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ABSTRACT: It has been hypothesized that in chronic obstructive pulmonary
disease (COPD), sleep-related hypoxaemia could lead to pulmonary hyperten-
sion (PH) and cor pulmonale, even in patients with only mild daytime
hypoxaemia. We investigated the relationships between sleep variables and
daytime pulmonary haemodynamics in 40 COPD patients with daytime
arterial oxygen tension (Pao,) between 60-70 mmHg (8-9.3 kPa). Patients were
considered as desaturators i{ they spent at least 30% of the sleep recording time
with a transcutaneous O, saturation (Stco,) <90%.

Daytime arterial blood gases and pulmonary volumes could not discriminate
desaturators "D" (n=18) from non-desaturators "ND" (n=22), but awake
baseline Stco,, measured just prior to the onset of sleep, was lower in group
D. Pulmonary artery mean pressure was significantly higher in group D
(19.1£4.7 vs 16.8+1.9 mmHg, p<0.05) and all patients with PH (6 out of 40)
belonged to group D. PH was observed in 6 of the 15 patients whose mean
nocturnal Stco, was <90% but in none of the 25 with a mean nocturnal Stco,
>90%. The Pl-} patients (n=6), all desaturators, differed from the desaturators
with no PH (n=12), and from ND (n=22) in having higher numbers of
desaturation dips, longer durations of dips, and lower mean nocturnal arterial
oxygen saturation (Sao,).

We conclude that a causal relation between nocturnal desaturation and
permanent PH is very likely. Further studies are needed to see whether oxy-
gen therapy can prevent PH in these patients.
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In patients with advanced chronic obstructive pulmo-
nary disease (COPD) hypoxaemia generally worsens
during sleep and particularly during rapid-eye-
movement (REM) sleep [1-3]. Sleep-related
O, desaturation occurs more frequently in the "blue
and bloated" type of COPD patients, exhibiting day-
time hypoxaemia and hypercapnia [3, 4], but it is not
possible to predict with sufficient accuracy nocturnal
hypoxaemia from daytime data [5]. A significant
sleep-related desaturation may be observed in patients
whose daytime arterial oxygen tension (Pao,) is
>60 mmHg (8 kPa) [6], but the prognostic value of a
nocturnal desaturation in excess of that predicted from
daytime arterial blood gases has been denied in a
recent study [7].

A close relationship between desaturation dips and
peaks of pulmonary hypertension (PH) has been
observed by several groups [8-11] and administration

of supplemental O, during sleep has been shown to
decrease pulmonary artery mean pressure (PAP) [9,
11]. It has been hypothesized that nocturnal
desaturation occurring in patients with mild (Pao, >60
mmHg; 8 kPa) or absent daytime hypoxaemia, could
lead, with time, to permanent PH [12, 13], but stud-
ies in this field have been rather scarce [14, 15] and
need further confirmation. This question is of more
than theoretical interest, since nocturnal oxygen
therapy could be justified if isolated nocturnal
desaturation might by itself induce permanent PH.

We thus decided to investigate the relationship
between sleep-related desaturation and daytime pulmo-
nary haemodynamics in COPD patients exhibiting mild
daytime hypoxaemia (Pao, in the range 60-70 mmHg;
8-9.3 kPa). This multicentre study involved six
European centres, which allowed the inclusion of 40
patients.
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Methods

Forty patients were included in this pros-
pective multicentre study on the following criteria:
history of chronic bronchitis and diagnosis of COPD
assessed by the results of pulmonary function tests.
A forced expiratory volume/vital capacity (FEV /VC
ratio <75% of the predicted value as well as a total
lung capacity (TLC)/predicted TLC ratio >75%.

