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Study Objectives: Sleep disordered breathing (SDB) is com-
mon in patients with chronic heart failure secondary to non-val-
vular heart disease; however, the prevalence and characteristics
of SDB in patients with rheumatic valvular heart disease (RVHD)
are unclear. This study was designed to determine the preva-
lence, characteristics, and risk factors for SDB in RVHD patients.
Methods: A cross-sectional study was conducted in 260
RVHD patients. The following data were recorded: types of
heart valve lesions, electrocardiographic, echocardiographic,
arterial blood gas analysis findings, baseline medication,
6-minute walk test (6MWT) distance, and sleep parameters.

Results: Compared to patients with single left-sided valve le-
sions, patients with left- and right-sided valve lesions had a
higher prevalence of SDB (46.2% vs. 31.2%, p = 0.013); the
increased prevalence of SDB only involved central sleep ap-
nea (CSA) (31.1% vs. 14.1%, p = 0.001). Patients with obstruc-
tive sleep apnea (OSA) or CSA were older and had a shorter
BMWT distance, lower left ventricle ejection fraction and PaO,,
a longer lung-to-finger circulation time, and a higher preva-
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lence of atrial fibrillation (AF) and hypertension (all p < 0.05)
as compared with patients without SDB. Multinomial logistic
regression analysis showed that PaO, < 85 mm Hg was the
only risk factor for OSA. Male gender, AF, 6BMWT distance <
300 m, Pa0, < 85 mmHg, and PaCO, < 40 mm Hg were risk
factors for CSA.

Conclusions: Patients with RVHD had a high prevalence of
SDB (predominantly CSA). RVHD patients with SDB, particu-
larly those who had CSA, manifested more severe symptoms
and greater impairment of cardiac function. Assessments of
clinical manifestations of cardiac dysfunction may be important
for predicting the risk factors for SDB.
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hronic heart failure (CHF) and sleep disordered breathing
(SDB) are major public health problems in many countries.
Studies have shown a high prevalence of SDB in CHF patients.
Specifically, Sin' observed that 38% of 450 CHF patients had
obstructive sleep apnea (OSA), while 33% had central sleep ap-
nea (CSA). Another study showed that SDB was present in 76%
of patients with symptomatic CHF (40% CSA, 36% OSA).2
Several studies have demonstrated increased mortality in CHF
patients with SDB in contrast to those without SDB.*3 Other
studies have also revealed that OSA is a cardiovascular risk fac-
tor and that CSA is a potential marker of the severity of CHF.>%#
Valvular heart disease is an important comorbidity factor
for CHF. The prevalence of valvular heart disease is estimated
at 2.5% in the US population and sharply increases beyond
the age of 65 years because of the prevalence of degenerative
etiologies.’ Although a decreased incidence of rheumatic val-
vular heart disease (RVHD) has been observed in the past 50
years, RVHD remains common in developing countries, where
the prevalence is underestimated by clinical examination. The
prevalence of RVHD is estimated at 2% to 3% when using sys-
tematic echocardiographic screening.’
Previous studies have mainly focused on the prevalence of
SDB in patients with non-valvular diseases, such as coronary

BRIEF SUMMARY

Current Knowledge/Study Rationale: Sleep disordered breathing
(SDB) is common in patients with chronic heart failure caused by non-
valvular heart disease. However, no data are available for the preva-
lence and nature of SDB in patients with rheumatic valvular heart dis-
ease (RVHD).

Study Impact: This study showed that patients with RVHD have a high
prevalence of SDB, in which central sleep apnea (CSA) predominates.
In addition, this study demonstrates that the risk factors for CSA are
significantly different from obstructive sleep apnea (OSA). CSA has more
risk factors than OSA.

heart disease, myocardial infarction, dilated cardiomyopathy, and
hypertrophic cardiomyopathy.>'®!" Several studies have suggest-
ed the SDB and valvular heart disease are associated'*'; however,
instead of RHVD, most of the studies involved patients with de-
generative valvular heart disease. In addition, the relationship
between the types of heart valve lesions and SDB has not been
elucidated. We hypothesized that in RVHD patients, the types of
SDB were related to types of heart valve lesions and that some
clinical characteristics might be predictive factors for SDB.
Therefore, the current study was designed to investigate the epi-
demic characteristics of SDB in RVHD patients.
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Figure 1—Flowchart of participation

Patients with RVHD underwent PSG: n = 275

Lack an adequate PSG record: n =3
PSG record less than 3 hours: n = 12

Y

Patients enrolment: n = 260

SDB: for each patient, AHI = 5/h
N CSA: central sleep apnoea > 50%
OSA: obstructive sleep apnoea > 50%

.

