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MPOTHOCTUYECKHUE ®AKTOPBI HOUHOM JJECATYPAIIUU Y IAIIMEHTOB C
XPOHUYECKOMN OBCTPYKTUBHOM BOJIE3HBIO JIETKHX

Axmer Yen [I3en, ['aknap 'yxagaporiy, Cyxa Anb3adep, Peliman ['onadu
AmubaneMckass yHUBEPCUTETCKas IIKOJIa METUITHHBI
locnurans Kagukoit Cuda

Summary. Detection of nocturnal hypoxemia, in normoxic or mildly hypoxic COPD
patients seems clinically relevant, since this feature can cause serious problems like pulmonary
hypertension and cardiac arrhythmia. In current study, we aimed to identify factors, which might
predict nocturnal desaturation (ND).We studied 38 COPD patients with a mean age of 62, 7+ 7, 9
and mean FEV; of 45, 6+12,3. Day time blood gas values, spirometry, CO diffusing capacity,
maximum inspiratory and expiratory mouth pressures, 6-minute walk test, BMI, skin fold thickness,
handgrip force, nocturnal oxygen saturation(SaO,) were measured. ND was considered when there
was a fall in SaO, below 90% for 5 minutes and more. 16 patients experienced ND. Desaturators
had a significantly lower daytime PaO, (p=0,004), SaO, (p=0,001) and FEV; %( p=0, 05) than non-
desaturators. 6-minute walk test correlated with ND (sensitivity 62%, specificity 76%, and positive
predictive value 66%). We also found positive correlation between mean nocturnal SaO, and
daytime Pa02, SaO,, FEV; %, DLCO %. Stepwise regression analysis revealed that daytime SaO,
was the only independent predictor of mean nocturnal SaO,. We observed no ND in patients with
daytime Sa0O, > 95% and PaO, >80mmHg.We concluded that daytime SaO; is helpful in predicting
nocturnal hypoxemia.
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Pe3rome. BrisiBiieHHe y O0BHBIX XpOHUYECKOW OOCTPYKTUBHOM 00s1e3HbIO JieTkuXx (XOBJI)
BBIPDAKEHHOW THIOKCEMHUH, HEIOCTATOYHO BBIPAKEHHOM THUMOKCEMHHM WM HOPMAaJbHOTO
COJIEpKaHUsl KUCIIOPO/ia B KPOBH B HOUHOE BPEMS CYTOK MPEACTABISAET KIMHUYECKYIO 3HAYUMOCTb,
TaKk Kak 3Ta (YHKIUS MOXKET IMPUBECTH K CEpbe3HbIM IMpodiemMaM, TaKuUM Kak JIerouyHas
TUIEPTEH3US u cepaeyuHas apUTMHUSL.
B nanHoil pa®oTe MbI MOCTapajuCh OIpPENeNUTh (PAKTOPHI, KOTOpbIE MOIVIM OBl MpeacKa3aTh
nosiBiieHne HouyHoW necarypauuud (HJ). Mbl u3yuynnu [aHHBIE, TOJy4YEHHBIE B pe3y/bTare
uccienoBanus 38 manuentoB ¢ XObBJI, ¢ mokazarensmu 7+ 7,9 u ODB; 45,6 +12,3, cpenuuii
BO3pACT KOTOPBIX cocTaBui 62 roxaa. [IpomsBoauiauch AHEBHBIE 3aMephbl HACBHIIIEHHOCTH KPOBU
razom, cnupomerpuu, nudpdysnoznonn émkoctu (CO), naBneHus B POTOBOM IMOJIOCTH BO BpeMs
BJIOXa U BBIJIOXA, 6-MHHYTHOW XOJbOBI, MHJIEKCA MACChl TeJa, TOJIIUHBI KOKHOM CKIIQIKH, CHUIIBI
CJKaTus PyKH, HOYHOTO HackllleHus kucnopogoM (SaOy) Hounas necarypauus HaGmronanach Toraa,
xorya nokaszarenu Sa0; 6pun Hike 90% Ha npoTspkeHUH 5 MUHYT U 6osiee. HJI nposiBunace y 16
nanueHToB. [lecagyparopbl uMenu 3HAYUTENBHO OoJiee HU3KHE AHEBHBIE mokazarenu PaO;
(p=0,004), SaO, (p=0,001) u ODB; %( p=0, 05), yem He mecamypatopbl. TecT 6-MHUHYTHON XOABOBI
koppenupyer ¢ HJ[ (uyBctBUTENnbHOCTH 62%, chenmuduvHocTs 76% U TOJOXKHUTENbHAs
MPOTHOCTUYECKAs IIEHHOCTh 66%). MBI Takke 0OHAPYKUITU TOJOKHUTEIBbHYIO KOPPENAIUI0 MEXKTY
CpPeOHMMH HOYHBIMH TokazarenssMu Sa0; W AHeBHbIMU mokazarensmu PaO;, SaO;, ODB1%,
DLCO%. IlosranHblii perpecCUOHHBIN aHAIW3 MOKa3ajl, YTO JHEBHOW Mokazarenb SaOp sBIsCS
€IMHCTBEHHBIM HE3aBUCHUMBIM MPOTHOCTHYECKHM (PaKTOPOM CpEeTHEro HOYHOro mokaszatens Sa0s.
Mg He Habmonanu HJI y manueHToB ¢ AHeBHBIMU MokazatensaMu Sa0; > 95% u PaO2 > 80mmHg.
MBI TPUIUIM K BBIBOAY, YTO JHEBHOHM mokazarenb SaO; MOXKET SIBIATHCS MPOTHOCTUYECKUM
(hakTOpOM HOYHOU TUTIOKCEMHUH.
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KawueBble cjioBa: HOYHas Jecarypaius, JecaTyparop, XpOHHYECKas OOCTPYKTHBHAs
00JIE3HD JIETKUX