Daytime Pao, between 60-70 mmHg (8-9.3 kPa).
Recorded Pao, was the mean of three measurements
performed at intervals of two weeks, in patients free
of acute exacerbation, in a stable state of the disease.
Arterial blood samples were drawn from the patient
breathing ambient air, in the morning, after a 15
min resting period in the supine position.
We excluded from the study patients with systemic
hypertension (systemic diastolic pressure >100 mmHg),
and those with left heart or congenital heart diseases.
We also excluded patients with obstructive sleep
apnoea, defined by an apnoea index >5, patients with
any other associated chronic lung disease, and those
receiving almitrine bismesylate or other respiratory
analeptics.

Each patient spent one night in the sleep laboratory.
Whole night sleep studies were performed using
standard polysomnographic techniques including
electroencephalogram (C4/A1; C3/A2), bitemporal
electro-oculogram and submental electromyogram, with
surface electrodes. Nasal and oral airflows were
detected by thermistors. Respiratory rib cage
and abdominal movements were detected using
pneumobelts connected to pressure transducers.
Transcutaneous saturation (Stco,) was continuously
recorded with an ear oximeter or a pulse oximeter.
All variables were recorded simultaneously by means
of a polygraph.

Sleep stages were scored using scoring epochs
of 20 s according to usual criteria [16]. Time in bed
(TIB) was defined as the total duration from the start
of - to the end of - recording. Total sleep time (TST)
was defined as TIB less sleep latency + intra-
sleep wakefulness. The minimal TST required for a
satisfactory analysis of sleep recordings was two hours.

The baseline blood oxygen saturation was measured
with the subject in the supine position, and awake,
during the half hour preceding the onset of sleep.
A desaturation dip was defined as a fall of Stco, by
>4% from the awake baseline value. Mean nocturnal
Stco, was measured manually in some centres and by
means of a computer program in others.

Right heart catheterization was separated by no more
than one week from sleep recordings and was
performed as reported previously [17]. Briefly,
patients were investigated in the supine position,
in the morning, without premedication, two hours af-
ter a light breakfast. Right atrial, right ventricular,
pulmonary artery and pulmonary wedge pressures were
measured using balloon-tipped catheters intro-
duced percutaneously. Systolic, diastolic and mean
pressures were averaged over five respiratory cycles.

The zero reference was at mid-thoracic level. An
indwelling catheter was introduced in the radial
or brachial artery for measurement of blood gases.
Cardiac output was calculated according to the Fick
principle applied to oxygen. Measurements were
obtained during the last minute of a 15 min resting
period, and during the last minute of a 10 min steady-
state exercise performed on an ergometric bicycle, the
load being 30 W. Exercise data could be obtained in
35 out of 40 patients. An informed consent was
obtained from all patients.

Statistical analysis

Student's t-test was used for the comparison between
groups (desaturators vs non-desaturators); simple and
multiple regression analysis. Computations were
carried out using Stat-View 512 Software (Brainpower,
Inc.).

Results

Patients were divided into two groups according
to the presence or not of significant nocturnal
desaturation which was defined as spending 30%
or more of the time in bed (TIB) with a Stco, <90%.
A percentage of TIB rather than TST was chosen
because it appeared more clinically meaningful.
There was a very high correlation between desaturation
time/TIB and desaturation time/TST (r=0.9).
Furthermore, 30% desaturation/TIB approximately
corresponded to 40% desaturation/TST. Eighteen
patients were desaturators (group D) and 22 were
non-desaturators (group ND).

Pulmonary volumes and daytime arterial blood gases
(table 1).

Airway obstruction was moderate to severe and was
similar in both groups. By definition, daytime
hypoxaemia was modest, Pao, ranging between 60-70
mmHg (8-9.3 kPa). The mean Pao, and arterial
carbon dioxide tension (Pacoa) were identical in the
two groups. Thus, daytime data could not discrimi-
nate D from ND patients.

