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Ventilation and gas exchange during sleep in patients
with interstitial lung disease
WALTER T McNICHOLAS, MICHAEL COFFEY, MUIRIS X FITZGERALD

From the Department ofRespiratory Medicine, St Vincent's Hospital, Dublin

ABSTRACT Ventilation and gas exchange during overnight sleep was studied in a group of seven
patients with severe interstitial lung disease (mean vital capacity 50%, mean diffusing capacity 46%
predicted), to see whether clinically significant oxygen desaturation occurred. Patients with a history
of loud snoring or clinically significant airflow obstruction were excluded. Sleep was fragmented in
these patients, but all achieved rapid eye movement (REM) sleep. All patients showed episodes of
oxygen desaturation during sleep-mean (SEM) awake arterial oxygen saturation (Sao2) was
92 9% (0 3%) compared with a mean minimum Sao2 during sleep of 83X2% (2-1%) (p < 0-01).
These episodes were, however, transient, and mean Sao2 showed only a slight fall between wake-
fulness and sleep (non-REM 91-5%, REM 90-4%; NS). Furthermore, Sao2 during non-REM sleep
correlated well (p < 0X001) with Sao2 during wakefulness. Respiratory frequency showed a

significant fall between wakefulness and sleep-21 1 (1 8) versus 17-3 (1.5) breaths per minute
(p < 0 02). Our data suggest that nocturnal oxygen treatment need not be considered in patients
with interstitial lung disease unless the level of oxygenation while they are awake indicates the need
for such treatment.

Patients with chronic obstructive lung disease may
develop periods of profound oxygen desaturation
during sleep, particularly during rapid eye movement
(REM) sleep.'1 - This desaturation may be associated
with serious cardiac arrhythmias,3 and may be an im-
portant determinant in the development of cor pul-
monale in such patients.4 Furthermore, these
nocturnal abnormalities may predispose to sudden
death.5
Two recent studies have suggested that serious oxy-

gen desaturation may occur in patients with inter-
stitial lung disease.6 7 Both of these studies, however,
included patients who snored, and one6 included pa-
tients with sleep apnoea. Since both of these factors
can produce oxygen desaturation during sleep, such
inclusions may have influenced the results. The ques-
tion has important practical implications because of
the documented benefits of supplemental nocturnal
oxygen treatment in patients with chronic obstructive
lung disease who show desaturation during sleep.3 89
If serious oxygen desaturation during sleep is a com-
mon feature in patients with interstitial lung disease,
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supplemental nocturnal oxygen treatment might need
to be considered.
We have therefore measured ventilation and oxy-

genation during sleep in a group of patients with
severe interstitial lung disease, specifically excluding
patients with a history of loud snoring or with appre-
ciable airflow obstruction.

Methods

We studied seven men with previously diagnosed in-
terstitial lung disease. None had a history of loud
snoring or daytime hypersomnolence and none had
clinically significant airflow obstruction, although
two patients had a slightly reduced FEV1/FVC ratio.
Details are given in table 1.

All patients underwent at least one overnight sleep
study, and two patients underwent two separate stud-
ies. All sleep studies were performed with standard
polysomnographic techniques,10 which included con-
tinuous recording of electroencephalogram (C4/AI
and C3/A1 electrode positions), right and left electro-
oculogram, and submental electromyogram, all from
surface electrodes. Ventilation was measured non-
invasively using a respiratory inductance plethysmo-
graph (Respitrace), which was calibrated by the least
squares method.1 This device, when calibrated
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Table 1 Clinical, pulmonary function,* and blood gas data

Patient Age FEV1/ PaO2 PaCO2
No (y) Diagnosis FEVy FVC FVC% PEF TLCO (kPa) (kPa) pH

