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ABSTRACT: Obstructive sleep apnoea (OSA) is associated with abnormalities in
autonomic stress tests, which are tests of cardiovascular response in the autonomic
nervous system (ANS). The level of abnormality has been related to the level of
overnight arterial oxygen saturation (Sa,0,). We have studied ANS function pre-
and post-treatment with nasal continuous positive airway pressure (nCPAP) in six
males with moderately severe or severe OSA (apnoea/hypopnoea index (AHI) medi-
an 51 (range 14-74) events-h-1 of sleep).

Tests consisted of heart rate responses to Valsalva manoeuvre, deep breathing,
and change of posture from lying to standing. In addition, systolic blood pressure
(SBP) response to standing and diastolic blood pressure (DBP) response to hand-
grip were studied. Each abnormal test (compared to published normal values) scored
+1.0 and each marginal test result (90-95% confidence interval for normals) scored
+0.5. A total score was calculated for the five tests performed in the evening and
morning (maximum score 10 per patient). Patients had been receiving treatment
for more than 1 year (median 471 (389-624) days) and objective compliance was
monitored by a clock counter in the nCPAP machines.

Five of six patients had regularly used nCPAP (mean 7.8 h-night-1) and all showed
a normalization in ANS test score: pre-nCPAP 2 (1-4.5), post-nCPAP 0.2 (0-0.5)
(p<0.05, Wilcoxon signed rank test). One poorly compliant subject (No. 6; nCPAP
3 hrnight-1) had a deterioration in ANS test score: 1 pre-nCPAP to 1.5 post-nCPAP.
The improvement in ANS test score in the five compliant patients was positively
correlated with an improvement in mean Sa,0, during sleep posttreatment. We con-
clude that successful treatment of obstructive sleep apnoea leads to normalization
of impaired autonomic stress responses.

Eur Respir J., 1996, 9, 2122-2126.

*Dept of Respiratory Medicine, *Sleep
Laboratory, and #PRETA Laboratory, CHU
Grenoble, and University Joseph Fourier,
Grenoble, France.

Correspondence: P.A. Lévy
Secteur Sommeil et Respiration
Service de Pneumologie

CHU 38043 Grenoble Cedex 9
France

Keywords: Autonomic nervous system
autonomic stress tests

nasal continuous positive airway pressure
obstructive sleep apnoea syndrome

Received: January 3 1996
Accepted after revision May 23 1996

This study was supported by a grant from
Région Rhone Alpes (Hypoxia).

Obstructive sleep apnoea syndrome (OSAS) is a dis-
order in which repetitive apnoeas during sleep produce
hypoxaemia, arousals and fragmentation of sleep [1].
Apnoea-related hypoxaemia produces activation of the
sympathetic nervous system [2]. The repeated acute
changes in sympathetic activity lead to a chronic stimu-
lation of the sympathetic nervous system, with increased
plasma and urinary catecholamines, which can be nor-
malized by tracheostomy [2]. There is a hypertensive res-
ponse at the end of an apnoea and a further incremental
elevation following the resumption of ventilation and
arousal [3]. The sensitivity of the baroreceptor reflexes
are altered during apnoeas in hypertensive OSAS [4]. A
possible mechanism could be chronic autonomic nervous
system (ANS) stimulation, as occurs with the recurrent
blood pressure (BP) surges during apnoeas. CARLSON et
al. [5] have shown persistent increase in muscle sympa-
thetic nerve activity even during the awake period in
obstructive sleep apnoea (OSA) patients. Thus, chronic
ANS stimulation may alter autonomic responses in OSA.

We have previously shown that OSA is associated with
abnormalities in autonomic stress tests in relation to

overnight oxygen desaturation (cumulative time with Sa,0,
<90% and minimal Sa,0, in sleep) [6]. We have postula-
ted that treatment of OSA may ameliorate this dysfunc-
tion. We have, therefore, studied ANS function pre- and
post-treatment with nasal continuous positive airway pres-
sure (nCPAP).

Patients

We studied six males who had been referred for poly-
somnography because of suspected OSA, with severe
snoring. All of these patients had moderate to severe
obesity at the time of the study, with a mean body mass
index (BMI) of 32.2 kg:m?2 (range 24.5-39.2 kg:m2),
and were aged 43-58 yrs (mean 5215 yrs). One patient
received a diuretic preparation, which was stopped 48 h
before each examination. This was the only patient with
diagnosed hypertension.

