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ORIGINAL ARTICLE

Death, nasomaxillary complex, and sleep in young children

Caroline Rambaud & Christian Guilleminault
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# Springer-Verlag 2012

Abstract This is an investigation of anatomical and sleep
history risk factors that were associated with abrupt sleep-
associated death in seven children with good pre-mortem
history. Seven young children with abrupt deaths and infor-
mation on health status, sleep history, death scene report, and
autopsy performed in a specialized unit dedicated to investi-
gation of abrupt death in young children were investigated
Seven age and gender matched living children with
obstructive-sleep-apnea (OSA) were compared to the findings
obtained from the dead children. Two deaths results from
accidents determined by the death scene and five were unex-
plained at the death scene. History revealed presence of
chronic indicators of abnormal sleep in all cases prior death
and history of an acute, often mild, rhinitis just preceding
death in several. Four children, including three infants, were
usually sleeping in a prone position. Autopsy demonstrated
variable enlargement of upper airway soft tissues in all cases,
and in all cases, there were features consistent with a narrow,
small nasomaxillary complex, with or without mandibular
retroposition. All children were concluded to have died of
hypoxia during sleep. Our OSA children presented similar
complaints and similar facial features. Anatomic risk factors
for a narrow upper airway can be determined early in life, and
these traits are often familial. Their presence should lead to
greater attention to sleep-related complaints that may be

present very early in life and indicate impairment of well been
and presence of sleep disruption. Further investigation should
be performed to understand the role of upper airway infection
in the setting of anatomically small airway in apparently
abrupt death of infants and toddlers.

Keywords Abrupt death . Children . Naso-maxillary
complex . Sleep-disordered breathing . Facial traits .

Recognition of risk factors

Introduction

Pediatric sleep-disordered breathing (SDB) is most commonly
related to a small upper airway. The nasomaxillary complex
and the mandible are the bone structures supporting the soft
tissues lining the upper airway. Adenotonsillectomy is the
most common treatment of obstructive sleep apnea (OSA) in
non-obese children, but this treatment approach can leave
residual sleep-disordered breathing. Follow-up orthodontic
treatment to widen the base of the nasomaxillary complex
may further improve obstructive sleep apnea syndrome [3,
6–8, 22–24]. The clinical symptoms associated with OSA are
well-documented and are multi-faceted, including agitated
and disrupted sleep, parasomnias (sleepwalking, sleep terrors,
enuresis, etc.), and noisy breathing at night, as well as daytime
sleepiness, fatigue, morning headache, and learning, behav-
ioral, and attention problems [9]. The facial features that are
associated with anatomical risk factors for children with SDB
have receivedmore attention in the last few years. These facial
traits are present at birth and may be features that run in the
family. Environment during postnatal development also plays
a role. Reports dating back to the mid-1960s have argued in
favor of a continuous interaction between abnormal enlarge-
ment of the soft tissue of the upper airway, development of
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oral breathing, and abnormal growth of the nasomaxillary
complex and mandible [11–15, 17, 27, 29]. Infants at birth
are considered obligatory nasal breathers, and nasal breathing
is the normal way to exchange air during sleep. However, in
the setting of abnormal nasal resistance, a transition to mouth-
breathing occurs at a variable age after birth; this is associated
with an increase in respiratory effort during sleep. This in-
creased effort leads to recruitment of accessory respiratory
muscles during NREM sleep, but state-specific atonia elimi-
nates this compensatory mechanism during REM sleep, a
sleep state that represents a large proportion of total sleep time
in the first year of life. Sleep position may have an impact on
how effectively the intercostal muscles assist during periods
of increased respiratory effort. Diaphragmatic placement with
flattening of diaphragm when in a flat position may also have
a role in breathing during sleep early in life. The recommen-
dation to place infant on their back to sleep has been part of the
well-known international “Back to Sleep” campaign [20].
Finally, the early position of the hyoid bone also affects
stability of the airway. It is positioned at the level of the base
of the tongue at birth, and slowly descends during early
childhood towards the 4th vertebra.

