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Lack of evidence for diaphragmatic fatigue over the course

of the night in obstructive sleep apnoea
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ABSTRACT: The aim of this study was to determine whether diaphragmatic fatigue
develops over the course of the night in patients with obstructive sleep apnoea
(0OSA).

Patients with severe OSA underwent overnight polysomnography with the addi-
tion of gastric and oesophageal catheters for measurement of transdiaphragmatic
pressure (Pdi) (n=7) and a gastro-oesophageal electrode for determination of
diaphragmatic electromyogram (EMGdi) (n=5). Analyses of Pdi and EMGdi were
performed to detect fatigue during the large inspiratory efforts at the end of apnoeas
in Stage 2 sleep at the beginning and end of the night. Measurements included Pdi
values, shape analysis of the Pdi waveform, the relaxation rate (tR) of Pdi, EMGui
and its relationship to Pdi, and the centroid frequency (fc) of EMGdi.

End of apnoeic Pdi and EMGdi increased from the beginning to end of the night
(e.g. 19114 % increase in Pdi; p<0.05). The rate of increase in Pdi and EMGdi dur-
ing apnoeas did not change. The Pdi versus EMGdi relationship was linear, and
remained unchanged over the course of the night. There was no significant change
in the shape of the Pdi waveform, and there were no changes in TR from the begin-
ning to the end of the night (0.13+0.01 s for both periods). There was also no shift
in the fc of the EMGdi power spectrum (94%5 vs 9316 Hz; ns), and no change in
the relationship of fc to Pdi or EMGdi from the beginning to the end of the night.
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These findings do not support the development of diaphragmatic fatigue over

the course of the night in obstructive sleep apnoea.
Eur Respir J., 1997, 10: 133—138.

Patients with obstructive sleep apnoea (OSA) experi-
ence repeated episodes of upper airway obstruction dur-
ing sleep, with resultant hypoxaemia and hypercapnia
and progressively increasing inspiratory efforts, until
arousal occurs and airway patency is restored. The inspi-
ratory efforts generated at the end of apnoeas are often
very large, such that when transdiaphragmatic pressure
(Pdi) and the tension-time index of the diaphragm (TTdi)
are determined, end-apnoeic values in some patients
approach or surpass the threshold for fatigue described
for normal subjects [1-4]. These efforts are generated
under conditions of hypoxaemia, hypercapnia and declin-
ing cardiac output [5], which are known to predispose
to muscle fatigue [6-9]. We, therefore, speculated that
inspiratory muscle fatigue could develop during the
course of the night in OSA. This could have important
pathophysiological consequences for the severity of
apnoea, and possibly also for ventilation during wake-
fulness [1, 2, 6, 9, 10].

One previous study found evidence of impaired inspira-
tory muscle contractility in OSA, in that pleural pressure
relaxation rates (tR) during voluntary sniff manoeuv-
res were prolonged in the morning compared with the
preceding night prior to sleep [11]. However, the de-
velopment of inspiratory muscle fatigue during sleep

over the course of the night in OSA has not been specif-
ically investigated. The aim of this study was, there-
fore, to determine whether diaphragmatic fatigue develops
from the beginning to the end of the night in a group
of severe OSA patients.

Methods

Subjects

The data were obtained from seven males with doc-
umented OSA, who were recruited from the Royal Vic-
toria Hospital Sleep Disorders Clinic during the course
of studies on the mechanisms of lengthening of apnoea
during the course of the night [12—14]. Patients were
eligible if they had not yet received treatment for OSA,
had no other active medical problems, and had no major
pulmonary dysfunction on routine pulmonary function
testing (forced expiratory volume in one second (FEV1)
and forced vital capacity (FVC) >70% of predicted). This
study was approved by the Human Ethics Committee
of the Royal Victoria Hospital, and written informed
consent was obtained from all subjects prior to the study.
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Protocol

The subjects were monitored during one night with
standard polysomnographic recording, with the addition
of two balloon-tipped catheters (seven subjects) for the
measurement of oesophageal (Poes) and gastric (Pga)
pressures, and a diaphragmatic electromyographic elec-
trode (EMDdi) (five subjects). Pressure was recorded
using differential transducers (Sanborn Model 267BC,
Waltham, MA, USA), and Pdi was obtained as (Pga - Poes)
using a computerized system (CODAS, DATAQ Instru-
ments Inc., Akron, OH, USA). The EMGdi electrode con-
sisted of a modified Swan-Ganz catheter with three silver
rings, 2 mm wide, spaced 18 mm apart and mounted at
the distal end of the catheter. The catheter was anchored
at the gastro-oesophageal junction via a balloon at the
catheter tip. The EMGdi was obtained from the adjacent
electrode pair which yielded the largest amplitude sig-
nal. The EMG was conditioned using a Grass amplifier
(Model 7P511; Quincy, MA, USA) with band pass fil-
tering between 30 and 1,000 Hz.

