
Infants with an apparent life-threatening event (ALTE) pres-
ent for medical attention because an acute and unexpected inci-
dent has alarmed the caregivers. These frightening episodes of
apnea and color change in infants have generated considerable
concern in both professional and lay groups. 

Although such episodes may
occur in children older than 12
months, the majority of patients
will be younger than 1 year and
predominantly younger than 6
months.1,2 This age distribution
and the fear engendered in the
observer provide support to the
possibility that such episodes, if
undetected, may lead to the
sudden and unexpected death of
the infant. The hypothesis that
these events might be pre-
mortem markers of the infant at
risk for sudden infant death
syndrome (SIDS) explains the large amount of attention,
research, and clinical resources that have been focused on the
problem of ALTEs in infants.2

This article reviews the presentation, recognition, diagnosis
and ED management for children who present with an ALTE.

— The Editor

Definition
The current definition of ALTE was established by the 1986

National Institutes of Health Consensus Development Confer-
ence on Infantile Apnea and Home Monitoring:3

“An episode that is frightening to the observer and is charac-
terized by some combination of
apnea (central or occasionally
obstructive), color change (usu-
ally cyanotic or pallid, but
occasionally erythematous or
plethoric), marked change in
muscle tone (usually marked
limpness), choking, or gagging.
In some cases the observer
fears that the infant has died.
Previously used terminology,
such as ‘aborted crib death’ or
‘near-miss SIDS,’ should be
abandoned because it implies a
possibly misleading close asso-

ciation between this type of spell and SIDS.”
Given the subjective nature of caregiver observations and

interpretation, the initial medical problem for the health care
practitioner is to determine which descriptions of the reported
episode place the infant at increased risk for sudden death and
future life-threatening episodes and which are a reflection of
parental anxiety or of an acute nonrecurring problem. Health
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care providers, consistent with the recommendations of the con-
ference, often make the assumption that reports of frightening
episodes of apnea or respiratory difficulty are clinically of
greater severity, and thus, more apt to be of medical significance
(changes in skin color or muscle tone, or an episode that requires
vigorous stimulation, mouth-to-mouth resuscitation, or car-
diopulmonary resuscitation [CPR]).4 Conversely, many conclude
that the reported episode is not medically important if not associ-
ated with these latter observations or not requiring some type of
vigorous resuscitative intervention. However, these assumptions
may not be accurate; studies have demonstrated that parental
reports of an acute event are a poor reflection of an infant’s phys-
iologic status.2,4-6 Until such a time when objective measures
with adequate sensitivity and specificity exist to assist in making

medical decisions (e.g., hospital admission, specialized clinical
follow-up, home apnea monitoring), it may be necessary to rely
primarily on clinical markers and expressions of parental con-
cern that they had observed an episode sufficiently frightening to
them to bring the infant to medical attention.4,7

An infant with an ALTE may present to health care personnel
without clinical signs or symptoms of significant illness.7-10 The
greatest difficulty for emergency physicians usually is deciding
how to pursue a diagnosis when faced with infants who appear
perfectly well. Most reports recommend a mandatory period of
inpatient observation.8,9,11 Therefore, in evaluating this group of
patients, the ED diagnostic evaluation has a limited role beyond
the information provided by the history and physical examination.10

Incidence
Various estimates place the incidence of ALTEs in the general

population at between 0.5% and 6% of all infants.2 The higher
ranges of reported incidence (4-6%) come from studies in which
parents were questioned as to whether their infant had ever turn-
ed blue or stopped breathing. However, this mode of ascertain-
ment tends to overestimate incidence.2,7,12 For a multitude of rea-
sons, the true frequency and prevalence of ALTEs are unknown.12

Relationship to Sudden Infant Death
The most common category of death in infancy is that which

is sudden and unexplained, despite a thorough autopsy, examina-
tion of the scene of death, and review of the case history (SIDS).
Probably, the mechanisms that cause sudden and unexpected
death in an infant are similar, in part, to some of the mechanisms
that cause ALTEs. Whereas most studies report survival in in-
fants who have had an ALTE, a small proportion of infants who
suffer recurrent ALTEs progress to sudden and unexpected
death.1 A small proportion of infants who die of SIDS have a his-
tory of a previous ALTE or apnea: 7% in the National
Institute of Child Health and Development Cooperative
Epidemiological Study of SIDS in the United States3 and
8.8% in an Australian series.13

Compared with SIDS victims, infants with ALTEs present
earlier in life; they are 1 to 3 weeks younger than SIDS
patients.12 Also, 82% of the ALTEs occurred between 8 a.m.
and 8 p.m., when the caretakers are awake.12

Considered from a different, and perhaps more important,
perspective, the incidence of sudden and unexpected death in
ALTE infants appears to vary depending upon the initial presen-
tation. Those infants whose frightening episode occurred during
sleep and were perceived to require cardiopulmonary resuscita-
tion have a 10-13 % risk of subsequent sudden unexpected
death, even with the prescription of home monitoring devices.3,14

Infants who responded only to resuscitation and have a subse-
quent similar episode, who have sibling victims of SIDS, or who
develop a seizure disorder during monitoring have a greater than
25% risk of dying.5 The precise risk for infants who experience
less severe ALTEs has not been determined, but in many cases it
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may be no greater than the general population. Identification of a
specific cause of ALTEs does not necessarily eliminate the risk
of sudden and unexpected death.3

For these reasons, infants who suffer ALTEs have been con-
sidered a high-risk group for sudden death, and their study has
been of particular interest. Addition of these data helps our
understanding of the pathophysiology of events in living infants
that may produce sudden death and complements the approaches
from pathological and epidemiological studies.

