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Abstract

Purpose In heart failure (HF) and chronic obstructive pulmonary disease (COPD) populations, sleep-disordered breathing
(SDB) is associated with impaired health outcomes. We evaluated whether in patients with HF, concomitant HF and COPD
or COPD, the number of hospitalizations would be reduced in the year after testing for SDB with and without treatment
initiation compared to the year before.

Methods We performed a multicentre retrospective study of 390 consecutive sleep-clinic patients who had a primary diag-
nosis of chronic HF, HF and COPD or COPD and a secondary diagnosis of SDB. The date of SDB-testing was defined as the
index date. Data on healthcare utilization was extracted for the 12-month period prior to and after this date.

Results The initiation of adaptive servoventilation (ASV) and non-invasive ventilation (NIV) treatment resulted in a statisti-
cally significant reduction in the number of hospitalisations. While continuous positive airway pressure (CPAP) treatment
also demonstrated a reduction in hospitalisations, the observed effect did not reach the level of statistical significance. After
accounting for demographics and comorbidities in multivariable regression analyses, only NIV was significantly associated
with a reduction in hospitalizations, while CPAP or ASV were not. NIV appears to be underutilized in COPD.

Conclusions Our data indicate, that patients with HF or COPD and concomitant SDB may benefit from the initiation of
appropriate PAP-therapy. Whether treating SDB in HF- and COPD-patients influences healthcare utilization merits further
investigation.
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?gg&gﬁiﬂt O;igtf:tl;ll sl\i/\llzdicci’; I{J(ﬁig:i)tl;ﬁ; dical Contre Sleep-disordered breathing (SDB), including obstructive
Regensburgg’Regensburg, Germa;ly and central sleep apnoea (OSA and CSA), and chronic
hypercapnic respiratory failure are increasingly recognized
as modulators of trajectories of various chronic disorders,
such as heart failure (HF) [1], and chronic obstructive pul-
monary disease (COPD) [2]. Due to shared risk factors and
most likely a bi-directional causal relationship, approxi-
mately half of the patients with chronic HF are diagnosed
with SDB [3]. In COPD, OSA (overlap syndrome) and
chronic hypercapnic respiratory failure occur in 10-20% [4]
and 25% [5] of patients, respectively.
HF and COPD exacerbations negatively influence
patients’ quality of life, functioning, and survival and are a
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[1, 2]. Remarkably, the presence of SDB has been described
as a significant predictor of higher healthcare utilization
and mortality in HF and COPD patients [1]. The objective
of this study was to evaluate whether the initiation of SDB
treatment with CPAP, ASV or NIV in patients with HF, con-
comitant HF and COPD or COPD was associated with a
reduced risk of hospitalisations.

Methods

This retrospective analysis was performed using de-iden-
tified medical data collected in four participating Euro-
pean sleep centres in France and Germany. The study was
approved by each institution’s Research Ethics Committee.

Medical records were reviewed to identify patients aged
21-85 years who had undergone polysomnography (PSG)
or polygraphy (PG) between January 2012 and February
2017. The records were selected based on the following
criteria:

Patients between 21 and 85 years.
Primary diagnosis of chronic HF, HF and COPD
(HF+COPD) or COPD.

e Secondary diagnosis of SDB (OSA, CSA with or with-
out chronic hypercapnic respiratory failure).

The severity of SDB was assessed using the apnoea-hypop-
nea index (AHI). An AHI of >15/h was considered the cut-
off for the diagnosis of moderate SDB; patients with SDB
and >50% central apneas were classified into the CSA group
and patients with <50% central apneas into the OSA group
[3]. The date of SDB-testing (PSG or PG) was defined as
the index date. Chronic hypercapnic respiratory failure was
defined as a PaCO, level exceeding 45 mmHg. Data on
healthcare utilization was extracted for the 12-month period
prior to and after this date. Hospitalizations for HF or COPD
and mortality were identified by reviewing medical records
or being self-reported by patients through standardised
phone interviews and questionnaires. For details on statisti-
cal analyses, please refer to the online data supplement.
The data that support the findings of this study are avail-
able from the corresponding author upon reasonable request.

Results

Among the 390 elderly and predominantly male sleep-clinic
patients of this analysis, 68% were diagnosed with HF, 16%
with HF+COPD and 17% with COPD (Table 1). While
patients with HF and HF+COPD had a median AHI that
indicated a moderate degree of OSA or CSA, patients with
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COPD had a significantly lower median AHI corresponding
to a mild degree of OSA or CSA (Table 1).

The initiation of ASV and NIV treatment resulted in a
statistically significant reduction in the number of hospital-
izations (Fig. 1). While CPAP treatment also demonstrated
a reduction in hospitalizations, the observed effect did not
reach the level of statistical significance (Fig. 1). The hos-
pitalization rate remained unchanged in the absence of PAP
treatment (Fig. 1). After accounting for demographic vari-
ables and comorbidities in multivariable regression analy-
ses, only NIV-therapy was significantly associated with a
reduction in hospitalizations, whereas CPAP and ASV were
not (Table 2).