Subjects were excluded from the study if they had
angina or a history of recurrent tachycardia. Diabetes
mellitus and current consumption of beta-blockers, alpha-
agonists, vasodilators or angiotensin converting enzyme
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(ACE) inhibitors, or cholinergic stimulating drugs also
led to exclusion. Patients were informed of the methods
and aims of the study and consent was given to the pro-
tocol, which was approved by the Hospital Ethics Comm-
ittee. This was in agreement with the Declaration of
Helsinki on Clinical Experiments.

Patients completed a questionnaire about symptoms
and previous illnesses, which was used for the clinical ass-
essment of those with suspected sleep-disordered breath-
ing. They were asked about hypersomnolence, snoring
and morning headache. They were also questioned about
symptoms relating to autonomic dysfunction, such as
postural hypotension and impotence. The subjects under-
went a clinical examination and BP was recorded lying
at rest during the afternoon as the baseline. This BP value
was compared to that recorded on waking in the morn-
ing.

Methods

Polysomnography

Polysomnography was performed in each patient twice:
once for diagnosis and once for assessment of progress
under nCPAP. Polysomnographic recording included
electroencephalogram (EEG), with electrode positions
C3/A2-C4/A1-CZ/O1 of the international 10-20 elec-
trode placement system; electro-oculogram (EOG), chin
electromyogram (EMG) and electrocardiogram (ECG,
modified V2 lead) were also recorded. Respiration was
monitored with abdominal and thoracic strain gauges.
Airflow was semiquantitatively measured by the sum of
buccal and nasal thermistors, and Sa,0, was measured
with a Biox-Ohmeda 3700 oximeter.

The polysomnogram was scored manually, according
to standard criteria [7]. Episodes of apnoea were defined
as complete cessation of airflow for 10 s or more, and
hypopnoea as a greater than 50% decrease in oronasal
airflow lasting for at least 10 s. Apnoea/hypopnoea events
were classified as central, obstructive or mixed, accord-
ing to the presence of breathing efforts. The OSAS was
defined by the respiratory disturbance index (RDI, i.e.
number of episodes of apnoea/hypopnoea-h-! of sleep)

[8].

Autonomic function tests [9, 10]
Tests were performed in the following order:

Heart rate response to Valsalva manoeuvre. The subject
was instructed to blow maximally through a mouthpiece
attached to a manometer. He lay semirecumbent and had
an ECG recorded at a paper speed of 25 mm-s'l. He was
instructed to blow hard for 15 s, maintaining the mano-
meter at the maximal value, and then suddenly to release
his breath. This was repeated three times. The R-R inter-
vals of the ECG were examined and the ratio of the
longest R-R during release to the shortest R-R interval
during strain calculated (Valsalva ratio).

Heart rate response to deep breathing. This was per-
formed in the supine position. The subject took a slow
deep breath over 5 s and exhaled over 5 s for a period of
1 min (i.e. 6 breaths-min-!) whilst the ECG was recorded.

The ratio (E/I) of the mean of the maximum R-R inter-
vals during deep expiration (six breaths) to the mean of
the minimum R-R intervals during deep inspiration (six
breaths) was calculated.

Heart rate response to standing up. A continuous ECG
was recorded, whilst the subject rose suddenly from the
supine to the upright position. R-R intervals of beats 15
and 30 after standing were recorded and a 30/15 ratio
calculated.

Postural response in blood pressure. BP was recorded by
mercury or aneroid sphygmomanometer, with the sub-
ject lying after 5 min rest. The subject was instructed to
stand up quickly and the BP recorded immediately. The
difference in systolic blood pressure (SBP) was calcu-
lated ("postural response").

Blood pressure response to sustained handgrip. The sub-
ject was instructed to squeeze a dynamometer to a pres-
sure of 30% of their maximum for 3 min. The BP was
measured at 30 s intervals with a mercury or aneroid
sphygmomanometer. The change in diastolic blood pres-
sure (DBP) was recorded ("handgrip response").

Tests were performed by two doctors experienced in
the use of these autonomic stress tests. The patient rest-
ed between each test in order for the heart rate to return
to baseline. Patients were studied on the day of polysom-
nography at 17:00-18:00 h in the sleep laboratory, after
1 h sitting at rest and without cigarettes or coffee con-
sumption. Tests were performed at 06:00 h the follow-
ing morning as the patient woke naturally from sleep.

