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Abstract
Background Sleep-disordered breathing (SDB) may increase the risk of postoperative complications in patients after cardiac 
surgery. This study evaluated the length of hospital stay as well as postoperative cardiac, respiratory, and renal complica-
tions after elective coronary artery bypass grafting (CABG) in patients without SDB, with central sleep apnea (CSA), or 
with obstructive sleep apnea (OSA).
Methods The presence and type of SDB had been assessed with polygraphic recordings in 100 patients the night before 
elective CABG surgery. SDB was defined as an apnea–hypopnea index (AHI) of ≥ 15/h. Prolonged length of hospital stay 
(LOS) and postoperative hemodynamic instability due to any cause were retrospectively evaluated as primary endpoints and 
cardiac, respiratory, and renal complications as secondary endpoints.
Results 37% of patients had SDB, 14% CSA, and 23% OSA. LOS differed significantly between patients without SDB and 
those with CSA and OSA [median (25;75. percentile): 8.0 days (7.5;11.0) vs. 9.5 days (7.0;12.5) vs. 12.0 days (9.0;17.0), 
Kruskal–Wallis test between three groups: p = 0.023; OSA vs. no SDB: p = 0.005]. AHI was significantly associated with 
prolonged LOS [> 9 days; odds ratio (OR) (95% confidence interval): 1.047 (1.001;1.095), p = 0.044]. Prolonged need of 
vasopressors (≥ 48 h) was observed in 36% of patients without SDB, in 64% with CSA, and in 62% with OSA (p = 0.037). 
AHI was significantly associated with prolonged (≥ 48 h) need of vasopressors [OR (95% CI): 1.052 (1.002;1.104), p = 0.040], 
independent of any confounders.
Conclusions SDB, particularly OSA, is associated with prolonged LOS after CABG, independent of known confounders. 
Prolonged LOS in patients with SDB may be due to increased postoperative hemodynamic instability due to any cause.
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Introduction

Sleep-disordered breathing (SDB) is a common disorder 
with a range of harmful sequelae that affects approxi-
mately 13% of men and 6% of women aged between 30 and 
70 years [1]. SDB has been linked to a number of severe 
health conditions, such as hypertension, type 2 diabetes 
mellitus, coronary artery disease, heart failure, and atrial 
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fibrillation [2–6]. About 25–40% of patients with chronic 
heart failure are reported to have central sleep apnea 
(CSA) and 49–72% obstructive sleep apnea (OSA) [4, 7].

Coronary artery bypass grafting (CABG) is the most 
frequently conducted cardiac surgery worldwide, and 
approximately 50,000 patients undergo CABG in Ger-
many every year [8]. Despite major advances in surgery, 
patients undergoing CABG are still at substantial risk of 
developing cardiac, respiratory, and cerebrovascular com-
plications [8].

SDB may increase the risk of peri- and postoperative 
complications [9]. Patients with SDB are more prone to 
develop cardiac complications such as myocardial infarction, 
arrhythmia, and cardiac arrest [4]. Observational studies in 
patients undergoing non-cardiac surgery suggest that SDB 
is associated with a higher rate of respiratory complications 
such as pneumonia or acute respiratory distress syndrome 
(ARDS) as well as with prolonged intubation and mechani-
cal ventilation [9–12].

Data on patients developing perioperative complications 
after cardiac surgery are sparse [12–17]. Uchôa et al. found 
a higher rate of re-infarction and need of revascularization 
in the long-term outcome of patients with SDB and a higher 
incidence of atrial fibrillation in patients with SDB [16]. 
With respect to respiratory complications, patients with SDB 
are more likely to require prolonged intubation, mechanical 
ventilation, and tracheostomy due to postoperative hypox-
emia [13, 14]. Despite the association of SDB with postop-
erative complications, the impact of SDB on the total length 

of hospital stay (LOS) in patients undergoing non-cardiac or 
cardiac surgery is still unclear [10, 12].

Previous studies in patients undergoing cardiac surgery 
were limited by relatively small study populations and the 
fact that the type and severity of SDB were not taken into 
account [13–17]. Because most studies did not include a 
multivariable regression analysis [12, 13], the influence of 
potential confounders remains unclear.

Therefore, the aim of the present study was to evaluate 
cardiac, respiratory, and renal postoperative complications 
after elective CABG in patients without SDB, with CSA, 
and with OSA. The results of this study may contribute to 
optimizing the preoperative risk assessment as well as the 
peri- and postoperative management of patients with SDB 
undergoing elective cardiac surgery.