Measurements of maximum transdiaphragmatic pres-
sure (Pdi,max) and maximal EMGdi (EMGdi,max) were
obtained during wakefulness in the supine position,
according to the method of LaporTA and Grassino [15].
During sleep, continuous polysomnographic monitoring
(Grass Model 78) was performed using electro-oculo-
graphic, electro-encephalographic and submental EMG
electrodes for sleep staging, according to standard crite-
ria [16]. Arterial oxygen saturation (Sa,0,) was measured
with a pulse oximeter (Ohmeda Biox 3700, Louisville,
CO, USA). Ribcage and abdominal motion were moni-
tored by inductance plethysmography (Respitrace, Ardsley,
NY, USA), and airflow was assessed using a thermis-
tor. Poes, Pga and EMGdi were displayed continuously
on the computer screen, and were intermittently trans-
ferred to disk and recorded on frequency-modulated (FM)
magnetic tape (AR Vetter CO, Rebersburg, PA, USA) for
subsequent playback and analysis.

Data analysis

Data were analysed from two periods of 10 consec-
utive apnoeas at the start and at the end of the night.
The criteria for identifying the periods of analysis were
that the patient was in the supine position, during estab-
lished Stage 2 sleep (with repeated end-apnoeic arousal),
with no sustained wakefulness or rapid eye movement
(REM) sleep for at least 10 min before or following the
apnoeic period. The first period at the start of the night,
and latest period at the end of the night which fulfilled
these criteria were selected. Continuous sleep (with end-
apnoeic microarousals) was required between the two
analysis periods, in that the aim of the study was to
assess the effects of repeated apnoeas during the course
of the night.

Obstructive apnoeas were defined as episodes of ces-
sation of airflow of more than 10 s duration with con-
tinued inspiratory efforts. The peak and mean Pdi for
obstructed inspiratory efforts during apnoeas were deter-
mined. The inspiratory time (¢1) and the total respira-
tory cycle time (ftot) were measured from the Pdi tracing.
The diaphragmatic tension-time index (TTdi) for obstruc-
ted efforts was calculated in the standard manner as:

Pdi/Pdi,max x t1/ttot (4). Other parameters used to assess
diaphragmatic fatigue were: 1) the time constant of rel-
axation (tR) of Pdi; 2) the shape characteristics of the
Pdi waveform; 3) the relationship between EMGudi elec-
trical activity and Pdi; and 4) the centroid frequency (fc)
of the EMGdi power spectrum. TR and the shape analy-
sis of the Pdi waveform were determined for the last 2
occluded efforts of apnoeas, and the other parameters
were measured for the last three occluded efforts. Values
were then compared between the two periods of analy-
sis at the beginning and end of the night.

TR was determined from the Pdi waveform according
to Esau et al. [17], by analysis using "Anadat" (RHT-
InfoDat Inc., Montreal, Canada) of a Pdi tracing acqui-
red at 1 kHz sampling rate. Pdi curves had to meet the
following criteria for analysis: a clear peak pressure; a
smooth monotonic decay of pressure from the peak; and
a clearly identifiable baseline. Sixty five percent of Pdi
curves met these criteria. There was no difference in the
proportion of curves analysed from the beginning com-
pared to the end of the night.

The Pdi pressure waveform was analysed using the
approach of LEVINE and GILLEN [18]. The Pdi values were
examined as a percentage of peak inspiratory Pdi at 25,
50, 75, and 90% of ¢1 for each subject. The percentage
of ¢1 at which the peak Pdi occurred was also determined
[18].