The presence of a high and narrow hard palate is a
clinical sign indicative of a narrow nasomaxillary complex
and has been associated with presence of SDB and abnormal
nasal resistance [8, 10, 19, 23]. Rapid maxillary expansion,
an orthodontic treatment which may be used to treat OSA
aims to widen this narrow and high hard palate in early
childhood [2, 9, 13, 18, 24].

This report aims at attracting the attention of pediatricians
on the importance of parental sleep complaints, and the
anatomical features that were present in these infants that
should have had these children considered as at risk of
abnormal upper airway resistance during sleep and at risk
of abrupt worsening during sleep in association with upper
airway infection or inflammation.

Methods

We present a retrospective series of seven normal weight
young children who are thought to have died during sleep
between 2006 and 2008, and for whom death was deter-
mined to be “abrupt.” All of these children had post mortem
evaluation in a forensic unit specializing in the investigation
of abrupt deaths in infants and young children in the 92th
department of France (western suburbs of Paris) depending
of the city of Versailles Court and investigating judges. The
unit utilizes a detailed protocol for investigation of abrupt
death in young children, including thorough death scene
investigation, investigation of the child’s health around the
time of death (via pediatric records), review of the sleep T
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Table 2 Summary of past medical history

Past Medical History

Case #1 ! Breathing difficulties at birth

! Child kept 1 week in neonatology unit for observation—no treatment

! Rhinopharyngitis 24 h prior death

Case #2 ! Several episodes of rhinopharyngitis (never hospitalized)
! Rhinitis at time of death

Case #3 ! Unexplained fever at 3 weeks of age

! Possible viral infection
Case #4 ! None known
Case #5 ! None known
Case #6 ! Two episodes qualified as “bronchiolitis” more than 1 year before death

! (Viral) rhinopharyngitis 24-h prior death

Case #7 ! Several episodes of rhinopharyngitis
! One episode of bronchiolitis related to respiratory syncitial virus with hospitalization at 5 months of age

! Pharyngitis 24 h prior to death

Table 3 Summary of sleep history

Case
#1

! Chronic very agitated sleep, moved a lot during sleep

! Could often be found in head/feet opposite location and observed in many sleep positions due to agitated sleep.

! Known chronic snorer since at least 6 months of age.

Case
#2

! Chronic agitated sleep: Slept in many positions due to agitation during sleep.

! Mouth breathing during sleep

! Brief awakenings during sleep with short crying spells and falling asleep again on his own; no recall in morning. Mother initially
concerned about crying spells but as problem was chronic and as there was rapid return to sleep without parental intervention, parents
felt re-assured.

Case
#3

! Nothing reported by parents except night prior death except mouth breather during sleep possible rhinopharyngitis: Irritability, crying
more than usual and waking-up more during night. Also may have had “faster breathing than usual” while asleep the evening before
death

! Slept prone
Case
#4

! No report of abnormal sleep intermittent mouth breather

! Co-sleeping with mother

! Infant with regular breast-feeding schedule(3 to 4 h)

! Slept prone
! Presence of a “stuffy” nose within 36 h and more agitated sleep the night before

Case
#5

! Abnormal sleep noted by parent since first weeks of life

! Very long sleep periods and total sleep time that concerned mother

! Infant “hard to wake up”

! Nightly presence of intermittent snoring with mouth breathing

! Slow feeding: up to 60 min to finish bottle; needed repeated stimulation

! Slept supine
Case
#6

! Chronic “noisy” breathing during sleep but no real snoring, mouth breather during sleep.

! Child was brought to medical attention twice for “bronchiolitis” 14 months and 12 months before death (no treatment)

! Slept in variable positions including prone

Case
#7

! Very agitated sleep chronically

! Head position in maximum hyperextension during sleep since first few months of life

! Slept side/and many different positions every night for many months

! Had “cold” and “stuffy” nose last 30 h, sleep even more agitated night before death.

Eur J Pediatr



history from family and medical reports, and a thorough
autopsy performed by a single forensic pathologist.