Patients without SDB: n = 159
Patients with CSA: n =59
Patients with OSA: n =42

METHODS

Patients

Between April 2010 and October 2011, patients with RVHD
admitted to the Cardiothoracic Surgery Department of the First
Affiliated Hospital of Nanjing Medical University for heart valve
replacement surgery were screened for the presence of various
types of SDB. Among these patients, 275 underwent full-night
polysomnography (PSG). Two hundred sixty patients were en-
rolled, but 15 were excluded because they lacked an adequate
PSG record or underwent a short PSG (< 3 h; Figure 1). None of
the patients had been screened for SDB prior to the study period.

The following inclusion criteria were used: (1) age between
18 to 70 years; (2) symptomatic stable heart failure, New York
Heart Association (NYHA) class > II despite optimal drug
therapy; (3) primary episode of rheumatic fever and current
rheumatic heart disease based on 2004 WHO criteria for the
diagnosis of rheumatic fever and rheumatic heart disease'’; and
(4) clinical features at presentation and typical rheumatic valvu-
lar lesions examined by Doppler echocardiography. Exclusion
criteria were: (1) history of stroke or clinical signs of peripheral
or central nervous system disorders; (2) previously known con-
genital heart disease, coronary heart disease, myocardial infarc-
tion, dilated cardiomyopathy, or hypertrophic cardiomyopathy;
(3) chronic obstructive pulmonary disease or history of asthma;
and (4) enrollment in another clinical study.

To obtain a stable clinical status for all patients, optimal drug
therapy was used. The baseline medications included digoxin,
diuretics, nitrates, angiotensin-converting enzyme inhibitors
(ACEI), and B-blockers.

Written informed consent was obtained from all patients.
This study was approved by the Clinical Study Ethics Com-
mittee of the First Affiliated Hospital of Nanjing Medical
University.
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Cardiac Function Assessment

NYHA classification was assessed immediately after the
patients were enrolled. Atrial fibrillation (AF) was detected by
12-lead electrocardiography. Two-dimensional Doppler echo-
cardiography was performed to assess the left ventricular ejec-
tion fraction (LVEF). On the second morning of hospitalization,
an arterial blood gas was evaluated when patients discontinued
oxygen therapy for at least 1 hour.

The 6-minute walk test (60MWT) was performed within 3 days
after hospital admission according to the guidelines issued by the
American Thoracic Society.'® For those whose lower limb joints
were damaged by rheumatic fever, G MWT was not conducted.

Bias Control

To reduce the potential bias as much as possible, the fol-
lowing steps were taken: (1) patients were randomly selected
and according to inclusion and exclusion criteria; (2) clinical
data were collected fully to avoid any possible data loss bias;
(3) the same medical instrument was used for all patients for
echocardiography, electrocardiography, blood gas analysis,
and polysomnography; (4) all examiners and persons who ana-
lyzed the data were blinded to this study and patients enrolled
in this study.

Polysomnography

An evaluation of daytime sleepiness based on the Epworth
Sleepiness Scale (ESS) was performed prior to sleep study. The
sleep study was performed by unattended overnight PSG (Em-
bla S4500 System, USA). Sleep was monitored using 5 elec-
troencephalographic channels (EEG; F4-M1, C4-M1, O2-M1,
E12-M2, and E2-M2) and a submental electromyogram. Na-
sal airflow was measured by continuously recording the nasal
pressure, snoring, pulse oximetry, and body position, as well as
chest and abdominal effort. For each participant, > 80% of the
total recording was considered of good quality. Analyses were
performed by 2 physicians who specialized in SDB but were
not directly involved in this study.

