two years' below.)
Vomiting — At least one episode of vomiting is reported in approximately 13 percent of
patients following minor head trauma [7,37]. Most of these children do not have ciTBI [7,8,37].
However, ciTBI is more likely in children who have vomiting and other findings associated with
ciTBI (eg, severe mechanism of injury, loss of consciousness, or altered mental status). As an
https://www.uptodate.com/contents/minor-head-trauma-in-infants-and-children-evaluation/print?source=search_result&search=minor%20head%20tra…
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example, of 5557 children evaluated for vomiting after minor head trauma at multiple centers,
ciTBI occurred in 0.2 percent (95% CI 0-0.9 percent) of 815 children with isolated vomiting (ie,
vomiting alone without other findings of ciTBI) and in 2.5 percent (95% CI 2.1-3.0 percent) of
4577 children with vomiting and other findings of ciTBI [37]. Although the incidence of ciTBI
among those with isolated vomiting was low, it was higher than patients without vomiting or
other high risk symptoms (0.2 versus 0.04 percent). In a case control study comparing 162
children with mild head injury (as defined by discharge to home from the emergency
department [ED]) and vomiting with matched controls, predictors of vomiting included a
personal history of vomiting, motion sickness, and headache associated with the injury [38].
Whether the number of vomiting episodes and the timing of these episodes can help identify
patients with ciTBI is unclear. Vomiting two or more times after head trauma was associated
with an approximately 37 percent increase in traumatic brain injury in one multicenter
observational study [8]. However, increased frequency or later onset of vomiting after head
injury did not identify children with ciTBI in another multicenter cohort [37].
Headache — Headache is a frequent complaint, occurring in up to 46 percent of verbal
children with minor blunt head trauma [39]. In preverbal children, irritability may also be an
indication of discomfort, including headache [7,9].
When present with other symptoms, headache does modestly increase the risk of ciTBI and is
of particular concern if it is persistent or worsening over time [31]. However, in patients with
isolated headaches, the incidence of ciTBI is low. As an example, in a planned secondary
analysis of a large, multicenter cohort of almost 28,000 verbal children 2 to 18 years of age with
minor head trauma, none of the 2462 patients with an isolated headache using an expanded
definition, including no scalp findings, had ciTBI compared to 1.6 percent of the 10,105 patients
with headache and other symptoms [39]. Among those with isolated headache using PECARN
criteria (table 2) only, 3 of 209 patients had ciTBI (1.4 percent, 95% CI 0.3 to 4.1 percent).
Seizures — Among unselected populations of children with head trauma, immediate
posttraumatic seizures occurred in ≤0.6 percent [9,27]. In smaller series, seizures have been
reported in approximately 3 to 8 percent of patients [4,19,40]. In one large cohort, the frequency
of seizures after minor head trauma was 4 percent with approximately half occurring at the time
of impact [8].
Skull fractures — Skull fractures occur in up to 10 percent of children younger than two years
of age following minor head trauma [3,35]. Most skull fractures in this population are linear.
Among children with linear skull fractures, 15 to 30 percent have associated intracranial injuries
[2,19,20,26,41,42].
Most children with skull fractures will also have overlying scalp hematomas. However, most
children with scalp hematomas, outside of infancy, do not have a skull fracture. In infants
younger than one year of age, large scalp hematoma size, younger age, and/or nonfrontal
https://www.uptodate.com/contents/minor-head-trauma-in-infants-and-children-evaluation/print?source=search_result&search=minor%20head%20tra…
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location (highest risk with temporal or parietal), suggest a higher incidence of skull fracture.
However, in one prospective series of 422 children, no infant with a frontal hematoma had an
intracranial injury [35].
Other findings of skull fracture include a palpable skull defect, cerebrospinal fluid rhinorrhea or
otorrhea, posterior auricular hematoma (Battle’s sign) (picture 1), hemotympanum (picture 2),
and periorbital hematomas ("raccoon eyes") (picture 3).
The evaluation and management of skull fractures in children are discussed in greater
detail separately. (See "Skull fractures in children: Clinical manifestations, diagnosis, and
management".)
Other findings — Transient cortical defects, such as cortical blindness and acute confusional
states, have been reported rarely in association with minor head trauma [43-45]. These deficits
are thought to be secondary to vascular hyperreactivity and may be trauma-induced, migraineequivalent phenomena. Although rare, there are also case reports of ischemic or thrombotic
stroke following mild head trauma in children [46,47].
EVALUATION — The priority for the evaluation of children with apparently minor head trauma
is to identify those patients with traumatic brain injury (TBI) who may require immediate
intervention (eg, an expanding epidural hematoma), admission for monitoring (eg, small stable
epidural hematomas or cerebral contusions) or close follow-up (eg, skull fracture without
intracranial injury), while limiting unnecessary neuroimaging.
In addition, children who may have sustained an inflicted injury must be identified. The
evaluation of abusive head trauma is discussed in detail elsewhere. (See "Child abuse:
Epidemiology, mechanisms, and types of abusive head trauma in infants and children" and
"Child abuse: Evaluation and diagnosis of abusive head trauma in infants and children".)
Features of the history and physical examination, along with selective neuroimaging, generally
identify children who have sustained a brain injury with acute management implications.
In children with minor head trauma, no combination of clinical findings is both highly sensitive
and specific for clinically important traumatic brain injuries (ciTBI). However, clinical findings can
help stratify a patient’s risk of ciTBI as high, intermediate, or low and determine the need for
