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Study Objectives: Sleep apnea is common in patients referred for cardiac valve replacement (CVR). We aimed to determine the association of 
obstructive sleep apnea (OSA) and central sleep apnea (CSA) with perioperative events in CVR surgery in patients with rheumatic valvular heart disease 
(RVHD).
Methods: Between April 2010 and April 2014, 290 patients with RVHD undergoing CVR were screened for sleep apnea 1 to 7 days before CVR. Baseline 
medications, cardiac function, sleep parameters, perioperative events, and related risk factors were evaluated.
Results: OSA patients had longer duration of intensive care unit (ICU) stay and mechanical ventilation compared with no sleep-disordered breathing and 
CSA patients. Patients with CSA had a higher rate of pacemaker use and higher first dose of dobutamine in ICU. NYHA Class and the presence of OSA were 
independently associated with overall worsening of postoperative recovery (ICU stay ≥ 25 h). Age, NYHA class, and the presence of OSA were independently 
associated with postoperative respiratory insufficiency (mechanical ventilation ≥ 20 h). Preoperative atrial fibrillation, pulmonary hypertension, and OSA were 
independently associated with postoperative pacemaker use.
Conclusions: RVHD patients with OSA have an increased incidence of perioperative adverse events. OSA was independently associated with overall 
postoperative recovery, respiratory insufficiency, and higher rate of postoperative pacemaker use, while CSA was not associated with postoperative events.
Keywords: cardiac valve replacement, central sleep apnea, obstructive sleep apnea, perioperative risk, rheumatic valvular heart disease
Citation: Ding N, Ni BQ, Wang H, Ding WX, Xue R, Lin W, Kai Z, Zhang SJ, Zhang XL. Obstructive sleep apnea increases the perioperative risk of cardiac 
valve replacement surgery: a prospective single-center study. J Clin Sleep Med 2016;12(10):1331–1337.

INTRODUCTION

Sleep-disordered breathing (SDB) is evident in approximately 
10% of adults; in patients with heart failure, its prevalence can 
exceed 50%.1 Previous studies suggest that SDB is also com-
mon among candidates for heart surgery.2–6

SDB may affect postoperative outcomes. Several studies 
report that SDB increases risk in ambulatory surgery, coro-
nary artery bypass surgery, vascular surgery, and general sur-
gery.2,4,6–11 The American Society of Anesthesiologists recently 
issued practice guidelines for the perioperative management of 
obstructive sleep apnea (OSA),12 in order to reduce the risk of 
adverse outcomes in patients with OSA and to improve peri-
operative care.

OSA has been found to be highly prevalent in patients un-
dergoing cardiovascular surgery.2 However, in this particular 
study population, OSA was not found to be associated with 
adverse postoperative outcomes due to the relatively small 
sample size (107 patients).2 Another study was performed to 
observe the association of OSA on cardiovascular death, myo-
cardial infarction, stroke, and unplanned revascularization in 
patients treated with percutaneous coronary intervention from 
eight centers in five countries; the results of this investigation 
are expected to be presented in 2016.10
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In our previous study of patients with rheumatic valvular 
heart disease (RVHD), we demonstrated that 16.2% suffered 
from predominant OSA and 22.7% had predominant central 
sleep apnea (CSA).13 Despite the high prevalence of sleep ap-
nea (SA) among patients referred for heart surgery, whether 
the presence of SA increases the perioperative risk of cardiac 
valve replacement (CVR) surgery is not well established. We 
hypothesized that SA increases the perioperative risks of CVR. 
Therein, we explored the potential associations between SA 
and perioperative events in CVR surgery in RVHD patients.