Analysis of results

The tests were analysed by two of the doctors with-
out knowledge of the polysomnographic data, and mar-
ginal results were reviewed by the third doctor without
knowledge of the previous result.

The normal values of INGALL et al. [10] for ECG res-
ponses to the various manoeuvres were used, as these
take into account the age of the subject. The normal val-
ues for BP responses were those of EwiNG [9], which
consider a postural fall of <30 mmHg in SBP as normal.
A rise of 10-15 mmHg in DBP in response to handgrip
is marginally abnormal, and <10 mmHg rise definitely so.

Since the test results are defined as normal or abnor-
mal for different actual values in relation to age, each
abnormal test was scored as +1 and each marginal res-
ult as +0.5.

One patient refused to have autonomic tests performed
on the morning of his study under nCPAP and, thus, the
evening results pre- and post-nCPAP were compared in
this case.

Compliance was assessed by reading the clock count-
er in the nCPAP machine. Quantitative variables were
compared using a Wilcoxon signed rank test and a Chi-
squared analysis with Yates' correction for comparison
of qualitative variables.

Results

The patients were studied after at least 1 year of treat-
ment with nCPAP, with a median of 471 (389-624) days
treatment (table 1). All of the patients were symptomatic
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Table 1. — Patient demographics and ANS test results

which were abnormal or marginal

Pt Age BMI BP ANS Tests ANS Tests

No. yrs pre- pre- Pre- on
nCPAP nCPAP nCPAP nCPAP
kg-m-2 mmHg

1 56 29 134/92 2,4,5 45 5 (0.5

2 50 35 130/70 L3 (3 5 (05

3 50 25 118/80 2 (H 0 (0

4 55 35 120780 2,5 () 0 (0

5 43 36 150/100 2,5 (1) 0 (0

6 58 27 140/100 2 1 2 (15

Pt: patient; BMI: body mass index; nCPAP: nasal continuous
positive airway pressure; ANS: autonomic nervous system. 1=
Valsalva response; 2=deep breathing response; 3=lying/stand-
ing heart rate response; 4=postural blood pressure response; 5=
handgrip blood pressure response. The ANS test scores for
morning plus evening are shown in parentheses.

ANS score Mean ASa0,
10 10
5 =5
N
0 H HH :E:ﬂl'l: L0
Patient No. 1 2 3 4 5
Compliance h-night! 77 78 102 61 74 34
Days on treatment 465 575 624 444 389 477
RDI nh! 51 44 74 51 14 515
RDlundernCPAP nh'| 03 25 0 23 58 5
Fig. 1. — Autonomic scores (left axis) and ASa0, (right axis) and

patient clinical details. Hospital polysomnography pre- and under-
nCPAP treatment. Note deterioration in ANS score in noncompliant
patient (No. 6; [~_| ). B : ANS score before nCPAP; F##: ANS
score post-nCPAP; : mean nocturnal ASa,0, (pre-under nCPAP).
nCPAP: nasal continuous positive airway pressure; ANS: autonomic
nervous system; ASa,0,: difference in arterial oxygen saturation; RDI:
respiratory disturbance index.
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from their OSA before treatment but none complained
of any autonomic-related symptoms prior to or after
nCPAP. There was no significant change in mean body
mass index (BMI) over the treatment period (3115 and
3316 kg-m2 post-treatment, respectively). The patients
were generally compliant with treatment using nCPAP
for a mean of 7.1+2.4 h-night'!, but one patient used his
treatment for only 3 h-night! on average (fig. 1). The
patients had significant OSA, with a respiratory distur-
bance index (RDI) of 48+19 (range 14-74) events-h'!
pretreatment. On the night of polysomnography with
nCPAP, five out of six patients had normalization of
the RDI to <10 events-h-! of sleep. One patient had only
a partial response on the night of study on nCPAP, with
an improvement in RDI from 51-23 events-h'!. His mean
Sa,0, pre-nCPAP was 92.5% and ANS score was one.
With treatment, mean Sa,0, improved to 94% and ANS
score was normal.