Patients with chronic obstructive pulmonary disease (COPD) have varying degrees of
arterial oxygen desaturation during sleep. Nocturnal desaturation is greater during sleep than during
maximum exercise in patients with severe COPD. In severe hypoxemic COPD patients such
episodes are treated when long-term supplemental oxygen therapy is administered. Questions on the
treatment of nocturnal oxygen desaturation should be directed toward those COPD patients whose
daytime PaO, would not qualify them for home supplemental oxygen (PaO, >60 mmHg). Early
detection and treatment of nocturnal hypoxemia in these patients seems clinically relevant since
these feature can cause serious problems such as pulmonary hypertension, polycythemia and
cardiac arrhythmia [1,2,3].

Since nocturnal studies are expensive, it is not feasible to perform in all mildly hypoxic or
normoxic COPD patients, therefore many daytime parameters such as daytime SaO,, PaCO, FEVj,
exercise test have been investigated to predict oxygenation during sleep in these patients [4, 5, 6,
7,8]. However, none of them has sufficient predictive values. The purpose of this study was to
evaluate the relation between some daytime parameters which were day time blood gas values,
spirometry, lung volumes, single breath CO diffusing capacity, maximum inspiratory (MIP) and
expiratory (MEP) mouth pressures, SaO, during 6-min walk test, body mass index (BMI), skin fold
thickness, handgrip force, high resolution computerized tomography (HRCT) and nocturnal oxygen
saturation in stable COPD patients so that we could identify the group of patients who needed
nocturnal studies.

Methods. Patient's with COPD who were under control in our outpatient clinic, participated
in this study. ATS diagnosis criteria for COPD were used. Inclusion criteria were: daytime PaO,
>60 mmHg, SaO; -90 mmHg, FEV; < 70%. All patients were in a stable clinical condition and
received optimal bronchodilator therapy. Patients were excluded if they had unstable angina, left
heart failure, cirrhosis, diabetes mellitus, evidence of malignancy, bronchiectasis, receiving alcohol,
psychotropic drugs or sedatives clinical features of obstructive sleep apnea (snoring, witnessed
apnea or excessive daytime sleepiness), or evidence of an exacerbation in the preceding 3 weeks.
Arterial blood was drawn from the radial artery with the patient in a seated position after resting for
15 minutes and breathing ambient air. Arterial blood gases were analyzed using a blood gas
analyzer (ABL 5, Radiometer AS, and Copenhagen, Denmark). Static and dynamic lung volumes
were measured using V-max 229 spirometry (Sensormedics, The Cardio Pulmonary Care Company,
USA). Carbon monoxide diffusing capacity was measured by means of the single breath method.
Maximal inspiratory and expiratory mouth pressures (MIP and MEP) were measured according to
the method of Black and Hyatt .(9) At least three trials were completed by each participant with the
goal of obtaining acceptable and reproducible results. Handgrip force was assessed as a measure of
peripheral skeletal muscle strength. A handgrip dynamometer (Asimow Engineering Co., Los
Angeles, CA 90024) was used to determine the isometric grasp in each hand by measuring the
maximally developed strength of the flexors of the fingers. The mean value of left and right hand
strength was used for statistical analysis. (10, 11) Nocturnal oxygen saturation was monitored
throughout the night with finger probe by recordable pulse oxymeter (Profox Respironics Inc.
Pittsburgh Pennsylvania). Recordings less than 6 hours were ignored. Baseline SaO, awake was
defined as the mean saturation during the first 15 min of the recording with the patient supine and
awake. Mean nocturnal SaO, was that until final morning wakening, including intervening periods
of wakefulness. Minimum and maximum SaO,, mean nocturnal saturation were analyzed by the
Profox software. The SaO, values below 60% were ignored as being unreliable. Nocturnal
desaturation was considered when there was a fall in oxygen saturation below 90% for 5 minutes
and more. Epworth Sleepiness Scale was assessed. Patients having a scale value of six or more
underwent sleep study. 6-minute walk test was performed to evaluate exercise capacity. Exercise
desaturation was defined as a fall of > 4% from the baseline value [7] Thorax HRCT was performed
as close as possible in time to the pulmonary function tests. Images were acquired during inspiration
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and expiration from lung apices to bases (1-mm collimation, 10-mm interval for inspiration or 30-
mm interval for expiration, 560x560 matrix, high spatial frequency reconstruction algorithm).
Images were reviewed at a window level of -700 and width of 1200. Abnormalities were
characterized by a consensus of two radiologists who were unaware of the patient symptoms and
physiological findings. According to CT findings, the patients were divided into two groups
defining the presence of emphysema or chronic bronchitis.