Methods

Study population and study design

Between October 2014 and March 2015, the presence of 
SDB had been assessed in 103 patients the night before they 
underwent elective CABG at the Department of Cardiotho-
racic Surgery of the University Medical Centre Regensburg 
(Germany). Three patients with a history of SDB were 
excluded. Thus, 100 patients were included in the analysis 
and classified according to the presence and type of SDB 
(Fig. 1). As a standard dose for premedication on the day 

Fig. 1  Study flow chart. SDB 
sleep-disordered breathing, 
CABG coronary artery bypass 
grafting, AHI apnea–hypopnea 
index, CSA central sleep apnea, 
OSA obstructive sleep apnea
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of surgery, patients were offered oral midazolam 7.5 mg, 
reduced to 3.75 mg if they were aged ≥ 70 years or if their 
body weight was < 50 kg. Cardiac, respiratory, and renal 
postoperative complications as well as variables that may 
influence the perioperative risk, such as demographics, 
common comorbidities, cardiac catheterization results, and 
medication use, were retrospectively assessed by means of 
the patients’ clinical records. Perioperative data were col-
lected from the patients’ surgical and anesthetic protocols. 
All pre- and postoperatively conducted diagnostic tests 
including echocardiograms, ECG recordings, chest X-rays, 
and laboratory data were taken into account. This retrospec-
tive analysis was approved by the Ethics Committee of the 
University of Göttingen (No. 14/09/11).

Assessment of sleep‑disordered breathing

The night before CABG, nasal flow, pulse oximetry, and 
thoracic breathing effort had been measured with the 
ApneaLink device (ResMed Inc., Martinsried, Germany) 
that has been validated in several studies on patients with 
normal cardiac function [4, 18] and on patients with heart 
failure [7, 19].

As described previously [7], the default settings of the 
SDB monitoring device were used for defining apnea, 
hypopnea, and desaturation: apnea was defined as a ≥ 80% 
decrease in airflow for ≥ 10 s and hypopnea as a decrease in 
airflow by ≥ 50–80% versus baseline for ≥ 10 s plus a ≥ 4% 
decrease in oxygen saturation. The apnea–hypopnea index 
(AHI) is expressed as the frequency of apnea or hypopneas 
per hour of sleep, and an AHI of ≥ 15/h was considered the 
cutoff for the diagnosis of SDB [7, 19]. Patients with SDB 
and > 50% of central apneas were classified into the CSA 
group and patients with ≤ 50% of central apneas into the 
OSA group.

Assessment of postoperative outcomes

Prolonged LOS and postoperative hemodynamic instabil-
ity due to any cause constituted the primary endpoint. The 
LOS—classified as the time between surgery and the day 
of discharge [14]—was considered prolonged when it was 
above the median length of hospitalization of all patients 
(> 9 days). We also compared the lengths of stay in the 
intensive care unit and the intermediate care unit with regard 
to SDB presence and type. Hemodynamic instability due 
to any cause was defined as the need of vasopressor or ino-
tropes for ≥ 48 h after CABG [20].

In addition, significant cardiac, respiratory, and renal 
complications that might have contributed to the primary 
outcome served as secondary endpoints. Cardiac compli-
cations included new pulmonary oedema or increased use 
of diuretics as surrogate for worsening heart failure [21], 

and myocardial infarction indicated by troponin I values of 
> 10 times the upper limit of normal or of > 5 times the 
upper limit of normal in the presence of Q waves (> 0.04 ms, 
> 1 mV), or by new ST-segment elevations (> 0.1 mV) [22]. 
Major adverse cardiac events (MACE) were myocardial 
infarction or revascularization [23].

Respiratory complications were respiratory failure or 
major pulmonary complications. Postoperative respiratory 
failure was defined as the need of prolonged mechanical ven-
tilation of > 24 h or need of reintubation or tracheostomy 
[21]. ARDS, pneumonia, or pulmonary embolism repre-
sented major pulmonary complications.

Renal complications included postoperative acute kidney 
injury according to the KDIGO (Kidney Disease: Improv-
ing global outcomes) criteria defined as increase in serum 
creatinine of ≥ 0.3 mg/dl or of ≥ 1.5 times baseline and need 
of renal replacement therapy [24].

Statistical analysis

Data are presented as mean ± standard deviation unless oth-
erwise indicated. Differences between characteristics and 
postoperative complications of patients without SDB or with 
CSA or OSA were compared using the analysis of variance 
(ANOVA) for normal distributed continuous variables, the 
Kruskal–Wallis test for non-normal distributed continuous 
variables, and the Chi-square test for categorical variables. 
Univariable logistic regression analyses were carried out 
with potential predictors of prolonged LOS (≤ 9 vs. > 9 h) 
and prolonged need of vasopressors (≤ 48 h vs. > 48 h). 
Clinically important factors were additionally entered into 
multivariable logistic regression models. Two multivari-
able models for each dependent variable were used: model I 
accounted for demographic parameters [age, sex, and body 
mass index (BMI)], whereas model II was additionally 
adjusted for parameters reflecting comorbidities, cardiac 
damage, and perioperative risk [ASA-score, N-terminal pro-
brain natriuretic peptide (NT-proBNP), and bypass time]. 
A two-sided p value of < 0.05 was considered statistically 
significant for all analyses. No adjustments for multiple test-
ing were made due to the exploratory character of this study. 
SPSS 23.0 software (IBM SPSS Statistics, Armonk, New 
York, USA) was used for statistical analyses.