neuroimaging. (See 'Approach' below.)
History — Historical features that may suggest an increased risk of clinically important
traumatic brain include the following [7,21,27,48-52]:
● Caregiver concern that a child younger than two years of age is not acting normally
● Seizure, confusion, or loss of consciousness
● Severe or worsening headache
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● Vomiting
● High-risk mechanism, such as a fall from greater than 3 to 5 feet (depending on age),
significant motor vehicle collision, penetrating injury, inflicted injury, or unknown mechanism
(which may represent inflicted injury)
● Preexisting conditions that place the child at risk for intracranial hemorrhage, such as
arteriovenous malformation or a bleeding disorder (see 'Patients with shunts or bleeding
disorders' above)
Physical examination — The clinician should perform a thorough head and neurological
examination (including mental status). Vital signs and evidence of associated extracranial injury,
such as neck or abdominal tenderness, also warrant careful evaluation.
The presence of the following specific findings on physical examination is significant
[9,21,27,48-50]:
● Scalp abnormalities, such as hematoma (especially nonfrontal hematoma in an infant
younger than one year of age), tenderness, or depression
● In infants, bulging anterior fontanelle
● Abnormal mental status (persistent Glasgow score ≤14) (table 1)
● Focal neurologic abnormality
● Signs of basilar skull fracture (periorbital ecchymosis, Battle's sign (picture 1),
hemotympanum (picture 2), cerebral spinal fluid [CSF] otorrhea, or CSF rhinorrhea)
Neuroimaging — An approach to neuroimaging of children with minor head trauma that is
based upon risk of ciTBI is provided below. (See 'Approach' below.)
Most children with minor head trauma do not need computed tomography (CT) of the head CT
to exclude ciTBI. The decision to obtain a head CT should be made using clinical predictors to
determine risk of ciTBI. (See 'Approach' below.)
The approach to neuroimaging in children with suspected abusive head trauma is discussed
separately. (See "Child abuse: Evaluation and diagnosis of abusive head trauma in infants and
children", section on 'Imaging'.)
Children who have minor head trauma and who are at an increased risk for ciTBI that may
require neurosurgical intervention or intensive care or monitoring should be initially imaged with
unenhanced CT. Head CT identifies essentially all ciTBI [3]. It can be rapidly obtained in most
hospitals. Skull radiography is of little or no added value if a head CT is performed. (See
"Approach to neuroimaging in children", section on 'CT applications' and "Approach to
neuroimaging in children", section on 'Plain radiographs'.)
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The decision to obtain a head CT for children with minor head trauma must balance the
importance of identifying a significant, but rare ciTBI with the estimated risks of late onset
malignancy associated with radiation exposure from CT. The risk of death or major disability if a
ciTBI is missed is considerable and immediate. Furthermore, evidence suggests that a
clinician’s ability to predict the presence of such an injury in patient without high-risk findings
(eg, altered mental status, focal neurologic examination, or signs of basilar skull fracture) is
poor [52].
On the other hand, the estimated lifetime risk of cancer mortality from a head CT is substantially
higher for children than for adults because of a longer subsequent lifetime and the greater
sensitivity of some developing organs (eg, brain or bone marrow) to radiation. Estimates
suggest that the lifetime risk of death due to cancer caused by radiation from one head CT is 1
in 1500 in a one year old infant and 1 in 5000 in a 10 year old child [53]. However, the latency
period for development of cancer may be decades. (See "Approach to neuroimaging in
children", section on 'Radiation'.)
Thus, the probability of ciTBI as determined by clinical findings is a key factor for identifying the
optimal approach in individual patients. As an example, in a clinical decision analysis of the
optimal neuroimaging strategy that weighed the risk of ciTBI with the risk of radiation exposure
from head CT and subsequent malignancy for children younger than two years of age with
minor head trauma, no imaging was the best strategy when the probability of ciTBI was about
0.9 percent and head CT was the preferred strategy only for patients at higher risk [54].
Clinical decision rules — Clinical decision rules are not intended to replace clinical
judgment. Based upon existing evidence, they assist rather than completely direct the clinician’s
approach to neuroimaging of children with minor head trauma.
For infants and children with minor head trauma, absence of high-risk signs or symptoms of
ciTBI, we suggest that management decisions, especially the performance of neuroimaging and
observation, be guided by the use of the Pediatric Emergency Care Applied Research Network
(PECARN) low-risk clinical decision rules (table 2) rather than other rules because it was
derived in the largest cohort and has the best discrimination for serious intracranial injury [7,5559]. Furthermore, the PECARN rules may have better sensitivity for detecting ciTBI than
clinician judgment [60], and, based upon a large prospective multicenter observational study
and depending upon the setting and how they are implemented, are associated with safe, but
variable decreases in the use of CT [61]. (See 'Neuroimaging' above and 'Approach' below.)
This recommendation is based upon the following evidence:
● The PECARN rule was derived and validated in large pediatric cohorts (33,785 and 8627
patients, respectively) at multiple centers including pediatric and general emergency
departments and consists of six low-risk predictors in two age groups (table 2) [7]. The goal
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of this decision rule is to identify children who are at low risk for ciTBI and do not need
neuroimaging.
In prospective validation, high sensitivities for the detection of ciTBI (100 percent for
children <2 years [95% CI 86-100 percent] and 97 percent for children ≥2 years [95% CI
89-100 percent]) and high negative predictive values (100 percent for children <2 years
