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ABSTRACT

Several congenital and acquired conditions, characterized
by upper airway narrowing, may result in respiratory, cardiac,
and sleep disturbances. In all these conditions the leading
clinical feature is the occurrence of cyclic obstructive apnoea,
mainly during sleep. The common pathogenic mechanism for the
airway occlusion seems to be a backward displacement of the
tongue and mandible, favoured by the muscle relaxation which
occurs during sleep and by gravity in the supine position. A
constant factor determining the glossoptosis is the pharyngeal
vacuum occurring in these conditions as a result of inspirato
ry efforts in face of a narrowed upper airway. The response
to this type of obstruction is age-dependent, since only in
early infancy may these apnoeic spells be life-threatening.

A similar pathophysiology is suggested for sudden cot
death, which could be considered as a peculiar presentation
of this "vacuum-glossoptosis syndrome", This hypothesis could
explain why sudden cot death is often associated with naso-
pharyngitis and occurs always in infancy, almost invariably
during sleep,

Key words: Sudden death, apnoea, sleep, airway obstruction,
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INTRODUCTION

Sudden Infant Death Syndrome (SIDS) represents the most
important cause of infant mortality beyond the perinatal pe
riod (1,2), The aetiolegy of SIDS is still unknown but epide
miological studies (2-6) have consistently shown that: (i)
it is more frequent during winter moriths, (ii) it occurs
nearly always during sleep, (iii) peak risk for this type of
death is between two and four months of life, (iv) inflamma-
tory changes of the upper respiratory tract are found at au-
topsy in about 50% of the victims,

Recently a relationship between SIDS and prolonged sleep-
apnoeas has been postulated by some investigators and the cau
sative factor has been identified as a central defect in the
control of respiration (7-9), Nevertheless, other authors be
lieve that a respiratory arrest of peripheral origin (i.e.,
upper airway obstruction) is the cause of unexpected cot
deaths (1,6,10-12),

In infants with choanal atresia we have observed that
the life-threatening episodes of upper airway obstruction are
caused by glossoptosis, favoured by a high negative intratho-
racic pressure (13). This same pathogenic mechanism seems to
be responsible for the sleep-apnoea occurring in adults and
children affected by various forms of upper airway stencsis,
However, the ability to respond properly and remove the ob-
struction appears to be age-related, since only infants may
fail to do so and die from asphyxia,

On the basis of these considerations, the purpose of
this paper is to suggest for SIDS a mechanism similar to the
one causing death in choanal atresia and compatible with all
the epidemiological features mentioned above,

RESPONSE_TQ UPPER ATIRWAY OBSTRUCTION IN ADULTS AND
CHILDREN: (HYPERSOMNIA-SLEEP APNOEA SYNDROME )

A cyclic breathing pattern with frequent and prolonged
nocturnal apnoeas, causing sleep deprivation and explaining
the day-time somnolence, has been revealed by continuous re-
spiratory monitoring in obese patients (Pickwickian syndrome)
(14). These apnoeic spells may result in alveolar hypoventi-
lation leading to hypercapnia, hypoxia and pulmonary hyperten
sion which in turn causes '"cor pulmonale". In opposition to
the hypothesis that the sleep~apnoeas of the obese patient
are due to a primary disorder of the respiratory centers, re
cent investigation has shown that cyclic obstruction of the
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upper airway can explain these episodes of respiratory arrest,
In two Pickwickian patients, serial X-ray of head and neck
showed that during sleep the air column between the base of
the tongue and the pharyngeal wall was interrupted (15). Du-
ring obstructive sleep-apnoea in these patients, the pharyngeal
walls progressively collapsed while the ineffective respira-
tory attempts determined a strong intrathoracic depression,
In agreement with these findings, a 3 year-old Pickwickian
girl had episodes of apnoea that were again explained on the
basis of a recurrent upper airway occlusion from glossopto-~
sis (]6).

A similar clinical picture, reported as the "hypersomnia
sleep-apnoea syndrome", has also been described in non-obese
patients (17,18), in acquired micrognathia (19,20) and in la
ryngeal stenosis (21). Some of these patients were just heavy
snorers before any other symptoms appeared. In all these con
ditions polygraphic studies have shown that the cyclic epi-
sodes of sleep-apnoea are caused nearly always by recurrent
upper airway obstruction. In fact, during these episodes,
while no air flow is detected, large swings of intrathoracic
pressure are recorded, meaning respiratory efforts in face
of an obstructed upper airway., Weight reduction in the obese
patients or tracheostomy in the others produce a dramatic ¢li
nical improvement, In all these situations sedation or anae-
sthesia can be very dangerous, since they may precipitate a
severe obstructive episode.