Results

Patient characteristics

The baseline characteristics of all patients classified 
according to the presence and type of SDB are presented 
in Table 1. Patients with OSA were significantly older and 
had a significantly higher body mass index (BMI) than 
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patients without SDB. Patients with OSA were signifi-
cantly more often diagnosed with heart failure and had a 
significantly lower left ventricular ejection fraction and 
significantly higher NT-pro BNP values than patients with-
out SDB and patients with CSA. Moreover, patients with 
OSA were significantly more likely to have diabetes mel-
litus than patients without SDB and patients with CSA. 

Patients with OSA were also significantly more prone to 
suffer from impaired renal function indicated by signifi-
cantly higher creatinine levels and significantly lower GFR 
levels than patients without SDB. The three patient groups 
did neither significantly differ with regard to hyperten-
sion, hyperlipoproteinemia, their smoking status, previous 

Table 1  Patient characteristics

Baseline variables of the study patients without SDB, with CSA, and with OSA. Data are presented as 
mean ± standard deviation or median (25.; 75. percentile), unless stated otherwise
NYHA New York Heart Association, NT-pro BNP N-terminal pro-brain natriuretic peptide, LV left ventric-
ular, PTCA  percutaneous transluminal coronary angioplasty, ASA American Society of Anesthesiologists
a Mean ± SD
b ANOVA
c Chi square
d Kruskal–Wallis test
e pCSA vs. no SDB < 0.05
f pOSA vs. no SDB < 0.05
g pCSA vs. OSA < 0.05

No SDB CSA OSA p value

General data
 n (%) 63 (63) 14 (14) 23 (23)
 Age,  yearsa 66 ± 10 69 ± 9 72 ± 7f 0.046b

 Male sex, n (%) 49 (78) 14 (100) 21 (91) 0.067c

 Body mass index, kg/m2a 28.0 ± 4.0 29.4 ± 4.0 30.3 ± 4.6f 0.066b

 Midazolam, n (%) 48 (77) 10 (71) 14 (61) 0.312c

Nocturnal respiration
 AHI, per hour 6 (4; 9) 27 (21; 39)e 21 (18; 26)f < 0.001d

 Apnea index, per hour 2 (1; 4) 12 (9; 29)e 8 (4; 15)f < 0.001d

 Obstructive apnea index, per hour 1 (0; 2) 3 (1; 6)e 8 (4; 12)f < 0.001d

 Central apnea index, per hour 0 (0; 2) 9 (7; 27)e,g 2 (0; 3)f,g < 0.001d

 Min.  SpO2, % 81 (78; 83) 78 (74; 81) 79 (73; 81)f 0.011d

 Median  SpO2, % 93 (92; 94) 93 (92; 94) 92 (90; 94) 0.052d

Comorbidities
 ASA class III/IV, n (%) 57 (91) 14 (100) 21 (100) 0.169c

 Hypertension, n (%) 56 (89) 14 (100) 21 (91) 0.421c

 Hyperlipoproteinemia, n (%) 37 (59) 10 (71) 13 (57) 0.787c

 Diabetes mellitus, n (%) 15 (24) 3 (21)g 13 (57)f,g 0.012c

 Smokers, n (%) 41 (70) 9 (69) 13 (59) 0.664c

 Heart failure, n (%) 30 (48) 10 (71) 19 (86)f 0.004c

 NT-proBNP, pg/ml 439 (140; 987) 585 (112; 1119)g 1525 (734; 4059)f,g 0.003d

 LV ejection fraction, %a 55 ± 12 40 ± 6 42 ± 17f 0.005a

 Previous myocardial infarction, n (%) 21 (34) 8 (57) 6 (27) 0.167c

 Previous PTCA, n (%) 18 (29) 6 (46) 4 (17) 0.184c

 Atrial fibrillation, n (%) 9 (14) 4 (29) 7 (30) 0.174c

 Creatinine, mg/dl 1.0 (0.9; 1.1) 1.0 (0.9; 1.1) 1.1 (1.0; 1.6)f 0.040d

 GFR, ml/min/1.73 qm 75 (60; 87) 61 (67; 97) 63 (34; 83)f 0.071d

Perioperative data
 CABG and valve replacement, n (%) 10 (16) 2 (14) 6 (26) 0.511c

 Bypass time, min 88 (65; 120) 80 (68; 112) 105 (76; 117) 0.363d

 Number of performed grafts 2.6 ± 1.0 2.6 ± 0.8 2.5 ± 1.1 0.948d
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myocardial infarction, or PTCA nor with respect to the 
type of surgical procedure and perioperative data.