The following standard definitions were used to describe and
score SDB: obstructive apnea—complete cessation of airflow
with continued paradoxical chest and abdominal excursion for
> 10 s; mixed apnea—cessation of airflow for > 10 s with com-
plete cessation of both abdominal and chest movement in at
least the first half of the apnea (first 5 s), followed by para-
doxical chest and abdominal excursion in the latter half (mixed
apnea was classified as part of the obstructive apnea group be-
cause both had the same pathogenesis); central apnea—com-
plete cessation of airflow as well as complete cessation of chest
and abdominal excursion > 10 s; and hypopnea—reduction of
airflow > 50% from the baseline > 10 s and associated with 4%
desaturation or an increase in EEG.

SDB was further classified as either CSA or OSA based on
the predominance (> 50%) of the type of sleep apnea to ensure
consistency with the criteria used in other studies.*'*? The ap-
nea/hypopnea index (AHI) is used as a marker of SDB severity
and graded as “mild” (5-15/h), “moderate” (15-30/h), or “se-
vere” (> 30/h) according to AASM guidelines.?' Patients with
an AHI < 5/h were considered to have no SDB.

The circulation time was measured by lung-to-finger circula-
tion time (LFCT) instead of lung-to-ear circulation time, be-



cause the SpO, in our patients was assessed by a finger rather
than an ear.

Statistical Analysis

Statistical analyses were performed using the SPSS statisti-
cal software (version 13.0; IBM, USA). Continuous data were
expressed as mean (95% confidence interval for mean). Dif-
ferences among the 3 groups (No SDB, CSA, and OSA) were
compared using one-way ANOVA. Student-Newman-Keuls
method was used for post hoc multiple comparisons. The y* test
was used to analyze the frequency of each parameter. Multi-
nomial logistic regression was used to model the association
between various baseline variables and the risk of CSA and/
or OSA, for which the patients without SBD were used as the
reference group. The candidate independent variables that were
used to analyze the following risk factors for CSA and OSA:
gender, age, history of symptomatic heart failure, body mass
index (BMI), NYHA class, LVEF, and 6MWT, as well as the
pH, Pa0O,, and PaCO, during wakefulness. The presence of hy-
pertension, AF, and left- and right-sided valve lesions was used
to evaluate the risk factors for CSA and OSA. A p-value < 0.05
was considered to indicate statistical significance.

RESULTS

Baseline Characteristics

The average age of the 260 patients was 51.3 years (95% CI:
50.1-52.5). Of these patients, 125 (48.1%) were males and 135
(51.9%) were females. Digoxin, diuretics, nitrates, angiotensin
converting enzyme inhibitors (ACEIs), and B-blockers were
used by 90.4%, 89.6%, 35.4%, 61.9%, and 59.6% of the pa-
tients, respectively. Based on the NYHA classification, 12.6%,
61.9%, and 25.4% of the patients were in NYHA classes I1, III,
and IV, respectively. Of the patients, 49.2% (128) had left-sided
valve lesions (mitral valve lesions [23.5%], or aortic valve le-
sions [11.2%], or mitral valve + aortic valve lesions [14.6%])
and 50.8% (132) had left- and right-sided valve lesions (mitral
valve + tricuspid valve lesions [25.0%] or mitral valve + aortic
valve + tricuspid valve lesions [25.8%]). The detailed baseline
characteristics of the patients are presented in Table 1.

Clinical and sleep characteristics were compared between
the patients with single left-sided valve lesions and left- and
right-sided valve lesions. There were no differences between
the 2 groups with respect to age (p = 0.872), BMI (p = 0.525),
or LVEF (p = 0.859). Patients with left- and right-sided valve
lesions had a remarkably shorter 6MWT distance (p = 0.001)
and LFCT (p = 0.002), and a higher percentage of symptomatic
heart failure > 5 years (p < 0.001), CSA (p = 0.001) and AF
(p <0.001) compared to single left-sided valve lesions patients
(Table 1).

The prevalence of SDB in our population was 38.8%; 16.2%
had predominant OSA and 22.7% had predominant CSA
(Figure 2).