BRIEF SUMMARY
Current Knowledge/Study Rationale: We have previously reported 
a high prevalence of sleep apnea (SA) among rheumatic valvular 
heart disease (RVHD) patients undergoing cardiac valve replacement 
(CVR) surgery; however, whether the presence of SA increases the 
perioperative risk of CVR is not well established. We explored the 
potential association of obstructive SA (OSA) and central SA (CSA) 
with perioperative events of CVR surgery in RVHD patients.
Study Impact: RVHD patients with SA have an increased incidence 
of perioperative complications. OSA was independently associated 
with overall worsening of postoperative recovery (longer duration of 
ICU stay), respiratory insufficiency (longer duration of mechanical 
ventilation), and higher rate of postoperative pacemaker use; while 
CSA was not associated with postoperative events.
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METHODS

Patients
Between April 2010 and April 2014, 339 RVHD patients under-
going CVR were screened for SA by overnight polysomnography 
(PSG) 1 to 7 (3.7 ± 1.6) days before CVR. Of them, 33 did not 
undergo cardiac surgery and 16 had an unqualified PSG (PSG 
time < 3 h). Finally, 290 underwent associated factors assessment 
(Figure 1). Baseline medications, cardiac function, perioperative 
events, and associated factors were evaluated. All patients were 
admitted to the cardiothoracic intensive care unit (ICU) for con-
tinuing treatment after CVR surgery. All the enrolled patients did 
not receive any sleep apnea-related treatment during the study.

Details on patient recruitment were previously reported.14 
Patients were excluded if they had a previous diagnosis of SA, 
history of stroke or clinical signs of peripheral or central ner-
vous system disorders, decompensated heart failure, and CVR 
combined with other cardiac surgery. At our institution all pa-
tients scheduled to undergo elective cardiac valve surgery are 
required to be admitted to the hospital for full preoperative as-
sessment at least 7 to 14 days before the actual day of surgery.

Sample size calculation: According to the pre-trial results 
(OR = 3 for the postoperative outcome of postoperative respira-
tory insufficiency in patients with OSA vs. no OSA), we calcu-
lated a sample size of 153. With a presumed 20% exclusion rate 
due to unwillingness to do PSG or failure to undergo surgery, 
we planned to observe at least 200 patients. As we enrolled a 
total of 290 patients, under similar assumptions, there would be 
97% power at a 0.05 significance level to detect a change in the 
OSA groups. This change corresponds to an odds ratio of 2.50.

This study was approved by the Clinical Study Ethics 
Committee of the First Affiliated Hospital of Nanjing Medi-
cal University (#2012-SR-144) and registered in the Chinese 
Clinic Trial Registry Center (#ChiCTR-OCH-12002757). All 
the enrolled patients provided written informed consent prior 
to study participation.

Polysomnography
The sleep study was performed by unattended overnight PSG 
(Embla S4500 System, USA) as described previously.13,14 We 

used the 2012 standard of the American Academy of Sleep 
Medicine (AASM) to score SA types and associated events:15 
obstructive apnea—complete cessation of airflow with contin-
ued paradoxical chest and abdominal excursion ≥ 10 s; central 
apnea—complete cessation of airflow as well as complete ces-
sation of chest and abdominal excursion ≥ 10 s; and hypop-
nea—reduction of airflow > 50% baseline lasting ≥ 10 s and 
associated with ≥ 4% desaturation. The apnea-hypopnea in-
dex (AHI) was defined as the number of apneic and hypopneic 
events per hour of sleep. An AHI ≥ 5 events/h was considered 
diagnostic for sleep apnea. SA in which > 50% of events were 
central was defined as CSA; if > 50% of events were obstruc-
tive, it was defined as OSA. PSG data from April 2010 to 2012 
were re-scored based on 2012 AASM criteria.

Cardiac Function Evaluation
New York Heart Association (NYHA) classification was as-
sessed immediately after patients were enrolled. Atrial fi-
brillation (AF) was detected by 12-lead electrocardiography. 
Two-dimensional Doppler echocardiography was performed to 
assess left ventricular ejection fraction (LVEF). Patients were 
evaluated prospectively for the presence of pulmonary hyper-
tension (PAH) (systolic pulmonary artery pressure ≥ 35 mm 
Hg) preoperatively by echocardiography.16

The 6-minute walk test (6MWT) was performed within 
3 days after hospital admission, according to the guidelines 
issued by the American Thoracic Society.17 For those whose 
lower limb joints were damaged by rheumatic fever, 6MWT 
was not conducted.