Sleep‑disordered breathing

37% of the 100 patients were diagnosed with SDB (AHI of 
≥ 15/h). CSA was present in 14% and OSA in 23% of all 
patients. By definition, the AHI was significantly higher in 
patients with CSA or OSA than in patients without SDB. 
In comparison to patients without SDB, minimum oxygen 
saturation levels were significantly lower in the CSA group 
and the OSA group (Table 1). Administration of midazolam 
did not significantly differ among patients without SDB, 
with CSA, or with OSA (Table 1). There was no statisti-
cally significant difference in AHI and median oxygen satu-
ration between patients who received midazolam compared 

to those who did not take midazolam on the day of CABG 
surgery [AHI 9 (4.25;19) vs. 12 (5;24), Kruskal–Wallis 
test p = 0.271; median oxygen saturation: 93 (91;94) vs. 92 
(91;93), Kruskal–Wallis test p = 0.253].

Assessment of postoperative outcomes

Prolonged length of hospital stay

The median length of hospital stay was 9  days for all 
patients and varied significantly between subgroups [no 
SDB 8.0 days (7.5;11.0) vs. CSA 9.5 days (7.0;12.5) vs. 
OSA 12.0 days (9.0;17.0); Kruskal–Wallis test between three 
groups: p = 0.023; OSA vs. no SDB: p = 0.005; Fig. 2a]. Pro-
longed LOS defined by a median split (≤ 9 vs. > 9 days) was 

Fig. 2  Length of hospital stay 
and need of vasopressors. The 
boxplot depicts the length of 
hospital stay and the length 
of stay on ICU and IMC for 
patients with CSA, with OSA, 
or without SDB (a). The box 
represents the interquartile 
range (IQR), and the line inside 
the box the median. The upper 
whisker is drawn from the upper 
edge of the box to the largest 
value within 1.5 × IQR; the 
lower whisker from the lower 
edge of the box to the smallest 
value within 1.5 × IQR. Circles, 
squares, and triangles indicate 
values outside 1.5 × IQR. 
Percentages of patients requir-
ing vasopressors for ≥ 48 h are 
shown for the group without 
SDB, with CSA, and with 
OSA (Chi-square test, b). SDB 
sleep-disordered breathing, 
CSA central sleep apnea, OSA 
obstructive sleep apnea, ICU 
intensive care unit, IMC inter-
mediate care unit
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significantly more common in patients with OSA (p = 0.035, 
Table 2) than in patients without SDB.

In univariable logistic regression analyses, prolonged 
LOS after CABG was significantly associated with AHI, 
diagnosis of OSA, the oxygen desaturation index (ODI), 
time of  SaO2 < 90%, BMI ≥ 30 kg/m2, and a left ventricu-
lar ejection fraction of < 50% (Table 3). The association 
between AHI and prolonged LOS remained significant in 
both multivariable logistic regression models [model I: 
OR (95% confidence interval, CI) 1.046 (1.004; 1.089), 
p = 0.031; model II: OR (95% CI) 1.047 (1.001; 1.095), 
p = 0.044; e-Table 1].

Important pre- and postoperative determinants for pro-
longing LOS are presented in Fig. 3. The presence of OSA 
was associated with a significant increase in median LOS 
by 3.5 days (Fig. 3a). Other significant preoperative deter-
minants for a prolonged LOS were BMI ≥ 30 kg/m2, SDB, 
≥ 65 years of age, and diastolic dysfunction (Fig. 3a). Signif-
icant postoperative determinants for a prolonged LOS were 
respiratory failure, ventilation of > 24 h, need of dialysis, 

fever, major pulmonary complications, acute myocardial 
infarction, and a C-reactive protein level of ≥ 100 mg/dl 
(Fig. 3b).

Postoperative hemodynamic instability due to any cause

Compared to 36% of patients without SDB, 64% of patients 
with CSA and 62% of patients with OSA needed vasopres-
sors or inotropes for ≥ 48 h (Fig. 2b). Thus, patients with 
CSA or OSA were significantly more likely to develop 
hemodynamic instability due to any cause than those with-
out SDB. In univariable regression analyses (Table 3), pro-
longed need for vasopressors or inotropes was significantly 
associated with AHI, OSA, ODI, and bypass time. How-
ever, cardiovascular risk factors (i.e., age, male sex, body 
mass index, or hypertension), preoperative NT-pro BNP, 
or type of surgery (i.e., number of distal anastomoses and 
CABG ± valve replacement) were not significantly associ-
ated with prolonged need for vasopressors or inotropes. 
Using the multivariable regression models described in 

Table 2  Postoperative 
complications

Complication rates for prolonged length of stay and postoperative cardiac, respiratory, and renal parameters 
of patients without SDB, with CSA, and with OSA
MACE major adverse cardiac events, ARDS acute respiratory distress syndrome
a Chi square
b Kruskal–Wallis test
c pCSA vs. no SDB < 0.05;
d pOSA vs. no SDB < 0.05
e pCSA vs. OSA < 0.05