Sleep variables (table 2)

Awake baseline Stco, was >90% in all patients;
it was lower in group b (p<0.0001). As expected,
mean and lowest nocturnal saturations were lower in
group D (p<0.0001 and p<0.01, respectively).
TIB with Stco, <90% was, by definition, higher
in group D (60+20% of TIB) than in group ND
(5£7%). The number of desaturation dips did not
discriminate the two groups, whereas the total
duration of desaturation dips was higher in group
D (p<0.01). Total sleep time (TST), sleep efficiency
and the time spent in each sleep stage were identical
in groups D and ND.



NOCTURNAL DESATURATION AND PULMONARY FUNCTION IN COPD

303

Table 1. - Anthropometric and daytime functional data of the two
groups: desaturation (D) and non-desaturation (ND)
Group D (n=18) Group ND (n=22) D vs ND
t-test

n_ meanxsD_ n meanzsD p
Age yrs 18 63x6 22 63£5 NS
Weight % pred 18 10714 22 107£17 NS
TLC % pred 13 103x12 14 100x15 NS
VC % pred 18 60x13 22 66x15 NS
FEV, % pred 18 31£10 22 3318 NS
FEV /VC % pred 18 51x13 22 49+8 NS
Haemoglobin g/! 18 148+1.4 22 152+1.0 NS
Pao, mmHg 18 63.5x1.9 22 63.6x2.1 NS
Paco, mmHg 18 41.5%3.3 22 41.0£6.1 NS

Weight % pred: according to Lorenz formula; TLC: total lung capacity; VC: vital
capacity; FEV,: forced expiratory volume in one second; RV: residual volume; Pao,,
Paco,: arterial oxygen and carbon dioxide tension, respectively, (mean of three day-

time measurements) (see text).

Table 2. — Sleep variables of groups: desaturators (D) and non-desaturators (ND)

Group D Group ND D vs ND

t-test
n meanzxsp n meanzsb )

Baseline Stco, awake % 18 91.0+1.1 22 93.4x1.2 <0.0001
Mean nocturnal Stco, % 18 88.6£1.9 22 92.4x1.2 <0.0001
Lowest nocturnal Stco, % 18 77.6x7.0 21 83.0£5.7 <0.01
% of TIB with Stco, 290% 18 60220 22 5+7 <0.0001
Number of desaturation dips 17 39143 22 30x38 NS
Total duration of desaturation dips min 18 105£137 21 14£19 <0.01
Apnoea index apnoea-h? 18 0.8+1.4 22 1.6x2.5 NS
TIB min 18 38273 22 423296 NS
TST min 18 28098 22 325290 NS
Sleep efficiency TST/TIB % 18 74x19 22 7713 NS
Stage 1/TST % 17 29x16 20 21+13 NS
Stage 2/TST % 17 49x13 19 49x11 NS
Stage 3/TST % 16 56 13 919 NS
Stage 4/TST % 12 2+5 9 416 NS
REM-sleep/TST % 17 14£13 19 16x6 NS

TIB: time in bed; TST: total sleep time; Stco,: oximeter (transcutancous) oxygen saturation (for definition of these

variables see text); REM: rapid eye movement.

Prediction of nocturnal desaturation from daytime vari-
ables

The linear correlations between daytime (Pao,, Paco,,
FEV,, FEV /VC) and nocturnal variables (mean noc-
turnal Stco,, lowest nocturnal Stco, and TIB <90%),
were not statistically significant. However, baseline
awake Stco, was correlated with mean nocturnal Stco,
(r=0.78, p<0.0001) with lowest nocturnal Stco, (r=0.49,
p<0.001) and with TIB <90% (r=-0.73, p<0.0001).
Multiple regession analysis did not improve the pre-
diction of TIB <90% or of mean nocturnal Stco,.

Pulmonary haemodynamics (table 3)

Resting PH, defined by a PAP>20 mmHg, was only
present in six patients, all belonging to group D.
Pulmonary wedge pressures were normal at rest but
rose markedly during exercise in group D patients.
Cardiac index did not differ between the groups.