To obtain a stable clinical status for all patients, optimal 
drug therapy was used, including digoxin, diuretics, nitrates, 
angiotensin-converting enzyme inhibitors, and β-blockers.

Cardiac Valve Replacement
CVR was performed in accordance with American College of 
Cardiology/American Heart Association guidelines, and indi-
cations for valve replacement in patients with valvular heart 
disease.18 The selection of valve prosthesis type was at the 
discretion of the operating surgeon. All procedures were per-
formed under cardiopulmonary bypass with mild systemic hy-
pothermia (30°C to 34°C). Myocardial protection was achieved 
with cold blood cardioplegia.

Perioperative Risk Assessment
Since length of ICU stay reflected overall postoperative condi-
tion, a length of ICU stay ≥ 25 h was considered to be an over-
all worse postoperative recovery. As mechanical ventilation 
duration stood for postoperative recovery time of respiratory 
function, postoperative respiratory insufficiency was defined 
as the need for prolonged mechanical ventilation (mechanical 
ventilation ≥ 20 h). Pacemaker use was recorded, and indicated 
whether postoperative cardiac rhythm is stable or not.

The following baseline parameters were selected as probably 
associated factors for perioperative events: age, NYHA Class, 
presence of AF, presence of PAH, LVEF, 6MWT distance, 
presence of OSA, and presence of CSA. Age, NYHA Class, 
AF, PAH, LVEF, 6MWT distance, OSA, and CSA were used as 
independent variables to analyze the following 3 perioperative 

Figure 1—Flowchart of patient enrollment.

 

339 patients underwent PSG from April 2010 to April 2014

33 did not undergo surgery

306 underwent cardiac valve replacement surgery

16 excluded due to short PSG (< 3 hours)

290 underwent final associated factors assessment
(175 No SDB, 54 OSA, 61 CSA)
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events one by one respectively: length of ICU stay ≥ 25 h, me-
chanical ventilation ≥ 20 h, pacemaker use.

Statistical Analysis
Statistical analyses were performed using SPSS statistical soft-
ware (SPSS Inc., Chicago, IL, USA). Results are expressed as 
the mean ± standard deviation, median (interquartile range) or 
percentage. Differences among the 3 groups (no SDB, CSA, 
and OSA) were compared using one-way analysis of variance 
(for normal distribution data) or Kruskal-Wallis H test (for 
non-normal distribution data). The Student-Newman-Keuls 
method was used for post hoc multiple comparisons. Compari-
sons between non-postoperative respiratory insufficiency and 
respiratory insufficiency, non-postoperative arrhythmia and 
arrhythmia were performed by t-tests. The χ2 or Fisher exact 
univariate tests were used to analyze differences in propor-
tions for the categorical data.

Binary logistic regression (forward stepwise regression) 
was used to model the association between various baseline 
predictor factors and perioperative events. Before logistic 
regression analysis, 2 dependent variables (length of ICU 
stay, mechanical ventilation) were split into 2 groups by the 
integers nearest to the mean. The following 3 perioperative 
events were dependent variables introduced in the binary lo-
gistic regression models one by one respectively: length of 
ICU stay ≥ 25 h, mechanical ventilation ≥ 20 h, and pace-
maker use. The candidate independent variables were age, 
NYHA Class, AF, PAH, LVEF, 6MWT distance, OSA, and 
CSA. Odds ratios (OR) with 95% confidence intervals (CI) 
were calculated for each of the significant risk factors. All 
values of p < 0.05 were considered to be statistically signifi-
cant. Goodness of fit tests and cross-validation for detecting 
and preventing over-fitting were made for 3 dependent vari-
ables (length of ICU stay ≥ 25 h, mechanical ventilation ≥ 20 
h and pacemaker use). The sensitivity/specificity and prob-
ability cutoffs were approximately 0.7, which proved that the 
models were reliable.