Blood pressure values in the morning pre-nCPAP are
shown in Table 1. One patient (No. 6), who was non-
compliant with treatment, had a deterioration in total
evening plus morning scores of autonomic stress tests
after nCPAP. His score increased to 1.5 in the second
phase of the study, having been 1.0 pre-nCPAP (fig. 1).
The five compliant patients all had a reduction in ANS
score: total score for the five pre-nCPAP (morning and
evening) was 10.5 out of a possible maximum score of
45, and post-nCPAP this fell to 1.0 out of 45. This was a
significant change (p<0.05). As in a previous report [1],
we examined whether the level of oxygenation overnight
had any relationship to the ANS test scores. We found
that the change in ANS test score correlated with the
change in mean Sa,0, overnight between diagnosis and
treatment (r=0.97; p<0.01).

The overnight changes in SBP (131+14.5 vs 132+12.1
mmHg) and DBP (89.8+£8.6 vs 87.6£12.7 mmHg) in the
pretreatment phase were not significant. This was also
the case after nCPAP treatment (SBP 132+17 vs 133£23.9
mmHg and DBP 84+19 vs 90£10 mmHg overnight).
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Pre-nCPAP Post-nCPAP Post-nCPAP Pre-nCPAP Post-nCPAP
30/15 Valsalva ratio

6_ ................ b T
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Pre-nCPAP Post-nCPAP Pre-nCPAP Post-nCPAP

ASBP handgrip ADBP handgrip

Fig. 2. — Evolution of each ANS test score before and after n"CPAP summarized for all of the patients. Note that the majority of the abnormali-
ties were found in the heart-rate stress test. HHHE ANS stress tests evening; F##d: ANS stress tests morning; [ |: ANS stress test before nCPAP;
[+ ] : ANS stress tests after nCPAP. E/I: ratio of the mean of the maximum R-R intervals during deep expiration (six breaths) to the mean of the
minimum R-R intervals during deep inspiration (six breaths); 30/15: ratio of intervals of beats 15 and 30 after standing. ASBP: change in systolic
blood pressure; ADBP: change in diastolic blood pressure. For further definitions see legend to figure 1.
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The noncompliant patient had a relative increase of
SBP to 165 mmHg during the second study in the morn-
ing.

Figure 2 shows that the E/I test was the most often
abnormal, but only one patient had an abnormal result
for this test on nCPAP. The majority of abnormalities in
response were in heart rate tests.

Discussion

We have previously demonstrated abnormalities of
ANS stress tests in patients with OSA [6]. We have now
shown that effective treatment of this condition by
nCPAP can lead to an improvement in these abnormal
stress responses.

We acknowledge that these findings relate to a small
group of patients but the results were consistent. Ideally,
a control group of subjects should be studied but this
would have to be carried out in a set of patients with
milder OSA, as it would not be justifiable to leave patients
with an average AHI of 48 events-h! without effective
therapy for more than a year.

The greatest level of abnormality was in the response
to deep breathing. It may be that patients with OSA syste-
matically experience increased stimulation of their mech-
anoreceptors during each apnoea, with large changes in
pulmonary volume. This may indicate that the heart rate
response to respiratory efforts could be chronically reset
in relation to the abnormal respiratory events at night
over the years of development of OSA.

Likewise, the chronic sympathetic discharge in these
patients could change autonomic responses before treat-
ment. ESCOURROU et al. [4] showed that the sensitivity of
the baroreflex in sleep apnoea syndrome (SAS) subjects
while awake, assessed by the slope of the response bet-
ween heart rate and BP on injection of phenylephrine,
was normal in normotensive SAS subjects but reduced in
hypertensive SAS subjects. Furthermore, normotensive
SAS patients had a greatly increased sensitivity in baro-
reflex during apnoeas, which was not evident in hyper-
tensive SAS. In the present study, the more important
changes, however, were in the parasympathetic media-
ted responses.

Acute autonomic effects, such as abrupt swings in
heart rhythm from bradycardia to tachycardia [11], raised
serum and urine levels of catecholamines [2], and mus-
cle sympathetic nerve activity bursts [12] have been
described in OSA. Furthermore, chronic diurnal modi-
fications of autonomic function have been found in this
condition, with raised sympathetic tone [12] and hyper-
tension [13]. FLETCHER et al. [2] have shown that raised
overnight cat-echolamine secretion can be reversed by
tracheostomy. HEDNER et al. [14] showed that an increased
level of sympathetic activity can be reduced by 14-26
months nCPAP, but this did not reduce blood pressure
or cardiac structure as measured by left ventricular mass
index [14]. In this study, it was demonstrated that more
long-term autonomic effects of OSA can be reversed by
nCPAP. This suggests that adrenergic tone as well as
ANS stress test responses can be normalized, whilst arte-
rial and cardiac effects may persist.