No SDB CSA OSA p value

Prolonged length of hospital stay (> 9 days), n (%) 19 (31) 7 (50) 14 (61)d 0.035
Postoperative cardiac parameters
 Need of vasopressors for ≥ 24 h, n (%) 35 (58) 13 (93)c 14 (67) 0.050a

 MACE, n (%) 18 (29) 5 (36) 10 (44) 0.446a

  Myocardial infarction, n (%) 15 (25) 5 (36) 8 (35) 0.563a

  Need of revascularisation, n (%) 2 (9) 1 (7) 7 (11) 0.881a

 Furosemide equivalent  dosepostoperative, mg 50 (30; 93) 60 (30; 115)e 125 (38; 255)e,f 0.001b

 Postoperative increase of loop diuretics, mg 40 (20; 80) 50 (28; 115) 75 (38; 255) 0.235b

 Pulmonary edema, n (%) 53 (84) 13 (93) 20 (91) 0.557b

Postoperative respiratory parameters
 Respiratory failure, n (%) 3 (5) 2 (14) 3 (14) 0.299a

  Reintubation, n (%) 0 (0) 0 (0) 1 (5) 0.171a

  Tracheostomy, n (%) 0 (0) 0 (0) 2 (9)d 0.028a

 Major pulmonary complications, n (%) 11 (18) 2 (14) 6 (27) 0.531a

  Pneumonia, n (%) 10 (16) 2 (14) 5 (23) 0.728a

  ARDS, n (%) 0 (0) 1 (7) 1 (5) 0.145a

Postoperative renal parameters
 Acute kidney injury, n (%) 22 (35) 5 (36) 12 (55) 0.256a

 Max. creatinine, mg/dl 1.2 (1.0; 1.6) 1.0 (0.9; 1.4)e 1.6 (1.1; 2.6)d,e 0.015b

 Min. GFR, ml/min/1.73 qm 60 (41; 75) 68 (45; 89)e 41 (23; 69)d,e 0.029b

 Dialysis, n (%) 3 (5) 0 (0) 3 (13) 0.219a
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“Methods” section, alongside age only AHI was found to 
be significantly associated with the prolonged need for 
vasopressors or inotropes independent from any potential 
confounders [model I: OR (95% CI) 1.051 (1.007; 1.097), 
p = 0.021; model II: OR (95% CI) 1.052 (1.002; 1.104), 
p = 0.040]. Please refer to e-Table 2 for more details.

Heart failure and MACE

Development of pulmonary oedema was similar between the 
three patient groups. The equivalent furosemide dose was 
significantly higher in patients with OSA than in patients 
without SDB or with CSA (Table 2). Regarding the occur-
rence of MACE and myocardial infarction, no statistical dif-
ference was found among patients with CSA, with OSA or 
without SDB (Table 2).

Respiratory failure

Although duration of mechanical ventilation was numeri-
cally twofold higher among patients with OSA than in 
patients without SDB, there was no significant difference 
between patient groups (e-Fig. 2). Postoperative ventilation 
for ≥ 24 h was associated with AHI (OR 1.064, p = 0.011) 
and the obstructive apnea index (OR 1.114, p = 0.050). 
Patients with OSA required tracheostomy significantly more 
often than patients without SDB or with CSA (Table 2). The 

incidence of major pulmonary complications, pneumonia, 
and ARDS was similar among patients with CSA, with OSA, 
or without SDB.

Renal complications

OSA was associated with impaired renal function as indi-
cated by significantly higher creatinine values and signifi-
cantly lower glomerular filtration rates than those of patients 
without SDB or with CSA (Table 2). The three patient 
groups did not significantly differ with regard to acute kid-
ney injury and need for renal replacement therapy.

Discussion

The study provides novel insights into the impact of SDB 
on LOS and postoperative complications. First, undiag-
nosed SDB with an AHI of ≥ 15/h was detected in 37% of 
all patients undergoing elective CABG, and 14% of patients 
had CSA and 23% OSA. Second, patients with OSA required 
a significantly prolonged hospital stay by 4 days compared 
to patients without SDB. The severity of SDB assessed by 
the AHI was associated with prolonged LOS, independent 
of any known risk factors that may prolong LOS. Third, 
patients with SDB were at greater risk of developing post-
operative hemodynamic instability due to any cause and 

Table 3  Predictors for 
prolonged length of hospital 
stay and prolonged need of 
vasopressors

Univariable regression analysis. Association of SDB and baseline parameters with prolonged length of hos-
pital stay and prolonged need of vasopressors
Values are presented as OR odds ratio and 95% CI confidence interval. LOS length of hospital stay, ODI 
oxygen desaturation index, SaO2 oxygen saturation of arterial blood, LV left ventricular