Subjects

The 7 children were selected from a larger pool of 15
children with abrupt sleep-time-related deaths and a
high, narrow hard palate by a researcher outside of the
forensic unit. These subjects were selected based on
completeness of documentation of medical information
prior death and presence of a sleep history with reports
not limited to parental information, prior death. Two of
the deaths (#1 and #2) were considered to be “acciden-
tal” at the death scene. The five others were considered
to be abrupt and without clear explanation at the death
scene.

Each dead individual was matched with a living same age
and gender child monitored for sleep-disordered breathing
and presenting a high and narrow vaulted palate and mouth
breathing during sleep for comparison.

Fig. 1 Case #7: head position while sleeping through infancy. Legend:
Note the head in hyperextension in the infant. The infant always slept in
such position since 2 to 3 months of age. The position was so abnormal
looking to parents that they photographed it and showed the photo to
pediatrician. Such position is listed as an indicator of obstructive sleep
apnea in a child in the International Classification of Sleep Disorder 2nd
ed. Chronic snoring was present since 6 to 7 months of age

Table 4 Autopsy
Autopsy findings—upper airway

Case #1 ! High and narrow hard palate (ogival palate)

! Abnormal mandibular retroposition

! Clear enlargement of tonsils

! Clear enlargement of adenoids

! Clear enlargement of cervical lymph nodes (2.5"1.5 cm)

! Very small upper airway

Case #2 ! High and narrow hard palate (ogival palate)

! Abnormal mandibular retroposition

! Clear enlargement of tonsils, particularly extending vertically

! Enlargement of cervical lymph nodes (2.5"1.5 cm)

! Small upper airway

Case #3 ! High and narrow hard palate (ogival palate)

! Abnormal mandibular retroposition

! Abnormal narrow nose with arrow internal nasal valves

! Small upper airway

Case #4 ! High and narrow hard palate (ogival palate)

! Deviated nasal septum

! Abnormal mandibular retroposition

! Auto visual pharyngitis and tracheo-laryngitis

! Small upper airway

Case #5 ! Narrow hard palate (ogival palate)

! Abnormal mandibular retroposition

Case #6

Case #7

! High and narrow hard palate (ogival palate)

! Abnormal mandibular retroposition

! Clear enlargement of cervical lymph nodes

! Small upper airway

! Narrow hard palate with abnormal mid-line sutures

! Abnormal mandibular retroposition

! Very voluminous tonsils

! Enlargement of cervical lymph nodes

! Small upper airway

Eur J Pediatr



Findings

Table 1 summarizes demographics and immediate death
scene report, Table 2 summarizes the past medical history
from medical reports, and Table 3 the known and docu-
mented sleep history.

Sleep history

Deaths occurred in a variety of contexts. Children #1 and #2
had accidental deaths. In subject #1, death was related to
usage of a bed not meeting safety standards imposed by the
European-Union. In subject #2, death occurred by strangu-
lation by ties on the crib bumper pad. Already at death
scene, there was mention that abnormal movements during
sleep had lead to the condition setting up for the accident.

Deaths in subjects 1, 2, 5, and 7 occurred in the context of
abnormal sleep which had been present for weeks to years. In
these cases, there were histories of excessive movements dur-
ing sleep, often associated with sweating. This “agitation”
during sleep was significant enough to have been noted by
each child’s parent and mentioned to pediatrician. Parents
reported frequent position changes, tossing and turning, and/
or finding the child rotated in bed with “feet on the pillow.” In
one subject (#7), unusual sleep position was documented by a
photograph at a much younger age, where he is shown sleeping
with head in hyperextension a position noted by parents from
very early age (Fig. 1). There was also some heterogeneity in
parental interpretation of sleep quality, with some parents
noting that excessive movements or short duration were out
of the ordinary; while others did not note anything unusual.
Other disturbances of sleep that occurred regularly were also
interpreted as normal, such as nightly short and self-limited
crying spells. Caregivers reported presence of chronic snoring
or noisy breathing in subjects 1, 6, and 7. Another potential

sleep-related symptom involves excessive sleepiness including
while feeding noted in subject #5, which led to several pedia-
trician visits that indicated normal neurological evaluation.