The present patients were examined after at least 1
year of nCPAP treatment, so the rate of change in auto-
nomic function with improvement in OSA is not known.

Patients who benefit from nCPAP generally have a rapid
improvement in symptoms, such as daytime somnolence
[15] but the course of longer term evolution of autono-
mic effects, such as improvements in BP, have not been
reported, although nCPAP treatment may improve BP
levels [16]. We did not find an overnight fall in BP,
which would be an expected consequence of a normal-
ization of sympathetic tone with proper treatment of OSA.
Continuous monitoring of BP may better detect evolu-
tionary changes in BP.

There has been much discussion as to which battery
of cardiovascular reflex tests is best suited for assessing
autonomic responses and what constitutes normal res-
ponse values [17-19]. In the present study, the tests of
EwinG [9] were used as the basis of the selection of tests,
as these have been in use for many years and are well-
established. However, as a middle-aged group of patients
were studied, age-related normal values were taken for
the heart rate responses [10].

In our previous study [6], the level of failure of auto-
nomic response to stress was related to a measure of the
severity of overnight oxygen desaturation and, indeed, in
the present report the level of improvement in autonomic
stress response was related to the level of improvement
in Sa,0,. The only patient with inadequate improvement
in RDI had a clear improvement in mean nocturnal Sa,0,
to a value of 94%. The fact that we have shown that the
degree of ANS stress response dysfunction and its im-
provement both seem to relate to the degree of overnight
oxygen desaturation would seem to indicate that hypoxia
has a role to play. STEWART et al. [20] have shown that
the level of abnormalities in ANS stress tests is also rel-
ated to the level of hypoxia in chronic obstructive pul-
monary disease (COPD). There are, however, no studies
relating this to sleep structure or catecholamine secretion.

We acknowledge that other mechanisms, such as micro-
arousal or repeated respiratory effort against a closed air-
way, might be implicated in the deterioration of autonomic
responses and relieved by nCPAP. SoMmERs et al. [21] rec-
ently showed that increased sympathetic nerve activity
was reduced by nCPAP in OSA patients. Further stud-
ies are needed to elucidate the precise mechanisms of
changes in autonomic responses.

The management of OSA by nCPAP treatment has
been revolutionized but, unfortunately, it is not tolerated
by all patients, mainly because of mask-related nasal
problems [22]. Noncompliance may be as high as 20%
and, thus, it is not surprising that one of the present
patients was documented as using his machine for only
3 henight'!. The fact that this patient had a deterioration
in ANS test score adds strength to the argument that prop-
er treatment of OSA may reverse some of the ill effects
of the disease. Admittedly, this patient had an improve-
ment in overnight Sa,0, on the night of polysomnogra-
phy under nCPAP but this was with 7 h of effective
treatment. It was not known what the effect of intermit-
tent therapy at a mean of 3 h-night! might be. BARONE
KriBBs et al. [23] showed that even one night without
nCPAP can be associated with the recurrence of sleep-
related breathing disturbance and daytime somnolence.
Thus, the deterioration in our noncompliant patient,
although minimal, supports the idea that ANS dysfunc-
tion is secondary to OSA and only reversible with ade-
quate treatment.
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In COPD, it has been shown that autonomic dysfunc-
tion is related to prolongation of the QTc interval on the
electrocardiogram [24], and to an increased mortality
risk. Prolonged QTc interval puts the patient at risk of
serious arrhythmias [25]. However, FLEMONs et al. [26] did
not find an increased level of dysrhythmia in OSA pati-
ents overnight compared to nonapnoeic snorers. GILLIS
et al. [27] showed that the QTc was prolonged during the
onset of apnoea but shortened significantly during apnoea
and postapnoea hyperventilation. A study focused on a
subgroup of apnoeic patients with autonomic dysfunction
might identify patients with prolonged QTc interval, who
could, thereby, be at risk of arrhythmia.

We conclude that impaired autonomic responses occur
in obstructive sleep apnoea and that these are probably
related to nocturnal hypoxia, which can be improved by
nasal continuous positive airway pressure. Further study
of the effects of obstructive sleep apnoea and its treat-
ment on autonomic control may help elucidate the mech-
anisms of development of systemic effects in this condition.
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