Univariable analysis Prolonged LOS (> 9 days) Prolonged need of vasopressors 
(> 48 h)

Variable OR (95% CI) p value OR (95% CI) p value

SDB
 AHI 1.05 (1.01; 1.10) 0.007 1.06 (1.02; 1.11) 0.006
 OSA (reference: no SDB) 3.34 (1.24; 9.01) 0.017 2.94 (1.05; 8.23) 0.040
 CSA (reference: no SDB) 2.15 (0.66; 6.96) 0.201 3.26 (0.97; 10.99) 0.057
 ODI 1.05 (1.01; 1.10) 0.011 1.06 (1.01; 1.10) 0.010
 SaO2 < 90% 1.00 (1.00; 1.01) 0.020 1.00 (1.00; 1.00) 0.897
 Age, years 1.03 (0.99; 1.09) 0.147 1.04 (1.00; 1.09) 0.080
 Male sex 2.36 (0.70; 7.93) 0.164 2.68 (0.79; 9.14) 0.115
 BMI ≥ 30, kg/m2 3.78 (1.55; 9.24) 0.003 1.17 (0.49; 2.81) 0.719
 ASA class III/IV (reference: ASA 

class I/II)
1.35 (0.23; 7.73) 0.739 0.83 (0.16; 4.36) 0.829

 Hypertension 0.38 (0.08; 1.94) 0.245 2.11 (0.47; 9.37) 0.329
 NT-pro BNP, pg/ml 1.17 (0.96; 1.43) 0.121 1.28 (0.99; 1.67) 0.063
 LV ejection fraction < 50% 3.18 (1.12; 9.05) 0.030 2.03 (0.70; 5.86) 0.190
 CABG and valve replacement 2.06 (0.73; 5.77) 0.171 1.42 (0.50; 4.08) 0.512
 Distal anastomosis 0.99 (0.65; 1.51) 0.954 1.12 (0.73; 1.73) 0.613
 Bypass time, min 1.01 (1.00; 1.02) 0.063 1.01 (1.00; 1.02) 0.037
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heart failure as indicated by a significantly prolonged need 
of vasopressors (≥ 48 h) and increased postoperative use of 
diuretics.

Prevalence of undiagnosed SDB

In our study, undiagnosed SDB with an AHI of ≥ 15/h was 
found in 37% of all patients undergoing elective CABG; 
OSA accounted for the majority of cases of SDB. Because 
many patients undergoing CABG suffer from heart failure 
and components of the metabolic syndrome linked to SDB, 
the prevalence of undiagnosed SDB is remarkably high 

among patients referred for CABG [7, 25]. Our findings are 
in accordance with previous studies analyzing SDB in coro-
nary artery disease that found SDB in 29–64% of all patients 
[17]. Discrepancies in prevalence rates between these studies 
may derive from varying definitions and diagnosis of SDB 
and its subtypes, using either the Berlin questionnaire (41%) 
[13], polygraphy with a portable monitor (59 vs. 29%: before 
vs. 2 weeks after surgery) [17, 26], or PSG (56%) [16].

Patients receiving premedication with benzodiazepine 
agonists, such as zolpidem and eszopiclone, had similar AHI 
and oxygen saturation nadir [27] compared to those with-
out sedative premedication. The effects of a premedication 

Fig. 3  Determinants of length 
of stay. Comparison of the 
length of hospital stay (LOS) 
with or without the presence of 
the respective preoperative (a) 
and postoperative (b) param-
eter. NYHA New York Heart 
Association, BMI body mass 
index, ASA American Society 
of Anesthesiologists, LVEF left 
ventricular ejection fraction, 
CRP C-reactive protein. See 
Fig. 1 legend for expansion of 
abbreviations. Data are given as 
medians. *p value < 0.05
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by midazolam in an OSA patient population were reported 
by Gentil et al., who demonstrated that midazolam did not 
increase the number of apneas or the incidence of oxygen 
desaturation in OSA patients [28]. Besides, there is evidence 
from multiple studies [29, 30] that midazolam in similar 
doses has no significant effects on AHI and median oxy-
gen saturation. Correspondingly, premedication with mida-
zolam was not associated with significant changes in AHI or 
median oxygen saturation in our patient population.

To our knowledge, this is the first study addressing the 
association between SDB and postoperative complica-
tions that differentiates between patients without SDB and 
patients with CSA or OSA. So far, all studies available on 
this subject have merely compared two groups of patients: 
patients with OSA and SDB and patients without OSA and 
SDB (see e-Table 3). Approximately, one-third of patients 
undergoing CABG suffer from heart failure with a reduced 
ejection fraction [31]. Although CSA may be less prevalent 
in the general population than OSA, prevalence estimates for 
CSA among patients with chronic heart failure vary between 
30 and 50% [32]. Thus, a significant proportion of patients 
undergoing CABG may be assumed to have CSA. Previous 
studies on patients undergoing CABG that included a signifi-
cant proportion of patients with heart failure did not consider 
CSA (see e-Table 3); yet, we found CSA to be present in 14% 
of our study cohort. To truly understand the impact of SDB 
and its subtypes on the postoperative outcome of cardiac 
patients, CSA must not be ignored in the analysis.

