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Abstract:

Objective Nocturnal desaturation is common in patients with chronic respiratory disease and often worsens
the prognosis. Therefore, it should be diagnosed accurately and appropriately treated. The aim of this study
was to clarify the diversity of nocturnal desaturation.

Methods We prospectively enrolled 58 outpatients diagnosed with chronic respiratory disease receiving
home oxygen therapy and measured nocturnal SpO. using a portable oximeter. We classified nocturnal de-
saturation (3% decrease in SpO. from baseline) into three patterns: periodic pattern (desaturation duration of
<655 seconds), sustained pattern (desaturation duration of 2655 seconds), and intermittent pattern (desatura-
tion and recovery of SpO, repeated with a cycle of several minutes).

Results Nocturnal hypoxemia (SpO. <88% for more than 5 minutes) was found in 23.8% of patients. The
percentage of patients with chronic obstructive pulmonary disease (COPD) was significantly higher in the
nocturnal hypoxemia group than in the non-hypoxemia group (80% vs. 40.6%, p=0.03). Desaturation with a
periodic pattern was found in 81% of patients, desaturation with a sustained pattern was found in 40.5% of
patients, and desaturation with an intermittent pattern was found in 59.5% of patients. In patients with
COPD, desaturation with a periodic pattern was found in 85.7%, desaturation with a sustained pattern was
found in 47.6%, and desaturation with an intermittent pattern was found in 57.1%.

Conclusion The SpO. waveform of nocturnal hypoxemia was able to be classified into three patterns. Suit-
able treatment for each pattern might improve the prognosis of these patients.
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wakefulness, rapid eye movement (REM) sleep, and non-

Introduction

Nocturnal desaturation is a well-known complication in
patients with chronic respiratory disease (1). Sleep affects
breathing in several ways, including through changes in the
respiratory centre, respiratory muscle hypotonia, and lung
mechanics. Sleep is composed of three different stages:

REM sleep. During sleep, particularly REM sleep, the hy-
poxic and hypercapnic ventilatory responses of the respira-
tory centre are blunted, and the tone and activity of the res-
piratory muscles are diminished. These changes lead to a
decrease in minute ventilation, resulting in alveolar hypov-
entilation (2, 3), which is not fully compensated by increas-
ing breathing frequency and ventilation from the diaphragm.
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58 patients were enrolled

10 patients could not be
evaluated overnight SpO,
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48 patients were evaluated overnight SpO,

2 patients were excluded
—>  due to lack of clinical and/or
laboratory data
> 4 patients were excluded
due to
daytime PaO, < 60 mmHg
4

42 patients were analyzed

Figure 1. Flowchart describing patient recruitment.

Even in healthy subjects, minute ventilation drops by ap-
proximately 15% from wakefulness to non-REM sleep and
further to REM sleep (4). This reduction can be negligible
in healthy subjects; however, in patients with chronic respi-
ratory diseases who have a poor respiratory function or who
are highly dependent on accessory muscles of respiration,
this reduction can lead to nocturnal desaturation.

Indeed, several studies have reported that 27-70% of pa-
tients with chronic obstructive pulmonary disease (COPD)
have sleep-related oxygen desaturation, although they do not
have daytime oxygen desaturation (3). Another study re-
ported that 40% of patients receiving home oxygen therapy
(HOT) have sleep-related oxygen desaturation (5). Nocturnal
desaturation has an important clinical implication, as it is re-
lated to daytime respiratory failure, exacerbation frequency,
a poor sleep quality, pulmonary hypertension, and mortal-
ity (3, 6, 7). Therefore, nocturnal desaturation should be de-
tected by proper screening and appropriate treatment, espe-
cially in patients with chronic respiratory disease. However,
treatment for nocturnal desaturation does not always lead to
improvement in the patient outcome (8). We suspect this
discrepancy may arise from the diversity of nocturnal de-
saturation.

Given the above, the present study explored the diversity
of nocturnal desaturation.

Materials and Methods

Patients

This multicentre prospective study was performed be-
tween August 2014 and March 2017 at six general hospitals
in Japan: Kobe University Hospital, Takatsuki General Hos-
pital, Municipal Kasai Hospital, Kakogawa Central City
Hospital, Kitaharima Medical Center, and Akashi Medical

Center. The current study was conducted with the approval
of the Ethics Committees or Institutional Review Board of
Kobe University Hospital (1592).