[95% CI 99.7-100 percent] and 99.95 percent [95% CI 99.81-100 percent] or children ≥2
years) were achieved [7]. The prevalence of ciTBI was approximately 1 percent in both the
derivation and validation cohorts. Subsequently, the PECARN rule has shown high
accuracy in both prospective and retrospective validation studies in a variety of settings
[55-59].
Not all children who do not meet these low-risk criteria require neuroimaging (as this would
likely increase imaging rates) so the authors defined high and intermediate-risk groups [7].
Those with altered mental status and signs of fracture were considered high risk which
corresponded to a 4 percent incidence of ciTBI. The investigators felt that all such patients
warranted neuroimaging.
Patients who did not meet low-risk criteria, other than altered mental status or signs of
fracture (table 2), were considered at intermediate risk which corresponded to a 0.9
percent incidence of ciTBI [7]. These children accounted for approximately 30 percent of all
patients. Imaging or observation was suggested, based upon other factors, such as
clinician experience, with a lower threshold to image children with multiple, more severe, or
worsening signs or symptoms. (See 'Approach' below.)
● In a planned secondary analysis of almost 8500 children from the validation group of the
above study that compared the PECARN rules with clinician suspicion for ciTBI that was ≥1
percent, the prediction rules had better sensitivity for ciTBI compared to clinician suspicion
(100 versus 60 percent, respectively for children younger than 2 years of age and 97
versus 65 percent, respectively for children 2 years of age or older) but lower specificity
than the decision rules (54 versus 92 percent, respectively for children younger than 2
years of age and 59 versus 91 percent for children 2 years of age and older) [60]. Among
the almost 7700 children in the PECARN study with a low clinical suspicion (<1 percent) for
ciTBI, computed tomography (CT) of the head was performed in 27 percent indicating that
clinicians frequently did not practice based upon clinical suspicion when ordering head
CTs. Common reasons for ordering CTs in these patients thought to be at low risk included
young age, mechanism of injury, and specific isolated findings that are addressed by the
PECARN rules (eg, scalp hematoma in patients younger than 2 years of age and loss of
consciousness or headache in children 2 years of age and older). Thus, use of these
decision rules could potentially augment clinical practice by assisting with detection of a
group of children at higher risk for ciTBI while also avoiding unnecessary neuroimaging.
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● In a prospective, single center observational study of physician judgment and clinical
decision rules in which PECARN, CHALICE, and CATCH decision rules were all applied to
1009 children with minor head injury (2 percent with ciTBI and 19 percent undergoing CT),
only physician practice (sensitivity 100 percent, 95% CI 84-100 percent) and the PECARN
rule (sensitivity 100 percent, 95% CI 84-100 percent) identified all ciTBI, including four
patients requiring neurosurgical intervention [62]. Both CATCH and CHALICE misclassified
a small number of patients with ciTBI as low risk. Both rules also missed one injury that
warranted neurosurgical intervention. Although clinical judgement was as sensitive as the
PECARN rules for detecting ciTBI in this study, it was a single center study of a relatively
small number of children with minor head injury. In the larger, multicenter study discussed
above, the PECARN rules were more sensitive than clinical judgement for the detection of
ciTBI.
● Implementation of the PECARN rule in the management of 356 children (46 percent under
two years of age) in a separate setting from its original derivation or validation was
associated with the following findings [63]:
• High clinician satisfaction with the rule (96 percent)
• High adherence to the rule (94 percent)
• Identification of all three children with a ciTBI at the first visit
• A marginal increase in the rate of head CT after implementation from 7 to 8 percent
that was not statistically significant
● In a decision analysis model that utilized characteristics of the PECARN public use dataset,
application of the PECARN rules were projected to result in more ciTBI being missed but
fewer computer tomographs (CT) of the head, fewer radiation-induced cancers, lower net
quality-adjusted-life-years (QALYS) lost, and lower costs when compared to usual care in
the United States [64]. Overall, the model indicated that the PECARN rules were better
than usual care because they were more effective (less QALYS lost) and less costly.
● Several other clinical decision rules for children with minor head trauma have been derived
[6,31]. Of these, CHALICE (table 4) and CATCH (table 5) were derived in the largest and
most heterogeneous cohorts.
Unlike PECARN, which sought to identify children at low risk who would not require
imaging, the CHALICE rule, derived from a prospective study of 22,772 patients, has
identified 14 high-risk criteria for ciTBI (table 4) that serve as indicators for head CT. During
derivation, the rule had a sensitivity of 98 percent (95% CI 96-100 percent) and a specificity
of 87 percent [9]. However, evidence suggests that the CHALICE rule may increase the
rate of head CT without improved detection of ciTBI as follows:
• In a retrospective analysis of the application of the CHALICE rule in 1065 children, use
of this rule would have increased the rate of head CT from 6.5 to 10 percent with only
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seven additional skull fractures or intracranial injuries identified during initial evaluation
[65]. Furthermore, had the CHALICE rule been applied to these patients and head CT
obtained at the initial evaluation, the outcomes probably would not have been different.
• In a retrospective observational study of 1091 head injured patients evaluated in one
pediatric emergency department (ED), application of the CHALICE rule would have
been associated with an increase in the rate of head CT from 19 to 46 percent [65]. In
addition, six patients with intracranial injuries would have been missed, including one
requiring neurosurgery.
