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ABSTRACT: We studied two populations or patients who snored and had 
frequent nocturnal asthma attacks: ten overweight men presenting wlth typical 
obstructive sleep apnoea syndrome, alld a group or five adolescents with 
regular snoring and an Increase In negative Inspiratory oesophageal pressure 
during stage II non-rapid eye movement (NREM) and r apid eye movement 
(REM) sleep. All subject'> presented cranlo-mandlbular abnormalities at 
cephalometric evaluation, with a narrow space behind the base of the tongue. 
Both populations were treated with nasal contlnuou.'l positive airway pre.'>
sure (CPAP) during sleep. Snoring and par tial or complete airway obstruc
tion were eliminated, as were the nocturnal asthma attacks. Two adolescents 
treated with upper airway surgery after nasal CPAP showed no nocturnal 
asthma at short-term follow-up. Nasal CPAP had no effect on daytime a.'lthma. 
One hypothelliS Is that a subgroup of asthmatic patients with small pharynxes 
may have enhanced vagal stimulation during sleep compared with other 
asthmatic pat.lents. Th.ls enhancement would be related to the r epetitive Muller 
manoeuvres noted with airway obstruction during sleep. Combined wJth the 
local effects or snoring, this extra vagal stimulation would be a precipitating 
factor In nocturnal asthma attacks. 
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Three out of four asthmatics are reported to have fre
quent nocturnal (sleep-related) attacks [1]. Despite sev
eral studies, it remains unclear whether the worsening 
of asthma at night is linked to a circadian rhythm of 
bronchomotor oone and its chemical controls, to a spe
cific sleep state, or to a combination of both [2-6]. 
There are probably asthmatic subgroups in which a 
specific risk factor may increase the chance of a noc
turnal asthma attack. Our report focuses on a subgroup 
of patients whose nocturnal asthma was greatly helped 
by nightly use of nasal continuous positive airway pres
sure (CPAP), although daytime attacks were still noted. 
The patient population consisted of two groups: popu
lation A, who were seen at the sleep disorders clinic 
for suspected obstructive sleep apnoea syndrome 
(OSAS) and were also found to have frequent noctur
nal asthma; and population B, composed of younger 
subjects who were studied prospectively after being seen 
in a pulmonary clinic. The findings obtained on these 
two groups are reported separately: studies A and B 
consider the respective patient populations. 

Study A • Subjects 

Population A included ten male patients referred for 
symptoms of OSAS. Their mean age was 43.8±14.3 yrs 

and their mean body mass index (BMI), calculated ac
cording to the formula of KHosLA and LowE [7), was 
31.1±4.6 kg·m·Z, indicating a moderate to moderately 
severe obesity. All complained of daytime somnolence, 
expressed as persistent daytime fatigue and the need to 
fight off sleep in a quiet situation (reading, watching 
television, performing a desk job at work, or driving), 
for a mean of 17±9 months. Seven patients reported 
having short breathing difficulties and a choking feel
ing whilst awake but supine during the day. At night, 
all reported sweating, restless sleep, intermittent arousal 
with choking or gagging, nocturia, and a history of 
snoring with apnoea observed by their bed partner. 
Family members reported that patients' snoring began 
at a mean age of 22±4 yrs, a time when patients were 
clearly more slender (reported mean weight was 75±11 
kg in their early twenties) than at the time of consul
tation. In four cases, loud snoring had caused problems 
in military barracks, on camping trips, or in intimate 
relationships. In all cases the snoring had worsened 
significantly over time, with the spouse having aban
doned the bedroom between 1 and 18 yrs prior to con
sultation. Eight patients reported oesophageal reflux 
during the night several times a week, waking up with 
regurgitation, heartburn, and an acid taste in the mouth 
and/or throat. All patients reported significant dryness 
of mouth and throat, and thirst during the night. 
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In association with !heir OSAS-related symptoms, all 
patients presemed with aslhma during l.he day and the 
night, wlten auacks were much more frequenL The 
patients had a mean of one severe asthma attack dur
ing sleep every 17 days, and four patients had been 
admitted to the Intensive Care Unit at night more than 
four times during the previous year. At the time of 
sleep clinic evaluation, all patienL<; had wheezing res
piration at auscultation but were seen with normal 
cardiac auscultation and with no peripheral oedema or 
cyanosis. Their mean blood pressure was 140±16/90±11. 
All were treated with inhalers (corticosteroid and/or 
albuterol sulphate) and seven of the ten had received 
oral corticotherapy in the prececling year. Pulmonary 
function testing wil.hin two months of nocturnal poly
graphic monitoring indicated that all patiems had a 
forced expiratory volume in one second (FEV1) between 
48 and 62% (mean x=54±6%) of predicted values and 
FEV.fVC was 51±10%. Both values could be moder
ately improved by bronchodilators (FEV