The online data supplement provides supplementary
baseline characteristics (Table S1), further information on
hospitalizations (Table S2), details on the commencement
of treatment according to SDB-subgroups (Table S3), and
data on the prevalence of SDB and chronic hypercapnic
respiratory failure (Table S4). Furthermore, supplementary
sensitivity analyses of distinct patient subgroups and with
regard to mask-based treatment are presented in Fig. S1 and
Fig. S2.

Discussion

To our knowledge, this is the first study to assess the time
course of hospitalizations preceding and following SDB
testing and treatment initiation in patients with HF and
COPD. Previous studies in HFrEF-patients that evaluated
hospitalizations and mortality after SDB-testing found a
significant association of PAP-treatment and improved sur-
vival either compared to those, who were not tested for SDB
[6], or those, who refused PAP-therapy [7]. The key differ-
ences of the present analysis to such studies are (1) that we
investigated hospitalizations rather than mortality, (2) that
the time course of hospitalizations before and after SDB-
testing was studied, and (3) compared between different
diseases (HF, HF +COPD and COPD). The present analysis
revealed a notable decline in hospitalizations following the
commencement of PAP therapy, whereas the incidence of
hospitalization remained unaltered in the absence of PAP
treatment. While the level of statistical significance was not
reached in comparison to ASV or NIV therapy, CPAP ther-
apy also demonstrated a noteworthy effect in reducing hos-
pitalizations. The initiation of PAP treatment was observed
to be most efficacious in patients with HF (including HFrEF
and HFpEF, and irrespective of etiology and NYHA clas-
sification), as well as in those with OSA. Our findings are
divergent from those of previous studies. Prior meta-anal-
yses have indicated that CPAP and ASV use do not con-
fer benefits with respect to cardiovascular outcomes and
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Table 1 Baseline characteristics of the patients in the study

Total sample heart failure heart failure and COPD COPD p-value
Demographic data
n (%) 390 (100) 264 (68) 61 (16) 65 (17)
Age, years 68+11 69+11° 68+10 64+9° 0.0014
Male sex, n (%) 287 (74) 200 (76) 47 (77) 40 (62) 0.053 Chi
Body mass index, kg/m? 30.3+7.5 30.2+7.5 323+7.1° 28.8+7.4° 0.0354
Obesity, n (%) 153 (40) 93 (36) * 36 (59) *° 24 (38)° 0.003¢M
Comorbidities
NYHA III/1V, n (%) 124 (44) 97 (42) 27 (53) - 0.523 Chi
LV ejection fraction, % 44+14 4314 46+14 - 0.2594
LV ejection fraction <45%, n (%) 125 (54) 104 (56) 21 (46) - 0.211 ©n
Ischemic heart failure, n (%) 204 (69) 172 (69) 32 (64) - 0.457 Chi
Coronary artery disease, n (%) 199 (51) 153 (58) ° 36 (59)° 10 (16) ®© <0.001"
Atrial fibrillation, n (%) 132 (34) 107 (41)© 19 (32)° 6(9)°¢ <0.001"
History of stroke, n (%) 31(8) 25(10) 2(3) 4 (6) 0.492 Chi
Renal failure, n (%) 105 (27) 81 (31)°¢ 237" 2(3)b¢ <0.001¢"
History of alcohol abuse, n (%) 60 (38) 27 (33) 10 (39) 23 (45) 0.398 Chi
Pulmonary function diagnostics
Vital capacity, % of predicted 80.0+£21.3 - 81.1£20.1 79.3£22.2 0.6794
FEV,, % of predicted 59.3+19.7 - 63.1+17.3 57.0+20.9 0.1354
Total lung capacity, % of predicted 106.8+£23.9 - 98.8+26.4 111.9£21.0 0.0094
Daytime arteriocapillary blood gas analysis
pH 743 (1.41;7.45) 7.43(7.40;7.45)  7.42(7.40;7.45) 743 (7.41;7.46)  0.806 %W
Pa0,, mmHg 72.0 (63.4;82.3)  77.4(67.6;89.5)¢ 68.5(62.5;81.4)° 65.8 (57.1;73.4)*¢ <0.001¥W
PaCO,, mmHg 38.0 (35.5;41.2) 37.3(35.3;40.3)¢ 38.3(35.5;41.8) 39.7(37.1;44.6) ¢ <0.001¥W
PaCO,>45 mmHg, n (%) 28 (8) 10 (4) ¢ 5(9) 132h° <0.001"
HCO,_, mmHg 25.0 (23.6;26.5) 24.5(23.4;25.8)° 25.3(23.3;26.4)" 26.7 (24.9;28.0) "¢ <0.001¥W
Base excess, mmol/l 1.15 (-0.46; 2.67)  0.69 (-0.53;2.20) ¢ 1.07 (-1.02; 2.70) ® 2.66 (0.40;3.57) °¢ 0.002KW
Nocturnal respiration data
Apnea hypopnoea index, per hour 25 (12; 45) 29 (16; 47) ° 25(13;46)° 13 (6;29) °¢ <0.001%Y
Apnea hypopnea index>15/h, n (%) 272 (70) 199 (76) © 44 (73)° 29 (45) b¢ <0.001¢N
Central apnea index-apnea index ratio, % 49 (41; 53) 50 (40; 55) 48 (37; 51) 49 (44; 50) 0.129 kW
Oxygen desaturation index, per hour 28 (12; 44) 28 (13;45)¢ 28 (15;52)° 14 (5;31)°¢ 0.001¥W
Mean SpO,, % 93.0 (91.0; 94.0)  93.0 (92.0; 94.0) ¢ 92.0 (90.0; 94.0) * 91,0 (89.7;94.0) ¢ <0.001¥W
Time of SpO, <90%/total recording time 22 (4; 78) 19 (4; 56) 36 (4; 150) 26 (3; 162) 0.154 KW
Total recording time, min 446 (410, 478) 447 (411; 478) 445 (408; 482) 438 (399, 473) 0.867 KW
Total sleep time, min 323 (265;370) 328 (275;372) 314 (256; 366) 319 (247, 369) 0.598 KW
Arousal index, per hour 24 (5;41) 25 (6; 42) 25 (2; 36) 19 (4; 40) 0.494 KW
Treatment initiation
no treatment 137 (35) 84 (32) ¢ 19 (32)° 34 (52)b¢ 0.008<h
continuous positive airway pressure 146 (37) 103 (40) 18 31) 25 (39) 0.228 Chi
adaptive servoventilation 62 (16) 50 (19) ¢ 12 (20)® 0(0)be <0.001 M
non-invasive ventilation 33(9) 18 (7) 10 (17) 5(8) 0.053 M
mandibular assist device 3() 2(1) 0 (0) 1(1) 0.618 Chi
mandibular repositioning osteotomy 2 (0) 2(1) 0 (0) 0 (0) 0.619 hi