1 63 Fibrosing alveolitis 69 60 84 87 24 9 4 5 0 7-46
2 46 Farmer's lung 44 39 88 74 59 9-9 6-3 7 41
3 62 Fibrosing alveolitis 49 48 77 75 52 8-4 4-7 7-45
4 62 Fibrosing alveolitis 70 72 72 83 32 8 1 5-1 7-43
5 56 Farmer'slung 51 44 89 71 46 10-1 6-3 741
6 62 Fibrosing alveolitis 62 54 84 83 82 113 4-5 7-45
7 61 Fibrosing alveolitis 45 36 94 87 30 5 8 5-2 7 50
Mean 59 56 50 84 80 46 9-0 5 3 7-44
SEM (3) (5) (5) (3) (3) (8) (0-7) (0-3)

*Data for FEV,, FVC, PEF, and TLCO are given as percentages of predicted normal values.
FEV -forced expiratory volume in one second; FVC-forced vital capacity; PEF-peak expiratory flow rate; TLCo-diffusing capacity for
carbon monoxide (single breath method); Pao2-arterial partial pressure of oxygen; Paco2-arterial partial pressure of carbon dioxide.
Conversion-SI to traditional units: Blood gas data: 1 kPa = 7-5 mm Hg.

against a spirometer, provides a non-invasive mea-

surement of tidal volume,11 and also allows
differentiation of obstructive from central apnoea on

the basis of, respectively, the presence or absence re-

spectively, of out of phase movement in the ribcage
and abdominal components of the Respitrace signal,
where the sum channel indicates no net tidal vol-
ume.11 12 In all subjects calibration was checked after
the sleep study to determine whether correct cali-
bration was maintained throughout the night. Four
patients maintained satisfactory overnight cali-
bration. Arterial oxygen saturation (Sao2) was also
recorded continuously using a Biox Ila ear oximeter.
The electrocardiogram was obtained with a single
praecordial lead. All signals were continuously
recorded on a Grass Model 78D Polygraph recorder.

ANALYSIS OF RESULTS
Sleep stages were analysed in 30 second epochs ac-
cording to the criteria of Rechtschaffen and Kales.10
The highest and lowest Sao2 values were measured
for each minute of sleep and mean Sao2 for each
minute was taken as the mean of the high and low
Sao2 readings. From these data the mean Sao2 for
each sleep stage was calculated. Respiratory fre-

quency was calculated from the Respitrace recording
for each patient during stable five minute periods of
wakefulness and each of stages 1, 2, slow wave, and
REM sleep. In the four patients who maintained sat-
isfactory calibration of the Respitrace through the
night tidal volume was measured from the Respitrace
recording on a breath by breath basis during each of
the above five minute periods, and minute ventilation
was then calculated for each sleep stage. Statistical
analysis was performed by paired t testing, linear re-

gression analysis, or analysis of variance, as appropri-
ate.

Results

Sleep stage distribution for each patient studied is
given in table 2. Many of the patients had a fragmen-
ted sleep pattern with considerable periods of wake-
fulness during the night. All patients, however, had
lengthy periods of non-REM sleep and each patient
also went into REM sleep, although one (patient 7)
had only one brief period of REM. In fact, this pa-

tient, who had a very fragmented sleep pattern and
was the most hypoxaemic of the group, was unable to
fall asleep in the latter part of the night without sup-

Table 2 Sleep stage distribution

Sleep stage* (minu*tes)
Patient
No Awake 1 2 SWS REM Total

1 73 87 106 22 22 237
2 0 53 180 71 46 350
3 1 110 167 1 1 61 349
4 20 120 187 1 46 354
5 82 89 148 18 52 307
6 127 18 110 22 34 184
7 162 77 118 7 2 204
Mean 66 79 145 22 38 284
SEM 26 14 14 9 8 30

*Awake represents time spent awake between the onset of sleep and the final awakening in the morning.11 SWS-slow wave
sleep;REM-rapid eye movement sleep; stages I and 2, and slow wave sleep comprise non-REM sleep. Total values exclude periods of
wakefulness.
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Ventilation and gas exchange during sleep in patients with interstitial lung disease

plemental oxygen, the oxygen being switched off
when stable sleep was achieved. His one brief period
of REM sleep occurred while he was having supple-
mental oxygen. A second patient (No 4) also had
difficulty falling asleep without supplemental oxygen
and no stable period of wakefulness could be achieved
while he was breathing room air. He did, however,
have long periods of both non-REM and REM sleep
while breathing room air. None of the other patients
had recourse to supplemental oxygen while we were
studying them.