CATCH is also a high-risk decision rule for ciTBI consisting of four high-risk factors and
three additional medium-risk factors (table 5) [8]. During derivation in almost 4000 children,
including those with a Glasgow Coma Scale (GCS) score of 13, it achieved high sensitivity
(98 percent for intermediate-risk factors and 100 percent for high-risk factors). However, it
would require that 52 percent of patients undergo CT. In addition, CATCH has not been
prospectively validated.
Taken together, the evidence suggests that the PECARN rule provides a sensitive means of
identifying children with ciTBI at an acceptable cost when applied to patients who have
sustained more than trivial head trauma but who do not have obvious indications for
neuroimaging.
Although not prospectively validated, the CHALICE rule has been implemented in the United
Kingdom [66], and other investigators have suggested use of the CHALICE rule instead of the
PECARN rule for the following reasons:
● In two separate analyses, investigators determined, based upon theoretical estimates, that
implementation of the PECARN rule would increase the amount of neuroimaging to a
greater extent than the CHALICE rule [6,31]. However, as noted above, actual
implementation of the PECARN rule in a variety of different emergency departments (ED)
resulted in small but significant decreases in neuroimaging [61].
● In a decision analysis that compared the CHALICE and PECARN rules and assigned costs
based upon the United Kingdom National Health Service experience, CHALICE was the
optimal strategy for evaluating children with minor head trauma [67]. However, all decision
rules evaluated in this study had similar costs and outcomes. Specifically, the PECARN
rule achieved quality of life estimates similar to the CHALICE rule while costing about ₤75
(approximately USD $125) more per patient. This difference in cost is likely within the
margin of error for the model.
Approach — Although there is not uniformity regarding risk factors derived from the large,
multicenter observational studies, there are many consistencies particularly for the high and
low-risk groups that permit a suggested approach to neuroimaging in children with minor head
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trauma [7-10,50]. This approach is largely consistent with guidelines for evaluation and
management of minor head trauma in children previously proposed by expert consensus [1].
Younger than two years — Because children younger than two years of age are more
difficult to assess, may be asymptomatic despite having a ciTBI, are at risk for abusive head
trauma, and are more prone to skull fractures than older children, we suggest the following
criteria for neuroimaging (see 'Minor head trauma' above and "Minor head trauma in infants and
children: Management", section on 'Minor head trauma'):
● Perform neuroimaging – Infants and children younger than two years of age with high risk
for intracranial injury or with suspected skull fracture should have a head CT [1,7,68].
High-risk patients have one or more of the following signs or symptoms:
• Suspicion of child abuse
• Focal neurologic findings
• Acute skull fracture, including depressed or basilar fracture
• Altered mental status (eg, lethargy or irritability)
• Bulging fontanelle
• Persistent vomiting (see 'Vomiting' above)
• Seizure following injury
• Definite loss of consciousness if longer than a few seconds and especially if
associated with other clinical predictors of ciTBI (table 2) (see 'Loss of consciousness'
above)
● Observe or perform neuroimaging – Intermediate-risk patients may be managed with
close observation for four to six hours after the injury (with imaging obtained for any
worsening condition during this period), or they may be evaluated immediately by head CT.
Patients at intermediate-risk have any one or more of the following signs or symptoms:
• Vomiting that is self-limited
• Loss of consciousness that is uncertain, or isolated and very brief (less than a few
seconds) (see 'Loss of consciousness' above)
• History of lethargy or irritability, now resolved
• Behavioral change reported by caregiver
• Injury caused by high-risk mechanism of injury (eg, fall more than three feet, patient
ejection, death of a passenger, rollover, high-impact head injury)
• Scalp hematoma (particularly nonfrontal)
• Skull fracture more than 24 hours old (nonacute)
• Unwitnessed trauma of concern (eg, fall heard in adjacent room with possible loss of
consciousness)
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• Age younger than three months with nontrivial trauma
The clinician should have a lower threshold for imaging if symptoms are multiple,
worsening or severe, if vomiting is persistent, and for the youngest patients with nontrivial
trauma [7,11,21].
When behavioral change by caregiver report is the only finding, the risk of a ciTBI is
approximately 0.2 percent [69].
The risk for fracture and TBI with scalp hematomas can be stratified using a validated scalp
score (table 3) [34]. Younger patients, larger hematomas, and nonfrontal hematomas
(temporal-parietal more concerning than occipital) have the highest risk. As an example, in
a large multicenter, cohort study, 8 out of 16 patients younger than three months of age
with large temporal/parietal hematomas who underwent imaging had TBI on CT [33]. If a
scalp hematoma is the only finding, evidence from this study indicates that there is
approximately a 0.4 percent risk of ciTBI, and a 1.7 percent risk of TBI on CT.
For patients for whom the sole criterion is a high-risk mechanism for injury, the risk of ciTBI
is 0.3 percent [7,70].
If immediate CT is deferred for intermediate-risk patients, we suggest observation for at
least four to six hours after injury to ensure no progression of clinical findings that warrant
CT.
Preliminary evidence suggests that observation of selected children younger than two
years of age at intermediate risk reduces the number of head CTs without missing a ciTBI.
As an example, in an observational study of 1318 children evaluated for minor head trauma
at a single pediatric ED, including 509 children younger than two years of age, the rate of
head CT among children who were chosen for observation was 5 percent [71,72]. The