1
=58±IO% and 

FEVJVC=56±13%). Arterial blood gas readings on 
awake, seated patients showed an oxygen pressure 
(PaoJ between 58 and 71 mmHg and a carbon diox
ide tension (PacoJ between 36 and 39 mmHg. 

Study A - Methods 

Nocturnal polygraphic recordings 

Baseline recordings. The following polygraphic vari
ables were measured in two nights of baseline moni
toring: electroencephalogram (EEG), C3/A2, C4/Al; 
electromyogram (EMG), chin and right and left 
anterior tibialis muscles; electro-oculogram (EOG) [8); 
and electrocardiogram (ECG) (modified V 1 lead). 
Respiration was monitored by uncalibrate.d respiratory 
inductive plethysmography, using l.he Respitrace™ (Am
bulatory Monitoring, New York) system; airflow was 
monitored by nasal and oral thermisiors; and oxy
gen saturation (Sao,) was measured by ear oximetry. 
Variables were continuously monitored on a Grass 
polygraph. 

Nasal CP AP recordings. The same variables, with l.he 
exception of therm is tors, were monitored during a set
up for nasal CPAP. The "Sleep-easy" Respironics TM 
system was used to establish nasal CPAP. Positive 
end-expiratory pressure (PEEP), which allows control 
of OSAS and associated Sao.l drops, was determined 
on the first night of nasal cPAP. The appropriate
ness of l.he PEEP value setting on the RespironicsTM 
equipment was checked on night two, i.e. each patient 
was monitored again with the Respironics™ PEEP 
valves that had eliminated apnoeas and snoring the pre
vious night. The RespjronicsTM PEEP value used was 
adapted for each individual's needs and the range 
of calibrated PEEP values used was between 10 and 
15 cmHp. After 6-9 months of treatment, patients 
returned for a third night of monitoring, whilst using 
nasal CPAP. 

Cephalometric roentgenograms 

These special lateral X-rays of skull and face were 
systematicaUy obtained, following the technique de
scribed by Rn .• EY ec al. [9], using a Wehmer cephalostat 
on the day of the first baseline recordings and 12- 14 
months post-treatment with nasal CPAP. A simultane
ous fibreoptic evaluation of the upper airway was per
formed on a recumbent, awake patient, together with a 
follow-up clinical interview. 

Study A - Results 

Results of baseline polygraphic recording and cepha
lometric evaluations are presented in table 1. The res
piratory disturbance index (RDl) is derined as the total 
number of apnoeas and hypopnocas divided by total 
sleep time (TST) mulliplied by 60 and is an index of 
abnormal respiratory events per hour of sleep [10]. 

