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ABSTRACT: For a given neural drive, oesophageal pressure during apnoeic episodes may differ

from that during airflow, since inspiratory airflow and increased lung volume both reduce

pressure generation. It was, therefore, hypothesised that diaphragm electromyography (EMG)

may provide additional data to oesophageal pressure when used for the assessment of neural

drive in patients with obstructive sleep apnoea, whose breathing is associated with variable

airflow and changes in lung volume.

Neural respiratory drive was assessed using diaphragm EMG recorded from multipair

oesophageal electrodes in 12 patients with obstructive sleep apnoea. Oesophageal pressure

was also recorded.

The mean¡SD inspiratory oesophageal pressure swing was 11.0¡3.7 cmH2O during wakeful-

ness, 38.2¡15.7 cmH2O at the end of the apnoea and reduced to 28.5¡10.4 cmH2O at the

beginning of arousal. The mean peak inspiratory diaphragm EMG signal was 21.8¡6.5 mV during

wakefulness, 38.6¡14.0 mV at the end of the apnoea and further increased to 59.6¡32.0 mV at the

beginning of arousal.

It was concluded that the pattern of neural drive assessed by oesophageal pressure differs from

that measured by diaphragm electromyography during apnoeic events and, therefore, that

diaphragm electromyography may be a useful adjunct to measurement of oesophageal pressure

for the assessment of neural drive in patients with obstructive sleep apnoea.

KEYWORDS: Apnoea, breathing disorders during sleep, diaphragm, electrophysiology, neural

control of respiration

T
he activity of the respiratory muscles
during apnoeic events in patients with
obstructive sleep apnoea (OSA) is of

clinical and scientific interest. In particular,
understanding changes in neural drive may
provide further insights regarding the nature of
OSA. Clinically, it has been hypothesised that,
during episodes of subtotal obstruction, increased
inspiratory muscle activity occurs and that the
arousals associated with these episodes can cause
hypersomnolence, the upper airway resistance
syndrome. From a scientific perspective, it is
probable that the vigour of the response of the
respiratory muscle pump to occlusion of the upper
airway reflects the pattern of arousal, and so
assessing this may give an insight into the nature
of the arousals. In addition, loop gain has been
postulated as a contributor to OSA in some
patients with OSA [1], but accurately investigating
this hypothesis would be facilitated by accurate
measurement of neural drive.

For these reasons, it is sometimes considered worth-
while to measure oesophageal pressure (Poes) as a

reflection of neural drive [2, 3]. However, Poes

may vary during obstructive episodes, since
inspiratory airflow and high lung volume both
reduce pressure generation for a given level of
neural drive. Therefore, Poes may not accurately
reflect neural drive in patients with OSA, whose
breathing, by definition, is associated with vari-
able airflow and, conceivably, changes in lung
volume. Despite these potential problems STOOHS

et al. [4] reported in 2005 that diaphragm
electromyography (EMG) activity recorded using
surface electrodes enjoyed a close relationship
with Poes in patients with moderate OSA.

Since the early 2000s, it has been established that
neural respiratory drive can be reliably measured
using oesophageal diaphragm EMG in normal
subjects and patients with respiratory disease if a
multipair oesophageal electrode is employed [5,
6]. Moreover, signals from this type of oesophag-
eal electrode are usually of better quality and
easier to analyse than those obtained from sur-
face electrodes [7]. Since this technique is feasible
during sleep, it was hypothesised that continuous
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oesophageal diaphragm EMG might offer new insights into
inspiratory muscle activity during apnoeic episodes in OSA.
Although this has been attempted previously [8], the present
approach benefits from a close array of multiple sensors to
overcome the problem of electrode positioning, which could be
particularly important as patients are likely to change posture
during sleep.

The purpose of the present study was to determine whether
the multipair oesophageal electrode can reliably and continu-
ously record the diaphragm EMG signal during overnight
polysomnography in patients with OSA and, in particular, to
compare diaphragm EMG with Poes for the assessment of
neural drive during apnoeic events in patients with OSA in
order to consider whether or not the relationship described by
STOOHS et al. [4] is the case throughout apnoea.

METHODS
In total, 12 male subjects aged 24–63 yrs (mean age 41¡12 yrs)
with suspected OSA were recruited from patients referred to
the Sleep Centre of Guangzhou Institute of Respiratory
Diseases (Guangzhou, China); their demographic data are
shown in table 1. No patient had coexisting conditions that
were likely to affect respiratory muscle function, such as
chronic obstructive pulmonary disease or neuromuscular
disease. The present study was approved by the Ethics
Committee of Guangzhou Institute of Respiratory Diseases,
and all subjects gave their informed consent.