Comparisons in Patients with and without SDB

The prevalence of OSA and CSA in males was significantly
higher than females (p = 0.001). Patients with OSA or CSA
were older and had shorter 6MWT distances (p < 0.001) and a
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Figure 2—Histograms show the prevalence of OSA and
CSA in patients with RVHD
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Among all patients, 61.2% did not have SDB, 16.2% had OSA, and 22.7%
had CSA.

lower PaCO, (p < 0.001) than patients without SDB. Compared
with patients without SDB or patients with OSA only, patients
with CSA exhibited a significantly higher prevalence of AF
(p <0.001), higher NYHA class (p < 0.001), and longer LFCT
(p <0.001). Decreased LVEF (p = 0.001) and worse sleep re-
spiratory parameters (AHI, ODI, and mean and minimal SpO,)
were likewise observed (Table 2).

Risk Factors for OSA and CSA

The risk factors for OSA are shown in Table 3. The decreas-
ing PaO, level was the dominant risk factor in the entire popu-
lation and females, which was defined by a PaO, < 85 mm Hg,
with adjusted odds ratios (ORs) of 3.27 (95% CI, 1.52-7.01)
and 9.24 (95% CI, 2.28-37.45), respectively. PaCO, < 40 mm
Hg was a protective factor for OSA in the entire population
(OR = 0.40; 95% CI, 0.19-0.85) and males (OR = 0.20; 95%
CI, 0.07-0.56).

However, more risk factors were found in CSA patients than
in OSA patients (both males and females). For the entire group,
the risk factors for CSA were male gender, AF, 6oMWT distance
<300 m, PaCO, <40 mm Hg, and PaO, < 85 mm Hg, in which
the adjusted ORs were 4.55 (95% CI, 1.92-10.8), 3.536 (95%
CI, 1.54-8.13), 12.2 (95% CI, 5.10-29.1), 3.04 (95% CI, 1.36-
6.84), and 2.64 (95% CI, 1.22-5.75), respectively. Patients with
a 6MWT distance < 300 m had greater than a 15-fold increased
risk for males and females. However, other risk factors for CSA
differed between males and females. For males, AF, PaCO, <
40 mm Hg, PaO, < 85 mm Hg, and pH > 7.45 were risk factors
(OR =5.46,95% CI, 1.68-17.8; OR = 5.25, 95% CI, 1.53-18.1;
OR =5.13, 95% CI, 1.50-17.6; OR = 3.70, 95% CI, 1.02-13.4;
respectively), whereas age (> 50 years) was a dependent risk
factor for females (OR = 5.07, 95% CI, 1.31-19.6; Table 4). A
LVEF < 60% was not considered a risk factor for OSA or CSA.

Journal of Clinical Sleep Medicine, Vol. 9, No. 8, 2013
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Table 1—Baseline clinical and sleep characteristics

Left-sided Left- and right-sided
Total valve lesions valve lesions
(n=260) (n=128) (n=132) p-value
Demographic characteristics
Age, y 51.3 (50.1-52.5) 51.2 (49.3-53.1) 51.4 (49.9-53.0) 0.872
Sex 0.036
Male 125 70 55
Female 135 58 77
BMI, kg/m? 23.5(23.1-23.9) 23.6 (23.0-24.2) 23.3 (22.8-23.9) 0.525
Heart valve lesions
Mitral valve lesions, n (%) 61(23.5) 61(23.5) 0
Aortic valve lesions, n (%) 29 (11.2) 29 (11.2) 0
Mitral + Aortic valve lesions, n (%) 38 (14.6) 38 (14.6) 0
Mitral + Tricuspid valve lesions, n (%) 65 (25.0) 0 65 (25.0)
Mitral + Aortic + Tricuspid valve lesions, n (%) 67 (25.8) 0 67 (25.8)
Heart failure characteristics
NYHA class <0.001
Il,n 33 31 2
I, n 161 78 83
IV,n 66 19 47
Symptomatic heart failure <0.001
<5y,n 140 83 57
=5y,n 120 45 75
AF, n (%) 140 43 (33.6) 97 (73.5) <0.001
Hypertension, n (%) 77 36 (28.1) 41 (29.6) 0.604
BMWT, m 316 (307-325) 331 (319-343) 302 (289-315) 0.001
LVEF (%) 61.0 (60.0-62.0) 60.9 (59.4-62.4) 61.1(59.8-62.4) 0.859
pH 7.44 (7.44-7 45) 7.44 (7.43-7.44) 7.45 (7.44-7.45) 0.065
Pa0,, mm Hg 85.9 (84.5-87.3) 85.9 (83.9-87.8) 86.0 (84.0-88.0) 0.937
PaCO,, mm Hg 39.9 (39.2-40.5) 40.4 (39.6-41.2) 39.3 (38.3-40.4) 0.100
Sleep data
SDB, n (%) 141 (38.8) 40 (31.2) 61(46.2) 0.013
OSA, n (%) 42 (16.2) 22 (17.2) 20 (15.2) 0.656
CSA, n (%) 59 (22.7) 18 (14.1) 41 (31.1) 0.001
ESS score 8.84 (8.15-9.53) 8.39 (7.48-9.30) 9.27 (8.23-10.3) 0.209
AHI, /h 8.10 (6.75-9.44) 6.85 (5.12-8.58) 9.30 (7.24-11.4) 0.073
0D, /h 6.63 (5.42-7.84) 5.49 (4.09-6.88) 7.74 (5.78-9.69) 0.065
Mean SpO, (%) 96.0 (95.8-96.2) 96.1 (95.8-96.4) 95.9 (95.5-96.3) 0.437
Minimal SpO, (%) 86.8 (86.0-87.6) 87.5(86.3-88.7) 86.1 (85.0-87.3) 0.116
LFCT (s) 18.5(17.5-19.5) 16.9 (15.6-18.2) 19.9 (18.6-21.3) 0.002