Impact of SDB on LOS

In the present study, patients with OSA had a significantly 
prolonged LOS. An AHI of ≥ 15/h was independently asso-
ciated with LOS, prolonging hospitalization by 4 days in 
patients with OSA compared to patients without SDB. This 
finding is consistent with a previous study by Bhama et al. 
[14], in which the diagnosis of OSA significantly increased 
LOS after CABG from 13 to 24 days. However, diagnosis 
of OSA in their study was mainly based on the presence of 
clinical criteria (snoring, persistent daytime sleepiness or 
drowsiness while driving, obesity, or hypertension) instead 
of polygraphic recordings; thus, no distinction was made 
between OSA and CSA.

Though it was tempting to speculate that the prolongation 
of LOS in our study could be attributed to higher comorbid-
ity rates among patients with SDB, we did not find any rel-
evant influence of demographic parameters or comorbidities 
on the independent association between an AHI of ≥ 15/h 
and prolonged LOS. Therefore, prolongation may have been 
caused by the summation of postoperative complications of 
patients with OSA.

Our findings indicate that the presence or absence of cer-
tain pre- and postoperative risk factors can be used to predict 

which patients will require prolonged LOS after CABG. 
Remarkably, diagnosis of OSA was found to be an impor-
tant preoperative risk factor, emphasizing the impact of SDB 
on LOS. Consistent with our results, Lazar et al. identified 
respiratory insufficiency, intubation, and inotropic support 
for ≥ 48 h, arrhythmia, and myocardial infarction to be pre-
dictive of prolonged LOS after CABG [33]. Other important 
determinants of prolonged LOS were wound infection [33], 
congestive heart failure, and chronic renal disease [34].

New postoperative care protocols, such as “fast-track 
recovery” that aims for early extubation and mobiliza-
tion, contribute to a significant reduction in postoperative 
ICU- and hospital length of stay after cardiac surgery [35]. 
All of our study patients received postoperative treatment 
accordingly. Moreover, less invasive methods for myocardial 
revascularization, such as off-pump cardiac surgery and min-
imally invasive direct coronary artery bypass grafting (MID-
CAB), were developed over the last two decades to reduce 
surgical trauma and length of hospital stay [36, 37]. How-
ever, as data on the benefits and risks of these approaches 
compared to cardiopulmonary bypass are inconclusive 
[38–41], we apply these methods only to a small number of 
selected patients and all of our study patients underwent on-
pump CABG. Recently, hybrid coronary revascularization 
that combines both surgical and percutaneous revasculariza-
tion strategies was shown to reduce postoperative duration 
of hospitalization [42] and may be a promising approach for 
future patients.

With in-hospital treatment costs in the United States of 
approximately $20,000–$25,000 [26, 43], CABG ties up 
substantial financial resources. According to Eisenberg 
et al., the daily costs of a bed in an ICU in the United States 
are $1121.81 and $561.53 on a surgical ward [43]. Because 
of increasing health care costs, patients at risk of prolonged 
LOS should be identified at an early stage. Moreover, each 
additional day in hospital increases the risk of adverse drug 
reactions by 0.5%, of infection by 1.6%, and of ulcers by 
0.5% [44]. Thus, prolonged LOS may be a potential risk 
factor for adverse events during in-patient care.

Impact of SDB on hemodynamic instability 
and cardiovascular complications

The present study extends previous findings by showing 
that SDB in patients undergoing CABG is associated with 
postoperative hemodynamic instability due to any cause and 
heart failure as indicated by increased use of vasopressors or 
inotropes and diuretics, independent of the severity of heart 
failure prior to CABG surgery. Findings have to be inter-
preted in the light of evidence that there is a bi-directional 
relationship between SDB and hemodynamic instability or 
heart failure. Fluid overload in heart failure with consecu-
tive nocturnal rostral fluid shift was found to be associated 
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with upper airway narrowing [45] and instability of ventila-
tory control [46]. Consequently, rostral fluid shift contrib-
utes to the severity of both OSA and CSA [46, 47] and is 
directly linked to the degree of leg oedema and sitting time, 
and inversely linked to the degree of physical activity [46]. 
This mechanism may be alleviated by an improvement of 
cardiac function and subsequently by less leg oedema and 
rostral fluid shift. Conversely, sleep apnea may contribute 
to worsening of heart failure by exposing the heart to inter-
mittent hypoxia, increased preload and afterload, sympa-
thetic activation and vascular endothelial dysfunction [48]. 
Previous studies have shown that OSA increases the risk 
of postoperative atrial fibrillation in patients after CABG 
[16, 17], possibly due to mechanisms deriving from shared 
risk factors, autonomic instability, and atrial remodeling 
[49, 50]. Numerous studies have affirmed the association 
between SDB and higher rates of postoperative arrhythmia 
(e-Table 3) [11, 13, 17, 51], but MACE has so far only been 
investigated in one study by Uchôa et al. [16]. In the long-
term follow-up, MACE and repeated revascularization pro-
cedures were significantly more common in patients with 
SDB than in patients without OSA [16]. However, none 
of the existing studies evaluating SDB as a risk factor for 
perioperative complications has had a sufficient sample size 
to analyze MACE in a meaningful manner [9, 12–14, 16]. 
Nevertheless, the higher rates of MACE and revasculariza-
tion procedures found among our patients with SDB cor-
responded to the results by Uchôa et al. [16] and might be 
significant in the long-term outcome, a factor that was not 
investigated in our study. Present findings justify the further 
investigation of the association between SDB and MACE 
in future large-scale prospective studies (CONSIDER-AF, 
ClinicalTrials.gov Identifier: NCT02877745).