RESULTS

Baseline Characteristics
Of the 290 patients, 126 (43.4%) were males and 164 (56.6%) 
were females. The average age was 51.4 ± 10.4 years. Based 
on NYHA classification, 15.9, 64.8, and 19.3% of the patients 
were in NYHA classes II, III, and IV, respectively. Digoxin, 
diuretics, nitrates, angiotensin converting enzyme inhibitors, 
and β-blockers were used by 83.1, 90.7, 26.9, 48.6, and 47.9% 
of the patients, respectively.

In our study population, 54 patients (18.6%) had predomi-
nant OSA and 61 patients (21.0%) had predominant CSA. We 
compared clinical parameters among no SDB, OSA, and CSA 
patients (Table 1). CSA patients had a significantly higher 
prevalence of AF and PAH compared with OSA patient and 
no SDB patients. Compared with patients without SDB or with 
OSA only, patients with CSA had a remarkably lower LVEF 
and shorter 6MWT distance. With regards to perioperative 
events, OSA patients had longer duration of ICU stays and 

longer duration of mechanical ventilation compared with CSA 
patients and no SDB patients. Patients with CSA had a high 
rate of pacemaker use and a higher first dose of dobutamine. 
PGS parameters among OSA, CSA and no SDB patients were 
compared and are shown in Table 2. As compared with no 
SDB patients, patients with OSA and CSA had a short total 
sleep time, lower sleep efficiency, higher AHI, lower mean, 
and minimal SpO2.

Characteristics between patients with and without postop-
erative respiratory insufficiency, as well as patients with and 
without postoperative arrhythmia were compared (Table 3). 
Patients with postoperative respiratory insufficiency were 
older, with a longer duration of hospital stay and higher preva-
lence of OSA. Patients with postoperative arrhythmia had a 
longer duration of hospital stay, a higher incidence of AF and 
PAH, compared to patients without postoperative arrhythmia.

Predictors of Perioperative Risks
Associated factors of perioperative events were analyzed 
(Table 4). NYHA class and the presence of OSA were inde-
pendently associated with overall worsening of postoperative 
recovery (ICU stay ≥ 25 h). Age, NYHA class and the pres-
ence of OSA were independently associated with respiratory 
insufficiency (mechanical ventilation ≥ 20 h). Preoperative AF, 
PAH, and OSA were independently associated with postopera-
tive pacemaker use.

DISCUSSION

In the present study, we confirmed our previous findings that 
SDB is common in patients undergoing CVR, and that patients 
with OSA or CSA had worsened heart function.13 Worse heart 
function may increase postoperative complications; however, 
whether OSA or CSA leads to adverse postoperative outcomes 
is not well established. In our study, we found that OSA was 
independently associated with overall worse postoperative 
recovery (ICU stays ≥ 25 h), respiratory insufficiency (me-
chanical ventilation ≥ 20 h) and higher rate of postoperative 
pacemaker use; while CSA was not significantly associated 
with postoperative events. We concluded that OSA is one of 
the major factors associated with perioperative outcomes in 
CVR surgery.

Previous studies have indicated that OSA is associated with 
postoperative complications after general and cardiac sur-
gery.7,8,19–21 One study evaluated the risk of OSA in patients un-
dergoing ambulatory surgery, and suggested that undiagnosed 
OSA is associated with increased perioperative events.4 OSA 
also increases the risk of acute kidney injury8 and readmission7 
after coronary artery bypass grafting. In another study, Drager 
et al. found OSA to be independently associated with a higher 
rate of long-term cardiovascular events after coronary artery 
bypass grafting.22