We enrolled 58 outpatients diagnosed with chronic respi-
ratory disease who met the following criteria: age 220 years
old; receiving HOT for chronic respiratory failure; stable
condition of chronic respiratory disease; and free from exac-
erbation for at least 1 month. The indication for HOT was
based on the guideline of the Ministry of Health, Labor and
Welfare (patients with severe chronic respiratory failure
whose partial pressure of arterial oxygen was <55 mmHg or
whose partial pressure of arterial oxygen was <60 mmHg
and with significant hypoxemia during sleep and exercise).
Patients were excluded from this study if they were receiv-
ing positive-pressure ventilation therapy, experienced exacer-
bation within one month, or had any type of cancer.

Written informed consent was obtained from all study
participants. The flowchart describing patient recruitment is
shown in Fig. 1.

Measurement and data collection

At registration, arterial blood gases were determined in
patients receiving HOT at the prescribed dose of supplemen-
tary oxygen. All overnight home oximetry tests were per-
formed using the same portable oximeter with a finger
probe (PULSOX-Me 300; Konica Minolta, Tokyo, Japan)
under the prescribed dose of supplementary oxygen inhaled.
Clinical and laboratory data were extracted from medical re-
cords.

Classification algorithm of nocturnal desaturation

In the present study, nocturnal hypoxemia was defined as
SpO. <88% for more than 5 minutes, while desaturation was
defined as a more than 3% decrease in SpO. from the base-
line. Nocturnal desaturation was divided into three patterns
based on the algorithm reported by Izumi et al. (9). In brief,
when the SpO. dropped and did not recover within 655 sec-
onds, which is the standard deviation of desaturation dura-
tions obtained from 48 patients, it was classified as a sus-
tained pattern (Fig. 2b). When the dropping interval was less
than that of a sustained pattern, it was classified as a peri-
odic pattern (Fig. 2a). We also defined a third pattern as the
intermittent pattern, in which the dropping and recovery of
SpO. repeated with a cycle of several minutes (Fig. 2¢). In
addition, a time-frequency analysis using discrete Fourier
transform (DFT) was conducted for SpO., data. The window
length was set to 600 seconds, and the maximum spectral
power between (0.7/60) and (1.5/60) Hz was calculated. The
intermittent pattern was assigned when the maximum spec-
tral power was >2.5 and this state occurred for over 1,300
seconds per hour. Finally, we defined a waveform with
slight changes in SpO. other than the patterns described
above as a normal pattern. After determining the pattern
from the SpO. data, SpO. waveforms were classified into the
following eight categories based on the combination of the
four patterns: 1. Normal, 2. Sustained, 3. Periodic, 4. Inter-
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chest physicians total

Positive Negative
Determination by Positive 30 4 34
the algorithm Negative 5 . "
total 32 10 42

Sensitivity: 93.8%

Specificity: 60%

Positive predictive value: 88.2%
Negative predictive value: 75%
False positive rate: 40%

False negative rate: 6.3%
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Determination by

chest physicians total

Positive Negative
Determination by Positive 17 0 17
the algorithm Negative o s .
total 17 25 42

Sensitivity: 100%

Specificity: 100%

Positive predictive value: 100%
Negative predictive value: 100%
False positive rate: 0

False negative rate: 0

Determination by

chest physicians total

Positive Negative
Determination by Positive 21 4 25
the algorithm Negative 2 15 17
total 23 19 42

Sensitivity: 91.3%

Specificity: 78.9%

Positive predictive value: 84%
Negative predictive value: 88.2%
False positive rate: 21.1%

False negative rate: 8.7%

Figure 2. Typical waveforms of the (a) periodic pattern, (b) sustained pattern, and (c) intermittent
pattern. The matching rate between classification by an automatic analysis algorithm and by chest
physicians for the (d) periodic pattern, (e) sustained pattern, and (f) intermittent pattern.

mittent, 5. Mixed (Sustained+Periodic+Intermittent), 6.
Mixed (Periodic+Intermittent), 7. Mixed (Sustained+Peri-
odic), 8. Mixed (Sustained+Intermittent).