Pathophysiology

Although several theories on pathophysiology have been 
identified, the mechanistic link between SDB and an unfa-
vorable postoperative outcome is not yet fully understood. 
As reviewed by Vasu et al., sedatives, anesthetics, and opi-
oids administered during the peri- and postoperative period 
may increase upper airway collapsibility, reduce hypoxic and 
hypercapnic ventilator response, and increase the threshold 
for arousal from sleep, which ultimately intensifies SDB and 
may thus increase the risk of postoperative complications 
[52]. In patients with heart failure, obstructive sleep events 
reduce cardiac output, resulting in substantial adverse hemo-
dynamic effects [53]. However, hemodynamic compromise 
due to obstructive sleep apnea may be amenable to CPAP 
therapy [54]. Vasoactive agents used to improve hemody-
namic stability postoperatively increase oxygen demand 
and may subsequently raise the risk of ischemia [55]. In 
a previous study, use of inotropes and vasopressors was 

associated with increased morbidity, including a higher rate 
of postoperative myocardial infarction, stroke, arrhythmia, 
and need of renal replacement therapy [55]. Therefore, use 
of vasoactive agents should be limited to their short-term 
hemodynamic benefits in patients after cardiac surgery.

Limitations

Limitations of the present analysis are the retrospective 
study design and the small sample size. Due to the small 
sample size multivariable regression models should be inter-
preted with caution. Because of the lack of data derived from 
standardized blood samples, regular oxygen measurements, 
or long-term ECG-monitoring, certain postoperative com-
plications, such as deteriorating blood values and episodes 
of hypoxemia or arrhythmia (e.g., atrial fibrillation), may 
have remained undetected.

This study was conducted by means of a portable poly-
graphic system, whereas PSG is still considered the gold 
standard for diagnosing SDB. Differentiating between CSA 
and OSA with polygraphy may be more imprecise compared 
to PSG, since sleep stages are not assessed [56].

Conclusion and clinical implication

This study suggests that SDB, particularly OSA, is asso-
ciated with prolonged LOS after CABG, independent of 
known confounders. Prolonged LOS in patients with SDB 
may be due to increased postoperative hemodynamic insta-
bility due to any cause.

Although SDB is a common disorder among cardiac 
surgery patients, the majority of patients affected by SDB 
remain undiagnosed [57]. The high rate of undiagnosed SDB 
in patients undergoing CABG and its impact on postopera-
tive complications and LOS demand effective preventive and 
therapeutic strategies. Our findings support the recommen-
dations to incorporate systematic identification of patients 
with SDB into the routine preoperative risk assessment 
of cardiac surgery patients [56, 58]. According to current 
guidelines on SDB and perioperative management [58], all 
patients should be preoperatively assessed for their risk of 
SDB. A preoperative evaluation should include a compre-
hensive review of previous medical records regarding, e.g., 
a history of airway difficulty, hypertension and other cardio-
vascular problems, an interview with the patient focusing 
on questions related to snoring, apnoeic episodes, frequent 
arousals during sleep, morning headaches and daytime som-
nolence, as well as a physical examination with respect to 
airway and nasopharyngeal characteristics, neck circumfer-
ence, tonsil size and tongue volume [58]. Elective patients 
with a high pre-test probability of SDB should undergo 
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thorough SDB-screening before surgery. Within the postop-
erative care of patients with SDB, special emphasis should 
be put on the appropriate use of sedatives and opioids, the 
continuous administration of oxygen or CPAP therapy, non-
supine positioning, and adequate monitoring [58].

The data of the present analysis emphasize the need for 
further larger scale prospective studies (NCT02877745) that 
are needed to identify specific risks and risk populations in 
cardiac surgery. Based on this knowledge, peri- and postop-
erative management of patients with SDB may be optimized 
to further minimize the rate of postoperative complications.
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