Data are presented as n (%) or mean (95% confidence interval for mean). BMI, body mass index; NYHA, New York Heart Association; BMWT, six-minute walk
test; LVEF, left ventricle ejection fraction; AF, atrial fibrillation; SDB, sleep disordered breathing; OSA, objective sleep apnea; CSA, central sleep apnea; AHI,
apnea’/hypopnea index; ODI, oxygen desaturation index; LFCT, lung-to-finger circulation time.

DISCUSSION

In patients with CHF caused by non-valvular disease, a high
prevalence of SDB has been reported'*!*#24; however, data on
the prevalence of SDB in patients with RVHD are not avail-
able because RVHD is not the main etiology for heart failure in
developed countries. Nevertheless, RVHD remains common in
developing countries and is one of the top three leading com-
mon causes of heart failure in Chinese hospitals.?

As compared with patients with single left-sided valve le-
sions, patients with left- and right-sided valve lesions had a re-
markably higher prevalence of SDB (CSA only) and AF. The
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major reason might be a longer history of symptomatic heart
failure and more severe degree of heart failure. In the early
stages of theumatic fever, the mitral and aortic valves are often
involved. With progression of rheumatic heart disease, the tri-
cuspid valve and right heart also become involved. Right heart
failure leads to systemic congestion, delayed circulation, and
PCO, fluctuation, which might cause CSA. Because peripheral
edema is more severe in right heart failure patients, nocturnal
rostral fluid displaced from the legs to the neck might be a sig-
nificant contributor to the pathogenesis of OSA and CSA.*
Furthermore, a long history of rheumatic disease causes the
anatomic and functional alterations and electrophysiological
modifications, which result in AF. CSA is predisposed to AF
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Table 2—Comparisons of clinical and polysomnography parameters in No SDB, OSA, and CSA patients