Etiology
There are multiple identifiable causes of ALTEs; after evalua-

tion approximately 50% of these infants will have a specific
diagnosis.2,3,12,14,15 Symptoms reported by parents greatly con-
tribute to establish most diagnoses.1,12 ALTE can be a symptom
of many specific disorders, including gastroesophageal reflux,
infection, seizures, airway abnormalities, hypoglycemia, or other
metabolic problems, as well as impaired regulation of breathing
during sleep and feeding. These episodes can occur during sleep,
wakefulness, or feeding and are in infants who are generally of
more than 37 weeks gestational age at the time of onset.3 Clinical
management of such infants does not necessarily require an

exhaustive list of investigations to find an abnormality, but rather
a careful and focused clinical assessment of each case, com-
mencing with history and examination and, usually, a period of
inpatient observation.

Diagnosis
Infants often appear entirely normal by the time they reach

medical attention following the ALTE. The most important ini-
tial diagnostic step is to obtain a careful history.

A clear description of the event should be noted, including
who was present, what each person observed, and what their
actions were. The timing of the event should be noted, including
whether the infant was awake or asleep and what activity he or
she was performing. It may be of value to determine how it was
discovered that the event was occurring. It is not uncommon that
parents/caregivers discover such cases by chance.

Record the infant’s position, whether there was movement,
and how the infant was holding itself. Note the color of the
infant (e.g., red, blue, purple, pale, gray, or white). Clarify
whether color change has occurred on the face as a whole (cen-
tral cyanosis), just around the eyes and mouth, or in the limbs.
Record the presence of vomit or blood from the nose and mouth.
Vomiting may reflect infection, gastroesophageal reflux, or
excessive force from resuscitation attempts. Blood from the nose
may be a marker for trauma and an event that was induced inten-
tionally. Ask about the presence or absence of breathing move-
ments; it may be difficult for observers to report this finding reli-
ably. The child’s shallow breathing efforts may make it difficult
to detect any chest wall movement. Even a nurse’s observations
of breathing in infants receiving hospital neonatal care may cor-
relate poorly with recorded breathing patterns.1,16,17

Note the actions of the observers as well as the response of
the infant to these actions. Note the time scale for these actions
and the recovery of the infant.

Obtain a general pediatric history of the mother’s pregnancy
and delivery as well as the infant’s birth and neonatal progress. A
history of feeding, weight gain, development, and recent minor
symptoms should be noted, and obtain a detailed family medical
history and social history. The latter should include who else is
at home, other stresses and medical problems within the family,
and any contact with psychiatric or social services.

The medical history also should be probed for evidence of
previous frightening episodes, abnormal breathing patterns, feed-
ing problems, seizures, prenatal insults, and other medical prob-
lems. A family history of apnea, infant deaths, seizures, or other
cardiopulmonary problems should be explored.

A full clinical examination, with the infant completely
undressed, should be performed. Record the height, weight, and
head circumference of the infant and plot the results on a growth
chart. Pay particular attention to examination of the upper air-
way, respiratory, and cardiovascular systems. Neurodevelopmen-
tal assessment is important because a number of neurological
conditions may present with apnea. Funduscopy should be
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History and Physical Examination
Examination includes pulse oximetry and funduscopy

Diagnosis is apparent Diagnosis is not apparent

Management as indicated by Initial lab evaluation
diagnosis (as soon as possible after 

event)
•   Hemoglobin
•   Glucose
•   Arterial pH/lactate
•   Ammonia
•   Chest radiograph
•   Electrocardiogram
•   Nasal swab for pertussis/

respiratory syncytial virus 
•   Urine microscopy
•   Take blood and urine for 

storage (inborn errors of
metabolism/toxicology)

Admit for period of 
observation /investigation

Key: ALTE = apparent life-threatening event.

Figure 1. Investigation of First ALTE



attempted to detect evidence of trauma. All infants should under-
go an initial spot measurement of arterial oxygen saturation
(SpO

2
); monitor SpO

2
for a longer period in infants who were

preterm or who may have a respiratory prodrome.
After taking a careful history and performing a physical

examination, the physician is in a position to make an initial
judgment about whether the event represents an ALTE. If not,
usually no further diagnostic evaluation is required. If a physi-
cian believes that the infant did have an ALTE, then an aggres-
sive approach to identifying the etiology of the event and insti-
tuting appropriate therapy is necessary (Figure 1). Hospital
admission for protective monitoring, to facilitate the diagnostic
evaluation, and for parent training is recommended.12,14,18 The
diagnostic evaluation may include, but is not limited to, the items
listed in Table 1. Although not every infant will require all of
these tests, many of them often are performed before the
episodes are termed “unexplained”.

Management
Parents of an infant who has suffered an ALTE are usually

anxious and may feel that their infant almost died. For this rea-
son alone, it is probably appropriate to admit all infants who
have suffered a first ALTE. This action allows time for a full
assessment, a period of observation, and discussion with the family.