In summary, investigation of the sleep history demonstrat-
ed association with abnormal sleep in 6/7 subjects, with var-
iable symptom types but sufficiently concerning to parents
that they had been mentioned to the pediatrician at least once.
These complaints, in the context of otherwise normal devel-
opment of the child, did not raise significant concern.

Finally infant cases 3 and 4 were placed asleep usually in
a prone position, as “they liked it more.”

Infection history

Half of the children were reported to have had symptoms of
acute upper airway infection described as “pharyngitis” or
“rhinopharyngitis” within the last 36 h of life. These reports
were confirmed at autopsy.

Autopsy findings

Table 4 summarizes major autopsy findings, particularly in
the upper airway. Presence of acute infection was confirmed
in the above-mentioned subjects. The most dramatic was
subject #7, in whom a Gram positive infection of the upper

Fig. 2 Abnormal hard palate and acute tonsillar infiltration in Case #7.
Legend: Note the abnormal presentation and narrowing of the hard
palate, with presence of the two abnormal fossae, an anatomic risk
factor for abnormal breathing during sleep. On the right side of the
figure, histologic slide from tonsil with the presence of cryptic tonsil
with polynuclear leucocyte infiltration and the presence of gram +
infectious agent; the infection involves the tonsils that have secondary
enlargement as noted at autopsy

Fig. 3 Bilateral tonsillar enlargement in Case #2. Legend: This child
had both a high and narrow hard palate as shown in Fig. 4 with large
tonsils extending high in tonsillar fossae without evidence of acute
infection. The child was a known mouth breather and was known to
have very agitated sleep chronically often found with feet on pillow
and head at bottom of bed due to movements. No report of snoring but
self-limiting crying spells during sleep

Eur J Pediatr



airway was identified, associated with active inflammatory
infiltration of the tonsils (Fig. 2) associated with edema and
enlargement of the surrounding soft tissues. In general,
parents did not find upper airway infection symptoms alarm-
ing, and in the two cases in which a pediatrician had been
consulted, only reassurance was given. There were also

clearly enlarged tonsils without evidence of acute infection
in subject #2; these tonsils were noted to be both wide and
elongated (Fig. 3). This was associated with the presence of
small mandible, a finding often associated with narrow
naso-maxillary complex (Fig. 4). All infants died with signs
of important hypoxia at autopsy (Fig. 5).

Fig. 4 Montage of abnormal
high and narrow hard palate in
Cases #1–6. Legend: Note that
all children present a visually
recognizable abnormal high and
narrow hard palate which is
related to the development of
the naso-maxillary complex
during embryonic development
considering age of children. On
the first row on the left, on the
second row in both cases, and
on the third row from the top on
the right; note the abnormal
noses presented by the patients.
The asymmetry of the nostril
may not be obvious at first in-
vestigation; using photographs
taken below the nose may help
performing quietly better analy-
ses. Asymmetrical opening is
often associated with asymmet-
rical septum and change in nasal
resistance. When associated with
high palatal vault, they indicate
presence of a higher upper air-
way resistance and greater risk of
abnormal breathing during sleep
with addition of infectious or
inflammatory reaction (see text)

Eur J Pediatr



Living children

From previously seen children with sleep-disordered breath-
ing, seven children were extracted from the data base, they
must have had clinical and oropharyngeal evaluation and
polysomnography and be an age and gender match for the
dead children. Anonymous data were then compared to the
facial-oropharyngeal anatomic reports from those of the
dead children, and those most closely related from the reports
were considered as matching living children (Fig. 6). Each of
the children had been seen and had a polysomnography—
PSG—at the sleep-disordered clinic. PSG was obtained
during daytime nap in infants 3 months and younger, noc-
turnal PSG was performed in all other cases. Retrospective
analysis of de-identified clinical and polysomnographic
data was approved by Stanford IRB.