The oesophageal electrode and its positioning
The diaphragm EMG signal was recorded using a new version
of a previously described catheter [5]. Briefly, it consisted of 10
electrode coils (fig. 1), each 10 mm in length and 1.9 mm in
diameter, with a gap between adjacent recording coils of
0.5 mm. Five pairs of electrodes were formed, with pair 1
consisting of coils 1 and 5, pair 2 of coils 2 and 6, pair 3 of coils
3 and 7, pair 4 of coils 4 and 8, and pair 5 of coils 5 and 9. On
the catheter, another coil (coil 0), located 2 cm from coil 1, was

connected to ground. The oesophageal electrode was passed
through the nose and swallowed into the oesophagus. Coil 5
was positioned close to the crus of the diaphragm based on the
spontaneous EMG recorded from the five pairs of electrodes
[5]. The optimal position of the electrode catheter was
characterised by large EMG signals recorded from electrode
pairs 1 and 5, and a small EMG signal recorded from pair 3,
during resting breathing, as previously described [5, 9]. After
the oesophageal electrode was satisfactorily positioned with
the subject in the supine position, the catheter was securely
taped at the nose. The diaphragm EMG signals were amplified
and band-pass filtered in the range 20–1,000 Hz.

Poes and gastric pressure (Pga) were recorded using balloon
catheters that were positioned at the lower oesophagus and
stomach [10]. The oesophageal balloon contained 0.5 mL of air
and the gastric balloon 2 mL, and pressures were measured by
differential pressure transducers. Poes was measured in all 12
subjects, whereas only eight consented to have more than two
catheters inside their body.

Clinical polysomnography

Conventional polysomnography was performed, including
electroencephalography (C3/A2 and C4/A1), left and right
electro-oculography, submental EMG and measurement of

TABLE 1 Anthropometric and polysomnographic data

Patient Age

yrs

Height

cm

Weight

kg

BMI

kg?m-2

AHI

events?h-1

Sleep time

min

1 40 172 70 23.7 38 321

2 42 176 74 23.9 60 391

3 59 168 70 24.8 67 450

4 48 160 75 29.3 54 486

5 43 172 96 32.4 71 465

6 63 165 75 27.5 63 404

7 27 173 78 26.1 56 255

8 35 175 85 27.8 70 241

9 49 173 95 31.7 81 494

10 24 163 75 28.2 100 360

11 38 167 70 25.1 61 426

12 29 170 90 31.1 83 389

Overall 41¡12 170¡5 79¡10 27.6¡3.0 67¡16 390¡84

Overall data are presented as mean¡SD. All subjects were male. BMI: body

mass index; AHI: apnoea/hypopnoea index.
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FIGURE 1. a) Configuration and b) photograph of a multipair oesophageal

electrode catheter. The oesophageal electrode catheter contains 10 metal coils

(numbered 0–9), each 1 cm in length. The distance between recording electrodes

is 0.5 mm (brackets). Five pairs of electrodes were formed.

Y.M. LUO ET AL. DIAPHRAGM EMG IN OSA PATIENTS

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 31 NUMBER 3 651



airflow (thermistor), snoring, body position, thoracic and
abdominal movements, and oxygen saturation. All signals
were recorded by an Alice 4 system (Respironics Inc.,
Pittsburgh, PA, USA).

Abdominal EMG
The abdominal EMG was also recorded, using silver/silver
chloride electrodes (3M Health Care, London, ON, Canada), in
four subjects in order to aid understanding of the changes in
end-expiratory Poes. The electrodes were positioned 2 cm to
the right of the navel, with a 3-cm interelectrode distance.

Signals were recorded and analysed using an Apple computer
and Powerlab system (ADInstruments, Castle Hill, Australia).
The sampling frequency was 2 kHz for diaphragm EMG and
200 Hz for other signals. Transdiaphragmatic pressure (Pdi)
was calculated by digital subtraction of Poes from Pga.