In group D, mean PAP was significantly higher than

in group ND (p<0.05), but there was, infact, an im-
portant overlapping of individual values between the
two groups (figure 1). Pulmonary artery diastolic
pressure was higher in group D (p<0.01) but there
was no difference between the two groups with re-
gard to pulmonary artery systolic pressure or pulmo-
nary vascular resistanece. Exercising PAP was nearly
identical in D and ND patients.

Relationship between nocturnal desaturation and pul-
monary hypertension

Resting PH was present in 6 out of 18 group D
patients, but in none of group ND patients (p<0.01)
(table 3 and fig. 1). The threshold value of 90% for
mean nocturnal Stco, allowed a good discrimination
between patients with and without PH in the 25
patients whose mean nocturnal Stco, was >90%, PAP
was <20 mmHg, whereas in the 15 patients with a
mean nocturnal Stco, <90%, PH was present in six
and the difference between the proportions was highly
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significant (p<0.001). The six PH patients were com-
pared to the 12 non-PH desaturators and to the 22
non-desaturators (table 4). The lung volumes, daytime
Pao,, age, smoke between the three groups. Only
Paco, was higher in PH as compared to that of non-
PH éesaturators (p<0.05). The nocturnal saturation
profile, however, showed more differences (table 5).

Table 3. — Haemodynamic data of the PH-desaturators
(D) as compared with the non-PH desaturators and
with the non-desaturators (ND) (values of t-test in
brackets)

D ND
PH non-PH  all non-PH
n=6 n=12 n=22
Mean PAP rest mmHg 25z3.8 162 172
(0.0001) (0.0001)
Systolic PAP mmHg 36x4.4 26£2.4 2824.2
(0.0001) (0.0001)
Diastolic PAP mmHg  17z5.2 1222 11x2.4
(0.001) (0.0002)
PWP rest mmHg 7x4.2 7+2.4 6x2.6
(ns) (ns)
RAP mmHg 5+4.6 4£4.6 22
(ns) (vs)
Cardiac index 3+0.7 3x1.0 3+0.8
I'min?-m? (ns) (ns)
Heart rate beats'min! 9021 87+14 799
(Ns) (Ns)
PVR dynes's-cm’® 251x130 14133 185+64
(ns) (ns)
Mean PAP exercise 46+9.3 3218 3419
mmHg (0.01) (0.02)
Mean PWP exercise 1610 18x9 12+2.4
mmHg (ns) (ns)

PAP: pulmonary artery pressure; PWP: pulmonary
wedge pressure; PVR: pulmonary vascular resistance; RAP:
right atrial pressure; PH: pulmonary hypertension.
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Fig. 1. - Distribution of the mean PAP values in desaturators

(D) and non-desaturators (ND). PAP: pulmonary artery pressure.

Table 4. — Daytime functional and anthropometric
data in the PH-desaturators (D) as compared with the
non-PH desaturators and with the non-desaturators
(ND) (values of t-test in brackets)

D ND
PH non-PH all non-PH

n=6 n=12 n=22

Pao, mmHg 6419  63x1.9 64+2.1
(ns) (ns)

Paco, mmHg 44£3.9 41£25 416.1
(p<0.05) (ns)
FEV, % pred 3312 31+9 33x8
(ns) (ns)
FEV,/VC % pred 54217  50£12 50x9
(ns) (ns)

VC % pred 52x13 6412 67x15
() ()

TLC % pred 104x9 104£13 100<£15
(ns) (ns)
Age yrs 614 64=7 635
(Ns) (ns)

Weight % pred 10719  106x11 107£19
(ns) (ns)

Smoking pack-yrs 39+20 38+30 37120
(ns) ( Ns)

% pred: percentage predicted; PH: pulmonary hypertension.
For further abbreviations see legend to table 1.