A recent study found that OSA is highly prevalent in patients 
undergoing cardiovascular surgery. However, in this popu-
lation, the authors did not find an association between OSA 
and adverse postoperative outcomes due to a relatively small 
sample size (107 patients).2 Another study was performed to D
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investigate the association of OSA with cardiovascular death, 
myocardial infarction, stroke, and unplanned revasculariza-
tion in patients treated with percutaneous coronary interven-
tion from eight centers in five countries; these results are 
anticipated to be presented in the near future.10

Although several studies have shown that OSA is associ-
ated with increased postoperative complications of cardiac 
surgery,20–22 a few reports failed to show a close correlation be-
tween OSA and postoperative complications.2,9 Therefore, the 
association between OSA and postoperative complications has 
not been clearly elucidated until now. In our study, we found 
OSA was independently associated with a longer ICU length of 
stay and duration of mechanical ventilation and postoperative 
pacemaker use. These results may provide some proof to sup-
port the correlation between OSA and postoperative complica-
tions after CVR. For the first time the current study investigated 
the difference in effects of OSA and CSA on perioperative risk. 
There was a significant association between OSA and periop-
erative events, while CSA displayed no obvious relation to peri-
operative events. It has been shown that CSA is correlated with 
poor cardiac function, which may play a more important role 
in occurrence of postoperative complications than CSA itself.

The mechanisms for OSA to increase perioperative risk were 
not fully understood. We suspected that apnea causes acute 
physiological changes, including upper airway muscle dysfunc-
tion, vascular endothelial dysfunction, cardiac arrhythmia and 
alveolar hypoventilation, and other impairments affecting peri-
operative outcomes.23 Furthermore, sedatives, narcotics, and 
anesthetics have been shown to increase pharyngeal collapse, 
decrease ventilatory response, and impair the arousal response, 
leading to perioperative and postoperative complications.6

In patients undergoing aortic valve replacement for aortic 
stenosis, PAH increased operative mortality and decreased 
long-term survival.16 We found that PAH was associated with 
high rate of pacemaker use. It is important for surgeons to con-
sider PAH in their preoperative risk assessment of patients un-
dergoing CVR.

Previous studies have suggested that perioperative continu-
ous positive airway pressure (CPAP) use may reduce the risk 
of postoperative complications.21,24 This viewpoint was also 
supported by the case-control study of Gupta et al., in which 
patients with known OSA receiving CPAP treatment at home 
experienced significantly fewer postoperative complications, 
regardless they used either preoperative or postoperative 

Table 1—Comparisons of clinical parameters among No SDB, OSA, and CSA patients.
No SDB (n = 175) OSA (n = 54) CSA (n = 61) p value

Age (y) 49.13 ± 10.51 54.43 ± 9.49* 55.20 ± 9.05* < 0.001
BMI (kg/m2) 22.85 ± 3.22 23.85 ± 3.70 23.32 ± 3.04 0.127
Serum albumin (g/L) 38.23 ± 5.54 37.00 ± 5.91 36.85 ± 6.54 0.175
Sex 0.023