Anthropometrical measurements: body height was measured to the nearest 0.5 cm with the patient
standing barefoot. Body weight was measured to the nearest 0.1 kg with the patient in light clothing
and without shoes. [12] Triceps skin fold thickness was measured with a fat calliper. Midarm
muscle circumference was determined by measuring the overall midarm circumference with a soft
tape midway between the shoulder and elbow. Body mass index was calculated by the formula
weight (kg)/ height (m)?.

Statistical analyze: Data were expressed as mean + SD and range. Student t test was used to
compare means between two groups. Correlation analyses were performed to identify relation
between numeric variables. Pearson correlation coefficient was given in text. Stepwise multiple
regression analysis was used to evaluate the contribution of various parameters in the prediction of
mean nocturnal saturation.

A p-value of 0,05 or less was considered significant.

Results.We studied 41 patients. Six of them who had an Epworth Sleepiness Scale above six
and snored at sleep underwent polysomnography. Three patients were excluded as they were found
to have sleep-apnea syndrome. The characteristics of 38 patients (37 male, 1 female) whose
nocturnal oxygen saturation were monitored are shown in Table 1.

Table 1 - Demographic, lung function and blood gases analyses data’s of COPD Patients

N Mean (SD)

38 62.74 (7.99) 44-79
Pa0, 38 72.87(9.11) 60-100
PaCO, 38 41.71(6.62) 30-67
FVC% 38 77.18(17.96) 46-119
FEV, 38 1275.89(435.47) 570-2510
FEV1% 38 45.63(12.31) 19-70

38 26.55(3.79) 17-33
Smoking* 38 51.71(31.41) 5-150
Htc 38 42.1(3.15) 36-51

BMI: Body mass index; Htc: Hematocrit. *: Package-year
All the patients were divided into two groups ‘desaturators and nondesaturators’ as previously

defined (Table 2).

16 of 38 subjects desaturated during sleep, while the remaining were in nondesaturators group.
There were significant differences between two groups in terms of DLCO%, Sa02, PaO2, FEV4,
FEV1%, mean nocturnal oxygen saturation and baseline oxygen saturation. All these values were
lower in desaturators.

There was no relation between the existence of chronic bronchitis and emphysema and nocturnal
desaturation (p=0, 9).

We found correlation between 6-minute walk test and nocturnal desaturation (p=0,018). The
positive predictive value of 6-minute walk test in determining nocturnal desaturation was 66% with
a sensivity of 62% and specivity of 76%.

There was positive correlation between mean nocturnal saturation and PaO, (r=0,62, p=0,0001),
Sa0,(r=0,65, p=0,0001), FEV; (r=0,37, p=0,02), FEV1%( r=0,34, p=0,035), DLCO(r=0,41,
p=0,011), DLCO% (r=0,32, p=0,049).
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Table 2 - Comparison of desaturators and nondesaturators groups