No SDB (n = 159) 0SA (n=42) CSA (n=59) p-value
Age,y 49.6 (48.0-51.2) 54.8 (52.1-57.6) 53.4 (51.3-55.6) 0.001
Sex 0.002
Male 63 28 34
Female 96 14 25
BMI, kg/m? 23.0 (22.5-23.5) 24.7 (23.6-25.8) 23.9(23.1-24.8) 0.005
Heart valve lesions 0.004
Left 88 22 18
Left and right 71 20 41
NYHA class <0.001
I, n 28 5 0
lIl,n 99 90 32
IV,n 32 7 27
Symptomatic heart failure 0.639
<5y,n 86 25 29
=5y,n 72 17 29
6MWT, m 340 (330-350) 307 (285-329) 259 (244-274)* <0.001
LVEF (%) 62 0 (60.9-63.1) 62 2 (59.9-64.6) 57 5 (54.9-60.0)* 0.001
AF, n (%) 83 (52.2) 13 (31.0)* 44 (74.6)* <0.001
Hypertension, n (%) 33(20.8) 18 (42.9)* 26 (44.1) <0.001
pH 7.44 (7.44-7 45) 7.43 (7.42-7.44) 7.45 (7.44-7 46) 0.056
Pa0,, mm Hg 88.7 (86.9-90.4) 82.6 (79.5-85.6)* 81.0(78.1-83.9)* <0.001
PaCO,, mm Hg 39.8 (39.0-40.7) 42.1 (40.7-43.5)* 38.4 (37.2-39.6)* 0.002
ESS score 7.37 (6.54-8.20) 10.3 (8.15-12.2)* 11.8 (10.4-13.1) <0.001
AHI, /h 1.72 (1.48-1.96) 13.9(10.9-16.9)* 21.1(17.8-24.5)*  <0.001
Mean SpO, (%) 96.4 (96.2-96.7) 95.8 (95.2-96.3) 95.0 (94.4-95.7) <0.001
Minimal SpO, (%) 88.6 (87.6-89.7) 84.8 (82.8-86.8)" 83.3(81.8-84.8)* <0.001
oDl, /h 1.91 (1.58-2.25) 9.25 (6.57-11.9) 17.5(13.9-21.0)%  <0.001
LFCT (s) 155+49 16.7 £5.14 256 +7.26* <0.001

Data are presented as n (%) or mean (95% confidence interval for mean). BMI, body mass index; NYHA, New York Heart Association; 6MWT, six-minute walk
test; LVEF, left ventricle ejection fraction; AF, atrial fibrillation; pH, power of hydrogen; PaO,, arterial oxygen tension; PaCO,, arterial carbon dioxide tension;
ESS, Epworth sleepiness scale; AHI, apnea/hypopnea index; SpO,, pulse oxygen saturation; ODI, oxygen desaturation index; LFCT, lung-to-finger circulation

time. *p < 0.05, OSA or CSA versus No SDB; #p < 0.05, CSA versus OSA.

because of alterations in sympathetic and parasympathetic ner-
vous system activity occurring in SDB patients, and is associ-
ated with hypoxemia, acidosis, apneas, and arousal.

A relatively lower prevalence of SDB in the study popula-
tion was found. Approximately 40% of the population had OSA
(16.2%) or CSA (22.7%), which was almost 50% lower than the
results in previous studies."*!° In addition, the mean LVEF in
our study was 61.0% (62.0%, 62.2%, and 57.5% for No SDB,
OSA, and CSA, respectively), which was 2-fold higher than pre-
vious studies.'>! The severity and type of SDB are related to
LVEE,"*!2 which could be used as a predictor of heart systolic
function. Therefore, the reduced systolic left ventricular func-
tion may lead to an increased prevalence and severity of SDB.

The patients in our study had a lower prevalence of OSA than
CSA (Figure 2). Patients with OSA often have a significantly
higher BML." In our patients, BMI was significantly lower than
previous studies,"'** which may explain the lower percentage
of OSA.

OSA patients had hypoxia and CO, retention because of up-
per airway obstruction. However, CSA patients usually suffer
from hyperventilation and hypocapnia, which occur because
the background PaCO, is closer to the apneic threshold during

sleep in CSA patients than in heathy individuals. Thus, slight
increases in ventilation or reductions in PaCO, can lead to re-
spiratory instability.”” CSA patients had a notably higher arte-
rial blood pH and lower PaCO, as compared with OSA patients
(Table 2), which is con51stent with a previous study,?*” sug-
gesting that the arterial blood gas differs significantly between
OSA and CSA patients. Multinomial logistic regression analy-
sis results that a PaCO, <40 mm Hg was a risk factor for CSA,
but a protective factor for OSA also agreed with these results
(Tables 3 and 4, respectively).