In children these conditions are rather uncommon (16,18,
20). The most frequent cause of a similar cardio-respiratory
syndrome in this age group is the upper airway stenosis cau-
sed by hyperthrophic tonsils and adenoids (22-27). An example
of this condition was observed by us in a 15 month-old boy
who had a history of feeding difficulties, recurrent broncho
pneumonia, snoring, somnolence and failure to thrive. In this
patient glossoptosis, occurring in the supine position, cau-
sed episodes of sleep-apnoea that were spontaneously relieved
by arousal, vigorous shaking of the head, "searching for air"
and' screaming, These episodes were prevented with the use of
a naso-pharyngeal tube which, equalizing the pharyngeal pres
sure to the atmospheric pressure, prevented the pharyngeal
vacuum and the consequent glossoptosis (27),

This type of obstruction at the level of the oro-pharynx
is well known to occur in the unconscious state during anae
sthesia when, because of the muscle relaxation, the mandible
and the tongue tend to slide backwards, As a consequence, the
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dorsum of the tongue and the soft palate adhere to the poste
rior pharyngeal wall and completely obstruct the airway,. Head
extension, elevation of the mandible, insertion of an oro-
pharyngeal or naso-pharyngeal airway are all measures adopted
by the anaesthesiologist to prevent this obstructicen,

It seems very likely that in all these conditions respi.
ratory efforts in the presence of a narrowed airway determi-
ne a progressive pharyngeal depression and as a final result,
a complete upper airway obstruction from glossoptosis, Subse
quent inspiratory attempts are equivalent to the Muller's ma
noeuvre (inspiration against a closed glottis).

RESPONSE TO UPPER AIRWAY OBSTRUCTION IN INFANTS

A) Clinical Observations, In early life cardio-respiratory
disorders similar to the ones described above are seen in in
fants with the Pierre-Robin Syndrome (congenital micrognathia,
cleft palate and glossoptosis)., In this anomaly the tongue
slides back, mainly in the supine position and during sleeping
or feeding, and causes episodes of compiete upper airway ob-
struction. As a result respiratory distress, cyanotic spells
and feeding difficulties usually occur in these babies, whe-
reas 'cor pulmonale" has been seldom reported (28), However,
what strikes in this syndrome is the occurrence of sudden

cot death in a certain number of the affected infants. While
older patients with acquired micrognathia can wake up and re
verse the obstruction by shaking their head in such violent
way that they sometimes fall out of bed (20), many young in-
fants with the Pierre-Robin Syndrome cannot reestablish an
adequate airway and may die asphyxiated.

Babies born with choanal atresia have respiratory and
feeding disturbances similar to those of babies with the Pier
re-Robin syndrome and, like these patients, may die suddenly
from upper airway obstruction, The apnoeic spells observed
in infants with choanal atresia or stenosis share a common
pathogenic mechanism with those occurring in congenital mi-
crognathia: the apnoea is due to a complete upper airway oc-~
clusion caused by a posterior displacement of the tongue (13),
The factor determining this glossoptosis is a strongly nega-
tive intrathoracic pressure, which is a consequence of the
strenuous inspiratory efforts these babies make to overcome
the increased resistance to the airflow. This increase may
be caused by the supine position, sleeping, feeding or other
factors alone or in various combinations, These episodes can
be terminated by breaking the seal between the tongue and the
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palate with a suitable device (one mother used the handle of

a spoon), but usually the baby is capable of reestablishing

a patent airway by crying frequently and thus moving the ton
gue forwards. The use of a naso=-pharyngeal tube in the Pierre-
Robin syndrome or of an oral airway in choanal atresia, pre-
venting the pharyngeal vacuum, can avoid glossoptosis and the
associated life-threatening spells (13). Naso-pharingitis in
infants causes a temporary increase of the airflow resistance,
thus mimicking the situation found in congenital choanal atre
sia or stenosis,

In conclusion, all the acquired conditions so far descri
bed as the "sleep-apnoea syndrome", together with the conge-
nital anomalies considered in this chapter, could be grouped
under a "vacuum-glossoptosis syndrome" since in all these in
stances the pharyngeal vacuum is a constant causative factor,
whereas the sleeping status in infancy is not essential for
the apnoea to occur, The obstructive mechanism is identical
for all ages. However, the response to these apnoeic spells
can be totally inadequate in infancy and death may occur as
a result,

B) Bxperimental Findings., Like adults, normal infants during
quiet or non-REM sleep respond to nasal occlusion with respl
ratory efforts which,increasing the negative intrathoracic
pressure, cause a progressive increase in the tidal volume
that compensates for the initial hypoveutilation (29). ronwer

zed : _ed 1ntrathorac1c pressure,
me by a progressive fall in the tidal volume
and ‘ventilation. In some infants these resplratory efforte"‘
durlng sleep may be even followed by no volume changes at

all (29) This sleep—apnoea as_a.response to nasal obstruc—

tlon occurs more frequently in older infants (1 & 44? of

a group of 6 week-old infants) than in newborns L17%) (12),

_The decrease in the tidal volume and the apnoea as. a
rebpoﬁge to upper airway obstruction have been explained as
the result of an 1ntercostal phrenlc 1nh1b1tory reflex trig-
gered in REM sleep by the distortion of the rib cage ‘which
follows figorous 1nsp1ratory efforts (29) However, in normal