Children younger than 6 months were seen for noisy/
snoring during sleep, and history of caretaker having ob-
served abnormal breathing with presence of a “stopped
breathing event” during sleep. The older children were seen
for agitated sleep, snoring, difficulty to wake-up in the
morning, and irritability; night terrors (n02) inattention and
hyperactivity (n01), and daytime sleepiness and “lethargy”
(n03). Table 5 present these 7 matched living individuals and
summarize the anatomical and PSG findings confirming pres-
ence of sleep-disordered breathing (see Table 5)

In summary: all children, dead and alive, presented a
similar history of abnormal sleep; they also had similar
anatomical oropharyngeal findings at examination. The
abrupt death occurred in presence of a similar pathological
background. Abnormal breathing during sleep was demon-
strated with documentation of SDB on polysomnography in
the living children who were treated. The dead children
were not recognized as having abnormal sleep and were left
untreated. Death was associated with most commonly an

upper airway infection and impairment of nasal breathing. It
was related to the very chronic agitated sleep in two and
presence of unsafe bedding in the “accidental deaths.”

Discussion

Although the exact sequence of events in these sudden,
sleep-time-related pediatric deaths remains unknown, many
of the deaths were preceded by an abnormal sleep history
combined with anatomical risk factors for abnormal breathing
during sleep. Also, it is unknown what role agitated sleep may
have played in the two accidental deaths, though we conjec-
ture that reduction of agitation during sleep periods may have
reduced the likelihood of accidents. The consequences of
abnormal breathing during sleep with very agitated sleep—
well documented by interviews of several caregivers of the
same child—were a risk factor for an accident if bedding
conditions were inappropriate.

All deaths showed evidence of hypoxia at time of death
without other underlying causes (Fig. 5), and as mentioned
above, all cases were associated with anatomical risk factors
for abnormal breathing during sleep. In some cases, acute
infection that further enlarged the soft tissues may have also

Fig. 6 Palate of a living infant with ALTE. Legend: Report of apparent
life threatening event and presence of obstructive sleep apnea at poly-
somnography. Note the abnormal palatal vault presented by this infant
similar to the one noted in the dead infants

Fig. 5 Brain. Legend: Slice of brain demonstrating presence of im-
portant brain edema consequence of important hypoxia before death
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contributed to the development or worsening of abnormal
breathing during sleep leading to even more agitated sleep.
The sleep with head in hyperextension as presented in Fig. 1
is listed in the “International Classification of Sleep Disor-
der” as a sign of obstructive sleep apnea in children [1] and
many of the symptoms mentioned by parents (sweating at
night, agitated sleep, chronic snoring, and even chronic
noisy breathing) [5, 9] have been cited as associated to
abnormal breathing during sleep in general reviews of child
OSA. The reports from the families were also very similar to
those of our matched living OSA children.

Tachypnea is also a well-known finding in polysomno-
graphic recordings of young children with sleep-disordered
breathing [3]. It may be seen even without associated hypo-
pneas or apneas during sleep and may also be associated with
clinical symptoms that disappear after adenotonsillectomy.
Tachypnea is a response to maintain minute ventilation if tidal
volume is acutely decreased for any reason. But such a re-
sponse has known limitations and may not be sufficient,
particularly during REM sleep with the physiological disap-
pearance of the respiratory accessory muscles due to the sleep
state muscle atonia to avoid development of hypoventilation.
Sleep position (prone) may be a further disadvantage. The

association between prone position and abrupt death during
sleep in infants is well documented as is often the report of a
mild upper airway infection. Children with well-documented
SDB prefer to sleep in a prone position, extending their head,
and thus opening more their upper airway during sleep. It is
recognized that an abnormally small upper airway may at
times be seen in young infants previously considered as
“near-miss SIDS/ALTE” or even “SIDS” [6, 11, 23].