Classification of nocturnal desaturation by chest
physicians

To evaluate validity of the algorithm, 10 chest physicians
with over 5 years of experience classified the SpO. decline
patterns of 42 patients according to the following criteria:
(1) a ‘sustained’ pattern was defined as at least one drop by
3 percentage points from baseline for >655 seconds, (2) a
‘periodic’ pattern was defined as at least two drops by 3
percentage points from baseline for <655 seconds, (3) an
‘intermittent’ pattern was defined as more than 15 drops by
3 percentage points from baseline for 1 hour, and (4) a
‘mixed’ pattern comprised a combination of these three pat-
tern. Even if there was only one event that coincided with
each desaturation pattern, the event met the criteria, physi-

cians decided that the SpO, data possessed the desaturation
pattern. Physicians voted without knowing each other’s
opinions, and final decisions were based on a majority vote.

Statistical analyses

Differences in patient characteristics between the two
groups were tested for significance by the Mann-Whitney U
test. All p values reported are 2-sided, and p values <0.05
were considered significant. The kappa value was calculated
from the observed and expected frequencies on the diagonal
of a square contingency table (10). Kappa values of 0, 0.01-
0.20, 0.21-0.40, 0.41-0.60, 0.61-0.80, and 0.81-1.00 indicate
absent, slight, fair, moderate, good, and excellent, respec-
tively.
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Table 1. Patient Characteristics.

Nocturnal hypoxemia

Non-nocturnal hypoxemia

(n=10) (n=32) p value

Male/Female 4/6 14/18 0.83
Age (years) 72 [68.0-76.2] 77 [71.4-79.3] 0.11
BMI (kg/m?) 20.6 [18.6-23.4] 21.5[20.1-22.6] 0.84
Under lying lung disease

COPD 8 13 0.03%*

P 3 13 0.55

Others 1 8 0.12
Myocardial infarction 0 1 1.0
Heart failure 4 3 0.19
Cerebrovascular disease 0 1 1.0
Rheumatic disease 1 3 1.0
Diabetes mellitus 0 1 1.0
Chronic Kidney disease 0 1 1.0
Any prior tumor 0 5 0.31
Leukemia 0 1 1.0
Hypertension 2 4 0.62
pH 7.40 [7.34-7.41] 7.40 [7.39-7.41] 0.42
PaO; 75.8 [69.8-91.4] 87.5[84.3-103.8] 0.10
PaCO; 41.3 [36.8-59.6] 44.8 [41.9-46.9] 0.87
VC (L) 1.91 [1.50-2.92] 2.17 [1.74-2.46] 0.70
%VC (%) 72.8 [61.6-83.4] 74.1 [62.9-82.8] 0.91
FEV; (L) 1.27 [0.82-2.03] 0.95 [1.0-1.60] 0.54
FEV/FVC (%) 68.7 [54.9-81.5] 76.7 [58.2-76.1] 0.72
SpO; min (%) 78.8 [70.7-82.3] 79.9 [74.2-80.5] 0.76

Data are presented as median [95% confidence interval]. *p<0.05.

BMI: body mass index, COPD: chronic obstructive pulmonary disease, IP: interstitial pneumonia, VC: vital

capacity, FEV: forced expiratory volume in 1 second, FVC: forced vital capacity

Results

Patient characteristics

Forty-two patients (18 men and 24 women) met the eligi-
bility criteria. The median age of the participants was 75
years old [95% confidence interval (CI), 71.5-77.7 years
old], and the body mass index (BMI) was 21.0 (95% CI,
20.2-22.4) kg/m®. Twenty-one of the 42 patients suffered
from COPD, and 16 of the 42 patients had interstitial pneu-
monia. Ten of the 42 (24%) patients had nocturnal hypoxe-
mia.

The characteristics and laboratory data of the patients
with and without nocturnal hypoxemia are summarized in
Table 1. There was no significant difference in the gender,
age, BMI, complication rate of congestive heart failure, lung
function, or arterial blood gas findings between the two
groups. In contrast, the percentage of patients with COPD
was significantly higher in the nocturnal hypoxemia group
than in the non-hypoxemia group (80% vs. 40.6%, p=0.03).

