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There are no diagnostic tests to confirm or rule out an
idiopathic apparent life-threatening event (ALTE) and di-

agnosis is based solely on caretaker report (1–4). These epi-
sodes can occur during active or quiet sleep or while awake,
and some are associated with feeding. There is no consensus
definition, resulting in marked inter-study heterogeneity. The
prevalence of ALTE is unknown.

Sixty-two of all ALTE in a large series were explained by
digestive, neurologic, respiratory, cardiovascular, metabolic,
unintentional, infectious, or intentional causes (1). The other
38% were idiopathic and 39% of these received vigorous
stimulation or resuscitation.

Idiopathic ALTE have been evaluated for the presence of
cardiorespiratory control abnormalities (2–3). No meta-
analyses can be done, however, due to variable inclusion
criteria and methods. The abnormalities observed include pro-
longed sleep apnea, excess periodic breathing, deficient venti-
latory responsiveness to hypercarbia or hypoxia, fewer spon-
taneous arousals from sleep, deficient arousal responsiveness
to hypercarbia or hypoxia, autonomic dysfunction, hypoxemic
episodes, decreased heart rate variability, and dynamic soft
tissue laryngeal obstruction associated with mixed and obstruc-
tive apnea (2–5). ALTE associated with these abnormalities are
typically sleep-related (3). Among ALTE referred for evalua-
tion, probably ,50% have an identified abnormality in cardio-
respiratory control and some studies have not shown any
differences from healthy infants (3).

There is no consensus as to the extent of relationship be-
tween idiopathic ALTE and sudden infant death syndrome
(SIDS), but ,10% of ALTE have been reported to later die of
SIDS and ,10% of SIDS have had a prior ALTE (3). SIDS
victims and ALTE have comparable epidemiologic risk factors
(1). Families with obstructive sleep apnea are more likely to
have family members with SIDS/ALTE than control families
(6), and infants in families with multiple histories of SIDS,
ALTE, and obstructive sleep apnea are more likely to have
obstructive sleep apnea than families with only one case of
SIDS or ALTE (7). These studies linking SIDS, ALTE and

obstructive sleep apnea are provocative, but it is likely not
valid to consider SIDS/ALTE as a combined outcome except
insofar as both are related to the same pathophysiology. Some
SIDS cases are likely associated with mechanisms unrelated to
airway patency or to brainstem-mediated cardiorespiratory
control and arousal (2, 3).

The report by Guilleminault et al. of sleep-disordered
breathing (SDB) in infants with an ALTE and their families is
also provocative and may provide further evidence of one
mechanism for ALTE and one potential long-term outcome in
older children and adults who had an ALTE during infancy (8).
Among the 57% of ALTE with SDB, 43% of family members
but only 7% of controls had been treated for SDB. They
conclude that some ALTE occurrences may be the first indi-
cation of a SDB syndrome, and that genotypes associated with
upper airway dysmorphia can result in an ALTE.

This large 3-generation family study includes a sleep/wake
questionnaire and serial clinical evaluation of all 348 ALTE
and 97% of parents, 71% of grandparents and 98% of siblings.
Clinical assessment includes facial and oropharyngeal dimen-
sions. The nocturnal polygraphic recordings include sleep
state, central, mixed and obstructive apnea, and hypopnea. To
assess “obstructive breathing,” an esophageal catheter was
placed for measurement of upper airway resistance, a measure-
ment not previously reported in infants.

Limitations

The authors discuss limitations related to participation rates,
racial and ethnic referral bias, and possible overrepresentation
of SDB among ALTE referred to this sleep disorders center.
They do not define SDB, but this term can be used to encom-
pass any combination of central apnea, obstructive apnea,
hypopnea, and increased upper airway resistance (9). Another
limitation is absence of a definition for ALTE. There is no
specified minimum severity threshold and no information re-
garding extent of evaluation to exclude explained ALTE.
Relationship of the presenting symptoms to sleep state and
feeding is not described. It would also be informative to know
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to what extent clinical history differed in those with and
without SDB, including exposure to cigarette smoke, and
whether those with SDB typically presented with sleep-related
symptoms.