Details of oxygenation are given in table 3. Periods
of sleep during administration of supplemental oxy-
gen and for 15 minutes thereafter in patients 4 and 7
were ignored, and thus Sao2 data during REM sleep
in patient 7 are not included since he was having sup-
plemental oxygen at this time. All patients developed
episodes of oxygen desaturation during sleep
(p < 0O01), but these episodes were transient. The
mean Sao2 showed only a slight fall during both non-
REM and REM sleep, which was not significant by
analysis of variance. The lowest mean Sao2 during
sleep was seen in the patient with the most severe hyp-

oxaemia while awake (patient 7). This patient died
within one month of study. There was a strong cor-
relation in individual patients between mean awake
Sao2 and mean Sao2 during non-REM sleep (r =

0-98; p < 0-001), but the correlation was not as close
with mean Sao2 during REM sleep, which may in part
be accounted for by the lack of data on Sao2 during
REM sleep for the most hypoxaemic patient
(patient 7).
Two patients had periods of apnoea during sleep.

One (patient 1) had a Cheyne-Stokes breathing pat-
tern, which was associated with recurring central ap-
noea during both wakefulness (48 episodes of apnoea
an hour) and non-REM sleep (52 episodes an hour).
This breathing pattern was abolished during REM
sleep and in this patient, unlike the others, mean Sao2
was no lower during REM sleep than during either
non-REM sleep or wakefulness (table 3). A second
(patient 5) had 37 episodes of obstructive apnoea dur-
ing sleep (7 2 episodes per hour of sleep). Neither pa-

tient had more than 2-3% oxygen desaturation
during these apnoeic episodes.

Respiratory frequency showed a significant fall be-

Table 3 Changes* in arterial oxygen saturation (Sao2) between wakefulness and sleep in seven patients with interstitial lung
disease

Arterial oxygen saturation

Sleep stage Minumum
Patient Mean during
No awake 1 2 SWS REM sleep

1 94 94 93 94 94 89
2 93 91 91 91 90 77
3 94 93 93 92 91 84
4 92 92 91 88 87 77
5 92 92 91 92 91 87
6 92 92 90 89 90 85
7 81 81 82 81 -t 80
Mean: 92 9 92-1 91 5 91.0 904 83 2
SEM 0 3 0-4 04 1.0 1.0 2.1

*Differences between awake Sao2 and minimum Sao2 are significant at the 1% level (paired t test). Differences between awake Sao2 and
mean values during each sleep stage are not significant (analysis of variance).
tREM value not given for this patient as he was having supplemental oxygen during this period (see text for details).
+Mean value given for patients 1-6 only.
SWS-slow wave sleep; REM-rapid eye movement sleep.

Table 4 Indices of ventilation during wakefulness and sleep in seven patients with interstitial lung disease

A wake Mean sleep Non-REM sleep REM sleep
Patient
No VE VT ft VE VT ft VE VT Jf VE VT Jf
I 10-1 720 14 95 730 13 9.9 812 12 9-1 650 14
2 52 226 23 59 350 17 62 370 17 56 329 17
3 8 1 386 21 8 1 515 15 5 8.3 509 16 7.8 520 15
4 - - 18 11.4 600 18 5 12 2 650 18 10-5 553 19
5 - - 20 - - 13 5 - - 15 - - 12
6 - - 25 - - 20 - - 21 - - 19
7 - - 27 - - 235 - - 24 - - 23
Mean - - 211 - - 173 - - 176 - - 170
SEM 1 8 1.5 1-5 1-6

*Differences in f between wakefulness and mean sleep are significant at the 2% level (paired t test).
VE-minute ventilation (1/min '); VT-tidal volume (ml); f-respiratory frequency (breaths/min).
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tween wakefulness and sleep (table 4). Frequency was
similar during REM and non-REM sleep. In the four
patients in whom satisfactory calibration of the Re-
spitrace was maintained throughout the night minute
ventilation showed a consistent fall from non-REM
to REM sleep (table 4). There was, however, no
significant difference in minute ventilation between
wakefulness and sleep. Tidal volume tended to be
higher during sleep than during wakefulness.
None of the patients had any appreciable cardiac

irregularities during sleep.