Male, n 65 27 34
Female, n 110 27 27

NYHA class  < 0.001
II, n 37 9 0
III, n 109 39 40
IV, n 29 6 21

Symptomatic heart failure 0.598
< 5 y, n 98 31 30
≥ 5 y, n 77 23 31

AF, n (%) 86 (49.1) 19 (35.2)* 45 (73.8)*,# < 0.001
PAH, n (%) 45 (25.7) 9 (16.7)* 25 (41.0)*,# 0.011
LVEF (%) 62.38 ± 6.39 63.04 ± 5.52 58.97 ± 8.27*,# 0.001
6MWT distance (m) 352.77 ± 60.59 316.09 ± 65.19* 274.12 ± 72.55*,# < 0.001
Duration of surgery (min) 250.97 ± 65.67 264.87 ± 69.77 267.87 ± 60.16 0.140
Duration of CBP (min) 114.95 ± 44.00 122.35 ± 46.23 120.79 ± 33.76 0.465
Length of ICU stay (h) 21.5 (19, 32) 27 (21, 63)* 23 (20, 44) 0.003
Duration of mechanical ventilation (h) 16 (11, 19) 17 (14, 24)* 17 (13, 21) 0.006
Pacemaker use, n (%) 45 (25.7) 9 (16.7)* 25 (41.0)*,# 0.002
First dose of dopamine in ICU(µg/kg·min) 3.17 ± 2.25 3.53 ± 2.09 3.17 ± 1.80 0.532
First dose of dobutamine in ICU (µg/kg·min) 3.17 ± 1.68 2.64 ± 1.91 3.62 ± 1.59# 0.011
Length of hospital stay (day) 26.82 ± 8.46 26.94 ± 7.74 30.75 ± 9.23*,# 0.007
Length before surgery (day) 12.72 ± 6.30 12.39 ± 5.59 14.54 ± 6.88 0.111
Length after surgery (day) 14.08 ± 4.79 14.56 ± 5.39 16.21 ± 7.22* 0.034

Data are presented as n (%), mean ± SD or median (Q1, Q3). SDB, sleep-disordered breathing; OSA, obstructive sleep apnea; CSA, central sleep apnea; 
BMI, body mass index; NYHA, New York Heart Association; AF, atrial fibrillation; PAH, pulmonary hypertension; LVEF, left ventricular ejection fraction; 
6MWT, six-minute walk test; CBP, cardiopulmonary bypass; ICU, intensive care unit. *p < 0.05, OSA or CSA vs. no SDB; #p < 0.05, CSA vs. OSA.
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CPAP treatment25 A recent systematic review analyzed six 
studies and found that CPAP treatment can significantly lower 
postoperative AHI and shorten the length of hospital stay, but 
did not reduce postoperative adverse events.26 Therefore, the 
effect of CPAP treatment remains unclear and further research 
is required with regards to the use of perioperative CPAP in 
patients with OSA and CSA.

There are several potential limitations with our study. First, 
this is a single-center study. Although we found OSA was as-
sociated with perioperative adverse events in patients under-
going CVR,,the similar results may not be translated to the 
other surgical populations. Second, although catheterization 
methods are considered the “gold standard” for the diagnosis 
of PAH, we detected PAH using echocardiography studies; 

Table 2—Comparisons of polysomnography data among No SDB, OSA, and CSA patients.
No SDB (n = 175) OSA (n = 54) CSA (n = 61) p value

Total recording time (h) 462.22 ± 37.36 468.83 ± 46.68 459.36 ± 46.32 0.448
Total sleep time (h) 333.06 ± 41.95 319.70 ± 43.37* 301.80 ± 36.87*,# < 0.001
Sleep efficiency (%) 72.09 ± 7.19 68.37 ± 7.64* 65.84 ± 6.22*,# < 0.001
Arousal index, events/h 3 (2, 5) 13 (8, 24)* 15 (9, 26)*,# < 0.001
Sleep stage

N1 sleep (%) 15.49 ± 3.03 15.28 ± 3.25 15.84 ± 2.89 0.600
N2 sleep (%) 65.94 ± 3.97 66.96 ± 3.70 67.07 ± 4.46 0.086
N3 sleep (%) 2 (1, 3) 1 (1, 3) 2 (0, 3) 0.567

REM sleep (%) 16.17 ± 3.36 15.67 ± 2.84 14.95 ± 4.02 0.054
SDB severity, n (%) < 0.001

No SDB 175
Mild 29 26
Moderate 18 23
Severe 7 12

AHI, events/h 1.59 ± 1.42 16.17 ± 11.50* 21.00 ± 14.34*,# < 0.001
OAHI, events/h 1 (0, 2) 10 (5, 18)* 2 (1, 5)# < 0.001
CAHI, events/h 0 (0, 0) 3 (1, 5)* 14 (7, 23)*,# < 0.001
Mean SpO2 (%) 96.45 ± 1.42 95.62 ± 1.55 95.11 ± 2.49* < 0.001
Minimal SpO2 (%) 88.84 ± 6.23 84.11 ± 6.82* 83.31 ± 6.16* < 0.001
ODI, events/h 1.83 ± 2.11 11.00 ± 9.90* 16.74 ± 13.96*,# < 0.001

