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Cephalomciric roentgenograms were inlerpreted ac-
cording t0 normmative data summarized by RiLEY ef al.
[9]. The following measurements were considered: sella-
nasion-(point A} supramentale (SNA), sella-nasion-
{point B} supraspinale (SNB), mandibular plane-hyoid
bone distance (MP-H), posterior nasal spine (PNS) o
end of soft palaie (P}, and posterior airway space (PAS)
(space behind base of 1ongue). Patients had a retroposi-
tion of the mandible, a long soft palate, a narrow PAS,
and an elongated MP-H compared with published nor-
mative dala (see table 1). As frequently reporied in
OSAS, the patients had an abnormally narrow upper
airway above and behind the base of the tongue, and
this was confirmed by fibreoptic evaluation [11-13],

Despite the upper airway abnormalities, nasal CPAP
appropriately controlled the OSAS (see wble 1). Of
eight patients previously reporting oesophageal reflux,
six had complele abatement of symptoms and two had
greatly diminished reflux, despite continuing xanthine
treatment. No patient presenied a nocturmal asthma
attack during the 12-14 month follow-up. The number
of infrequent daytime asthma attacks was unchanged,

Study B - Subjecis

Following the above results, a prospeclive investiga-
tion was perfarmed on a younger population. The charts
of 119 teenagers (I4+ yrs of age) and young adulls
seen in a pulmonary division were reviewed. Among
the criteria for chan seleclion was the report of at least
one noctumal asthma attack that had led to an imme-
diate hospital visit, usually to the Emergency Room. We
identified 52 charts. Another selection criterion was he
report of snoring at night and/or presence of daylime
somnolence or symptoms evoking il. We idenlified nine
individvals who snored, two of whom had enlarged
tonsils/adenoids and reporied mouth breathing and one
of whom had symptoms of daylime somnolence. Five
of the nine individuals located agreed to undergo in-
vesligation.

Population B involved five male patients, mean age
17+2.5 yrs (range 14-21 yrs) with BMI=2513 kg-m™
All patients presented daytime and noctumal asthma at-
lacks (mean of one attack in 1546 days). Four of the
five had experienced a predominance of nocturnal
asthma during (he previous year. Their Jatest pulmonary
function tests, performed away from an acute episode,
indicaicd a mcan FEV, of 6639%, which was improved
in all cascs by bronchodilalors (mean FEV =7118%).
Arterial blood pases obtained awake and seated indi-
cated a mean PaO, of 85+3.5 mmHg and a mean Paco,
of 36¢1.8 mmHg. Snoring had been regular since the
onset of puberty in three of the five subjects and had
been noted before puberty in two. In all cases family
members reported snoring to be a nightly event for at
least two years but this had not led to any specific in-
quiries and was not considered as “tremendous” by the
houschold, Apnoea had not been noticed by anyone, but
all subjecis slept alone. Investigation of symptoms in
favour of OSAS indicated that three of the five had

resiess sleep, as indicaled by the bed status every
morning or from the reponts of siblings who had, rarely,
shared bedrooms. One subject had taken a daily 30 min
nap for the past 4 yrs in addition to an 8 h noctumal
sleep. Two of (he five reported moderate intermittent
nocturnal sweating. None had symptoms of gastro-oeso-
phageal reflux despite treatment by xanthines. Four of
the five had undergone prepubertal tonsillectomy or
tonsi and adenoideciomy; one of the five had 3+ (on a
scale of 0-4+) wnsils; and one of the five had an
obviously deficient chin and had been a near failure-
to-thrive in pre-pubertal years.

Study B - Methods

Polygraphic monitoring

Baseline monitoring. All paiients underwent polygraphic
monitoring during sleep with monitoring of respiration
using uncalibrated inductive respiratory plethysmogra-
phy. Monitored variables were the same as for pop-
ulation A. On night two, with the exception of the
youngest subject {(a 14 year old), the other four palients
were  monitored wilh measurement of oesophageal
pressure during sleep with an oesophageal balloon.
Recording was obtained on a Hewlett-Packard (HP)
recorder with simultaneous time code on Grass and HP
recorders. The 14 year old was monitored with cali-
brated inductive respiratory plethysmography.

Further monitoring. Following the bascline recording,
nasal CPAP was initialed whilst measuring oesophageal
pressure and snoring sounds for one night. A second
night of nasal CPAP monitoring was performed, using
inductive respiratory plethysmography and monitoring
variables similar to baselinc on a Grass polygraph.