Discussion

These data indicate that, while oxygen desaturation
does occur during sleep in patients with interstitial
lung disease, this desaturation is minor and unlikely
to be of clinical importance. Thus our findings indi-
cate that oxygenation during sleep in patients with
interstitial lung disease is similar to that of "pink
puffer" patients with chronic obstructive lung dis-
ease, 2 4who also develop only mild oxygen
desaturation during sleep, unlike "blue bloater"
patients, who may develop profound oxygen
desaturation associated with serious ventricular
arrhythmias.3 In fact, the levels of oxygen
desaturation during sleep in our patient population
are no greater than those shown by normal subjects
during sleep in one previous report.13 In patients with
chronic obstructive lung disease, however, the degree
of nocturnal hypoxaemia has been shown to correlate
with the level of daytime hypoxaemia.2 14 Since only
one of our patients was severely hypoxaemic during
wakefulness, and this patient had little REM sleep,
our data do not exclude the possibility that severely
hypoxaemic patients with interstitial lung disease
might show appreciable desaturation during sleep.
This could result from the combined effects of the
slight decrease in ventilation that is a normal feature
of sleep'5 and the fact that such severely hypoxaemic
patients would be on the steep portion of the oxy-
haemoglobin dissociation curve, which would mean
that small changes in arterial oxygen tension would
produce relatively large changes in Sao2.
Our findings contrast with those of Bye et al6 and

Perez-Padilla et al,7 which represent the only other
reports on oxygenation during sleep in such patients.
Bye et al reported clinically significant oxygen
desaturation during sleep in most of their patients
with interstitial lung disease. They reported, however,
only minimum Sao2 during sleep, and no data on
mean Sao2 were given. Furthermore, the lowest Sao2
levels were seen in those patients who snored or had
associated airflow obstruction, and two of their
patients were found to have repetitive episodes of
obstructive apnoea during sleep. Since oxygen

McNicholas, Coffey, FitzGerald

desaturation during sleep occurs with obstructive
sleep apnoea, this finding may have confounded their
results. Heavy snorers were specifically excluded from
our study, although one patient was unexpectedly
found to have a small number of episodes of obstruc-
tive apnoea during sleep. These episodes, however,
were associated with only a minor degree of oxygen
desaturation. Perez-Padilla et al also reported
significant desaturation, particularly during REM
sleep, in their patients with interstitial lung disease,
but again most of their patients snored. It is, however,
apparent from their data that mean Sao2 showed only
a small fall during the various sleep stages, similar to
our findings. The difference in degree of oxygen
desaturation during sleep between our patients and
those reported by Bye et al and Perez-Padilla et al
cannot be explained by differences in oxygenation
during wakefulness since our patients had a lower
mean arterial Po2 during wakefulness than those of
Bye et al, and had values similar to those of the
patients of Perez-Padilla etal.
Hypoxaemic patients with interstitial lung disease

would not necessarily be expected to show changes in
oxygenation during sleep similar to those found in
patients with chronic obstructive lung disease with
equivalent levels of hypoxaemia. The hypoxaemia
seen during sleep, particularly REM sleep, in patients
with chronic obstructive lung disease has a multi-
factorial basis,2 14-16 related to changes in respira-
tory drive, changes in functional residual capacity of
the lung, inhibition of accessory muscles of respira-
tion, and impaired function of the diaphragm related
to hyperinflation. Some of these factors-for exam-
ple, impaired diaphragm function-would not apply
in patients with interstitial lung disease.