adjusted time dependent decrease in CT rate for children at intermediate risk according to
the PECARN decision rule was 72 percent and their median time of observation was three
hours. None of the intermediate-risk children were subsequently found to have a ciTBI.
Skull radiographs may occasionally be useful to screen for fracture and avoid the risk of
radiation and sedation from CT in selected asymptomatic patients 3 to 24 months of age
with concerning scalp hematomas [68]. However, skull radiographs should only be
performed if a radiologist with pediatric expertise is available to provide an interpretation
because physicians with pediatric emergency expertise may have limited accuracy in
correctly identifying skull fractures in young children [73]. If a screening skull radiograph
shows a fracture, then a head CT should be performed. (See 'Skull radiographs' below.)
● Do not perform neuroimaging – Imaging studies should be avoided in children <2 years
of age at very low risk for brain injury. These patients should have a normal neurologic
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examination (including a normal fontanelle), no history of seizure, and no persistent
vomiting. The clinician should also have no suspicion for abuse.
Low-risk patients should meet all of the following criteria (table 2) [7]:
• Normal mental status
• No parietal, occipital or temporal scalp hematoma
• No loss of consciousness >5 seconds (see 'Loss of consciousness' above)
• No evidence of skull fracture
• Normal behavior according to the routine caregiver
• No high-risk mechanism of injury (severe mechanisms: fall >0.9 m [3 feet]; head struck
by high impact object; motor vehicle collision with patient ejection, death of another
passenger, or rollover; pedestrian or bicyclist without helmet struck by a motorized
vehicle)
The risk for clinically important traumatic brain injury is less than 0.02 percent in these
patients [7].
Two years and older — Criteria to guide decisions about neuroimaging in children two
years of age and older are derived from several large multicenter observational studies [7,9,21]
and a metaanalysis of observational studies [48].
We suggest the following approach:
● Perform neuroimaging – Children ≥2 years of age with one or more of the following signs
and symptoms appear to be at the highest risk for ciTBI and should have CT of the head
performed [7,9,21,48]:
• Focal neurologic findings
• Skull fracture, especially findings of basilar skull fracture
• Seizure
• Persistent altered mental status (eg, agitation, lethargy, repetitive questioning, or slow
response to verbal questioning)
• Prolonged loss of consciousness (LOC) (see 'Loss of consciousness' above)
Multiple observational studies have found these individual findings to be highly associated
with ciTBI in children [31].
● Observe or perform neuroimaging – For children with signs and symptoms that have
been variably associated with intracranial injury, close observation for four to six hours after
the injury (with imaging obtained for any worsening symptoms or concerns during this
period) is an alternative to immediate CT of the head. The clinician should have a lower
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threshold for imaging for severe, persistent, worsening, or multiple clinical findings. These
signs and symptoms include:
• Vomiting (see 'Vomiting' above)
• Headache
• Questionable or brief loss of consciousness (LOC)
• Injury caused by high-risk mechanism of injury
The risk of ciTBI is approximately 1 percent in patients with at least one of these criteria
and 0.6 percent if the sole criterion is a high-risk mechanism for injury [7,70]. Patients with
isolated LOC that is brief have a low risk of ciTBI. Most of these patients do not require
neuroimaging [32]. Multiple or worsening symptoms or signs likely puts the child at greater
risk than an isolated finding [7,11,21].
Evidence suggests that observation of patients with these signs and symptoms may
decrease the utilization of head CT without missing clinically important traumatic brain
injury as follows:
• In a multicenter, prospective observational study, children (median age five years) who
were observed had a lower rate of head CT use than those who were not (31 versus
35 percent, respectively, difference -4 percent [95% CI -5 to -3 percent]) [74]. The
observed patients had a similar rate of clinically important traumatic brain injury (0.8
versus 0.9 percent). In this study, most observed children were older than two years of
age.
• In a single center prospective observational study previously discussed, the rate of
head CT in children who were chosen to be observed was 5 percent and the median
time for observation was 2.5 hours [71]. Overall, 20 percent of children received a
head CT. The adjusted time dependent decrease in CT rate overall was 69 percent
(odds ratio [OR] 0.31, 95% CI 0.25-0.37). Most observed patients were intermediate
risk by the PECARN decision rule and two years of age or older. All eight children with
ciTBI had an immediate head CT although clinical follow-up was confined to electronic
medical record review.
Thus, observation appears to be a safe and effective approach for selected children two
years of age and older who are at an intermediate risk of ciTBI based upon the PECARN
decision rule.
● Do not perform neuroimaging – Imaging studies should be avoided in children ≥2 years
of age at very low risk for ciTBI. These patients should have a normal neurologic
examination, no physical evidence suggesting a skull fracture, and no preexisting condition
that might increase the risk of intracranial hemorrhage (eg, bleeding disorder) [75].
Low-risk patients should meet all of the following criteria (table 2) [7]:
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• Normal mental status
• No LOC (see 'Loss of consciousness' above)
• No vomiting (see 'Vomiting' above)
• No signs of basilar skull fracture
• No severe headache
• No high-risk mechanism of injury (severe mechanisms: fall >1.5 m [5 feet]; head struck
by high impact object; motor vehicle collision with patient ejection, death of another
passenger, or rollover; pedestrian or bicyclist without a helmet struck by a motorized
vehicle)
The risk for clinically important traumatic brain injury is less than 0.05 percent if none of