A recurrence rate for severe ALTEs as high as 68% has been
reported; for all ALTEs, episodes are more likely to recur in the
first few days after the event.1 These data provide further support
for an initial hospital admission. Some ALTEs may be recurrent
within a short period of time (hours to days). These subsequent
events may be observed and a diagnosis made by clinical obser-
vation. In addition, clinical physiological monitoring or record-
ing allows documentation of any further events, and their find-
ings may indicate a diagnosis.1,19 Both respiratory illnesses, such
as respiratory syncytial virus (RSV) and pertussis, and epileptic
seizures may cluster in this way.1 

No study has identified any single investigation as having a
high positive predictive value for detecting an abnormality that
will alter the outcome. Thus, there is much controversy as to
which initial investigations should be undertaken in an infant
presenting with a first ALTE. In most cases, it is not unreason-
able to check serum sodium, potassium, and calcium levels, and
order renal and liver function tests, complete blood count meas-
urements, blood and urine cultures, throat/pharyngeal swabs, and
chest x-rays. (See Figure 1 and Table 1.)

If the infant presents to the ED very soon after the event, an
arterial pH measurement may help to provide documentation of
the severity of the episode.20 Other markers of metabolic distur-
bance, such as blood glucose, lactate, and ammonia levels, also
could be measured at this time. The patient should be observed
carefully in the ED, particularly for the development of fever, or
other signs of sepsis, and the clinician should have a low thresh-
old for treating sepsis in infants younger than 4 weeks. Other
tests that should be considered include nose swabs/pharyngeal

aspirates for viral immunofluorescence, culture and pertussis
culture; urine samples for microscopy, bacterial culture, and
antibiotic sensitivities; specimens for urinary and blood metabol-
ic screens;21 and urine and blood samples for toxicology screens.
Parents/caregivers may not always provide complete information
about medicine given to infants, some of which may have been
administered inadvertently and some deliberately.

A majority of infants suffer a single event only and survive.
Adverse outcomes are more likely with infants who have had
recurrent events or where there is a family history of SIDS. In
the absence of these, investigations should be kept to a minimum
in an otherwise well infant. 

Infants in whom a treatable cause of the ALTE can be identi-
fied are best managed by treating the specific etiology of the
event. (See Specific Causes of ALTEs section.) Occasionally, the
addition of home apnea-bradycardia monitoring may be
required.3,14,18, 22-26

The diagnosis of apnea of infancy (AOI) is used when an
identifiable cause for the ALTE cannot be found.3 Presently,
there are no specific treatments for AOI; thus, home apnea-
bradycardia monitoring for these infants often is recommended.3,14,18

Home monitors only alert the caregiver that a potential
episode is occurring, and the caregiver must then respond to
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ALL INFANTS

•   In-hospital observation with cardiorespiratory monitoring
•   Careful physical and neurologic examination
•   Complete blood count
•   Blood glucose, electrolytes, calcium, phosphate, bicarbonate, 

magnesium, and ammonia measurements
•   Chest roentgenogram
•   Electrocardiogram
•   Evaluation of cardiorespiratory function
•   Urine culture

SELECTED INFANTS UNDER CERTAIN CLINICAL CIRCUMSTANCES

•   Septic workup (e.g., blood, urine, and CSF cultures)
•   Barium swallow
•   Laryngoscopy, bronchoscopy
•   Radionuclide milk scan of swallowing
•   Esophageal pH study with multichannel recording
•   Ultrasound or computerized tomography scan of the brain
•   Arterial blood gases, lactate measurements
•   Echocardiogram
•   Electroencephalogram
•   Polysomnogram
•   Evaluation for inborn errors of metabolism
•   Holter monitoring
•   Urine toxicology screen
•   Skeletal survey
•   Covert video surveillance

Key: CSF = cerebrospinal fluid

Table 1. Suggested Evaluation of an Infant 
with an ALTE



evaluate and/or terminate the episode and record the findings in a
logbook or diary. Parents and caregivers must be trained in the
proper operation of the monitor, a graded response to monitor
alarms, and infant cardiopulmonary resuscitation. Thorough edu-
cation of parents and psychosocial support of families using
monitors are important for successful home apnea-bradycardia
monitoring. Monitoring can be both a source of stress and a
source of support and reassurance for parents.

It may be difficult to distinguish true apnea or bradycardia
alarms from loose lead alarms or alarms for nonsignificant
events. Documented monitoring, with event recorders built into
the monitors, provide objective recordings of apnea and brady-
cardia alarms, and may be helpful in making these distinctions as
to whether the infant actually was having an apnea or bradycar-
dia during a given alarm.27 In addition, it provides information
regarding compliance with monitor use, because the length of
time the monitor was turned on each day is recorded. In a large
consecutive series of referred monitored patients, utilizing event
recordings, only 8% of 14,131 events were caused by true apnea
or bradycardia.27 Of those true events, 70% were triggered by
apnea and 30% by bradycardia. The true events occurred in 48%
of patients. Loose lead alarms accounted for 69% of all events
and false alarms for 23%.27 However, documented monitoring
also may help confirm the caregiver’s observations regarding the
clinical significance of episodes. In the usual clinical pattern, a
true alarm will decrease in both frequency and severity with
time. Infants whose alarms become more frequent or severe,
those infants with multiple alarms requiring intervention, and
those infants who continue to have true alarms after 6-8 months
of monitoring require further diagnostic evaluation, including
home event recordings with oximetry or overnight polysomnog-
raphy.28-30 With severe episodes, these infants may require hospi-
talization for observation and further diagnostic evaluation.
Sometimes the character of the events may change, suggesting
the presence or development of other clinical problems, such as a
seizure disorder, which also requires specific evaluation.