Data analysis
Data were analysed offline. The root mean square (RMS) of the
EMG signal was calculated by computer using a time constant
of 100 ms. The RMS reported was that of the electrode pair
with the greatest EMG signal amplitude for each breathing
cycle. In order to avoid influence of ECG on diaphragm EMG,
RMS was measured from segments between QRS complexes.
Apnoea was defined as the absence of airflow for .10 s,
during which there were thoracic and abdominal movements.
Five to eight apnoeic episodes were selected for analysis for
each subject during stage II sleep in the supine position; very
little stage III/IV sleep was observed due to the severity of the
present patients. In addition, the apnoeas selected for analysis
were those with three or more breaths with airflow following
the apnoea. Each apnoea was divided into beginning (the first
respiratory effort without airflow), middle (based on the
number of respiratory efforts during the apnoea) and end
(the last respiratory effort without airflow), and data from a
single respiratory cycle were analysed at each time-point. For
the purposes of the present study, rest is defined as five to
eight breaths chosen during relaxed supine wakefulness, and
arousal as the mean of the first breaths associated with airflow
after arousal for each apnoea. Data are presented as mean¡SD.
Paired t-tests and one-way ANOVA were applied to examine
for differences.

RESULTS
The oesophageal electrode with 10 electrode coils was tolerated
by all the subjects, who achieved a total sleep time of
390¡84 min. Clinical sleep data are shown in table 1.

Good quality signals could be recorded continuously from the
five pairs of electrodes; an example is shown in figure 2. The
electrode pair that recorded a large EMG signal at the beginning
of a study was usually the same or adjacent to the pair recording
the maximum EMG signal at the end of the study.

EMG changes during OSA
The RMS of the EMG signal at the end of an apnoea
(38.6¡14.0 mV) was always larger than that at the beginning
of the apnoea (25.3¡6.9 mV; p,0.01). The greatest EMG
activity was observed at the beginning of the arousal rather
than at the end of the apnoea (figs 2 and 3) in all the subjects
except one (patient 3). Data are shown in table 2. There was

significant difference in the RMS of the EMG signal between
the arousal and the end of the apnoea (59.6¡32.0 versus
38.6¡14.0 mV; p,0.01).

The RMS of the diaphragm EMG signal in the supine position
during resting wakefulness (21.8¡6.5 mV) did not differ
significantly between the beginning (25.3¡6.9 mV) and the
middle (23.0¡4.7 mV) of an apnoea. However, the RMS of the
diaphragm EMG signal at the end of the apnoea was
significantly greater than that at rest or at the beginning of
the apnoea (p,0.01).

Change in end-expiratory Poes and rectus muscle EMG
signal during OSA
The mean end-expiratory Poes at the beginning of an OSA
episode was 9.4¡5.0 cmH2O and remained almost unchanged
until the middle of the apnoea (9.7¡4.8 cmH2O), but increased
significantly to 12.2¡5.3 cmH2O at the end of the apnoea
(p,0.05; fig. 4). The rectus muscle EMG signal during expira-
tion was silent at the beginning of an OSA episode and became
active at the end of the apnoea (fig. 4).

Comparison of diaphragm EMG signal and Poes or Pdi

during OSA
The Poes and Pdi changes during apnoeic episodes are shown
in tables 3 and 4; Poes was lowest at rest (table 3) and gradually
increased during the course of the apnoea. Poes at the end of an
apnoea (38.2¡15.7 cmH2O) was almost twice as high as that at
the beginning of the apnoea (20.6¡9.0 cmH2O; p,0.01).
Similarly, Pdi also gradually increased over the course of the
apnoea. Pdi at the end of an apnoea (29.1¡4.3 cmH2O) was
much higher than at the beginning (18.3¡4.2 cmH2O; p,0.01).
Importantly, in contrast to the changes in diaphragm EMG, the
observed swings in Poes and Pdi were usually lower during
arousal than at the end of the apnoea. Although Poes and Pdi

increased gradually over the apnoea episode in all subjects, the
RMS of the EMG signal was similar during wakefulness and
the beginning and middle of the OSA event but increased
substantially with arousal (fig. 3). The relationship between
Poes and diaphragm EMG signal was good during apnoea
(r50.93), but became weak when airflow resumed (r50.59).
Similarly, the relationship between Pdi and diaphragm EMG
signal was also good during apnoea (r50.94), and became
weak when airflow resumed (r50.75).

DISCUSSION
The main finding of the present study was that assessment of
neural drive using oesophageal diaphragm EMG is feasible in
patients with OSA. Neural respiratory drive was usually
decreased rather than increased during apnoeic events. The
present data show that, when judged by diaphragm EMG
rather than pleural pressure, the highest neural drive is
observed during the arousal phase and that, during this phase,
the close relationship between diaphragm EMG signal and
pleural pressure is lost.

