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Abstract

Purpose

Obstructive sleep apnea (OSA) is a common and often undiagnosed condition in patients undergoing major
surgeries, including cardiac surgery. This disorder is associated with peri- and postoperative problems. This
study measured the association between OSA and peri- and postoperative complications in patients
undergoing elective cardiac surgery.

Methods

Candidates for elective cardiac surgery were evaluated for OSA by the STOP-Bang questionnaire before the
surgery. We evaluated patients before and after the operation regarding the cardiac, respiratory, and
neurologic complications. We divided the participants into high-risk (score of 5-8), intermediate-risk (score
of 3-4), and low-risk groups (score of 0-2) based on the STOP-Bang questionnaire.

Results

Of the 306 patients who underwent cardiac surgery, 173 (56.5%) were in the high-risk group, 100 (32.7%)
were in the intermediate-risk group, and 33 (10.8%) were in the low-risk group for OSA.

Patients in the high-risk group were significantly older than the other two groups (p value=0.013), had
higher BMI (p<0.001), and suffered more from relevant comorbid conditions, including diabetes mellitus,
hypertension, and hyperlipidemia (all p-values significant at < 0.05). However, not significant, patients in
the high-risk group suffered more from postoperative complications including cardiac, respiratory, and
neurological complications.

Conclusion

OSA is common in patients undergoing cardiac surgery. Our findings indicate that these patients manifest a
higher incidence of postoperative complications compared to those with a lower risk of OSA. Because of the
limited use of polysomnography, a simple STOP-Bang questionnaire is beneficial to screen patients for the
risk of OSA peri-operatively, and patients diagnosed with OSA can get extra care during and after the
surgery.

Categories: Anesthesiology, Cardiac/Thoracic/Vascular Surgery, Other
Keywords: sleep disordered breathing, stop-bang questionnaire, obstructive sleep apnea, coronary artery disease,
cardiac surgery

Introduction

Sleep-disordered breathing (SDB) is a common disease, with a prevalence of approximately 13% in the male
and 6% in the female population in the age range of 30-70 years [1]. Previous studies have shown
associations between SDB and many underlying diseases, such as hypertension (HTN), diabetes mellitus
(DM), coronary artery disease, and heart failure (HF). SDB has three subtypes: central sleep apnea (CSA),
obstructive sleep apnea (OSA), and mixed sleep apnea. OSA is characterized by episodes of complete or
partial airway obstruction. The prevalence of moderate-to-severe OSA in the general adult population
ranges from 6% to 17% and is higher in men, obese, and elderly people, though most of them remain
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undiagnosed. The prevalence of OSA is even higher in people with underlying cardiovascular diseases [2-5].

The effect of undiagnosed OSA on postoperative complications has not been well studied. A prospective
cohort study by Ambrosii et al. on patients undergoing operations other than cardiac surgery suggests that
patients with OSA are at greater risk for postoperative cardiovascular and respiratory complications [6]. In
patients undergoing cardiac surgery, more than half of them are identified to have non-treated OSA [7].

Many previous studies were limited to patients undergoing coronary artery bypass grafting (CABG) [8-11],
which restricted the comprehensiveness of their findings.

Many patients who undergo different surgeries do not receive a confirmed diagnosis for OSA preoperatively.
Hence, a guideline published by the American Society of Anesthesiologists recommends screening the
patients for risk of OSA before the surgery [12].

However, polysomnography (PSG) is the gold standard test for the diagnosis of OSA. It is an expensive test
that is not generally available and requires highly-trained personnel to perform it. It also requires an entire
night of recording, which may delay the surgery. Therefore, it is crucial to measure the risk of OSA using a
validated screening tool preoperatively. For this purpose, there are screening tools that are more available
and easy to use, such as the STOP-Bang questionnaire or Berlin Questionnaire.

STOP-Bang questionnaire is a widely used tool for screening OSA patients with a sensitivity of 93% in
detecting patients with moderate-to-severe sleep apnea, and a sensitivity of 100% in detecting patients with
severe sleep apnea [13]. However, STOP-Bang showed a low specificity (36%) for OSA [14]. There may be
many false-positive cases of OSA.

This study examined the hypothesis that patients undergoing elective cardiac surgery who are at a greater
risk for OSA assessed by the STOP-Bang questionnaire have an increased risk of developing postoperative
complications, including cardiac, respiratory, and neurological complications, increased length of stay (LoS)
in the intensive care unit (ICU), and death.

Materials And Methods

This prospective cohort study was conducted in Golestan Hospital, Ahvaz, Iran, from February 2020 to
January 2021, with ethics code No. IR.AJUMS.REC.1398.595 received from the Anesthesiology and Pain
Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran.