For analysis of EMGdi, the raw signal was played
back using the CODAS system, with sampling at 1 kHz.
EMG segments distorted by QRS complexes or detect-
able motion artefact were deleted [18—20]. The remain-
ing sections of data from a single effort were then divided
into 250-350 ms segments, with typically 2—4 segments
obtained from each inspiratory effort. Values for each
effort were calculated as the mean of the values for all
segments of the effort. For each segment, EMG ampli-
tude was determined as the root mean square (RMS) of
the raw signal [21] computed using the CODAS sys-
tem. The power spectrum was computed by applying a
Hanning window and Fast Fourier Transform (FFT) at
frequencies between 30 and 250 Hz, and the fc of the
power spectrum then determined according to the meth-
od of ScHWEITZER et al. [20], using validated software
(Anadat).

For comparison of the relationship between EMGdi
and Pdi during the course of the night, the linear regres-
sion relationships [6] between peak Pdi and EMGdi RMS
were determined for the last three obstructed efforts of
apnoeas combined, and the slopes and intercepts at the
beginning and end of the night were compared. Since fc
may vary with the level of inspiratory effort [22], the
relationship between fc and Pdi and between fc and
EMGdi RMS were calculated in the same fashion, and
compared across the night. The ratios fc/Pdi and fc/EMGdi
for obstructed efforts in individual subjects were also
calculated and these values were compared at the begin-
ning and end of the night.

A paired t-test was used to test for differences between
the values for Pdi and EMG variables at the beginning
and end of the night. Linear regression relationships
were determined in the standard fashion [23]. Statisti-
cal comparison between the two periods of analysis of
the slopes and Y-intercepts for linear regression relat-
ionships was performed by calculation of the t-statistic,
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using the difference in values divided by the standard
error of the difference [23]. A p-value of less than 0.05
was considered statistically significance.

Results

The subjects in the present study were obese, had nor-
mal or only mildly abnormal lung function and were nor-
mocapnic. All demonstrated severe OSA, with a group
mean apnoea-hypopnoea index of 64.1+8.8 (sp) events-h-1.
Periods of repetitive apnoea during Stage 2 sleep were
identified for analysis at the beginning and end of the
night, using the criteria described above. The mean time
between analysis periods was 3.1£0.7 h.

Pdi measurements

In keeping with previous studies [1-3], inspiratory
effort, as measured both by Pdi and TTdi, increased pro-
gressively at the end of apnoeas, reaching maximal val-
ues just prior to airway opening either on the last (91%
of apnoeas) or second-to-last (9% of apnoeas) obstruct-
ed effort. There was no difference in this distribution
between the two periods of analysis. Apnoea duration
increased from the beginning to the end of the night,
and the rate of increase in Pdi during apnoeas did not
change. Inspiratory effort at end-apnoea increased sig-
nificantly from the beginning to the end of the night
(p<0.05). The data for the last occluded effort at the
beginning and at the end of the night are presented in
table 1, and the Pdi and TTdi values for the second- and
third-last obstructed efforts showed similar changes.

The values for tR for the last obstructed effort dur-
ing apnoeas are shown in table 1. The values obtained
for the second-to-last obstructed effort were identical.
There were no significant changes in the relaxation rate

The results of the shape analysis of the Pdi waveform
are illustrated in fig. 1 and table 2. There were no sig-
nificant changes from the beginning to the end of the
night in the shape of the Pdi waveform, as reflected in
the mean values for Pdi at 25, 50, 75, and 90% of inspi-
ratory time (¢1), or in the percentage of ¢1 at which peak
Pdi occurred.

EMGadi measurements

The EMGdi findings are illustrated in table 1 and fig-
ure 2. EMGdi amplitude calculated as RMS and RMS/
RMSmax increased progressively at end-apnoea in con-
cert with Pdi (fig. 2a). As for Pdi, EMGudi for the last ob-
structed effort was significantly greater at the end than
the beginning of the night (table 1). The relationship of
Pdi to EMGdi RMS was linear (r=0.78 (beginning),
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Fig. 1. — Representative tracings from one of the subjects of two
transdiaphragmatic pressure (Pdi) waveforms for the last occluded