Classification by the automatic analysis algorithm

Determination results by the automatic analysis algorithm
for the waveforms are shown below. Desaturation with a pe-
riodic pattern was found in 34 (81%), desaturation with a

sustained pattern was found in 17 (40.5%), desaturation with
an intermittent pattern was found in 25 (59.5%) (some over-
lap was noted), and a normal pattern was found in 4 (9.5%).

Classifications by chest physicians

To confirm the validity of the algorithm, we evaluated the
agreement between chest physicians with kappa statistics.
The determination results by chest physicians are shown in
Table 2. We then compared the determination results by
chest physicians with those obtained by the algorithm for
each pattern. As a result of the comparison, the agreement
between chest physicians was moderate, but the sensitivities
and specificities of the algorithm were 91.3-100% and 60-
100%, respectively (Fig. 2d-f). Given these findings, this al-
gorithm seems to be useful.

Classification by automatic analysis algorithm in pa-
tients with COPD

To gain further insight into the relationship between the
classification by the automatic analysis algorithm and patient
characteristics, we focused on COPD, which was the most
common cause of HOT in the present study.

Among the 21 patients with COPD, 8 (38%) patients had
nocturnal hypoxemia. Table 3 shows the characteristics and
laboratory data of the patients with COPD. There were no
significant differences in the gender, age, BMI, lung func-
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Table 2. Determination Results by Chest Physicians and
Interpretation of the Agreement between the Independent

Examiners according to the Kappa.

No. A B C D E F G H I ]
1 1 1 1 3 1 1 3 1 1 1
2 3 3 4 4 4 4 3 4 1 4
3 33 6 6 6 3 6 6 3 6
4 7 4 7 5 5 5 5 8 7 5
5 6 6 6 6 6 6 6 6 3 6
6 37 3 6 6 6 6 6 3 6
7 7 5 7 S5 5 5 3 5 5 5
8 33 3 3 3 3 3 6 3 6
9 4 4 6 4 4 4 4 4 6 4
10 7 7 7 7 7 7 7 5 7 5
11 6 6 6 6 6 3 3 6 3 6
12 7 8 7 5 5 7 S5 5 7 5
13 36 3 6 6 3 3 6 3 6
14 5 5 7 5 5 5 5 5 7 5
15 1 3 3 3 1 1 3 4 1 3
16 s 5 7 5 5 7 S5 5 7 5
17 2 2 2 7 2 2 7 2 2 2
18 33 3 6 3 3 6 6 3 6
19 6 1 6 4 4 4 3 4 1 4
20 3 1 33 3 3 3 3 3 3
21 6 6 6 6 6 3 6 6 3 6
22 7 7 7 S5 7 7 7 5 7 1
23 1 1 1 1 1 1 1 1 1 1
24 34 3 3 3 3 3 4 3 3
25 7 5 7 S5 7 7 5 5 7 5
26 33 3 3 3 3 1 4 1 3
27 s 5 5 5 5 5 5 5 7 5
28 6 1 3 6 4 1 1 4 6 4
29 6 4 6 6 4 4 3 6 6 4
30 2 2 7 7 2 7 7 7 2 2
31 2 7 7 7 7 2 2 2 2 2
32 7T 7 717 71 7 7 7 7 7 7
33 6 6 6 6 6 6 6 6 3 4
34 4 3 6 4 4 4 3 6 6 4
35 5 5 7 5 5 5 5 5 5 5
36 4 3 3 3 4 4 3 6 3 1
37 s 5 7 5 5 5 S5 5 5 5
38 1 1 1 3 1 1 1 1 1 1
39 5 3 7 5 3 8 5 5 7 5
40 5 6 3 5 6 S5 S5 5 7 6
41 33 3 6 3 3 6 3 3 3
42 6 6 6 6 6 6 6 6 6 6
No. Pattern

1 Normal

2 Sustained

3 Periodic

4 Intermittent

5 Mixed (Sustained+Periodic+Intermittent)

6 Mixed (Periodic+Intermittent)

7 Mixed (Sustained+Periodic)

8 Mixed (Sustained+Intermittent)

Kappa value  0.46

Kappa value Agreement

0 Absent

>0-0.2 Slight

0.21-0.40 Fair

0.41-0.60 Moderate

0.61-0.80 Good

0.81-1.00 Excellent

tion, or arterial blood gas findings between the two groups.