these findings are present [7]. Although seizure was not a predictor in the PECARN
decision rule, any patient with this history would not be low risk.
Skull radiographs — Because plain skull radiographs give no direct information about
intracranial injury, they are rarely performed as the initial imaging study. Instances in which skull
radiographs may assist the clinician in deciding whether or not to perform CT of the head
include the following:
● When the history of trauma is uncertain (eg, skeletal survey in the evaluation of suspected
abuse)
● To rapidly evaluate for the location of a radiopaque foreign body (eg, whether a projectile is
intracranial or not)
● In rare instances, to screen for fractures in selected asymptomatic patients 3 to 24 months
of age with concerning scalp hematomas
However, skull radiographs should only be performed if a radiologist with pediatric expertise is
available to provide an interpretation because physicians with pediatric emergency expertise
may have limited accuracy in correctly identifying skull fractures in young children [73].
If a screening skull radiograph shows a fracture, then a head CT should be performed. If a
screening skull radiograph shows no fracture, the risk of a ciTBI may be lower, but the clinician
should understand that it may still be present. (See "Skull fractures in children: Clinical
manifestations, diagnosis, and management", section on 'Diagnosis and radiologic evaluation'
and 'Incidence of brain injury' above.)
INFORMATION FOR PATIENTS — UpToDate offers two types of patient education materials,
"The Basics" and "Beyond the Basics." The Basics patient education pieces are written in plain
language, at the 5th to 6th grade reading level, and they answer the four or five key questions a
patient might have about a given condition. These articles are best for patients who want a
general overview and who prefer short, easy-to-read materials. Beyond the Basics patient
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education pieces are longer, more sophisticated, and more detailed. These articles are written
at the 10th to 12th grade reading level and are best for patients who want in-depth information
and are comfortable with some medical jargon.
Here are the patient education articles that are relevant to this topic. We encourage you to print
or e-mail these topics to your patients. (You can also locate patient education articles on a
variety of subjects by searching on "patient info" and the keyword(s) of interest.)
● Basics topic (see "Patient education: Head injury in children and adolescents (The
Basics)")
● Beyond the Basics topic (see "Patient education: Head injury in children and adolescents
(Beyond the Basics)")
SUMMARY AND RECOMMENDATIONS
● In infants, minor head trauma refers to patients who are alert or awaken to voice or light
touch but have a history or physical signs of blunt trauma to the scalp, skull, or brain. In
children two years of age or older, this topic defines minor head trauma as children who
have sustained head trauma but have a Glasgow Coma Scale (GCS) score of 14 to 15,
normal physical examination, and no physical evidence of a skull fracture. (See 'Definitions'
above and 'Epidemiology' above and "Minor head trauma in infants and children:
Management", section on 'Definitions'.)
● Although associated clinically important traumatic brain injury (ciTBI), (ie, intracranial injury
requiring neurosurgical intervention, intensive monitoring and supportive care, prolonged
hospitalization; a depressed skull fracture requiring elevation; or a basilar skull fractures)
occurs in a small percentage of children and infants who have a normal neurologic
examination at presentation, it must be recognized in order to prevent deterioration and
subsequent morbidity or mortality. In addition, abusive head trauma must also be identified
because it often results in serious intracranial injury and carries a significant risk of
recurrence. (See 'Clinically important traumatic brain injury' above and 'Incidence of brain
injury' above and "Minor head trauma in infants and children: Management", section on
'Definitions'.)
● Features of the history and physical examination along with careful observation in children
with equivocal findings usually identify children who have sustained a ciTBI and warrant
neuroimaging. (See 'History' above and 'Physical examination' above and 'Approach'
above.)
● Those who are at an increased risk for ciTBI that may require neurosurgical intervention or
intensive care or monitoring should be initially imaged with unenhanced computed
tomography (CT). Skull radiography is of little or no added value if a head CT is performed.
(See 'Neuroimaging' above and 'Skull radiographs' above.)
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● The probability of ciTBI as determined by clinical findings is a key factor for identifying the
optimal approach in individual patients. Patients at high risk for ciTBI should undergo
prompt neuroimaging (table 6). Those at intermediate risk may undergo neuroimaging or
observation with performance of imaging if persistent, worsening or new symptoms occur
during observation (table 7). Infants and children at low risk for ciTBI should not undergo
neuroimaging. Clinical decision rules can assist the clinician in determining the level of risk
and need for neuroimaging but should not replace clinical judgment. (See 'Clinical decision
rules' above.)
● For infants and children with minor head trauma and absence of high-risk physical findings
of ciTBI, we suggest that management decisions, especially the performance of
neuroimaging or emergency department (ED) observation, be guided by the use of the
Pediatric Emergency Care Applied Research Network (PECARN) low-risk clinical decision
rules (table 2) rather than other rules. (See 'Clinical decision rules' above.)
● An approach to neuroimaging of infants and children with minor head trauma that differs by
age and is based upon the PECARN low-risk clinical decision rules and known additional
findings that predict a higher risk for ciTBI is provided. (See 'Younger than two years' above
and 'Two years and older' above.)
Use of UpToDate is subject to the Subscription and License Agreement.
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GRAPHICS
Glasgow Coma Scale and Pediatric Glasgow Coma Scale