Data are presented as mean=+standard deviation, as median (25.; 75. percentile) or as absolute and relative frequencies. * ANOVA; “ Chi-
LKW : .b .c .
square test; Kruskal-Wallis test. Pheart failure vs. heart failure and COPD <0'05’ Pheart failure and COPD vs. COPD <0'057 ¢ Pheart failure vs. COPD <0.05. COPD:
chronic obstructive pulmonary disease; NYHA: New York Heart Association; LV: left ventricular; FEV,: forced expiratory volume at 1 s.
Polysomnography: n=359, polygraphy: n=31. Adaptive servoventilation was used outside the intended indication in 18 patients

the evidence does not substantiate a notable reduction in
hospitalizations or overall mortality [9].

Alongside an overall deterioration of the patients” health
condition and quality of life, COPD progression results in
frequent physician visits and hospitalizations. With one third

mortality [8]. While the ADVENT HF trial demonstrated
that ASV can be safely used in patients with HFrEF and
sleep apnoea without increasing the risk of mortality and
may enhance quality of life for specific patient populations,
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Fig. 1 Hospitalizations prior 1 1-year prior to PG or PSG 1-year post PG or PSG B mean difference
and post assessment of SDB. 8
Number of hospitalizations and p=0.716 p=0.066 p=0.007 p=0.005
mean difference in the number 7
of hospitalizations between the 6
year prior and the year after
assessment of SDB using poly- 5
somnography or polygraphy in 4
patients without positive airway 2 T
pressure, with continuous posi- i)
tive airway pressure, with adap- © 2 —‘7
tive servoventilation, and with E 1
non-invasive ventilation. Data a
2 0
are presented as mean+standard ]
deviation. PG: polygraphy; PSG: 5 -1
polysomnography 5
o
E 3
£
4
-5
-6
-7
-8
no positive continuous positive adaptive non-invasive

airway pressure
(n=149, 38%)

of COPD-patients being admitted for COPD exacerbation
in the year after testing for SDB, disease progression may
also have contributed to the detected increase in hospital-
ization rate in our cohort. After accounting for demograph-
ics and comorbidities in multivariable regression analyses,
only NIV was significantly associated with a reduction in
hospitalizations, while CPAP or ASV were not. Although
NIV may have little impact on sleep quality, it was shown
to improve overall quality of life, improve functional capac-
ity and reduce hospital admissions and mortality in patients
with chronic hypercapnic COPD [10, 11]. In the present
study, NIV appears to be underutilized in COPD-patients,
since the proportion of patients with daytime hypercapnia
(21%) and the expected rate of chronic hypercapnic respira-
tory failure (25%)° are higher compared to the frequency of
NIV-users in the COPD-group (8%).

@ Springer

ventilation
(n=33, 9%)

servoventilation
(n=62, 16%)

airway pressure
(n=146, 37%)

The retrospective design and the relatively small sample
size of our study may limit the generalizability of the find-
ings. We cannot provide detailed information regarding the
initial diagnosis of heart failure or COPD as well as the pre-
cise dates of hospitalization or the length of time spent in
hospital. Furthermore, the reason for a considerable number
of hospitalizations could not be determined due to a lack
of available information. Given the limited sample size, the
results of the multivariable regression models should be
interpreted with caution.

Although our findings are promising and indicate that
PAP treatment may have the potential to reduce hospital-
izations, further large-scale prospective studies are neces-
sary to identify specific patient populations that may benefit
from the initiation of adequate PAP therapy.
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