www.ftiziopulmo.ru

N | Mean (SD) Mean (SD) Mean (SD)
Smoking ~ 38 | 52,3(31,6) 58,3 (36,7) 48,1 (27,8) 0,3
Pa0, 38 72,8 (9,1) 68 (5,9) 76,4 (9,4) 0,004
PaCO, 38 41,7 (6,6) 44,1 (8) 39,9 (4,8) 0,054
Sa0; 38 94,1 (1,9) 92,9 (1,76) 94,9 (1,7) 0,001
FVC% 38 | 77,1(17,9) 73,1 (21,1) 80 (15,1) 0,2
FEV, 38 | 1275 (435) 1087,5 (350) 1412,9 (446) 0,021
FEV1%7% 38 | 45,6 (12,3) 41,1 (11,6) 48,8 (12) 0,05
FEV1/FVC 38 46,9 (8,6) 45,5 (8,6) 48 (8,7) 0,4
RV%+ 35 | 162,8 (74,2) 171,2 (96,1) 156,5 (54,4) 0,5
TLC%ft 35 | 108,6 (25) 111,2 (29,4) 106,6 (21,8) 0,6
RV/TLC 35 | 52,5(14,1) 53 (17,8) 52,1 (10,9) 0,8
DLCO% ¥t 38 | 67,4 (15,4) 64,5 (12,5) 69,5 (17,2) 0,3
MIP 38 | 88,0(37,7) 82,6 (32,1) 92 (41,5) 0,4
MIP% 38 | 81,9(33,98) 80,8 (27,5) 82,7 (38,3) 0,8
MEP 38 | 116,6 (41) 122,4 (32,1) 112,4 (46,8) 0,4
MEP% 38 | 58,4 (20,4) 64,1 (15,5) 54,3 (22,8) 0,1
HGF 32 345 (6,8) 32,6 (6) 36,3 (7,1) 0,1
BMI 38 26,5 (3,7) 26,4 (4,2) 26,6 (3,5) 0,8
TST 38 9,7 (5) 10,4 (5,4) 9,2 (4,9) 0,4
MAC 38 28,2 (3,1) 28,4 (2,7) 28,1 (3,4) 0,8
Total protein | 38 7,3(0,5) 7,17 (0,5) 7,4 (0,4) 0,1
Albumin 38 4,1 (0,5) 4 (0,5) 4,2 (0,4) 0,3
Mean 38 93,8 (2,0) 92,2 (1,8) 94,9 (1,2 0,0001
nocturnal
Sa0,
Base SaO, 38 94,7 (1,7) 93,5 (1,76) 95,5 (1,1) 0,0001
Epworth 38 4(3,3) 3,3(2,3) 4,5 (3,9) 0,2
Scale
Htc 38 42,1 (3,1) 42,6 (4) 41,6 (2,1) 0,3
* package-year; T percentage of predicted; HGF: Handgrip force; TST: triseps skinfold
thickness. ;MAC: Midarm circumference; Base SaO,: Base oxygen saturation; Htc: Hematocrit

Stepwise multiple regression analysis showed that daytime SaO, was the only independent

predictor of mean nocturnal saturation.

With further analysis, we observed no nocturnal desaturation in patients with day time SaO,
>95% (sensitivity 100%, specificity 40% negative predictive value 100%) and PaO, > 80 mmHg

(sensitivity 100%, specificity 31%, negative predictive value 100%) (Table 3).

When we observed

92% and 93% as a cut off point for SaO2, negative and positive predictive values in determining
nocturnal desaturators were 65%, 66% and 70%, 60% respectively. The predictive values are shown
in table 3 for different cut off points of FEV; and DLCO in determining nocturnal desaturators. 69%
of patients with a FEV;> 1000 ml did not desaturate during sleep. 53% of patients whose DLCO
%< 60% had nocturnal desaturation (Table 3).
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Table 3 - Relation between nocturnal desaturation and SaO,, PaO, ,FEV; DLCO%

Desaturator | Nondesaturator Positive Negative
Predictive Predictive value

value % %

Sa0,>% 95 0 9 100
Sa0;,< %95 16 13 55

0 7 100
Pa0,<80 mmHg 16 15 51

FEV1>1000 ml 8 18 69
FEV1 <1000 ml 8 4 66

DLCO% >60 9 16 64
DLCO% <60 7 6 53

Discussion. In literature, there is no agreement in defining nocturnal desaturation. Little [7]
and Heijdra [4] defined nocturnal desaturation as a fall >4% from awake baseline level for > 5
minutes while Block and Vos defined it only as a fall >4% and Baldwin as a fall >5%. [7,4,13,6] In
the studies of Levi-Valensi and Gorecka patients were accepted to have nocturnal desaturation if
Sa0, was below 90% for a period of >30% of sleep time [5,16]. Fletchers definition was a fall
below 90% for > 5 minutes [5]. There has been no agreement about which definition has the
greatest correlation with mortality and morbidity. On the other hand, in the double blind randomized
study of Fletcher, desaturated patients were followed for three years and as a result, survival
corrected by age was found to be significantly better in nondesaturators [17]. Because of this result,
we used the definition of Fletcher’s.