Another limitation is the lack of quantitative data from the
polygraphic recordings. The recordings have been dichoto-
mized into normal or abnormal for the familial aggregation
analyses. It would have been helpful to have more data regard-
ing arousal criteria and the distribution and severity of central,
mixed and obstructive apnea and hypopnea. “Obstructive ap-
nea” without apnea/hypopnea is a unique and potentially im-
portant new criterion for SDB and more information about
inspiratory effort, arousal, “Pes reversal,” and “crescendo pat-
tern” is needed.

The authors use the terms “upper airway anomalies” and
“small upper airways” to refer to “cranio-facial-maxillo-
mandibular” anatomic traits. These traits are exclusively upper
airway and can be quantified by morphometric measurements
using calipers or cephalometric radiographs ((5, 8, 10). They
report an association between smaller upper airways and in-
creased frequency of allergies. Insufficient details about defi-
nition and ascertainment notwithstanding, why would infants
with SDB have an increased incidence of reported allergies?

The authors offer no hypotheses regarding allergies. The
frequency of obstructive sleep apnea in children with habitual
snoring, however, is increased in those with documented al-
lergic sensitization (positive RAST) (11). These authors spec-
ulate that upper airway allergy leads to nasal edema, increased
secretions, and to increased nasal airway resistance. A history
of sinus problems/hay fever has also been observed to be an
independent risk factor for SDB in children ((8, 12).

Although asthma is associated with (reactive) lower air-
ways, Guilleminault et al. also report an association between
smaller upper airways and increased incidence of asthma (8).
They speculate that anatomically small upper airways may
somehow contribute to risk for nocturnal asthma, but no mech-
anisms are proposed. A history of wheezing in children and
adolescents from families with obstructive sleep apnea, how-
ever, is independently predictive of SDB even though forced
expiratory volume in 1 s (FEV1) and forced vital capacity
(FVC) are not significantly lower ((8, 12). Lower airway
resistance (maximum flow at FRC) is increased in infants with
severe ALTE, however, supporting a possible role for reduced
small airway patency in the pathogenesis of ALTE (13).

Implications

The major implication is that some ALTE are part of a “SDB
syndrome” in families with small upper airways and that the
genetic factors leading to small upper airways and symptom-
atic SDB as adults can also lead to ALTE during infancy. Since
history of an ALTE may be associated with increased risk for
SIDS (2, 3), does this mean that “genetic factors leading to
small upper airways” are also relevant to SIDS?

Obstructive apnea has been identified in later SIDS victims
(14), and infants in families with multiple cases of SIDS,
ALTE, and obstructive sleep apnea are more likely to have
obstructive apnea than infants in families with just one case of

SIDS or ALTE (7). These mixed and obstructive apneas have
generally been attributed to neuromuscular control of upper
airway patency (2, 3). The only evidence for smaller upper
airways in SIDS victims due to anatomic factors is a single
report of retroposition of the maxilla (15) and of larger tongues
(16) compared with controls. Terminal home memory monitor
recordings are available in some SIDS victims, but not with
breath detection methods capable of identifying obstructive
apnea/hypopnea or increased upper airway resistance (17).
Pending additional studies, therefore, one cannot extrapolate
these observations in ALTE (8) to SIDS victims.

Future studies need to be more precise in defining pathogenesis
of obstructive apnea or SDB among infants and older children.
Airway obstruction related to impaired neuromuscular control of
upper airway patency might have very different associations than
similar degrees of obstruction related to adenotonsillar hypertro-
phy (soft tissue) or to bony tissue “cranio-facial-maxillo-
mandibular” limitations. It is possible that some of the apparent
but poorly-understood associations between obstructive sleep ap-
nea, allergy, sinus problems/hay fever, wheezing and asthma, and
upper/lower airway infections can be better understood if subjects
are subclassified according to the extent of soft and bony tissue
causes of upper airway obstruction.