The criteria for monitor discontinuation should be based on
the infant’s clinical condition. Clinical experience and the litera-
ture support monitor discontinuation when infants with ALTEs
have had 2 to 3 months without significant alarms or apnea.3

Additionally, assessing the infant’s ability to tolerate stress (e.g.,
immunizations, illnesses) during this time is advisable.14

Specific Causes of ALTEs
Infections. Apnea can be the initial presenting symptom in

some infants with respiratory syncytial virus (RSV) infections.31-34

Although the apnea can be life-threatening, episodes usually are
of short duration and occur during the first week of illness.
Apnea in infants with RSV bronchiolitis occurs most commonly
in young infants (younger than 3 months) with a history of pre-
mature birth and apnea of prematurity.31,33 The apnea occurs pri-
marily in quiet sleep and is not obstructive. The exact pathophys-
iology of apnea in RSV infection remains unclear. Lindgren and

colleagues suggested that RSV might alter the sensitivity of the
laryngeal chemoreceptors leading to laryngeal chemoreflex and
central apnea.35 Infants with bronchiolitis also may develop
apnea from increased work of breathing, respiratory muscle
fatigue, and hypoxemia.32

Apnea also may complicate other infections including menin-
gitis, encephalitis, bacterial sepsis, botulism, pertussis, and other
respiratory infections.32

Discussions of the differential diagnosis in children present-
ing with an ALTE often do not mention urinary tract infection
(UTI); a causal link between UTI and ALTEs has been made.36

Therefore, it is suggested that clinicians consider obtaining a
urine culture in infants with an ALTE.

Seizure-induced ALTEs. Seizures can be associated with
apnea and hypoxemia. Seizures have been shown to occur in 4-
15% of infants with ALTEs; such infants have a particularly high
risk of sudden death.3,12,37 However, it is often difficult to prove
whether seizures resulted from or caused an ALTE. Usually, the
possibility of seizure-induced events are considered on clinical
grounds (e.g., clustering of attacks, facial/eye movements, or an
increase in muscle tone); however, apnea may occur as the only
clinical manifestation of seizures in neonates, infants, and young
children.38-40

ALTEs that result from a seizure disorder frequently follow a
characteristic pattern when carefully studied. First there is a
change in the electroencephalogram (EEG), followed by one or
more pauses in breathing movements, and ultimately a decrease
is oxygen saturation in the presence of sinus tachycardia.38

EEG is a recommended procedure in the investigation of
ALTE, to exclude central nervous system disorders, even in the
absence of clinical clues.37

Airway Obstruction. Investigators using overnight poly-
somnography have found that following an ALTE, infants have
increased obstructive and mixed apneas compared with non-risk
groups, and some infants who have had ALTEs later die of
SIDS.15,41-44 The obstructed breaths occurred mainly in rapid eye
movement sleep and were accompanied by drops in heart rate
and oxygen saturation.41 The patients who later died of SIDS
also were noted to have more frequent episodes of regurgitation
after feeding and to move less during sleep.41 Such findings are
in agreement with reports suggesting that although obstructive
apneas are rare in normal infants,45 they may play a role in
ALTEs and in SIDS.15,41-44 Obstructive apneas may be related to
craniofacial malformations, gastroesophageal reflux, bulky ary-
tenoid apparatus, central nervous system dysfunction, or vascular
malformations.15,46,47

Recent evidence suggests that obstructive sleep apnea (OSA)
in adults and sudden unexpected infant death/ALTE in their bio-
logic relatives appear to be related.48-50 Familial factors influenc-
ing this association may include the degree of the predilection
for OSA, liability for respiratory illness or allergy, dimensions of
the oral-pharyngeal airway, and ventilatory response to hypox-
ia.48 These findings suggest that SIDS and ALTEs are related to
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OSA.49 Polysomnography is required to establish the diagnosis
of obstructive apnea, as medical histories often are misleading.46

Breath-holding Spell (BHS). Cyanotic breath-holding epi-
sodes have been appreciated as a medical problem in pediatrics
for many years. They are a common phenomena: Approximately
3% of all children manifest these episodes sometime during their
early childhood; more than 25% begin before 6 months of age.51

There are two main clinical features of cyanotic breath-hold-
ing episodes: a) The first is a prolonged expiratory apnea, and b)
the second is the rapid development of central cyanosis, reflect-
ing severe hypoxemia.52

Episodes begin usually in response to a sudden painful or
unpleasant stimulus with the infant or child becoming rapidly
cyanotic (usually within 5 seconds of the onset of the event) and
holding his/her breath. The characteristics of the breath-holding
spell are that of prolonged expiratory efforts without inspiratory
efforts. However, on some occasions, the cyanosis may occur
despite continued breathing.53

Although the episodes often are precipitated by a cry or an
attempt to cry; during the episodes the patient usually remains
silent. As the apnea and cyanosis progress, the patient may
develop an opisthotonic posture, usually at around 10 to 20 sec-
onds into the attack. Loss of consciousness usually occurs within
30 seconds and may be followed by a generalized seizure.54

Recovery is heralded by a gasp, which often appears to be simu-
lated by a sudden shock to the patient, such as the application of
cold water, blowing in the face, or an attempt at mouth-to-mouth
resuscitation. On recovery from an episode, the patient may
remain drowsy, pale, and may sleep for several hours. Some-
times one attack will follow another within minutes with the suc-
ceeding episodes being more severe. These are frightening situa-
tions for parents, and many parents believe their child to be
dying during such episodes. The application of mouth-to-mouth
resuscitation by parents in this situation is not uncommon. In
many patients with such cyanotic/apneic episodes, crying with-
out apnea also is accompanied by central cyanosis.