Sign
Eye
opening

Verbal
response

Motor
response

Glasgow
Coma
Scale [1]

Pediatric Glasgow Coma Scale [2]

Score

Spontaneous

Spontaneous

4

To command

To sound

3

To pain

To pain

2

None

None

1

Oriented

Age-appropriate vocalization, smile, or orientation to
sound, interacts (coos, babbles), follows objects

5

Confused,
disoriented

Cries, irritable

4

Inappropriate
words

Cries to pain

3

Incomprehensible
sounds

Moans to pain

2

None

None

1

Obeys commands

Spontaneous movements (obeys verbal command)

6

Localizes pain

Withdraws to touch (localizes pain)

5

Withdraws

Withdraws to pain

4

Abnormal flexion
to pain

Abnormal flexion to pain (decorticate posture)

3

Abnormal
extension to pain

Abnormal extension to pain (decerebrate posture)

2

None

None

1

Best total score

15

The Glasgow Coma Scale (GCS) is scored between 3 and 15, 3 being the worst, and 15 the best. It
is composed of three parameters: best eye response (E), best verbal response (V), and best motor
response (M). The components of the GCS should be recorded individually; for example, E2V3M4
results in a GCS of 9. A score of 13 or higher correlates with mild brain injury; a score of 9 to 12
correlates with moderate injury; and a score of 8 or less represents severe brain injury. The
pediatric Glasgow coma scale (PGCS) was validated in children two years of age or younger.
Data from:
1. Teasdale G, Jennett B. Assessment of coma and impaired consciousness. A practical scale. Lancet
1974; 2:81.
2. Holmes JF, Palchak MJ, MacFarlane T, Kuppermann N. Performance of the pediatric Glasgow coma
scale in children with blunt head trauma. Acad Emerg Med 2005; 12:814.
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Battle sign

Retroauricular or mastoid ecchymosis (ie, Battle sign) typically appears one to
three days after a basilar skull fracture is sustained.
Basilar Skull Fracture. In: Color Atlas of Emergency Trauma, Mandavia, DP, Newton,
EJ, Demetriades, D, Cambridge University Press, Cambridge, UK 2003. Reprinted with
the permission of Cambridge University Press. Copyright © 2003.
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Hemotympanum

Note the very dark fluid filling the middle ear space behind the tympanic
membrane.
Courtesy of Adele Karen Evans, MD, FAAP and Steven D Handler MD, MBE.
Graphic 62387 Version 1.0
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PECARN rule: Findings associated with very low risk of significant
traumatic brain injury in children*
Age (years)
<2

Clinical criteria
Normal mental status
Normal behavior per routine caregiver
No LOC ¶
No severe mechanism of injury Δ
No nonfrontal scalp hematoma
No evidence of skull fracture

≥2 to 18

Normal mental status ◊
No LOC
No severe mechanism of injury §
No vomiting
No severe headache
No signs of basilar skull fracture ¥

TBI: traumatic brain injury; GCS: Glasgow coma scale; LOC: loss of consciousness.
* Significant TBI such as death or injury that requires neurosurgical intervention, endotracheal intubation
for longer than 24 hours, or hospitalization for 2 or more nights is very unlikely if all of the clinical criteria
are present. Thus, computed tomography of the head is usually not necessary in such patients. When
individual criteria are not met, observation or neuroimaging may be indicated. Refer to topics on minor
head trauma in infants and children for further discussion.
¶ For the purposes of this criterion, loss of consciousness does not include very brief (<5 seconds) loss of
consciousness associated with low risk mechanisms for head trauma.
Δ Severe mechanism of injury: fall >0.9 m (3 feet); head struck by high impact object; motor vehicle
collision with patient ejection, death of another passenger, or rollover; pedestrian or bicyclist without
helmet struck by a motorized vehicle.
◊ Signs of altered mental status: agitation, somnolence, repetitive questioning, or slow response to verbal

questioning.
§ As for children under 2 years of age except fall >1.5 m (5 feet) considered severe.
¥ Early signs of basilar skull fracture at presentation include hemotympanum, CSF rhinorrhea, and CSF
otorrhea; late signs of basilar skull fracture, occurring up to 24 hours after injury, include raccoon eyes
and post auricular hematoma (Battle sign).
Data from: Kuppermann N, Holmes JF, Dayan PS, et al. Identification of children at very low risk of
clinically-important brain injuries after head trauma: a prospective cohort study. Lancet 2009; 374:1160.
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Clinical score for infants with scalp hematomas
Risk points

Patient age (mo)

Hematoma size

Hematoma
location

0

≥12

None

Frontal

1

6 to 11

Small (barely palpable)

Occipital

2

3 to 5

Medium (easily
palpable)

Temporal/parietal

3

0 to 2

Large (very easily
palpable)

A score of 3 or more is associated with a significant risk of clinically important traumatic brain
injury in infants with scalp hematomas.
Reproduced with permission from: Bin SS, Schutzman SA, Greenes DS. Validation of a clinical score to
predict skull fracture in head-injured infants. Pediatr Emerg Care 2010; 26:633.
DOI: 10.1097/PEC.0b013e3181ef0440. Copyright © 2010 Lippincott Williams & Wilkins. Unauthorized
reproduction of this material is prohibited.
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Raccoon eyes