Critique of the method
It is acknowledged that the present data set comes from a
relatively small number of subjects studied in a specialist
laboratory, and that trained physiologists analysed the data by
hand. Nevertheless, the present authors believe that, if desired,
the technique could be automated in the future, and that a
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technique for identifying and gating the ECG, as used by
STOOHS et al. [4], would probably be necessary. The authors also
accept that, from a clinical perspective, a diagnosis that can be
used for treatment decisions can be made using a respiratory
sleep study alone for many patients with OSA [11]; however,
as discussed hereafter, the present authors believe the current
observations also to be of interest in some clinical situations. It
might be suggested that the oesophageal instrumentation itself
would disturb sleep, but this was not the case in the present
patients, as evidenced by their total sleep time. Finally, it
should be noted that the present patients exhibited a lower
body mass index than might be observed for their severity of

sleep-disordered breathing, but were exclusively of Chinese
heritage and such individuals are recognised to show OSA and
upper airway resistance syndrome with a lower body mass
index than Caucasian subjects.

Significance of the findings
Although diaphragm EMG is accepted as a sound technique
for the assessment of neural drive during wakefulness, this
parameter has not been widely used in sleep physiology
because it is technically difficult to record good quality EMGs
from chest wall surface electrodes [7, 12], since such electrodes
also register activity of the ribcage and abdominal muscles. In
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FIGURE 2. a) Electroencephalogram (EEG; C4/A1); b) electro-oculogram (EOG) from left outer canthus electrode; c–g) diaphragm electromyograms (EMGs), each

recorded from one of the five pairs of electrodes; h) transdiaphragmatic pressure (Pdi); i) oesophageal pressure (Poes); j) gastric pressure (Pga); k) airflow from nasal pressure;

l) snoring; and m) arterial oxygen saturation (Sa,O2). Both Poes and Pdi increased gradually from the beginning until the end of the apnoea and suddenly decreased at the point

of arousal. Diaphragm EMG activity from the five pairs of electrodes increased from the beginning to the end of the apnoea and further increased at the first breath of arousal.

Data are from stage II sleep in one subject. AU: arbitrary unit.
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contrast, the diaphragm EMG signal recorded from oesophag-
eal electrodes is relatively free of contamination from other
muscles. Historically, such electrodes have been considered
difficult to position with accuracy; indeed some investigators
have considered it necessary to anchor the electrode with a
gastric balloon in order to obtain adequate signals [13]. Since
this anchoring gives an uncomfortable sensation and, by
movement of the balloon with respiration, creates an addi-
tional artefact [14], it limits the usefulness of the technique for
studies while patients are asleep.

However, it has previously been shown that an oesophageal
catheter with closely spaced multipair electrodes can record
the diaphragm EMG signal reliably for significant periods of
time in patients with chronic obstructive pulmonary disease
[5], those with neuromuscular disease [15] and normal subjects
[7, 9]. The present data show that the diaphragm EMG signal
can be reliably and continually recorded during overnight
sleep studies.

Recently, STOOHS et al. [4] made a comparison of Poes and
diaphragm EMG signal recorded with surface electrodes in
patients with OSA and concluded that changes in Poes were
similar to changes in diaphragm EMG signal during apnoeic
events. In the present study, this relationship was confirmed
but, importantly, it was shown that the relationship is not
robust after the resumption of airflow. The difference between
the present results and those of STOOHS et al. [4] could be
partially explained by the difference in methodologies, as well
as by the known effect of the pressure–flow relationships.
STOOHS et al. [4] used chest wall surface electrodes, which are
subject to contamination from other muscles, as mentioned
previously. Moreover, some useful diaphragm EMG signal, in

particular the high-frequency component, may have been lost
because the settings of the band-pass filters for the diaphragm
EMG were rather narrowly set in their study [16] and the
sampling frequency for the diaphragm EMG was lower than in
the present study.

The changes in Poes during OSA events are of interest. At the
end of an apnoea, increased end-expiratory Poes was observed
(fig. 4); in the absence of expiratory muscle activity, this would
indicate air trapping (implying an increase in functional
residual capacity), presumably due to obstruction of the upper
airway in this context. Although apnoea is defined as a
cessation of airflow, a barely detectable airflow may be
continuing, and increasing functional residual capacity may
serve to mitigate the OSA [17, 18]. However, an alternative
and, the present authors believe, more plausible explanation is
that contraction of the abdominal muscles [19], as evidenced by
the rectus muscle EMG, is the cause of increasing end-
expiratory Poes. It has previously been observed, in patients
with chronic obstructive pulmonary disease, that increasing
neural drive to the inspiratory muscles is associated with
increased drive to the expiratory muscles, and that selective
unloading of the inspiratory muscles reduces expiratory
muscle activity [20].