Table 1.- Baseline polygraphic recording and cephalom
etric roentgenogram findings in population A 

Variable 

Polygraphic: 

TST min 
RDI 
%T<90% Sao2 % 
Lowest Sao

2 
% 

Cephalometric: 

SNA angle0 

SNB angle0 

MP-H distance mm 
PAS distance mm 
PNS-P distance mm 

Baseline 

397±24 
51±13 
18±5 
71±7 

79±2 
74±3.5 
28±7 
4±2 

43±5 

NasalCPAP 

2nd night Follow-up 

402±34 
11±7 

1.5±1 
88±2 

6-9 months 

413±31 
5±8 

0.5±0.3 
91±2 

79±2 
74±3.5 
28±7 

5.5±2.5 
43±5 

TST: total sleep time; RDI: respiratory disturbance index; %T 
<90% Sao?.: percentage of time spent with Sao1 below 90% 
during sleep; SNA: sella-nasion-(point A) supramentale; SNB: 
sella-nasion-(point B) supraspinalc: MP-H: mandibular plane
hyoid bone distance; PAS: posterior airway space; PNS-P: 
posterior nasal spine to end of soft palate. AU values 
mean±SEM. 

Hypopnoea is defined by the following criteria: reduc
tion in maximal thermistor output by at least 50% 
compared with baseline associated with eil.her a de
crease in Sao

1 
to <92% from a baseline of at least 94%, 

or a drop in Sao
2 

of at least 3% if Lhe baseline is equal 
to, or below 90% [10]. We also calculated the per
centage of time spenL with an Sao2<90% during sleep 
(%T<90% Sao

2
), and measured the lowest Sao2 during 

sleep. 
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Cephalometric roentgenograms were interpreted ac
cording to normative data summarized by Rn.EY et 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) to 
end of soft palate (P), and posterior airway space (PAS) 
(space behind base of tongue). 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 data (see table 1). As frequently reported 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 CP AP 
appropriately controlled the OSAS (see table 1). Of 
eight patients previously reporting oesophageal reflux, 
six had complete abatement of symptoms and two had 
greatly diminished reflux, despite continuing xanthine 
treatment. No patient presented a nocturnal asthma 
attack during the 12-14 month follow-up. The number 
of infrequent daytime asthma attacks was unchanged. 

Study B - Subjects 

Following the above results, a prospective investiga
tion was performed on a younger population. The charts 
of 119 teenagers (14+ yrs of age) and young adults 
seen in a pulmonary division were reviewed. Among 
the criteria for chart selection was the report of at least 
one nocturnal asthma attack that had led to an imme
diate hospital visit, usually to the Emergency Room. We 
identified 52 charts. Another selection criterion was the 
report of snoring at night and/or presence of daytime 
somnolence or symptoms evoking it We identified nine 
individuals who snored, two of whom had enlarged 
tonsils/adenoids and reported mouth breathing and one 
of whom had symptoms of daytime somnolence. Five 
of the nine individuals located agreed to undergo in
vestigation. 

Population B involved five male patients, mean age 
17±2.5 yrs (range 14-21 yrs) with BM1=25±3 kg·m·2• 

AU patients presented daytime and nocturnal asthma at
tacks (mean of one attack in 15±6 days). Four of the 
five had experienced a predominance of nocturnal 
asthma during the previous year. Their latest pulmonary 
function tests, performed away from an acute episode, 
indicated a mean FEY 1 of 66±9%, which was improved 
in all cases by bronchodilators (mean FEV1=71±8%). 
Arterial blood gases obtained awake and seated indi
cated a mean Pa02 of 85±3.5 mmHg and a mean Paco2 
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 
household. Apnoea had not been noticed by anyone, but 
all subjects slept alone. Investigation of symptoms in 
favour of OSAS indicated that three of the five had 

restless sleep, as indicated by the bed status every 
morning or from the reports 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 nocturnal 
sleep. Two of the 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 adenoidectomy; one of the five had 3+ (on a 
scale of 0-4+) tonsils; 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 patients 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 patients 
were monitored with 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 baseline recording, 
nasal CP AP was initiated whilst measuring oesophageal 
pressure and snoring sounds for one night. A second 
night of nasal CP AP monitoring was performed, using 
inductive respiratory plethysmography and monitoring 
variables similar to baseline on a Grass polygraph. 