In our group Sa02, PaO,, FEV;, FEV1% and mean nocturnal oxygen saturation were
significantly lower in desaturators. Little et al. found positive correlation between mean nocturnal
saturation and SaO,, PaO,, minimum exercise saturation and negative correlation with PaCO; [7].
In this study regression analysis revealed that daytime SaO, was the only independent predictor of
mean nocturnal saturation. In our study, there was a positive correlation between mean nocturnal
oxygen saturation and SaO,, PaO,, FEVi;, FEV:%, DLCO, and DLCO% and with regression
analysis, SaO2 proved to be the only independent predictor of mean nocturnal desaturation. With
further analysis we observed on nocturnal desaturations in the patients with Sa0,>95% and PaO, >
80 mmHg. Fletcher et al. and Vos et al. also obtained similar results in their studies [5,6].

In stable COPD patients, PaCO, was proved not to be sufficient in predicting desaturators in many
studies [4, 5, 6, 7]. In our study PaCO, did not correlate with mean nocturnal saturation, and there
was no difference between desaturators and non-desaturators comparing PaCO,.

The main mechanism causing nocturnal desaturation-especially during REM sleep- is
periodic hypoventilation, which in turn is believed to be due to decreased activity of the intercostal
and accessory muscles and reduced chemical respiratory drive. In COPD patients as the diaphragm
strength and endurance may be affected by hyperinflation, increased airway resistance, and
nutritional depletion, it may not compensate for the diminished activity of these muscles [18]. In
patients with muscle weakness nocturnal oxygenation correlates with diaphragmatic strength [19]. It
was therefore hypothesized by Heijdra et al. that a relation might exist between nocturnal arterial
oxygenation and maximal inspiratory muscle strength in COPD patients [4]. In this study in which
34 patients with a mean FEV1% 41, 7 % +19, 9 were included, significant correlation was shown
between this two parameters. However, MIP and MEP appeared to have a low predictive value. No
correlations were found in other studies. In our study, we neither found correlation between mean
nocturnal saturation and MIP nor there a difference between desaturators and nondesaturators in
means of MIP and MEP as in the study of Little et al [7]. Therefore we do not recommend MIP and
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MEP to predicting nocturnal desaturation.

FEV: is an important parameter in the diagnosis, fallow up, morbidity and mortality of
COPD patients. COPD patients with a FEV;< 1000 ml have greater mortality rates [20]. In the
previous studies, FEV1 was found to have no value in predicting nocturnal desaturation [5, 6, 7].
On the other hand in the study of Heijdra et al. FEV; was found to be one of the independent
predictors. (4) In our study there was a difference between desaturators and non desaturators in
means of FEV1.With further observation when we used 1000 ml as a cut off point for FEV1, only
66% of patients with a of FEV ;< 1000 ml suffered from nocturnal desaturation. However of FEV;
had a low predictive value and this was confirmed by multiple regression analysis.

Exercise test desaturation had also been investigated in some studies. In the study of Little et
al. where 6-minute walk test was used as in our study, a correlation had been found between
minimum exercise oxygen saturation and mean nocturnal saturation but with a low predictive value
[7]. Baldwin et al. also concluded that exercise studies added no extra information to awake blood
gas analysis in predicting the likelihood of nocturnal oxygen saturation in COPD patients. (14) In
our study, there was a correlation between exercise desaturation and nocturnal desaturation but only
66% of patients who desaturated during exercise were desaturators; we found that the predictive
value of exercise testing for nocturnal desaturation was low.

Nutritional depletion can affect both peripheral skeletal muscle and respiratory muscle
function [10, 20, 21]. In a study, positive correlation had been found between MIP and handgrip
strength [11]. Therefore, we hypothesized that nutritional status could have effects on nocturnal
oxygenation. We used body mass index, skin fold thickness, total protein and midarm
circumference for nutritional assessment

We found no difference between desaturators and nondesaturators in terms of nutritional
status parameters mentioned above and handgrip strength. There was also no correlation between
this parameters and mean nocturnal oxygen saturation. On the other hand, in our study the patients
were not severely undernourished. It is obvious that studies with more undernourished patients can
better understand the relation between nutritional status and nocturnal saturation.

We conclude that daytime SaO, and PaO, is the best predictor of nocturnal saturation.
Patients who have PaO, more than 80 mmHg do not need nocturnal saturation screening.
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