1nfants,53m11ar13rto what has been reported in Plechk1ans,

‘during these eplsodes of inappropriate compensation to a re-

splratory load, a complete obliteration of the air shadow
that normally ex1sts between the soft-palate-and the base of
the ekuli has been demonstrated by X—ray (1) Thls last ob-
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apnoea in the above experlments, is. obstructlve and 51m11ar
to the one reported in babies with bilateral choanal atresia,
whose resplratory problems are obv1ously reproduced by the
experl_en+91 nasal occlusion. Babies with this anomaly when
an oral airway is 1nserted have a constant and adeguate air
flow: when the oral airway is removed; they respond with

strong 1nsp1ratory efforts. The consequent 1ncrease of the_“

airflow and tidal volume, The 1ntrathor301c pressure can
“reach values as low as =80 cm H20, while no "airflow is recor-

ded, Oral 1nspect10n during these apnoeic spells shows that
the tongue is firmly adherent to the posterior portion of the

/palate (13).

In summary, there is good evidence showlng that in some
normal infants, mo?E"f“équenﬁly after the flrst month of life
and durlng REM sleep, there is an 1nappropr1ate response to
ralsed alrtlow resistance, which may lead to obstructive ap-
noea, gﬁgggémhx:gl9$SthQ$15.Theseapnoelc spells, like those
of ﬁzgients with choanal atresia or stenosis, may endanger
life because some infants are unable to remove the obstruc-
tiomn, L:y;ng and thus moving the tongue forwards seems to be
he onl ay for an infant in this situation. to spontaneously
restore respiration (31),

HYPOTHESIS ON SUDDEN COT DEATH

In some normal infants a posterior displacement of the
tongue and soft palate may occur because of the muscle rela-
xation during sleep especially in the supine position. As a
result there is a narrowing of the naso-pharingeal airway
between the velum and the posterior wall of the pharynx, with
an increase in the airflow resistance, Abnormal factors which
temporarily decrease the airway size (e.g., mucosal congestion
or inflammation, excess of secretions, plugging from mucus or
exudate, etc,) can produce an equivalent situation. The infant
will then respond by making stronger inspiratory attempts to
maintain a constant tidal volume, The resulting increase of
the negative intrathoracic pressure, in the absence of an ade
quate naso and oro-pharyngeal airway, can cause a fall of the
pharyngeal pressure to a sub-atmospheric level, unless the
infant starts crying and thrusts his tongue down and forwards
to open the oral passage. IE_EEF p@gﬁzggegl pressure is suffi

ciently low, the _tongue and the soft palate will be asblrated

backwards causing an additional increase of the airflow resi-

‘_‘_‘—\_‘-‘--‘-"—4'-0\-
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stance and a decrease in the tidal volume. The ensuing more
vigorous inspiratory efforts will produce 4 stronger pharyn

geal depression, which will account for a sealing of the
toé@he”ﬁbfﬁhé_héfd"pélaté (closure of the glosso-palatal flap
vaL{EI:AThe_displacement of the tongue backwards and upwards
ﬁii} ggusé-alsp the adherence of the soft palate to the po-

sterior pharihgeal wall (closure of the velo-pharyngeal flap
valve), The effect of this complete upper airway obstruction
will be the disappearance of any airflow inspite of an in-
creasingly negative intrathoracic pressure, In this situa-
tion further inspiratory action can only perpetuate the pha-
ryngeal vacuum and thus the adherence of the two above mentio
ned valves. In infancy this vicious cycle can cause asphyxia
éﬁa_may be lethal, since many normal babies are unable to re
move the obstruction unlike adults and older children, who,
in a similar situation, always wake up with a feeling of suf

focation and reestablish a patent airway,

IMPLICATTONS

Further research and clinical observation may prove or
disprove this hypothesis, however, on the basis of the avai-
lable evidence, it seems reasonable to avoid_thg_supine posi

tion during sleep and_ggjggépgéﬁhéiﬁiédﬁiéé_df'ﬁhe:pfoﬁé_pié
cement in the £irst months of life, For the same reason du-
ring this period of time all cases of rhino-pharyngitis and
of upper airway narrowing from any cause should not be under
estimated, but considered a risk and the obstruction properly
treated,

Indrawings of soft parts of the neck and thoracic cage
and, on inspection of the oral cavity, an obvious aspiration
of the tongue backwards, are signs of an abnormally increased
negative endothoracic pressure, In this event even the use of
a naso-pharyngeal tube should be considered in order to ensure
a sufficient airway,

Sleeping infants sucking dummies do not respond to nasal
occlusion with signs of pharyngeal obstruction because they
manage to keep their oral airway patent (12), Therefore, the
use of a pacifier or of other oral devices with a large, ri-
gid guard designed to avoid falling out of the mouth during
sleep, could probably prevent the seal of the glosso-palatal
valve, thus breaking the death cycle above described,
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