In the majority of instances the cyanotic breath-holding
episodes begin within the first year of life, with some starting
within the first few days of life.54 In one report, the symptoms
began at a median age of 7 weeks; 77% began at ages younger
than 4 months.53

Central nervous system sympathetic activity in response to an
environmental stimuli (e.g., stress) may produce the prolonged
expiratory apnea through effects on the brainstem respiratory
centers and right-to-left intrapulmonary shunting through effects
on the pulmonary vasculature. These episodes are involuntary
and reflexive and occur during active or full expiration.54 Other
indications of an autonomic dysfunction can be derived from a
literature review.53-56 Infants with BHSs have breathing disorders
during sleep. Compared with a control group, infants with BHSs
have obstructed breathing, snoring, and sweating during sleep.55

Breath-holding spells have been associated with several struc-
tural neurologic problems, including medullary tumor, bilateral

abductor vocal cord paralysis, hydrocephalus, and Arnold Chiari
malformation. An association with complex partial seizures has
been described.57

Pallid BHSs are associated with severe bradycardia or asys-
tole, whereas cyanotic BHSs are not.56 Pallid BHSs is a mis-
nomer, for they are not breath-holding spells at all, but rather
vasovagal syncope. 

The evaluation of BHSs consists of a careful history; labora-
tory testing usually is not indicated unless accompanied by other
findings from the neurologic examination. Treatment consists of
parenteral reassurance. The spells are outgrown, usually with-
out residua.

Gastrointestinal Causes of ALTEs
A high percentage of identifiable etiologies of ALTE are the

result of a gastrointestinal (GI) problem.12 Investigation of a
potential gastrointestinal cause for an ALTE begins with the history,
which is often the most important part of the entire GI evaluation. 

Was the episode related to feedings? 
If there seems to be a temporal association between feeding

and the events, it is important to differentiate distress during
swallowing from distress after the infant finishes a meal. This
may differentiate structural problems, such as H-type tracheoe-
sophageal fistula (TEF) or laryngeal cleft, from gastroesophageal
reflux (GER) induced events.

In the newborn period, feeding occasionally may be accom-
panied by symptoms such as coughing and choking, and signs
such as cyanosis and apnea. These feeding-related problems may
be life-threatening.58 An upper gastrointestinal series (UGI)
should be the first radiological study in these patients; it will be
diagnostic for H-type TEF or any other anatomical problem.
However, in patients with a normal UGI and continued symp-
toms, a modified barium swallow should be performed to
exclude swallowing dysfunction and aspiration.58

How long after feeding do infants with events develop
symptoms? 

Often, infants with GER have an associated delay in gastric
emptying, which may manifest as regurgitation of milk many
hours after it was ingested.59

Does vomiting occur, or was there evidence of regurgita-
tion during the event? 

Although half of all healthy infants between 2 and 8 months
regurgitate two or more times each day, and 15% vomit three or
more times daily, regurgitation leading to an ALTE is considered
a red flag for pathological GER and requires further evaluation.60,61

Have there ever been any problems with weight gain? 
Poor weight gain due to excessive vomiting or poor intake

due to pain with eating can lead to growth problems, and also is
a red flag for pathological GER, requiring further evaluation.
However, certain central nervous system disorders (e.g., dien-
cephalic syndrome) or metabolic diseases may manifest with
poor weight gain and ALTEs.

Contrast radiography using barium generally is the best study
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to define the anatomy of the upper digestive tract in infants with
ALTEs. Anatomic abnormalities of the esophagus, cardioe-
sophageal junction, gastric outlet, and duodenal sweep easily are
defined in this manner. More unusual anatomic causes of ALTE,
such as gastric volvulus, can be identified with contrast radiogra-
phy.62 However, because it is a static rather than dynamic test, it
is neither sensitive nor specific in diagnosing GER, which is one
potential GI-related cause of ALTE. Similarly, contrast radiogra-
phy may be suggestive, but not diagnostic of esophageal motility
disorders. These are commonly found in infants with birth
defects, such as esophageal atresia post-repair, or in children
with chromosomal abnormalities, such Trisomy 21 or Cornelia
de Lange Syndrome. They also may be found as primary lesions
as in achalasia. All of these motility disorders can present in
infancy with ALTE, especially when regurgitation is noted, along
with choking and obstructive apnea with cyanosis.

Gastroesophageal Reflux 
Gastroesophageal reflux (GER) is characterized by the effort-

less passage of gastric contents into the lower esophagus. Reflux
can be classified as physiologic, in which the infant remains free
of clinical sequelae, pathologic reflux or gastroesophageal reflux
disease (GERD), in which gastrointestinal, pulmonary, or neu-
ropsychiatric complications are associated with intraesophageal
acidification.60 A classification that particularly is useful to the
clinician categorizes reflux by its expected natural history. Thus,
infantile reflux, which results from a delay in the acquisition of
normal upper gastrointestinal motility, is likely to resolve by the
child’s first birthday. In contrast, childhood GER, although it
may begin during infancy, appears to be a chronic disorder simi-
lar to reflux encountered in the adult population.

Infantile apnea remains the most controversial of the possible
relationships between GER and pulmonary disease. Intrae-
sophageal acidification results in two clinically distinct patterns
of apnea. Awake apnea is characterized by a sudden staring or
startled appearance within the hour after a feeding and often is
preceded by a change in position.63 A history of choking, cough-
ing, or vomiting is obtained for a minority of these infants.
Spitzer and colleagues have confirmed the temporal relationship
between intraesophageal acidification and awake apnea and the
response of these infants to anti-reflux therapy.39 The majority of
those children had some degree of obstructive apnea during the
periods of GER.