Cephalometric roentgenograms 

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

Follow-up 

Patients agreed to stay under nasal CP AP for six 
months and to undergo follow-up recordings. The 
patient with enlarged tonsils then underwent surgery, as 
did the patient with retrognathia [14]. Three patients 
elected to stay under nasal CP AP 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 time of a nocturnal asthma 
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Table 2. - Night polygraphic recording and cephalo
metric variables in population B 

Variable Baseline night 2nd nasal 
CPAP night 

Polygraphic: 

TST min 378±39 386±48 
RDI 8±5 1±0..3 
%T<90 Sao2 % 0.5±0.5 0.00 
Lowest Sao

2 90±3 
Mean highest negative 49±11* -** 
inspiratory oesophageal 
pressure during REM sleep 
cmHp 
Mean highest negative 47±8• - ** 
inspiratory oesophageal 
pressure during NREM sleep 
cmHp 
Mean percentage of TST spent 79±11* -·· with each inspiratory breath 
presenting peak (inspiratory) 
negative oesophageal pressure 
below - 10 cmHp % 

Cephalometric: 

SNA angle 0 80±3.2 
SNB angle o 74.5±3.8 
MP-H distance mm 30±9 
PAS distance mm 41±2 

TST: total sleep time; RDl: respiratory disturbance index; %T 
<90% Sao1: percentage of time spent wit.h Sao below 90% 
during sleep; REM: rapid eye movement: NREM: non-rapid 
eye movement; SNA: sella-nasion-(point A) supramentale; SNB: 
sella-nasion-(point B) supraspinale; MP-H mandibular plane
hyoid bone distance; PAS: posterior airway space; *: four 
adolescents only are included; •+: oesophageal pressure was 
monitored only during fi.rsl CP AP night and the selected PEEP 
values always maintained ii between 4 and 8 cmHp peak 
negative inspiratory oesophageal pressure. All values mean±si!M. 

attack. Table 2 shows the results of the polygraphic 
recordings made on night two using an oesophageal bal
loon. They indicate that even without apnoea during 
non-rapid eye movement (NREM) sleep, there was a 
grcal increase in negative inspiratory pressure during 
stage II NREM sleep. Awake, supine, and relaxed sub
jects had an oesophageal pressure recording oscillating 
between a mean of +1 and -5 cmHp. Negative inspi
ratory oesophageal pressure occurred in association with 
snoring, mostly in stage n NREM sleep. The mean 
highest increase in negative oesophageal pressure 
compared with baseline was 47±8 cml\0 (i.e., nega
tive inspiratory oesophageal pressure reached peaks 
between -45 and -60 cm~O during st.agc n NREM 
sleep) in the four adolescents studied. During rapid 
eye movement (REM) sleep, negative inspiratory oeso
phageal pressure often increased and in all four patients, 
imermiucnt and rare obstructive apnocas were noted. 
Table 2 shows the results of cephalometric evaluation: 
compared with normative data, all patients had a small 
airway behind the base of the tongue. 

Nasal CP AP eliminated the regular snoring, 

pronounced negative inspiratory oesophageal pressure 
swings, and intermittent obstructive sleep apnoea seen 
during REM sleep. The Respironics positive end
expiratory pressure (PEEP) valves, which eliminated 
pronounced negative inspiratory oesophageal pressure, 
were calibrated between 5 and 10 cm~O, depending 
on lhe subjecL During the six-month fouow-up period, 
no subject using nasal CP AP with a PEEP valve as 
determined on a nightly basis had a nocturnal asthma 
aLLack. Alr.hough rare, daytime asthma whilst awake was 
noted in all subjects, the overall frequency of asthma 
attacks was greatly reduced after nasal CPAP treatment 
was begun (mean of one attack in 80± 15 days), and no 
nocturnal asthma attack was reponed. 