The role of mild anatomical facial features in infants and
abnormal breathing during sleep has been evoked for a long
time, and has been link to need to resuscitation during sleep
in infants and abrupt death classified as “SIDS” [6, 11,
21–23, 25, 26]. The facial traits that are related to the size
of the upper airway may add a risk factor to poor breathing
during sleep if an acute event involving decrease in air
intake occurs including change in diaphragm position at rest
while asleep. Modification of possible amplitude of thoracic
movement depending of sleeping position in very young
infant, may add to any, even limited, nasal resistance related
to an acute nasal infection. One has also to emphasize of that
two the infants presented not only a narrow hard palate, but
also had an abnormal nasal presentation. Such combination
of facial problems (narrow palate and abnormal nasal

Table 5 Demographics, results of evaluation, and polysomnographic findings in control living children

Case #1 control; age:
42 months

! High, arched, and narrow hard palate
(ogival palate)

! AHI010

! Abnormal mandibular retroposition ! Lowest SaO2090 %

! Small upper airway ! Snoring 100 % time with presence of flow limitation

Case #2 control; age:
10 months

High, arched, and narrow hard palate
(ogival palate)

! AHI013

! Abnormal mandibular retroposition ! Lowest SaO2089 %

! Small upper airway ! Snoring 100 % time with flow limitation

Case #3 control; age: 6 weeks ! High, arched, and narrow hard palate
(ogival palate)

! AHI02 lowest SaO2096 %, mouth breathing, snoring

! Mandibular retroposition

! Small upper airway

Case #4 control; age: 9 weeks ! High, arched, and narrow hard palate ! AHI02.6, lowest SaO2094 %

! Mandibular retroposition ! Mouth breathing, presence of flow limitation (ogival palate)

! Small upper airway

Case #5 control; age: 7 weeks ! High, arched, and narrow hard palate
(ogival palate)

! AHI05, lowest SaO2092 %

! Mandibular retroposition ! Mouth breathing with flow limitation

! Small upper airway

Case #6 control; age:
12 months

! Narrow hard palate (ogival palate) ! AHI09 lowest SaO2090 %

! Mandibular retroposition ! Continuous mouth breathing and snoring

! Enlarged tonsils 3+

Case #7 control; age:
22 months

! High, arched, and narrow hard palate
(ogival palate)

! AHI014 lowest oxygen saturation; 89 %,

! Mandibular retroposition ! Continuous mouth breathing and snoring with flow
limitation

! Small upper airway

! Tonsils 2+ but elongated, vertical
expansion
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passages) increases nasal resistance and renders children
even more susceptible to abnormal nasal breathing with
even modest rhinitis. Insufficiencies of the bony nasomax-
illary complex and/or mandible are risk factors for abnormal
breathing that may be present at birth [4].

The soft tissues of the upper airway are important factors
in a normal size upper airway. In marginal cases, an abrupt
enlargement of the soft tissues leading to an abrupt increase
in nasal resistance leads to further airway narrowing and
further reduce gas exchange, particularly again with physi-
ologic muscle atonia of REM sleep. Recognition of risk
factors leading to narrow upper airway as early in life as
possible is important. High and narrow hard palate can be
seen at/or very close from birth, the narrowing may also
develop over time, particularly if there is a hypotonia of the
tongue and facial muscles. Abnormal contraction of genio
glossus and facial muscles has been experimentally demon-
strated in infant monkeys where increase nasal resistance is
induced [16], so, abnormality of the nose may induce ab-
normal nasal resistance that may secondarily impact maxil-
lary growth [16]. Pediatricians have to understand the
continuous interaction between good upper airway air-
exchange-normal maxillary growth and normal nasal resis-
tance. They may have to pay attention to minor abnormal-
ities of the nostrils as seen in four of our dead infants (see
Fig. 4), abnormal septum placement, and high and narrow
palatal vault. Polysomnography may not show apnea or
hypopnea but “flow limitation” as previously defined [8].
Research investigation with the new standard for active
anterior rhinometry (four-phase high resolution rhinoman-
ometry) and acoustic rhinometry may be research tools to
investigate further these infants [25, 28].

In this series, most dead children had additional contribut-
ing elements, such as upper airway infection. Tonsils were
clearly enlarged at autopsy in several cases, providing a dif-
ferent source of functional upper airway narrowing. When
examining the upper airway of a child, attention should be
given to both soft tissue and bony limits of the upper airway.
Those recognized to have small upper airways should be
carefully evaluated, in particular during upper airway ill-
nesses. Education of pediatrician and obstetricians on facial
features of poor breathing during sleep may be helpful.
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