Data are presented as n (%), mean ± SD or median (Q1, Q3). AHI, apnea-hypopnea index; OAHI, obstructive apnea-hypopnea index; CAHI, central apnea-
hypopnea index; SpO2, pulse oxygen saturation; ODI, oxygen desaturation index. *p < 0.05, OSA or CSA vs. no SDB; #p < 0.05, CSA vs. OSA.

Table 3—Comparison of characteristics between non-respiratory insufficiency and respiratory insufficiency, non-arrhythmia 
and arrhythmia, postoperatively.

Postoperative Respiratory Insufficiency Postoperative Arrhythmia
No (n = 221) Yes (n = 69) p value No (n = 192) Yes (n = 98) p value

Age (y) 50.05 ± 10.57 55.68 ± 8.52 < 0.001 50.18 ± 11.12 53.76 ± 8.35 0.005
BMI (kg/m2) 23.28 ± 3.21 22.65 ± 3.54 0.164 23.46 ± 3.18 22.50 ± 3.43 0.020
Serum albumin (g/L) 38.03 ± 5.83 36.70 ± 5.83 0.099 37.71 ± 5.93 37.70 ± 5.72 0.990
Length of hospital stay (day) 26.76 ± 8.11 30.59 ± 9.58 0.001 26.83 ± 8.49 29.33 ± 8.68 0.019
LVEF (%) 61.89 ± 6.77 61.48 ± 7.01 0.667 62.60 ± 5.54 60.21 ± 7.10 0.005
6MWT distance (m) 336.76 ± 67.52 306.70 ± 78.33 0.002 334.33 ± 71.67 320.19 ± 69.90 0.111
NYHA class < 0.001 < 0.001

II, n 42 4 41 5
III, n 149 39 124 64
IV, n 30 26 27 29

AF, n (%) 109 (49.3) 41 (59.4) 0.143 71 (37.0) 79 (80.6) < 0.001
PAH, n (%) 54 (24.4) 25 (36.2) 0.055 38 (19.8) 41 (41.8) < 0.001
OSA, n (%) 36 (16.3) 20 (29.0) 0.020 35 (18.2) 21 (21.4) 0.514
CSA, n (%) 44 (19.9) 17 (24.6) 0.400 36 (18.8) 25 (25.5) 0.182

SDB, sleep-disordered breathing; OSA, obstructive sleep apnea; CSA, central sleep apnea; BMI, body mass index; NYHA, New York Heart Association; 
AF, atrial fibrillation; PAH, pulmonary hypertension; LVEF, left ventricular ejection fraction; 6MWT, six-minute walk test; CBP, cardiopulmonary bypass; ICU, 
intensive care unit.
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such an estimation method may decrease the overall accuracy 
of PAH. Third, the long-term effects of SDB on poatoperative 
events were not observed in this study since some recent study 
revealed the difference between short-term and long-terms ef-
fects of SDB on postoperative cardiovascular events.22 Thus, 
long-term follow-up is required to evaluate adverse cardiovas-
cular events in our population.

ABBRE VI ATIONS

6MWT, 6-minute walk test
AF, atrial fibrillation
AHI, apnea-hypopnea index
CPAP, continuous positive airway pressure
CSA, central sleep apnea
CVR, cardiac valve replacement
ICU, intensive care unit
LVEF, left ventricular ejection fraction
NYHA, New York Heart Association
OSA, obstructive sleep apnea
PAH, pulmonary hypertension
PSG, polysomnography
RVHD, rheumatic valvular heart disease
SA, sleep apnea
SDB, sleep-disordered breathing
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