One patient with enlarged lymphoid tissue and red
undant palataJ mucosa underwent tonsil and adenoidec
tomy, uvulectomy, and lateral resection of the soft 
palate in a modjfied version of palato-pharyngoplasty. 
Although he stopped using nasal CP AP following 
surgery, he has not experienced any nocturnal as thma 
during the 4.5 months since surgery. Oesophageal pres
sure recording indicated unobstructed breathing through
out the night, with a peak negative oesophageal pres
sure recording oscillating between -4 and -8 cmH.p 
during sleep. Another subject, who also discontinued 
nasal CPAP after undergoing maxillo-mandibu1ar sur
gery for retrognathia, has had no noctumaJ asthma 
attacks during the 2.5-month postsurgical follow-up. In 
both cases, cephalometric roentgenograms demonstrated 
an increase in upper airway size; posterior airway space 
increased by 8 mm after maxillo-mandibular surgery. 

Discussion 

Tn 1979, HUOGa and STruCARD [15] published a case 
report demonstrating the co-existence of sleep apnoea 
and asthma resulting in severe sleep hypoxia. This find
ing is confmncd in our investigation of patient pop
ulation A. However, if the beneficial effect of nasal 
CPAP in obstructive sleep apnoea was expected, the 
elimination of nocturnal asthma attacks was not. The 
systematic use of nasal CPAP on younger patients with 
nocturnal asthma but no classical OSAS (population B), 
confirmed the positive response to nasal CPAP on noc
turnal asthma in this subgroup. Although not all asthma 
attacks were eliminated with nasal CPAP, as daytime 
asthma still occurred, we believe that its benefit is re
lated to an indirect effect. 

Why are nocturnal asthma attacks seen in some 
patientS and not in others? We cannot appropriately an
swer this question for all asthmatics; however, we may 
obLain better information if we focus on our very spe
cific sub&rroup. We hypothesize an abnormal enhance
ment of autonomic nervous system activity as a factor 
in the triggering of nocturnal asthma attacks. 

The indirect evidence supporting the notion of vagal 
tone enhancement during sleep in our subgroup is easy 
to find. Cephalometric roentgenograms demonstrated 
that our subjects presented with a narrow upper airway 
[9). This narrowing was associated with heavy snoring 
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and obstructive hypopnoea or with complete obstructive 
apnoea during sleep [5, 9, 16]. A consequence of par
tial or complete airway obstruction during sleep was the 
performance of partial or complete MUller manoeuvres, 
as indicated by oesophageal pressure monitoring. The 
classical Muller manoeuvre consists of an inspiratory 
effort against a closed glottis and is associated with 
significant bradycardia. Significant bradycardia is noted 
in adult obstructive sleep apnoea and during the 
obstructive 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 haemodynarnic changes noted with 
obstructive apnoea or hypopnoea [17-19]. Atropine and 
other anticholinergic medications, or autonomic nervous 
system lesions eliminate the cardiovascular changes 
associated with partial or complete upper airway 
obstruction during sleep, which are mediated through 
marked vagal stimulation [18, 19]. 

Thus, patients with obstructive apnoea, or hypopnoea 
with continuous heavy snoring, have increased vagal 
tone during sleep. This sleep-related pathological 
enhancement of vagal tone can be eliminated by appro
priate treatment of partial or complete upper airway 
obstruction 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 to 
reduce nocturnal asthma [20, 21). 