apnoeic effort at the beginning ( ) and at the end (— ) of
of Pdi from the beginning to the end of the night. the night. ¢1: inspiratory time.
Table 1. — Pdi and EMGdi findings during last obstructed effort
Subject Time Pdi peak TTdi R EMGdi RMS Fe
No. cmH,0 S Hz
1 B 36.6 0.12 0.15 0.37 93
E 36.9 0.13 0.15 0.31 99
2 B 29.6 0.08 0.14 0.38 85
E 32.8 0.09 0.13 0.50 85
3 B 60.9 0.18 0.11 0.65 114
E 89.0 0.23 0.10 0.75 113
4 B 56.3 0.12 0.12 - -
E 66.4 0.15 0.15 - -
5 B 41.9 0.12 0.15 0.34 93
E 49.3 0.13 0.14 0.37 76
6 B 26.6 0.12 0.12 0.51 86
E 323 0.16 0.13 0.57 92
7 B 35.3 0.12 0.14 - -
E 42.6 0.16 0.14 - -
B meanzse 41.0+4.9 0.12+0.01 0.13+0.01 0.45+0.10 94+5
E meantsg 49.9+7.9* 0.15£0.01* 0.13£0.01 0.50£0.10* 9316

B: beginning of night; E: end of night; Pdi: transdiaphragmatic pressure; TTdi: diaphragmatic tension-
time index; tR: relaxation rate; EMGdi RMS: root mean square of diaphragmatic electromyogram; fc:

centroid frequency of EMGdi. *: p<0.05, B versus E.
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Table 2. — Characteristics of Pdi waveform
Time 25% t1 50% t1 75% t1 90% t1 % t1 Pdi,peak

Last occluded effort

B 50.6+2.4 72.8+1.5 77.7+3.6 28.1+4.5 58.5+2.6

E 52.1+2.5 74.8+0.8 74.243.0 25.5+3.4 55.242.9
Second-to-last occluded effort

B 52.1+2.0 80.7£1.9 91.4+2.4 26.1+4.6 70.4+2.5

E 53.842.4 81.7£1.6 92.1+2.6 27.145.3 73.4+2.4

Values are presented as meanzse for percentage of peak Pdi developed at 25, 50, 75 and 90% of 1, respecti-
vely. B: beginning of night; E: end of night; %¢1 Pdipeak: % of 71 at which peak Pdi occurred; 71: inspiratory

time; Pdi: transdiaphragmatic pressure.
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Fig. 2. — Relationship of a) transdiaphragmatic pressure (Pdi) expressed
as Pdi/Pdimax, and b) centroid frequency (fc) to diaphragmatic elec-
tromyogram (EMGdi) expressed as RMS/RMSmax. Data points repre-
sent the mean values for individual subjects for the last three occluded
breaths at the beginning (O) and end of the night (@), with solid and
dashed lines, respectively, depicting the linear regression relationship
for the two periods. Neither the regression relationships of Pdi/Pdimax
vs RMS/RMSmax, nor those of fc vs RMS/RMSmax differed signifi-
cantly between the two periods. Pdimax: maxim transdiaphragmatic
pressure; RMS: root mean square; RMSmax: maximum root mean
square.

r=0.90 (end of the night); p<0.001 for both) (fig. 2a).
Neither the slopes nor the intercepts of the relationships
were significantly different between the two periods of
analysis.

The fc data are illustrated in table 1 and figure 2b.
The fc showed no statistically significant decrease from

the beginning to the end of the night for any of the last
three occluded apnoeic efforts. The results for the last
occluded effort are shown in table 1. The fc values for
the third-to-last obstructed effort were 82+4 Hz (begin-
ning) and 84+5 Hz (end of the night) (ns), and for the
second-to-last effort were 85+4 Hz (beginning) and 88+6
Hz (end of the night) (Ns). The fc tended to increase in
association with Pdi, although the linear regression rela-
tionship was not statistically significant (r=0.33 (beginn-
ing), r=0.48 (end of the night); p>0.05 for both). However
fc did increase linearly in relation to EMGdi RMS (r=0.65
(beginning), r=0.64 (end of the night); p<0.01 for both)
(fig. 2b). There was no significant difference in this rela-
tionship between the beginning and end of the night.
Comparison of the ratios fc/Pdi and fc/RMS for the last
three obstructed efforts also showed no significant change
over the course of the night.