Although environmental factors are important ((8, 18–21),
smaller cranio-facial-maxillo-mandibular dimensions in in-
fants and adult relatives with SDB also appear to have a genetic
basis ((8, 22, 23). By using the tools of the Human Genome
Project, it is now possible to address the molecular basis for a
rapidly increasing array of clinical disorders (24–26). It is very
unlikely that SDB, ALTE, or SIDS will be associated with
single gene abnormalities or that clinical outcome will be
determined by specific genotypes. As in many other clinical
disorders, the genetic influences will almost certainly be poly-
genic, with multiple genes interacting in complex ways in
different environments. Specific genotypes resulting in small
upper airways (8) or impaired cardiorespiratory control (2, 3),
for example, may seldom determine one’s destiny to develop
SDB, ALTE or SIDS, but could enhance susceptibility when
exposed to environmental influences such as prone sleeping
and cigarette smoking (3).

Specific genes potentially relevant to SDB, ALTE, and SIDS
have been linked to abnormal cardiorespiratory control and sleep
but not yet to development of the upper airway. Abnormalities in
regulation of sleep and circadian rhythmicity are intimately re-
lated to cardiorespiratory integration and arousal responsiveness
from sleep, and homologous counterparts of essential circadian
clock genes in Drosophila have been identified in mammals (27,
28). Newborn mice lacking functional brain-derived neurotrophic
factor (BDNF) exhibit ventilatory depression and deficient or
absent hypoxic ventilatory drive (29). Hypoxic ventilatory drive
appears to be dependent on the presence and activation of platelet-
derived growth factor receptors (30).

Null mutants for Krox-20, a homeobox gene that appears
necessary for normal development of the respiratory central
pattern generator, exhibit an abnormally slow respiratory
rhythm that could lead to life-threatening apnea (31). The ret
proto-oncogene is important for development of brainstem
muscarinic cholinergic pathways involved with responsiveness
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to CO2 and knockout mice have a depressed ventilatory re-
sponse to hypercarbia (32). Diminished ventilatory responsive-
ness to hypercarbia has also been demonstrated in male new-
born mice heterozygous for Mash-1 (33). There is a molecular
link between ret and Mash-1, and the latter is expressed first in
embryonic brainstem locus ceruleus neurons, an area involved
with arousal responsiveness. Linkage of Mash-1 effects on
ventilatory control with the X chromosome identifies one
possible genetic basis for the impaired arousal responsiveness
thought to be critically important in the pathophysiology of
SIDS and for the higher risk in males (2, 3).

The studies of ventilatory control genotypes in animals are
complemented by postmortem neurotransmitter studies in
SIDS victims. There is significantly reduced binding to kainate
receptors in the arcuate nucleus, a region of the human ventral
medullary surface putatively involved in chemosensitivity to
CO2 (34). This could contribute to failed response to cardio-
respiratory challenges during sleep and hence to sudden death.
SIDS victims also have deficient serotonergic receptor binding
in the brainstem (35), which would likely contribute to defi-
cient arousal responsiveness from sleep as well as impaired
regulation of breathing, heart rate, and body temperature.

Impaired ventilatory control has been associated with famil-
ial aggregation of SDB, SIDS, and ALTE. Asymptomatic adult
offspring of patients with SDB appear to inherit subtle defects
in ventilatory control that reduce ability to compensate for
increased loads and maintain upper airway patency during
sleep (36). These defects in family members suggest a propen-
sity for dynamic airway narrowing that could complement or
exacerbate cranio-facial-maxillo-mandibular limitations as
causes of small upper airways (8).

In summary, this large multigenerational family study (8)
suggests that SDB does aggregate in some families and that
genotypes associated with small upper airways represent at
least one mechanism for ALTE. Building on family studies
such as this, genetic mechanisms need to be included as one
research strategy in future studies of SDB and ALTE. SDB
needs to be characterized in regard to impaired neuromuscular
control of airway patency, soft tissue obstruction (e.g. adeno-
tonsillar hypertrophy), and bony tissue limitations in upper
airway patency. Standards need to be established for upper
airway dimensions in healthy infants for comparison with
infants at increased risk for ALTE and SIDS. Pending post-
mortem cephalometric radiographic studies in SIDS victims
and appropriate controls, however, the percentage of SIDS
cases associated with familial small upper airways is unknown.
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