Bilateral periorbital ecchymoses in a child with a basilar skull fracture.
Courtesy of Joan E Shook, MD.
Graphic 69662 Version 4.0
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The children's head injury algorithm for the prediction of important
clinical events (CHALICE) rule
Computed tomography of the head is required if any of the following
criteria are present.
History
Witnessed loss of consciousness of >5 min duration
History of amnesia (either antegrade or retrograde) of >5 min duration
Abnormal drowsiness (defined as drowsiness in excess of that expected by the examining
doctor)
≥3 vomits after head injury (a vomit is defined as a single discrete episode of vomiting)
Suspicion of non-accidental injury (NAI, defined as any suspicion of NAI by the examining
doctor)
Seizure after head injury in a patient who has no history of epilepsy
Examination
Glasgow Coma Score (GCS) <14, or GCS <15 if <1 year old
Suspicion of penetrating or depressed skull injury or tense fontanelle
Signs of a basal skull fracture (defined as evidence of blood or cerebrospinal fluid from ear or
nose, panda eyes, Battles sign, haemotympanum, facial crepitus or serious facial injury)
Positive focal neurology (defined as any focal neurology, including motor, sensory, coordination
or reflex abnormality)
Presence of bruise, swelling or laceration >5 cm if <1 year old
Mechanism
High-speed road traffic accident either as pedestrian, cyclist or occupant (defined as accident
with speed >40 m/h)
Fall of >3 m in height
High-speed injury from a projectile or an object

If none of the above variables are present, the patient is at low risk of
intracranial pathology.
Reproduced from Archives of Disease in Childhood, Dunning J, Daly JP, Lomas J-P, et al, volume 91,
pages 885-891, copyright © 2006, with permission from BMJ Publishing Group Ltd and Dr. Joel Dunning.
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Canadian Assessment of Tomography for Childhood Head injury
(CATCH) rule
CT of the head is required only for children with minor head injury* and
any one of the following findings:
High risk (need for neurologic intervention)
1. Glasgow Coma Scale score <15 at two hours after injury
2. Suspected open or depressed skull fracture
3. History of worsening headache
4. Irritability on examination
Medium risk (brain injury on CT scan)
5. Any sign of basal skull fracture (eg, hemotympanum, "raccoon" eyes, otorrhea or rhinorrhea of
the cerebrospinal fluid, Battle's sign)
6. Large, boggy hematoma of the scalp
7. Dangerous mechanism of injury (eg, motor vehicle crash, fall from elevation ≥3 ft [≥91 cm] or
5 stairs, fall from bicycle with no helmet)
CT: computed tomography.
* Minor head injury is defined as injury within the past 24 hours associated with witnessed loss of
consciousness, definite amnesia, witnessed disorientation, persistent vomiting (more than one episode) or
persistent irritability (in a child under two years of age) in a patient with a Glasgow Coma Scale score of
13-15.
Reproduced with permission from: Osmond MH, Klassen TP, Welss GA, et al. CATCH: a clinical decision
rule for the use of computed tomography in children with minor head injury. CMAJ 2010; 182:341.
Copyright © 2010 Canadian Medical Association. All rights reserved. This work is protected by copyright
and the making of this copy was with the permission of Access Copyright. Any alteration of its content or
further copying in any form whatsoever is strictly prohibited unless otherwise permitted by law.
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Clinical findings associated with a high risk for clinically important
traumatic brain injury in children
Clinical findings that warrant urgent neuroimaging
Suspicion of child abuse (infants)
Persistent vomiting
Seizure
Altered mental status*
Prolonged loss of consciousness
Bulging fontanelle (infants)
Focal neurologic findings
Skull fracture
* Lethargy or irritability in infants; in older patients, agitation, lethargy, repetitive questioning, or slow
response to verbal questioning.
Graphic 107005 Version 2.0
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Moderate risk findings of clinically important traumatic brain injury in
children
Clinical finding warranting observation or neuroimaging
Vomiting that is self-limited
Loss of consciousness that is uncertain, or isolated and very brief (less than a few seconds)
Headache (older, verbal child)
History of lethargy or, in infants, irritability, now resolved
Behavioral change reported by caregiver (infants)
Injury caused by high-risk mechanism of injury*
Scalp hematoma (particularly nonfrontal) in infants younger than 2 years of age
Skull fracture more than 24 hours old (nonacute)
Unwitnessed trauma of concern ¶
Age younger than three months with nontrivial trauma
* Severe mechanism of injury includes a fall more than three feet (infants younger than 2 years) or five
feet (patients 2 years and older); motor vehicle collision with patient ejection, death of a passenger,
rollover; or high-impact head injury.
¶ Unwitnessed trauma of concern includes a fall heard in adjacent room with possible loss of
consciousness or similar nontrivial trauma
Graphic 107006 Version 2.0

https://www.uptodate.com/contents/minor-head-trauma-in-infants-and-children-evaluation/print?source=search_result&search=minor%20head%20tr…

36/37

9/2/2017

Minor head trauma in infants and children: Evaluation - UpToDate

Contributor Disclosures
Sara Schutzman, MD Nothing to disclose Richard G Bachur, MD Nothing to
disclose Douglas R Nordli, Jr, MD Nothing to disclose James F Wiley, II, MD, MPH Nothing
to disclose
Contributor disclosures are reviewed for conflicts of interest by the editorial group. When found,
these are addressed by vetting through a multi-level review process, and through requirements
for references to be provided to support the content. Appropriately referenced content is
required of all authors and must conform to UpToDate standards of evidence.
Conflict of interest policy

https://www.uptodate.com/contents/minor-head-trauma-in-infants-and-children-evaluation/print?source=search_result&search=minor%20head%20tr…

37/37