The SpO. waveforms in patients with COPD were classi-
fied into 4 patterns according to the automatic analysis algo-
rithm: a normal pattern was found in 1 (4.8%), desaturation
with a sustained pattern was found in 10 (47.6%), desatura-
tion with a periodic pattern was found in 18 (85.7%), and
desaturation with an intermittent pattern was found in 12
(57.1%) (some overlap was noted).

We classified patients with COPD based on whether or
not they had each desaturation pattern. There were no sig-
nificant differences in the gender, age, BMI, lung function,
or arterial blood gas findings among desaturation patterns.
In contrast, percent predicted forced expiratory volume in 1
second was significantly lower in the COPD patients who
did not have desaturation with an intermittent pattern than in
those who did have desaturation with an intermittent pattern
(p=0.02) (Table 4, Fig. 3). The COPD patients who did not
have desaturation with an intermittent pattern included those
with a normal pattern.

We also stratified patients with COPD into eight catego-
ries of desaturation and compared them (Fig. 4). There were
no significant differences among the desaturation categories.

A comparison of the desaturation patterns among
patients with congestive heart failure

We evaluated patients with congestive heart failure, which
is expected to affect nocturnal desaturation. Seven patients
had heart failure, and we stratified patients based on the
presence or absence of heart failure for each desaturation
pattern. There were no significant differences among the
patterns. Similarly, we stratified patients with COPD based
on the presence or absence of heart failure for each desatu-
ration pattern, again noting no significant differences among
patterns.

Discussion

Treatment for nocturnal desaturation has not always im-
proved patient outcomes. In addition, the pathophysiology of
nocturnal desaturation other than that caused by sleep ap-
noea syndrome has not yet been verified. In the present
study, we found that SpO, waveforms obtained by portable
oximetry were rich in diversity; however, we were still able
to classify them into three elements using an automatic
analysis algorithm. We further found that each waveform
was composed of a combination of three elements: a peri-
odic pattern, an intermittent pattern, and a sustained pattern.
This classification of SpO. waveforms might help clarify the
pathology of nocturnal desaturation.

In the present study, we found that 23.8% of patients re-
ceiving HOT for chronic respiratory failure had nocturnal
hypoxemia without daytime hypoxemia. In the nocturnal hy-
poxemia group, there were more patients with COPD than
in the non-hypoxemia group (p=0.03), but there were no
significant differences in the gender, age, BMI, lung func-
tion, or arterial blood gas findings between the two groups.
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Table 3. COPD Patient Characteristics.

Nocturnal hypoxemia

Non-nocturnal hypoxemia

(n=8) (n=13) p value
Male/Female 4/4 8/5 0.60
Age (years) 71 [66.5-77.0] 74 [72.6-80.8] 0.07
BMI (kg/m?) 21.0 [19.6-24.2] 19.7 [18.3-21.5] 0.15
pH 7.40 [7.34-7.41] 7.40 [7.39-7.41] 0.73
PaO; 75.8 [69.3-90.0] 84.0 [76.4-106.3] 0.25
PaCO: 37.4[32.7-58.9] 40.9 [39.2-45.4] 0.59
VC (L) 2.30 [1.62-3.33] 2.61[2.27-3.03] 0.64
%VC (%) 76.9 [65.6-88.1] 95.3 [82.1-102.3] 0.06
FEV; (L) 1.44 [0.72-2.40] 1.04 [0.75-1.72] 043
FEV/FVC (%) 68.7 [51.7-78.6] 42.5 [36.5-63.3] 0.16
SpO; min (%) 79.3 [72.5-82.8] 80.7 [73.5-83.0] 0.67

Data are presented as median [95% confidence interval]. *p<0.05.

BMI: body mass index, VC: vital capacity, FEV: forced expiratory volume in 1 second, FVC:

forced vital capacity

Table 4. COPD Patient Characteristics.