How can we link together the different pieces of 
information outlined above? Many factors may play a 
role in the appearance of nocturnal asthma, but certain 
combinations may be more powerful than others. A 
clear circadian variation in peak flow rates has been 
demonstrated in asthmatic subjects [1-3]. Bronchocon
striction seems to be exacerbated in the early morning 
hours in stable asthmatics, and this circadian peak has 
been linked to observation of asthma during the noc
turnal period (1-6]. However, other nocturnal factors 
could enhance the risks of nocturnal asthma attacks. In 
our subgroup of patients, the effects of snoring 
(with secondary induced local muscular and mucosal 
changes) on the increased vagal tone related to the 
Muller manoeuvre (18, 19, 22) are added to the cir
cadian variation of bronchoconstriction and its noctur
nal peak [1-6). Finally, asthma attacks are associated 
with significant reduction of upper airway dimension 
during inspiration and expiration as shown by CoLLEIT 
et al. [23]. This reduction is most prominent in the oro
pharynx above the hyoid bone, an anatomical region 
that is already abnormally small in our population. 
There is a continuous risk of sudden development of 
significant flow impairment. due to the anatomical 
abnormalities in association with any atopic change. The 
slowing of expiratory flow through the upper air
way, another element supposedly playing a role 
in asthma, will occur much faster during sleep in our 
subgroup of subjects than in other asthmatic subjects. 
By maintaining an unobstructed upper airway, eliminat-

ing snoring, eliminating the MUller-manoeuvre-related 
vagal enhancement during sleep, and acting on the 
speed of flow through the upper airway, the risk of 
nocturnal asthma attack should be reduced. This would 
explain the beneficial response observed with nasal 
CP AP 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 obstruction during sleep, and Muller manoeuvre. 

Independent of our speculation on possible mecha
nisms involved in the triggering of nocturnal asthma 
attacks on our subgroup of asthmatic patients, the ob
servation of the beneficial effect of nasal CP AP and 
a similar observation by Sullivan (both simultaneously 
reported at the Fifth International Congress on Sleep 
Research in Copenhagen, June 1987 [24, 25]) empha
size the need for identifying, from the total asthmatic 
group, those patients whose nocturnal asthma attacks 
may be appropriately controlled. 
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Asthme nocturne: ronflemenls, pharynx etroit et CPAP nasa/e. 
C. Guilleminault, MA. Quera-Salva, N. Powell, R. Riley, 
A. Romaker, M. Partinen, R. Baldwin, G. Nino-Murcia. 
RESUME: Deux populations de patients qui ronflaient et 
presentaient des attaques frequen tes d'asthrne nocturne ont ete 
etudiees: Dix hommcs en surcharge ponderale, atteints d'un 
syndrome typique d'apnee obstructive du somm.eil et un 
groupe de cinq adolescents ronllant regulieremem et ayant une 
augmentation de leur pression ocsophagiennc inspiratoirc 
negative au cours des stadcs du sommeil 2, non REM et 
REM. Tous les sujets presentaient des anomalies cranio
mandibulaires lors de leur evaluation cephalometrique et un 
espace elroit derriere la base de la langue. Les deux popula
tions ont etc traitecs par CP AP nasale durant leur sommeil. 
Lc ronllement, ainsi que les episodes d'obstruction partielle 
ou complete des voies aeriennes, ont ete elimin~. tout comme 
d'ailleurs les crises d'asthrne nocrume. Deux des adolescents, 
traites par chimrgie des voies aeriennes superieures apres 
CPAP nasale, n'ont plus presente de crises d'asthrne nocturne 
lors d'un suivi a court terme. La CPAP nasale n'a eu aucun 
effet sur l'aslhme diurne. Pour expliquer ce phenomene, nous 
suggerons qu'un sous groupe de patients asthmatiques il phar
ynx etroit pourrait avoir une stinmlation vagale augmcntee au 
cours du sommeil, en comparaison avec les autres astltma
tiques. Cette augmentation serait a metlre en relation avec les 
manoeuvres de MUller effectuees a repetition au cours des 
obstructions des voies aerienn.es superieures se produisant 
durant le sommeil. Cene stimulation vagale additionnelle, 
combinee aux effets locaux du ronflement, pourra.it etre un 
facteur precipitant des crises d'asthme nocturne. 
Eur Respir J. , 1988, ], 902- 907. 