It is usually considered that, at least during nonrapid eye
movement sleep, the respiratory muscles, including the
diaphragm, work hard to overcome upper airway resistance
based on the observation that Poes swings increase during OSA
episodes and fall during arousal [21]. Indeed, some investiga-
tors have hypothesised that respiratory muscle fatigue would
occur in patients with severe OSA [22, 23]. In keeping with this
hypothesis, GRIGGS et al [22] reported a prolonged relaxation
rate of inspiratory muscle in patients with sleep apnoea. In
contrast, MONTSERRAT et al. [21] and CIBELLA et al. [24], using the
technique of diaphragm EMG frequency analysis, were unable
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FIGURE 3. Oesophageal pressure (Poes; h), transdiaphragmatic pressure

(Pdi; &) and diaphragm electromyography (EMG; &) signal recorded from the

oesophageal electrode during obstructive sleep apnoea. Data are presented as

mean¡SD. Poes and Pdi increased gradually over the course of an apnoea, reaching

a maximum at the end of the apnoea, and decreased significantly at the beginning

of arousal. However, the diaphragm EMG signal was similar at the beginning and

middle of the apnoea, increased significantly at the end of the apnoea (p,0.01)

and increased further at the beginning of arousal (p,0.01).

TABLE 2 Root mean square of diaphragm
electromyography signal# during an obstructive
sleep apnoea event

Patient Rest Apnoea Arousal

Beginning Middle End

1 28.3 25.0 19.4 31.6 34.6

2 24.4 24.9 19.4 49.7 77.5

3 20.9 24.4 24.1 36.5 30.8

4 17.3 20.2 23.2 26.7 40.7

5 35.0 22.6 22.8 73.8 110.2

6 15.7 19.9 19.1 26.8 28.4

7 13.5 26.7 27.5 35.7 48.3

8 19.8 21.3 23.2 29.4 45.5

9 24.7 45.1 32.4 50.1 103.8

10 21.8 24.6 16.7 31.8 60.5

11 13.0 20.0 18.7 26.7 27.2

12 26.7 29.2 29.1 44.9 107.4

Overall 21.8¡6.5 25.3¡6.9 23.0¡4.7 38.6¡14.0 59.6¡32.0

Overall data are presented as mean¡SD. #: in microvolts.
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FIGURE 4. a) C4/A1 electroencephalogram (EEG); b) C3/A2 EEG; c) electro-oculogram (EOG); d–h) diaphragm electromyograms (EMGs), each recorded from one of

the five pairs of electrodes; i) abdominal muscle EMG (EMGab); j) oesophageal pressure (Poes); k) gastric pressure (Pga); l) airflow from nasal pressure; m) snoring; and n)

arterial oxygen saturation (Sa,O2). End-expiratory Poes increased gradually over the course of an apnoea. Expiratory Pga was minimal at the beginning of an apnoea and

became larger at the end of the apnoea, indicating that expiratory muscles contributed to the observed increase in end-expiratory Poes. The EMGab signal was silent at the

beginning of an apnoea and became active during the expiratory phase, further supporting the concept that expiratory muscle contraction causes an increase in end-

expiratory Poes. Data are from one subject. AU: arbitrary unit.
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to collect enough evidence to support the hypothesis that
diaphragm fatigue occurred in patients with severe OSA after
repeated overnight apnoeic episodes. Finally, EL-KABIR et al.
[25] used the technique of phrenic nerve stimulation to look for
low-frequency fatigue of the diaphragm after one night’s sleep
in patients with severe OSA, but found no evidence of fatigue.
Thus, it seems unlikely that clinically important peripheral
fatigue occurs in patients with OSA. It has previously been
shown that diaphragm fatigue during testing to task failure
mainly occurs due to central fatigue [9, 26]. In the present
study, a brisk increase in neural drive to the diaphragm during
arousal was shown in OSA, indicating no central failure of
diaphragm activation. Since there is a decrease in the RMS of
the diaphragm EMG signal during OSA events, it was
therefore postulated that a decrease in neural drive may
contribute to OSA episodes.