Although there is general agreement that awake apnea is
reflux related, there is less consensus regarding the relationship
between sleep apnea or ALTE and GER. Attempts at confirming
a temporal relationship between reflux and sleep apnea have pro-
duced variable results.60 Episodes of reflux occur more frequent-
ly in infants when awake than when asleep, although when
episodes do occur during sleep, they tend to be of longer dura-
tion.64 The duration, and not the frequency, of these episodes
during sleep may be an important determinate of both reflux
associated respiratory disease and ALTE.64-66 Nocturnal reflux is

uncommon, but when it occurs in infants, it is more apt to occur
during active sleep than during quiet sleep. In infants, active
(rapid eye movement) sleep is accompanied by reduced pul-
monary oxygen reserves, depressed respiratory muscle respon-
siveness, and reduced upper esophageal sphincter pressure;
therefore, reflux during sleep may occur at a time of increased
vulnerability of the respiratory system.67 Children with promi-
nent nocturnal cough and wheezing are especially likely to have
nocturnal reflux. Additionally, nocturnal reflux predisposes to
esophagitis because of the prolonged esophageal acid exposure
that occurs during sleep.67

Another mechanism by which GER or pharyngeal incoordi-
nation causes apnea is by stimulation of chemoreceptors around
the larynx that respond to a variety of stimuli, such as gastric
acid and water; the reflex response comprises central apnea,
bradycardia, and pallor due to central pooling of blood.2 In
infants, a pattern of isolated bradycardia associated with irregu-
lar respiration while sleeping is highly suggestive of GER and
should prompt further evaluation and treatment.68

Apnea may arise from either esophageal or laryngotracheal
reflux events. This can occur from the presence of direct aspira-
tion, altered gas exchange, or stimulation of the laryngeal
chemoreceptor reflux.69 An acid solution instilled into the esoph-
agus can provoke obstructive apnea, as well as central and mixed
apnea, and is related to maturity.70

Many studies support the sequence of events in which GER
provokes the apneic episode. In infants with severe GER, irregu-
lar breathing frequently is observed.70 Furthermore, conservative
or surgical treatment of GER decreases the apneic events.

In contrast to the proposed mechanism of GER leading to
apnea, other investigators have suggested a reversed order of
events (i.e., apnea followed by GER).70,71 Arad-Cohen and col-
leagues examined the temporal relationship between GER and
apnea in 21 infants with intermittent episodes of reflux and a his-
tory of ALTEs.70 They concluded that GER is frequent in infants
with ALTEs, and obstructive and mixed apnea preceded the GER
episode. The increased frequency of mixed and obstructive
apnea in infants with ALTEs raises the question of whether the
two phenomena coexist in this patient population as a result of
maturational defect in the central control of the upper airway and
the lower esophageal sphincter.71

The infant presenting with an ALTE and symptoms sugges-
tive of GER is best evaluated with a 24-hour intraesophageal pH
study. This test has been the gold standard in identifying patho-
logical GER for more than 20 years. In using the 24-hour pH
monitor to evaluate infants with ALTEs, clinicians have focused
on correlating reflux events with changes in cardiorespiratory
status. Events that mimic the described ALTE and that are pre-
ceded immediately by a reflux episode on the pH recording are
said to be caused by GER. However, the changes that are noted
in cardiorespiratory status may not replicate the symptoms that
brought the infant to medical attention, and in fact, most often
the ALTE is not repeated during the monitored period. This can
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make it very difficult to prove a cause-and-effect relationship
between GER and the ALTE.

To identify infants with respiratory symptoms from GER, Jol-
ley and colleagues evaluated the mean duration of reflux during
sleep (ZMD score).72 They found that the ZMD score provided
the best separation between two groups of patients: those with
GER and respiratory symptoms caused by reflux and those with
reflux and respiratory symptoms due to other factors. In children
with reflux-related respiratory symptoms, 94% had a ZMD score
of more than 4 minutes. Jolley and colleagues then examined
their 10-year experience with 499 infants who had undergone
extended esophageal pH monitoring.73 Of the 19 deaths found in
the series, three were classified as SIDS, and two were in-hospi-
tal deaths caused by reflux-induced aspiration. All five of these
infants had elevated ZMD scores when tested for GER, and the
authors suggested that a cause-and-effect relationship exists
between GER and sudden death in nearly 10% of infants with
documented GER and elevated ZMD scores. Although they con-
cluded that surgical management was the most effective and
appropriate therapy in this specific pattern of GER, medical
management generally has been helpful in most infants, allowing
surgery to be saved for only the most refractory cases. When
medical therapy is chosen, and a cause-and-effect relationship
truly has been established between GER and ALTE, a home
apnea/bradycardia monitor may be prescribed to alert the care-
taker to further episodes when the infant is asleep or unattended.

When aspiration of foodstuffs is suspected, bronchioalveolar
lavage (BAL) is a helpful tool in finding direct evidence of such
an event.74 BAL is another procedure that can help support (but
not prove) an exact GI-related etiology for the ALTE.

Inborn Errors of Metabolism
The rare association between inborn errors of fat oxidation

and ALTE or with SIDS-like deaths has been described.21,75 An
inborn error of metabolism is more likely to be associated with
an ALTE if the initial ALTE is severe and if there is a family his-
tory of ALTE, consanguinity, seizure disorders, or SIDS.21

Inborn errors of fat oxidation may be apparent only during times
of metabolic stress, such as fasting associated with an infectious
illness, when the infant is forced to utilize fatty acids as sub-
strates for energy production, rather than carbohydrates. The
clinical presentation may include nonketotic-hypoglycemic
attacks in a previously healthy infant, triggered by a physical
stress or a period of fasting. Progression of symptoms may
mimic an ALTE. Medium chain acyl-CoA dehydrogenase defi-
ciency (MCADD) is the most common of these disorders, and
the most likely to present as an ALTE. Inborn errors of beta-oxi-
dation of fatty acids can cause up to 4% of severe ALTEs and up
to 5% of cases of SIDS.21,75 Treatment of MCADD involves the
avoidance of fasting, L-carnitine supplementation, a low-fat/high
carbohydrate diet, and home apnea-bradycardia monitoring for
infants with a history of ALTE.