Table 5. — Nocturnal saturation parameters of the
PH-desaturators (D) as compared with the non-PH
desaturators and with the non-desaturators (NS) (value
of t-test in brackets)

D ND
PH non-PH  all non-PH
n=6 n=12 n=22
Baseline Sao, % 90.2+1.0 90.9x1.1 93.4x1.2
(ns) (0.001)
Mean nocturnal Sao, %  87.7+2.2 89.0£1.8 92.4x1.2
(ns) (0.0001)
Nadir Sao, % 75.5%2.2 78.8%6 83.0x6
(ns) (0.02)
% TIB <90% of Sao, 62+12 56x21 5£7
(Ns) (0.0001)
Number of dips/TIB <4% 71+60 26£26 30+38
(0.04) (0.07)
Total duration of 189£179 63+93 1419
dips min (0.06) (0.0001)

Sao,; arterial oxygen saturation; TIB: time in bed; PH: pulmo-
nary hypertension

Mean nocturnal Stco, and nadir Stco, were sig-
nificantly lower in the PH group when compared to
the non-PH-ND group, but nonsignificantly when com-
pared to the non-PH-D group. Two other parameters
seemed to better distinguish PH-D from non-PH-D and
from non-PH-ND: the total number of desaturation
dips <4% and th total duration of dips. Significant
correlation exists between mean PAP and the total
duration of dips (r=0.33; p<0.03; 95% confidence
interval of r=0.06-0.57) (fig. 2).
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Fig. 2. - Mean PAP plotted against the total duration of desaturation dips r=0.33; p<0.03; 95% confidence interval of r=0.06-0.57.

PAP: pulmonary artery pressure.

Discussion

In the present study, PH patients were exclusively
found in the group of desaturators (6 out of 18 vs
0 out of 22). These six patients spent 62+12% of TIB
with a Stco, <90%, whereas the 12 non-PH-D patients
spent 56+21% and the 22 ND, by definition, spent
<30% of TIB with a Stco, <90%. Furthermore, PH
was found in 6 out of 15 patients whose mean
nocturnal Stco, was <90%, but in none out of 25 of
those with mean nocturnal Stco, >90%. The total
number and duration of desaturation dips was higher
in PH patients. Two PH patients curiously appear to
have only few and short dips. This finding may be
explained by the possible incipient exacerbation of
their disease.

Thus, PH may be observed in COPD patients with
slight daytime hypoxaemia (Pao, in the range 60-70
mmHg; 8-9.3 kPa) provided that they desaturate
(Stco, <90%) during a sufficient time (>30%) while
asleep. These findings are in good agreement with
those of FLETCHER and co-workers [14], who found that
PAP was significantly higher (p<0.05) in desaturators
(n=36) than in non-desaturators (n=13). Infact, the
difference between their average values was rather
small (23.3x4.8 vs 20.4x4.2 mmHg, respectively) and
there was overlapping of individual values of PAP
from one group to another. There are at least two
major differences between the studies of Fletcher and
co-workers [6, 14, 15], which were the first in this
field, and our own: the first is a methodological
difference, since FLETCHER and co-workers defined a
significant nocturnal desaturation as a five minute
desaturation <90%, with a nadir desaturation level of
at least 85%, whereas we required that 30% of TIB
should be spent <90%. Furthermore, they included
COPD patients with a Pao, >60 mmHg, which means
that some patients had mild daytime hypoxaemia and
others had no hypoxaemia at all. We restricted our
study to patients with modest daytime hypoxaemia
(Pao, 60-70 mmHg; 8-9.3 kPa). The second

difference concerns the results: as a mean the patients
of FLETCHER and co-workers [14, 15] had higher rest-
ing PAP than ours, even among the non-desaturators,
whose resting PAP could exceed 20 mmHg, whereas
we have only observed pulmonary hypertension in
patients with significant nocturnal desaturation.
We have no explanation for this discrepancy, but, in
our opinion, the fact that similar differences between
D and ND patients could be observed in spite of these
disparities in methodology and (possibly) in recruit-
ment of patients, is an additional argument in favour
of a relationship between the presence of nocturnal
desaturation and the level of PAP in COPD patients
with mild (or absent) daytime hypoxaemia.