Discussion

The aim of this study was to detect whether diaphrag-
matic fatigue develops over the course of the night in
OSA. Muscle fatigue has been defined as the reversible
loss of capacity to develop force and/or velocity, res-
ulting from activity under load [9]. Inspiratory muscle
fatigue can be produced under experimental conditions
when intense respiratory efforts are generated repeat-
edly against a load [4, 6, 9, 19]. Studies in normals have
shown that the threshold level of effort for the devel-
opment of inspiratory muscle fatigue, as measured by
TTdi, is 0.15. We and others have previously shown that
TTdi values at end-apnoea are equal to, or surpass, this
threshold in some patients [1-3]. In addition, the pres-
ence of hypoxaemia, hypercapnia, and reductions in car-
diac output have all been shown to predispose to earlier
development of fatigue [6-8]. It therefore seemed plau-
sible to propose that inspiratory muscle fatigue could
develop over the course of the night in OSA, in which
large inspiratory efforts are repeatedly generated against
the obstructed airway under asphyxic conditions and in
the face of declining cardiac output [5].

The development of respiratory muscle fatigue could
be of considerable pathophysiological importance in
OSA, both with respect to apnoea severity and ventila-
tory control during wakefulness. Current evidence sugg-
ests that termination of apnoea is associated with arousal,
which occurs, at least in part, in response to the gener-
ation of a critical level of respiratory effort [2, 13, 14].
If the effort-generating capacity of the muscles declined
over the course of the night, there could be delayed time
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to arousal in response to airway occlusion, and thus
worsened apnoea-associated blood gas changes. Further-
more, the ventilatory recovery from apnoeas could be
impaired by respiratory muscle dysfunction, worsening
nocturnal oxygenation with its ensuing complications,
and could also contribute to sustained hypoventilation
during wakefulness observed in some patients [1, 2, 10].

The approach to detecting diaphragmatic fatigue in
this study was to evaluate Pdi and EMGdi during the
large inspiratory efforts at the end of apnoeas, at the
beginning and end of the night. We postulated that if
fatigue were produced as a result of repeated apnoeas,
the generation of Pdi during apnoeas and the values for
Pdi at end-apnoea should decline over the course of the
night. However, we observed that the rate of increase
in Pdi during apnoeas was unchanged, and the peak Pdi
at end-apnoea, in fact, increased significantly, in asso-
ciation with an increase in apnoea duration over the
course of the night. The issue of lengthening of apnoea
is discussed in detail elsewhere (12—14). However the
finding that generation of inspiratory effort during ap-
noeas is preserved over the course of the night provides
a strong argument against the development of overt inspi-
ratory muscle fatigue. We have observed the same pat-
tern in seven other subjects studied throughout the night
with measurement of pleural pressure alone [14]. The
pattern, thus, appears to be reproducible, and strongly
argues against the loss of inspiratory muscle force-gen-
erating capacity during the night.

We also attempted to identify more subtle evidence
of diaphragmatic dysfunction using other analyses of Pdi
and EMGdi. Esau et al. [17] previously reported that
changes in the relaxation rate (tR) of Pdi during loaded
inspiratory efforts predicts diaphragmatic fatigue. In the
latter study, increases in TR occurred during fatiguing
trials concomitantly with changes in maximal relaxation
rate and in EMG high/low (H/L) ratio, prior to the loss
of force-generating capacity [17]. Therefore TR of Pdi
was assessed in an identical manner during end-apnoeic
efforts in the present study. No significant changes were
found from the beginning to the end of the night, which
argues against the development of changes in diaphrag-
matic contractility over the course of the night.

This finding appears to be at variance with the results
of GriGGs et al. [11], who reported an increase in the
TR of pleural pressure during voluntary sniff manoeu-
vres, measured prior to sleep and upon awakening in an
apparently similar group of OSA patients. They found
no change in maximal mouth pressures from night to
morning. The changes in TR were, therefore, interpreted
as evidence of impaired inspiratory muscle contracti-
lity without development of overt fatigue [11]. Conceiv-
ably, their findings may have related to selective changes
in contractility of nondiaphragmatic inspiratory muscles
identified by assessment of tR using pleural pressure
rather than Pdi [24]. However, this seems unlikely in
that in the present study, as previously described [2, 3],
Pdi consisted largely of pleural pressure swings with a
relatively minor contribution of Pga. This could be further
tested with EMG measurements from nondiaphragmatic
muscles [24]. Alternatively, there may be considerable
differences in the factors influencing muscle relaxation
during a rapid voluntary sniff manoeuvre, compared with
during submaximal obstructed efforts produced in response

to airway occlusion during sleep under asphyxic con-
ditions. Therefore, we cannot exclude the possibility that
similar changes might have been observed in the pre-
sent patients if sniffs had been performed during wake-
fulness. However, this was not tested since the focus of
this study was on the identification of muscle dysfunc-
tion during sleep.