Desaturation with intermittent

Non-desaturation with intermittent

(n=12) (n=9) p value
Male/Female 715 5/4 0.90
Age (years) 77 [72.5-81.8] 72 [67.7-75.6] 0.09
BMI (kg/m?) 20.9 [18.7-23.1] 20.1 [19.1-21.7] 0.62
pH 7.41[7.39-7.42] 7.39 [7.34-7.41] 0.27
PaO; 73.6 [68.0-91.6] 96.8 [78.7-111.3] 0.05
PaCO; 38.1 [36.6-44.8] 43.1 [37.3-57.7] 0.16
VC (L) 2.59[2.13-3.16] 2.54 [2.05-2.95] 0.75
%V C (%) 93.1 [82.2-102.8] 78.9 [66.0-91.2] 0.06
FEV; (L) 1.40 [1.02-2.09] 0.78 [0.43-1.61] 0.17
FEV/FVC (%) 63.6 [44.9-72.9] 41.1 [32.5-65.2] 0.44
%FEV1 (%) 75.6 [50.4-88.8] 28.9 [20.1-58.9] 0.02%*

Data are presented as median [95% confidence interval]. *p<0.05.

BMI: body mass index, VC: vital capacity, FEV: forced expiratory volume in 1 second, FVC: forced vital capacity,

%FEV 1: percent predicted forced expiratory volume in 1 second

o
100 o
(o]
[e]
80 — o
~ -
o o
TR a8 o
X 60
o]
40 o
(o] —_—
° 8
20 o
T T
Desaturation Non-desaturation

with intermittent with intermittent

Figure 3. Dot plot of %FEV: in COPD patients. %FEV1:
percent predicted forced expiratory volume in 1 second

Mulloy et al. (11) reported that a higher age, lower daytime
Pa0,, and higher daytime PaCO, were risk factors for noc-
turnal hypoxemia in patients with COPD, but our study did
not support their findings. This might be due to differences
in the underlying lung diseases of the study participants.

In patients with COPD, in addition to the physiological
changes in ventilation due to sleep, ventilation from the dia-
phragm is decreased due to hyperinflation of the lungs, and
ventilation/perfusion ratio (V/Q) mismatch, which results
from airflow limitation and emphysematous destruction of
the pulmonary capillary bed, is worsened (12). Becker et
al. (13) reported that minute ventilation can drop approxi-
mately 16% during non-REM sleep and 32% during REM
sleep in patients with COPD. These mechanisms might ex-
plain why patients with COPD were prone to develop noc-
turnal hypoxemia.

As mentioned above, during REM sleep, desaturation
tends to be caused by enhanced alveolar hypoventilation (so-
called REM sleep-related hypoventilation) and exhibits the
characteristic SpO. pattern (14-17). We assume that the

3076



Intern Med 60: 3071-3079, 2021

DOI: 10.2169/internalmedicine.6329-20

90 5
[e]
85 —
o o —w—
80 — o
° — o
< 75 .
o o —6—
— o o
70 — o o
——
—
65 o o
\ I I \ \ \
1 2 3 5 6 7
Desaturation category
80 1 [e)
70 —
S 60 —
? —e—
o
50 ] ° Ie)
[¢]
-
40 - —— o &
o 8
o [5) o
o
T

Desaturation category

130 °
—_—
120
o
110 o
100 — 5 o —o
o
Iy 90 o
80 o o
R —
° 8 —e
70 —
8] o)
— o
o T 1 T T T T
i 2 3 5 6 7
Desaturation category
o
100 — o
o
Q
80 o) o
> o
L\% 60 —
° o
40 — — o
e ° 8
20 — 5

1 T I I 1 1
1 2 3 5 6 7

Desaturation category

Figure 4. Dot plot of the indicated parameters in COPD patients. Categories are described in the
Patients and Methods. % FEV1: percent predicted forced expiratory volume in 1 second

clinical condition of the periodic pattern reflects this REM
sleep-related hypoventilation because it showed that the
SpO. dropped at a cycle of approximately 90-120 minutes,
and the waveform was similar to that mentioned in previous
reports (14-16). O’Donoghue et al. (18) reported that REM
sleep-related hypoventilation was associated with daytime
PaCO. and a high BMI, but our study did not support their
findings. This might be partly because the present study in-
cluded a relatively small number of patients with COPD.

The intermittent pattern observed in the present study
seems to reflect sleep apnoea. In the present study, 59.5% of
participants had desaturation with an intermittent pattern.
This is a high prevalence compared to the general popula-
tion. We suspect that patients with chronic respiratory failure
with a poor lung function can develop desaturation easily
due to mild apnoea.