In each infant with an ALTE, a blood NH
4

should be consid-

ered as a screening test. A more thorough diagnostic evaluation
is recommended for ALTE infants with: 1) an elevated serum
NH

4
level; 2) a positive family history for AOI, seizure disorders,

SIDS, or other sudden infant deaths; 3) laboratory evidence of
hypoglycemia, hyperammonemia, metabolic acidosis, elevated
liver enzymes, or abnormal hemostasis; and/or 4) a positive
patient history of unexplained failure to thrive, developmental
delay, or seizures. More extensive laboratory evaluations would
include blood and urine carnitine, urine nonvolatile organic
acids, urine acylglycine, and blood and urine acylcarnitines
measurements. 

Nonaccidental Head Injury
The first reports of child abuse presenting as ALTEs occurred

in 1979.76 Since then, multiple publications have documented an
association between child abuse and ALTEs.

The link between ALTEs and abusive head injury was con-
firmed in 1995, when five patients admitted for evaluation of an
ALTE were found to have shaken baby syndrome.77 The initial
history and physical examination revealed no apparent cause, but
the discovery of retinal hemorrhages in four of the infants and
the development of focal seizures in the fifth patient prompted
further evaluation that led to the diagnosis of child abuse.

In two recently reported series, one in 40 ALTE admissions
were linked to abusive head injury.78-79 Because an infant who
has sustained an abusive head injury may appear well on presen-
tation, with no external signs of abuse,80,81 intentional head injury
must be considered in a patient who has an ALTE unless an
alternative cause is readily apparent. Therefore, unless physical
examination and initial test results strongly suggest another
cause, the clinician should consider taking steps to evaluate a
possible inflicted injury, beginning with a dilated funduscopic
examination and head injury studies.

Several forms of child abuse, other than inflicted head injury,
have been implicated in ALTEs: intentional poisoning, intention-
al smothering, and Munchausen Syndrome by Proxy.79 Because
all of these are difficult to diagnose, physicians must be vigilant
to avoid overlooking instances of child abuse.

Muchausen Syndrome by Proxy/Factitious Illness
by Proxy 

Child abuse as a cause of ALTE is difficult to diagnose. The
circumstances associated with child mistreatment may range
from a sudden isolated loss of control by a parent to circum-
stances in which there is a long-standing catalog of premeditated
and intentional acts of harm to the child. The latter form of abuse
may involve injuries such as fractures of different ages, deliber-
ate burns or scalds, pinch or human bite marks, and the induction
of illness in the child.20 One particular symptom, namely recur-
rent apneic or cyanotic episodes, may have occurred as a result
of intentional suffocation.19,20,82-88

Munchausen syndrome is a bizarre illness in which a patient
either fabricates or actually causes symptoms that require med-
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ical intervention. First described by Asher in 1951, the name is
derived from Baron von Munchausen, an 18th century merce-
nary who became known for fanciful and wildly embellished
tales of his travels abroad.89 Munchausen syndrome by proxy
(MSBP), first described in 1977 by Meadow, is a form of child
abuse in which a parent, usually the mother, systematically fabri-
cates information about her child’s health or intentionally makes
the child ill.90,91 When a parent induces a life-threatening illness
or fabricates an illness, resulting in invasive diagnostic, anesthet-
ic, or surgical procedures for the child, the case becomes one of
child abuse.92 The psychodynamics involved in these situations
are quite different from those operative in the typical child-abus-
ing parent.92 The parent who is causing the illness (most often
the mother) displays model behavior, and therefore, the diagno-
sis of induced or factitious illness often is unsuspected and
hence, delayed. In one review, the mean time for onset of signs
and symptoms of illness to the diagnosis of MSBP was 14.9
months.93 Considering the 10% mortality associated with the
syndrome, early awareness of the associated signs and symptoms
by physicians is important.94

The most common presenting signs for MSBP are bleeding
(44%), seizures (42%), central nervous system depression
(19%), apnea (15%), diarrhea (11%), vomiting (10%), fever
(10%), and rash (9%). The most common methods of fabricating
illness are lying, poisoning, suffocating, specimen tampering,
and chart falsifying.93-95

Apnea frequently has been described as a manifestation of
MSBP, and conclusive proof of the parent’s role has been provid-
ed by the use of covert video surveillance (CVS).20,94 Techniques
used by these mothers to asphyxiate their infants include cover-
ing the mouth or nose with one or both hands, a piece of cotton
fabric, an article of the patient’s clothing, domestic plastic film, a
pillow, holding the child tightly to their chest and also inserting
the fingers into the back of the mouth.20,82,95 Infants struggle vio-
lently, but there often are no cutaneous markings. If present,
bleeding from the nose or mouth in association with an ALTE
distinguishes intentional suffocation from ALTE attributable to
natural causes.20 The presence of erythema over the nose or face
also should raise the possibility of intentional suffocation.

The presence of bleeding from the nose, mouth, or both and a
family history of sudden death in childhood should dictate a full
and forensic analysis of the family history, including information
from social services and other child protection agencies, the
police, EDs, and the family physician.20 There should be a low
threshold for performing a skeletal survey, retinal examination,
and brain imaging. Siblings also should be examined, and their
records reviewed.