A shape analysis of the Pdi waveform was performed
in the manner described by LevINE and GiLLEN [18].
These authors identified a reduction in the percentage
Pdi swing at 50 and 90% of ¢1, without a change in peak
Pdi, in chronic obstructive pulmonary disease (COPD)
patients who developed EMGdi signs of fatigue during
incremental exercise testing [18]. They therefore pro-
posed that shape changes in the Pdi waveform are predic-
tive of diaphragmatic fatigue. When we compared Pdi
waveforms using this approach at the beginning and end
of the night, no significant change was observed in any
of the measures of Pdi waveform. This is therefore a
further argument against the development of impaired
diaphragmatic contractility during the course of the night
in OSA.

The relationship between Pdi and EMGdi activity was
assessed in five of the subjects. The development of
fatigue is typically associated with a fall in Pdi devel-
oped for a given EMGdi amplitude [6]. In this study,
the relationship of Pdi to EMGdi RMS was linear, both
at the beginning and end of the night. In the event of
fatigue, the slope of this relationship (fig. 2b) would
have been expected to decline during the night [6].
However, there were no statistically significant differ-
ences in either the slopes or intercepts of the Pdi vs
EMGdi RMS relationship between the two periods of
analysis.

EMGdi spectral analysis has been widely used to iden-
tify early signs of diaphragmatic fatigue [6, 9, 17-20].
One of the most sensitive and reproducible measures
for this purpose is the fc [19, 20]. In this study, fc was
determined for the last three obstructed efforts during
apnoeas at the beginning and end of the night, and no
significant differences were found in the mean values
for any of the three obstructed efforts between the two
periods of analysis. It was also found that fc varied with
the intensity of inspiratory effort, as has been reported
previously [22]. The fc was linearly related to EMGdi
RMS and tended also to increase linearly with Pdi. The
fc vs Pdi and fc vs EMGdi relationships were compared
over the course of the night in several ways, in order
to detect whether fc was decreased for a given level of
EMG activity or force generation. However, there were
no significant changes in either of the relationships over
the course of the night.

In view of the relatively small number of subjects
studied with EMDdi measurements, there could be con-
cern that the study lacks sufficient statistical power to
exclude a false negative result. While one of the sub-
jects showed a decrease in fc for the last obstructed
effort (table 1) from the beginning to the end of the
night, the group mean value for this effort did not change
significantly. Of note, there was no decrease in fc for
this or any other subject for the third-to-last or second-
to-last obstructed effort during the course of the night.
Furthermore, the present data indicate that the proba-
bility of a Type II error is, in fact, very small. Previous
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studies have identified fatigue via EMG analysis when
fc fell to below 2 sp of baseline values [18, 19]. In the
present study, the average sp for individual subject fc
values for all efforts analysed was 7.5 Hz at the begin-
ning of the night and 6 Hz at the end. Thus, to identi-
fy fatigue, a decrease in mean fc of 12—15 Hz would
have been required over the course of the night. Standard
power calculations for this magnitude of difference (e.g.
15) between measurements with this degree of vari-
ability (e.g. sp=7.5) for a paired t-test with n=5 yield a
power of 0.91 [23]. Thus, we believe the present study
has sufficient statistical power to reasonably exclude a
true change in fc over the course of the night.

In summary, this analysis of the inspiratory efforts at
end-apnoea indicates that there is no loss of force-gen-
erating capacity of the diaphragm over the course of the
night in severe obstructive sleep apnoea. We also found
no evidence from this analysis to support the develop-
ment of early or "incipient" changes in diaphragmatic
contractility, despite the fact that at least four of the
subjects attained or surpassed "fatiguing" values of
diaphragmatic tension-time index [4] at end-apnoea (table
1). Therefore, it may be that even though potentially
fatiguing levels of inspiratory effort are generated repeat-
edly throughout the night, these are not sustained for
sufficiently long periods to result in the development of
impaired contractility [4, 6, 17, 19]. Thus, as previous-
ly proposed by VINCKEN et al. [1], the end-apnoeic arousal
response, which leads to resolution of airway occlusion
and, thereby, a reduction in inspiratory effort, may pro-
vide a defence against the development of inspiratory
muscle fatigue in obstructive sleep apnoea patients.
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