Among patients with COPD, desaturation with an inter-
mittent pattern was found in 57.1%. A recent study reported
that obstructive sleep apnoea (OSA) is highly prevalent in
patients with moderate-to-severe COPD (19). In contrast, an-
other study reported a lower prevalence of sleep apnoea

[apnoea-hypopnea index (AHI) >15] in subjects with COPD
than in those without COPD (20). This discrepancy might
be because these studies adopted different criteria of OSA.
COPD has both promoting and protective factors against
obstructive apnoea. Factors that may promote the develop-
ment of OSA include rostral fluid shift during sleep when in
the supine position (15). COPD is also associated with gen-
eralized muscle weakness, which can lead to upper airway
collapsibility (21). In contrast, several factors related to
COPD may protect against the development of OSA, includ-
ing a low BMI and diminished REM sleep (15). In the pre-
sent study, the higher the severity of COPD, the less desatu-
ration with an intermittent pattern there was. However, there
was no significant difference in the BMI or other factors.
There is growing evidence that the lung hyperinflation asso-
ciated with emphysema reduces the likelihood of OSA (22).
It is expected that lung hyperinflation would be stronger in
patients with severe COPD than in those without it, which
might strongly influence the reduced desaturation with an
intermittent pattern compared with other factors. The quality
of sleep is reduced in severe COPD; for example, these pa-
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tients often complain of nocturnal cough and dyspnoea,
symptoms that lead to arousal. The segmentation of sleep
leads to a decrease in REM sleep, and a reduction in REM
sleep contributes to a decrease in apnoea.

The clinical condition of desaturation with a sustained
pattern has not been clarified. This pattern, involving an
SpO. drop, does not recover for a long time. In the present
study, there were no significant differences in the patient
characteristics, lung function, or arterial blood gas findings
between patients with and without this pattern. It is difficult
to compare these patients’ backgrounds due to the heteroge-
neity of the patient population. However, we suspect that the
pattern would be observed in patients with severe respiratory
disease whose hypoxic and hypercapnic ventilatory response
of the respiratory centre is diminished.

In patients with COPD, we suspected that the degree of
hypoxemia and desaturation pattern would differ by COPD
severity, but there were no significant differences. This
might be because the underlying pathophysiology of respira-
tory failure and hypoxemia was complex in this study,
which included patients with lung disease other than COPD
as well as those with heart failure.

The limitations of the present study are that the present
study lacks some data on the flow rate of supplemental oxy-
gen patients were receiving, the PaO, data when HOT was
prescribed, detailed pulmonary function test findings, com-
puted tomography findings, modified British Medical Re-
search Council dyspnea scale, COPD Assessment Test
Score, polysomnography (PSG), and overnight transcutane-
ous carbon dioxide tension (PtcCQ.); therefore, we are cur-
rently conducting clinical trials to assess the relationship be-
tween these parameters and algorithms in retrospective and
prospective studies. In addition, the definition of desatura-
tion pattern used here was generated by mechanical learning
and needs to be validated in future prospective clinical trials.
The criteria for physicians mentioned in the “Patients and
Methods” also need to be improved by a clinical study.
However, nocturnal desaturation is characterized by several
patterns that have not been previously received focus, and
we successfully classified patients as having these patterns
using noninvasively obtained data.
needed to verify the pathophysiology of nocturnal desatura-
tion.

Nocturnal desaturation has the potential to impact mortal-
ity, but appropriate treatment based on the pathophysiology
has not been provided. As our study showed, SpO. wave-
forms can differ among patients. Therefore, we believe that
nocturnal desaturation includes several different pathophysi-
ological types. By verifying the pathophysiology of noctur-
nal desaturation by the SpO, wave pattern, we might be able
to provide appropriate treatment and improve the prognosis,
in a manner similar to the way that CPAP treatment has
been shown to improve the prognosis of OSA (23).

Further studies are

Conclusion

In our study, we focused on nocturnal desaturation in pa-
tients with chronic respiratory disease receiving HOT and
the classification of nocturnal desaturation. We found that
the SpO. waveform of nocturnal desaturation can be classi-
fied into three patterns: desaturation with a periodic pattern,
desaturation with a sustained pattern, and desaturation with
an intermittent pattern. The prognosis may be improved by
suitable treatment tailored to each pattern. This was a small,
observational study, so a large study will be needed to con-
firm the classification and clinical impact.
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