Deliberate human actions are likely to explain a small part of
SIDS and ALTE events. The American Academy of Pediatrics
estimates that fewer than 5% of apparent SIDS deaths are due to
abuse.96 They occur, however, and must be considered, particu-
larly in light of the implications for subsequent mortality and mor-
bidity in siblings and other infants harmed by a repeat perpetrator.

Conclusion
Infants with ALTE form a heterogeneous entity, with a wide

range of diagnostic possibilities. In approximately 50% of the
cases, a specific medical or surgical cause can be found for the
event. A systematic diagnostic evaluation of infants with an
ALTE, together with a comprehensive treatment program, is neces-
sary to increase the possibility of quality survival for these infants.
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CME Objectives
The CME objectives for Pediatric Emergency Medicine Reports

are to help physicians:
a.) Quickly recognize or increase index of suspicion for specific

conditions;
b.) Understand the epidemiology, etiology, pathophysiology,

historical and physical examination findings associated with the
entity discussed;

c.) Be educated about how to correctly formulate a differential
diagnosis and perform necessary diagnostic tests;

d.) Apply state-of-the-art therapeutic techniques (including the
implications of pharmacologic therapy discussed) to patients with
the particular medical problems discussed;

e.) Provide patients with any necessary discharge instructions.

CME Instructions

Physicians participate in this continuing medical education pro-
gram by reading the article, using the provided references for fur-
ther research, and studying the questions at the end of the article.
Participants should select what they believe to be the correct
answers, then refer to the list of correct answers to test their
knowledge. 

To clarify confusion surrounding any questions answered incor-
rectly, please consult the source material. After completing this
activity, you must complete the evaluation form that will be pro-
vided at the end of the semester and return it in the reply envelope
provided to receive a certificate of completion. When your evalua-
tion is received, a certificate will be mailed to you.



95. Sharif I. Munchausen syndrome by proxy. Pediatr Rev 2004;25:215-216.

96. AAP Committee on Child Abuse and Neglect. Distinguishing sudden infant

death syndrome form child abuse fatalities. Pediatrics 1994; 94:124-127.

Physician CME Questions 

11. A 2-month-old boy suddenly became limp, cyanotic, and apneic. He

was revived with mouth-to-mouth resuscitation. When he was seen in

the ED, findings on physical examination were normal. Of the fol-

lowing steps, the MOST appropriate one in the management of this

patient is to:

A. admit to the hospital for evaluation.

B. discharge to home with an apnea monitor.

C. reassure the parent that this is unlikely to happen again.

D. schedule a follow-up visit in 1 week.

12. Each of the following symptoms and findings are associated with 

gastroesophageal reflux, except:

A. failure to thrive.

B. nocturnal wheezing.

C. nocturnal cough.

D. supraventricular tachycardia.

13. Each of the following statements regarding gastroesophageal reflux

(GER) in infants and children is true, except:

A. Apnea may be a complication without obvious emesis.

B. Nocturnal reflux may cause cough and wheezing.

C. The gold standard for diagnosing pathologic GER is a sampling

of tracheobronchial secretions for detection of lipid-laden

macrophages.

D. Reflux episodes occur in healthy pediatric patients.

14. The NIH definition of ALTE includes all the following factors,

except:

A. apnea

B. CPR is required to interrupt the event.

C. color change

D. change in muscle tone

15. Which one of the following statements about home apnea monitoring

is false?

A. Monitoring can be both a source of stress and a source of sup-

port and reassurance for parents.

B. Event recordings provide objective recordings of apnea and

bradycardia alarms.

C. Studies utilizing event recordings have shown that a very small

percentage of events are caused by true apnea or bradycardia.

D. Scientific studies have proven the efficacy of home apnea moni-

toring in saving the lives of infants.

16. All of the following statements about ALTEs in infants are true,

except:

A. There are multiple identifiable causes of ALTEs; after evaluation

approximately 90% of these infants will have a specific 

diagnosis.

B. Obstructive apnea may play a role in ALTEs.

C. Gastroesophageal reflux (GER) may result in an ALTE in

awake and asleep infants.

D. The infant with an ALTE and symptoms suggestive of GER is

best evaluated with a 24-hour intraesophageal pH study.

17. Each of the following is a known cause of ALTE in infants, except:

A. seizures.

B. GER.

C. otitis media.

D. inborn error of fat oxidations.

18. Which one of the following statements about Munchausen Syndrome

by Proxy (MSBP) is false?

A. MSBP is a form of child abuse in which a caretaker fabricates

information about his/her child’s health or intentionally makes

the child ill.

B. The person causing the illness in the child is most often the

father.

C. Common presentations of MSBP are bleeding, seizures, apnea,

and vomiting.

D. One identifiable cause of ALTE is intentional suffocation of the

infant.

19. Which of the following statements is true regarding the management

of an infant with an ALTE?

A. It is reasonable to admit all infants who have suffered a first

ALTE.

B. Clinical physiological monitoring or recording in the hospital is

not helpful.

C. Screening for metabolic disease is never appropriate.

D. All of the above

20. Which of the following are potential etiologies for an ALTE that

should be considered in the ED?

A. Respiratory illness, such as pertussis or RSV disease

B. Seizure disorder

C. Sepsis

D. All of the above

Answers:
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11. A 
12. D 
13. C 
14. B 
15. D 

16. A 
17. C 
18. B 
19. A 
20. D