Cephalometric roentgenograms

Using the technique and landmarks described for
population A, cephalometric X-rays were taken, using
the Wehmer Cephalosiat

Follow-up

Patients agreed to stay under nasal CPAP for six
months and io undergo follow-up recordings. The
patient with enlarged tonsils then underwent surgery, as
did the patient wilh retrognathia [14]. Three patients
clected to stay under nasal CPAP treatment after the
six-month follow-up.

Study B - Results

All subjects snored during sleep as indicated by
sound and by chin EMG recordings. None of the sub-
jects was monitored at the lime of a nocturmal asthma
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and obstructive hypopnoea or with complele obsiructive
apnoea during sleep [5, 9, 16]. A consequence of par-
tial or complele airway obstruction during slecp was the
performance of partial or complele Milller manoeuvres,
as indicated by oesophageal pressure monitoring. The
classical Miiller manoeuvre consists of an inspiratory
effort against a closed glotis and is associated with
significant bradycardia. Significant bradycardia is noted
in adult obstructive sleep apnoca and during the
ohstruclive hypopnoea seen with heavy snoring.

Obstructive hypopneas during continuous heavy snor-
ing are seen particularly in children [16]. Milller
manoeuvres are also involved in the development of the
known sleep-related haemodynamic changes noted with
obstructive apnoea or hypopnoea [17-19). Airopine and
other anticholinergic medicalions, or aulonomic nervous
system lIesions eliminate the cardiovascular changes
associated with partial or complete upper airway
obstruction during sleep, which are mediated through
marked vagal stimolation [18, 19].

Thus, patients with obstruclive apnoea, or hypopnoea
with continuous heavy snoring, have increased vagal
tone during sleep. This sleep-related pathological
enhancement of vagal tone can be eliminatcd by appro-
priate treatment of partial or complete upper airway
obstrucuon during sleep, including tonsillectomy and
adenoidectomy in pre-pubertal children.

On the other hand, several studies have shown that
increased vagal tone is probably a factor in asthma, and
an inhaled anticholinergic drug has been shown 1o
reduce nocturnal asthma [20, 21].

How can we link together the different pieces of
informaticn outlined above? Many factors may play a
role in the appearance of noctumal asthma, but certain
combinations may be more powerful than others. A
clear circadian variation m peak flow rates has been
demonstraled in asthmatic subjects [1-3]. Bronchocon-
striction seems o be exacerbated in the early moming
hours in stable asthmatics, and this circadian peak has
been linked 10 observation of asthma during the noc-
tumal period [1-6]. However, other noctumal faciors
could enhance the risks of nocturnal asthma attacks. In
our subgroup of patients, the effects of snoring
{with secondary induced local muoscular and mucosal
changes) on the increased vagal tone relaled to the
Miiller manoceuvre [18, 19, 22] are added 10 the cir-
cadian variation of bronchoconstriction and its noctur-
nal peak [1-6]). Finally, asthma aitacks are associated
with significant reduction of upper airway dimension
during inspiration and expiration as shown by CoLLETT

'. [23]. This reduction is most prominent in the oro-
/nx above the hyoid bone, an anatomical region
is already abnormally small in our population.
2 is a continuous risk of sudden devclopment of
ficant flow impairment, due to the anatomical
mnalities in associalion with any alopic change. The
ing of expiratory flow through the upper air-

another element supposedly playing a role
sthma, will occur much fasier during sleep in cur
roup of subjects than in other asthmatic subjects,
1aintaining an uncbstructed upper airway, eliminat-

ing snoring, eliminating the Miiller-manoeuvre-related
vagal enhancement during sleep, and acting on the
speed of flow through the upper airway, the risk of
noctumal asthma attack should be reduced. This would
explain the beneficial response observed with nasal
CPAP in our subgroup of asthmatic patients. This con-
cept would also receive support from our observation
of the effect of upper airway surgery on nocturnal
asthma attacks in two of our cases. In both cases there
was elimination of upper airway narrowing and its sec-
ondary cohort of snoring, partial or complete upper air-
way obsiruction during sleep, and Miiller manoeuvre.

Independent of our speculation on possible mecha-
nisms involved in the triggering of noctumal asthma
attacks on cur subgroup of asthmatic patients, the ob-
servalion of the benelicial effect of nasal CPAP and
a similar observation by Sullivan (both simultaneously
reporied at the Fifth Intemational Congress on Sleep
Rescarch in Copenhagen, June 1987 [24, 25]) empha-
siz¢ the need for identifying, from the total asthmatic
group, those paticnts whose noctumal asthma attacks
may be appropriately controlied,
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