The lung-to-ear circulation time, an estimate of the lung-to-
carotid chemoreceptor circulation time, is always increased in
patients with CSA.%? Circulation delay may affect not only
blood flow distribution, but also the degree of increase in min-
ute ventilation and decrease in the PaCO,, which directly caused
CSA. Our finding that the patients with CSA had a significantly
longer LFCT was similar to previous studies.?*

This study showed that the risk factors for CSA significantly
differed from those for OSA, but were similar to the findings of
a previous study.' The previous study showed that risk factors
for CSA were male gender, AF, age > 60 years, and hypocap-
nia. Two additional risk factors for CSA were demonstrated in
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Table 3—Risk factors for OSA

Adjusted OR  p-value 95% CI

Whole population

PaCO, <40 mm Hg 0.40 0.017 0.19-0.85

Pa0, < 85 mm Hg 3.27 0.002 1.52-7.01
Male

PaCO, <40 mm Hg 0.20 0.002 0.07-0.56
Female

Pa0, < 85 mm Hg 9.24 0.002 2.28-37.45

AF, atrial fibrillation; PaO,, arterial oxygen tension; PaCO,, arterial carbon
dioxide tension.

the current study (a 6MWT distance < 300 m and a PaO, < 85
mm Hg; Table 4). Moreover, the risk factors for CSA in males
differed from those in females. Specifically, AF, a PaCO, < 40
mm Hg and a PaO, < 85 mm Hg were risk factors for CSA
in the entire population and males, but not females; however,
age (= 50 years) was a risk factor for CSA in females only.
Sforza®® showed that hypertension was significantly associated
with the OSA risk in females (OR = 1.52; p = 0.04), whereas
Poletti®' reported that the risk factors for CSA included old age
and a higher amino-terminal fragment of pro-brain natriuretic
hormone levels. These results are significantly different from
those in our study. Furthermore, Sin' demonstrated that a BMI
> 35 kg/m? was the only risk factor for OSA in males and age >
60 years was the only significant risk factor for OSA in females.
However, our results indicated that PaO, < 85 mm Hg was a
risk factor for OSA in the entire population and females, and
neither OSA nor CSA was related to BMI. These significant dif-
ferences may be associated with the different etiology of CHF.

Some potential limitations are existed in the current study.
First, although an AHI threshold of 10/h has been used to define
the presence of SDB in several studies,"** we used a cutoff AHI
of 5/h according to previously described recommendations,”
which may account for differences in the reported prevalence
of SDB. Second, for this single-center study, the prevalence and
risk factors of our population may not be representative of all
RVHD patients. Although some important risk factors for OSA
and CSA were examined in the current study, the possibility of
unmeasured risk factors cannot be excluded. Third, previous
studies have shown that heart valvular repair or heart transplan-
tation improves CSA in CHF patients.'>*? Thus, further study is
needed to observe the effects of the cardiac valve replacement
in patients with RVHD on SDB.

ABBREVIATIONS

CHEF, chronic heart failure

SDB, sleep disordered breathing

OSA, obstructive sleep apnea

CSA, central sleep apnea

RVHD, rheumatic valvular heart disease
PSG, polysomnography

NYHA, New York Heart Association
ECG, electrocardiography

LVEF, left ventricle ejection fraction
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Table 4—Risk factors for CSA

Adjusted OR  p-value 95% CI

Whole population

Male gender 4.55 0.001 1.92-10.8

AF 3.54 0.003 1.54-8.13

6MWT distance < 300 m 12.2 <0.001 5.10-29.1

PaCO, < 40 mm Hg 3.04 0.007 1.36-6.84

Pa0, < 85 mm Hg 2.64 0.014 1.22-5.75
Male

6MWT distance < 300 m 17.2 <0.001 5.01-59.0

AF 5.46 0.005 1.68-17.8

PaCO, <40 mm Hg 5.25 0.008 1.53-18.1

Pa0, < 85 mm Hg 5.13 0.009 1.50-17.6

pH = 7.45 3.70 0.047 1.02-134
Female

6MWT distance < 300 m 16.5 0.001 3.36-81.6

Age 250y 5.07 0.019 1.31-19.6

AF, atrial fibrillation; 6MWT, 6-minute walk test, PaO,, arterial oxygen
tension; PaCQ,, arterial carbon dioxide tension.

6MWT, 6-minute walk test

ACEI, angiotensin-converting enzyme inhibitors
ESS, Epworth Sleepiness Scale

EEQG, electroencephalogram

AHI, apnea/hypopnea index

BMI, body mass index

Pa0,, arterial oxygen tension

PaCO,, arterial carbon dioxide tension
AF, atrial fibrillation

SpO,, pulse oxygen saturation

ODI, oxygen desaturation index
LFCT, lung-to-finger circulation time
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