Poes is another option for the measurement of neural drive.
However, this parameter is influenced by factors other than
drive, notably airflow, increased lung volumes and decreased
airway resistance, which reduce pressure generation. Thus,
thresholds for respiratory muscle fatigue obtained from
subjects whose breathing was accompanied by airflow would
not be the same as those from OSA patients, whose breathing,
by definition, occurs without airflow during apnoeic episodes.
The present authors suggest that, since diaphragm EMG is free
from these considerations, it may be an alternative method for
the assessment of neural drive in patients with OSA, and
previous studies have shown a good relationship between
EMG signal and force generation [15]. It is of note that
diaphragm EMG signal amplitude, independent of small and
moderate changes in lung volume, can be accurately recorded
from a multipair oesophageal electrode [5, 6, 9, 27, 28]. Neural
drive can also be assessed by drive to the extradiaphragmatic

muscles. Interestingly, BERRY et al. [29] measured the genio-
glossus EMG signal during apnoeic episodes and it is evident
(upper panel of figure 1 of their data) that the same post-
arousal dissociation between genioglossus EMG signal and
Poes can be observed as is described herein for the diaphragm.

One application of EMG technology could be the diagnosis of
upper airway resistance syndrome. Currently, diagnosis of this
condition requires the demonstration of increased Poes swings
related to arousal [30, 31]. The present authors suggest that
oesophageal diaphragm EMG may be more sensitive than
pressure measurement and, indeed, if variations in diaphragm
EMG signal were sufficiently different in upper airway
resistance syndrome patients from normal subjects, it could
possibly be used on its own as a diagnostic test. This would be
particularly appealing for the present authors’ clinical research
group since upper airway resistance syndrome is more
common in patients of Far Eastern heritage [32]. A further
potential application is the distinction of central from
obstructive apnoea, and particularly hypopnoea, which could
be difficult based on conventional polysomnography [33]. This
distinction is particularly important in patients with heart
failure, given that continuous positive airway pressure is
beneficial in patients with OSA but not Cheyne–Stokes
respiration [34]. Conventionally, central hypopnoea is defined
as a reduction in flow proportional to the decrease in
respiratory drive [33]. In this context, it becomes important
to accurately assess neural respiratory drive in order to
distinguish central from obstructive hypopnoea. Although
Poes is commonly used to assess neural respiratory drive, it is
affected, as the present data demonstrate, by changes in lung
volume and airflow. Therefore, EMG may be particularly
valuable for the evaluation of hypopnoea, where changes in
lung volume and airflow occur, rather than apnoea.

In conclusion, neural drive during apnoeic episodes in patients
with obstructive sleep apnoea can be reliably measured using
oesophageal diaphragm electromyography. In contrast to data
obtained using oesophageal or transdiaphragmatic pressure,

TABLE 3 Oesophageal pressure (Poes) during an
obstructive sleep apnoea event

Patient Poes cmH2O

Rest Apnoea Arousal

Beginning Middle End

1 7.4 18.6 23.8 35.0 27.5

2 9.9 19.0 17.5 31.9 30.8

3 9.7 14.8 17.2 26.3 18.1

4 11.3 21.9 22.2 34.6 24.5

5 16.0 15.4 18.8 68.8 39.8

6 12.7 26.5 28.6 44.2 34.6

7 12.5 20.6 22.7 30.4 20.8

8 11.4 15.1 22.0 31.9 24.0

9 16.9 45.5 46.3 70.8 51.3

10 4.1 9.9 11.3 23.7 14.7

11 6.6 23.2 25.1 35.7 20.7

12 13.3 17.2 20.0 25.7 35.2

Overall 11.0¡3.7 20.6¡9.0 22.9¡8.6 38.2¡15.7 28.5¡10.4

Overall data are presented as mean¡SD.

TABLE 4 Transdiaphragmatic pressure (Pdi) during an
obstructive sleep apnoea event

Patient Pdi cmH2O

Rest Apnoea Arousal

Beginning Middle End

1 11.4 18.1 22.7 34.4 28.4

3 13.5 16.4 19.2 28.8 21.2

4 14.6 22.4 22.4 33.6 28.9

7 15.9 20.9 22.4 27.0 22.9

8 15.2 16.7 23.8 26.4 36.0

10 6.0 10.1 11.2 22.8 19.7

11 8.6 23.5 24.3 33.6 16.4

12 16.2 18.2 21.1 26.2 41.9

Overall 12.7¡3.7 18.3¡4.2 20.9¡4.2 29.1¡4.3 26.9¡8.7

Overall data are presented as mean¡SD.
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the present data show that the highest neural drive occurs
during arousal rather than during apnoea.
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