Patients with interstitial lung disease typically have
a rapid shallow breathing pattern during wakefulness,
which is likely to be a vagally mediated response to
decreased lung compliance. '7 -19 These patients also
have increased ventilatory drive, which is associated
with increased minute ventilation and hypo-
capnia.171-9 In this regard they are similar to pink
puffer patients with chronic obstructive lung disease,
who also have evidence of increased ventilatory
drive.20 The ventilatory changes seen in patients with
interstitial lung disease while awake are probably due
to the effects of stimulation of lung parenchymal
receptors, since vagal blockade has been shown to
decrease minute ventilation in patients with inter-
stitial lung disease.2' There is little published infor-
mation on the effects of sleep on vagally mediated
reflexes in man, although studies in animals on the
effects of vagal blockade and of lung inflation22 23
suggest that vagally mediated reflexes are intact and
possibly even increased during non-REM sleep. The
effect ofREM sleep on these reflexes is less clearcut in
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Ventilation and gas exchange during sleep in patients with interstitial lung disease

that the influence of vagal stimuli on breathing is
more variable, but overall there does appear to be
some reduction in the response to vagal stimuli during
REM sleep.22 23

Our patients showed a higher respiratory frequency
during wakefulness than during either non-REM or
REM sleep. This finding contrasts with several recent
studies of ventilation during sleep in normal adult
subjects,24- 26 which found no significant differences
in respiratory frequency between wakefulness and
sleep, although the finding is in partial agreement
with those of previous animal studies, which have
shown a greater respiratory frequency during wake-
fulness than during non-REM sleep but a rise in fre-
quency during REM sleep.2223 This finding differs
also from that of Perez-Padilla et al,7 who found no
significant difference in respiratory frequency
between wakefulness and sleep, although there did
appear to be a trend towards a fall. In most of our
patients the period of wakefulness chosen for analysis
was in the early part of the night. Thus patients may
have been anxious during this period of wakefulness,
which might in part have accounted for their rapid
breathing. On the other hand, the breathing fre-
quencies seen in our patients during wakefulness were
similar to those found in other studies in awake
patients with interstitial lung disease. 18 27

In three of the four patients in whom calibration of
the Respitrace was maintained throughout the night
differences in Sao2 between non-REM and REM
sleep were accompanied by similar differences in
minute ventilation. The one patient in whom Sao2
rose during REM sleep despite a fall in minute venti-
lation was the patient with Cheyne-Stokes breathing
during non-REM sleep, which was abolished during
REM sleep. These findings suggest that the fall in
Sao2 seen in REM sleep in these patients was at least
partly due to hypoventilation. The findings do not, of
course, exclude the possibility that other factors con-
tribute to the fall in Sao2, such as changes in
ventilation-perfusion relationships.

Sleep was more disturbed in our patients than in
normal subjects of similar age.28 These findings agree
with those of Perez-Padilla et al,7 and with other
studies of patients with chronic obstructive lung dis-
ease.8 The sleep fragmentation may have been due in
part to a "first night effect" related to the strange
surroundings and the monitoring equipment.29 In the
absence of age matched control subjects therefore we
cannot say how much of the sleep fragmentation seen
in our patients was related to the effects of their pul-
monary disease. Sleep quality did not, however,
improve appreciably on the second night in those
patients who had two sleep studies.
Our findings have several important clinical impli-

cations. Firstly, the relatively minor degree of oxygen

desaturation during sleep in our patients with inter-
stitial lung disease indicates that supplemental noc-
turnal oxygen need not be routinely considered in
such patients unless the degree of hypoxaemia while
they are awake calls for such treatment. Secondly, our
data indicate that the level of oxygenation during
sleep in patients with interstitial lung disease can be
roughly predicted from blood gas data obtained dur-
ing wakefulness. Thus overnight monitoring of gas
exchange in such patients need not be considered
unless there is a clinical suspicion of a specific sleep
related respiratory disorder such as sleep apnoea.
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