Previous studies have indicated the presence of a
relationship between nocturnal desaturation and right
ventricular hypertrophy [18] and PAP [19] in COPD
patients. The studies by FLETCHER and co-workers
[14, 15] and the present one show that PH can develop
in patients with slight daytime hypoxaemia insofar
as they exhibit significant sleep-related desaturation,
a finding which is consistent with the hypothesis of
Frencey [13] and Brock et al. [12] on the possible
causes of "incipient cor pulmonale".

Hypoxaemic episodes occurring during sleep, and
particularly during REM sleep, have been shown to
induce transient elevations of PAP and pulmonary
vascular resistance in COPD patients [8-11]. These
peaks of pulmonary hypertension may be severe [8,
10], but PAP generally returns to its baseline level
after awakening [10]. We do not, at present, know
how episodic (sleep-related) nocturnal PH can lead to
permanent (daytime) PH, and we do not have a
precise idea on the frequency of transient elevations
of PAP due to hypoxaemic dips, since the rare stud-
ies in this field were obtained in patients with severe
COPD, exhibiting marked daytime hypoxaemia and,
generally, permanent PH. Other factors than sleep-
related desaturation could play a role in the develop-
ment of daytime PH, and a relationship between
exercise desaturation and nocturnal desaturation has
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been suggested [20]. If patients with nocturnal
desaturation have higher levels of PH during exercise,
this could contribute to the development of permanent
PH. In the present study, the difference in exercising
PAP between group D and group ND was small and
nonsignificant (table 2). However, FLETCHER and
co-workers [15] have recently observed a higher
(p<0.01) PAP during exercise in nocturnal desaturators
who also exhibited a lower Sao, during exercise
(p<0.01), but exercise desaturation was not predictive
of nocturnal desaturation. Thus, the mechanisms of
daytime PH in nocturnal desaturators are not clearly
understood and could be multifactorial, including the
effects of O, desaturation and elevated PAP during
exercise.

In our patients the presence of significant nocturnal
desaturation could not be predicted from daytime
pulmonary volumes and arterial blood gases, which
were nearly identical in groups D and ND (table 1).
Furthermore, the correlations between these data and
the level of nocturnal desaturation were not significant.
Awake baseline Stco,, which was measured just prior
to the onset of sleep, was the only variable statisti-
cally linked with mean nocturnal Stco,, lowest
nocturnal Stco, and TIB spent below 90% of Stco,.
It must be recalled that daytime Pao, was in fact the
mean of three measurements performed at intervals of
two weeks, and this probably explains why Pao, was
not correlated with nocturnal variables, whereas awake
baseline Stco, was. In this regard our results slightly
differ from these of FLETCHER and co-workers [6] who
found that daytime Pao, discriminated desaturators
from non-desaturators but the range of daytime Pao,
values was much larger in their series than in our own,
as already mentioned. However, the prediction of
nocturnal O, saturation from awake baseline Stco, is
probably not reliable in individual cases since the
correlation coefficients hardly exceeded 0.7, in good
agreement with the previous results of McKEeoN et al.
[5] and Cormick et al. [21].

In conclusion, we have observed that significant
nocturnal desaturation was rather frequent in COPD
patients exhibiting only slight daytime hypoxaemia
(Pao, in the range 60-70 mmHg; 8-9.3 kPa) and that
there was some link between the presence (and level)
of nocturnal desaturation and the occurrence of
permanent daytime pulmonary hypertension, even
if the mechanism of this hypertension is probably
multifactorial. Whether long-term nocturnal O, therapy
could prevent the development and progression of pul-
monary hypertension, in patients exhibiting significant
nocturnal desaturation, is undoubtedly a question of
high practical interest and adequate prospective longi-
tudinal studies are needed in this field. There is no
indication as yet to recommend nocturnal oxygen
therapy for this type of patient.
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