This study evaluated the association between the risk of OSA assessed by the STOP-Bang questionnaire and
postoperative complications in patients undergoing elective cardiac surgery. The inclusion criteria were all
adult patients (age > 18) who were scheduled for elective cardiac surgery. The exclusion criteria included
patient refusal, history of OSA, and history of tracheostomy.

A total of 306 patients met the inclusion and exclusion criteria and were included in the study. Eligible
patients provided written informed consent. They were evaluated by the use of the STOP-Bang
questionnaire the night before surgery. All the baseline characteristics and demographic parameters were
recorded based on the patients' self-reported data and the data retrieved from medical records. Additionally,
we recorded all the adverse events and complications for each group of patients during and after the surgery
until hospital discharge.

The primary outcomes were postoperative complications (cardiac, pulmonary, neurologic, and general)
observed during the hospital stay (about 10 days). Cardiac complications included any of the following: (1)
HTN and hypotension, (2) arrhythmia, (3) cardiac arrest, and (4) myocardial infarction (MI), confirmed by an
elevated troponin blood test in addition to the presence of clinical evidence of ischemia. Respiratory
complications included any of the following: (1) prolonged mechanical ventilation, defined as mechanical
ventilation of more than 48 hours postoperatively, (2) pneumonia, (3) atelectasis, (4) need for tracheostomy,
(5) hypoxemia was considered if the patient had oxygen desaturations less than 90% or a reduction of 4% or
more from the last recorded value, and (6) need for reintubation. Neurological complications included any of
the following: (1) clinically diagnosed encephalopathy and (2) delirium. General complications included ICU
readmission, fever, wound infection, and in-hospital death.

Secondary outcomes were considered any other adverse events that occurred during the 30-day period after
discharge. For this purpose, patients were evaluated through a telephone encounter for readmission and
death due to any postoperative complication.

Statistical analysis

Numbers and percentages were used to express categorical variables, and mean * standard deviation was
used to express continuous variables. To compare variables regarding patient characteristics and
postoperative complications in the three patient groups, we used the chi-square test for categorical variables
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and the one-way ANOVA (analysis of variance) for continuous variables. Linear regression analyses were
conducted to predict the impact of independent variables such as OSA, age, body mass index (BMI), left
ventricular ejection fraction (LVEF), DM, and HTN on ICU LoS and postoperative cardiac, respiratory, and
neurological complications. SPSS software (Version 22.0, IBM Corp. Armonk, NY) and GraphPad Prism
(Version 8.0.2) were used for statistical analysis.

Results
Baseline characteristics of the groups

A total of 306 patients met the inclusion and exclusion criteria and were included in the study. According to
the STOP-Bang questionnaire, patients were divided into three groups; low-risk (n=33), intermediate-risk
(n=100), and high-risk (n=173). The baseline characteristics of all patients are classified in Table / based on
their risk for OSA. The mean age of the patients was 59.1 # 9.8 years, and patients in the high-risk group were
significantly older than the other two groups. Also, patients in the high-risk group had a higher BMI. They
were also significantly more prone to suffer from DM, HTN, and HLP. However, not significant, patients in
the high-risk group for OSA were more often diagnosed with HF and more often had a history of MI and
transient ischemic attack/cerebrovascular accident (TIA/CVA) in the past. The drug history of patients in all
three groups is shown in Table I. Patients in the high-risk group had greater use of medications, such as
antihypertensive drugs, diuretics, and statins, compared to the other two groups. We did not find any
significant differences between the three patient groups in terms of glomerular filtration rate,
hypothyroidism, and pulmonary HTN.
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Characteristics Low Risk, 33 (10.8%) Intermediate Risk, 100 (32.7%) High Risk, 173 (56.5%) p-Value

Demographics

Age 54.5+12.9 59.1+10.2 60.1+8.6 0.013*
Sex (male) 8(24.2) 62 (62) 129 (74.6) <0.001*
BMI 27.143.6 27.1%4.2 29.5+4.8 <0.001*

Baseline characteristics

HTN 20 (60.6) 76 (76) 163 (94.2) <0.001*
Pulmonary HTN 0 (0.0) 2(2) 0 (0.0) -
Previous Ml 9(27.3) 38 (38) 70 (40.5) 0.360
HF 12 (36.4) 49 (49) 76 (43.9) 0.424
TIA/CVA 4(12.1) 9(9) 16 (9.2) 0.858
COPD 1(3.0) 16 (16) 27 (15.6) 0.130
DM 14 (42.4) 46 (46) 103 (59.5) 0.041*
Hyperlipidemia 18 (54.5) 60 (60) 140 (80.9) <0.001*
Hypothyroidism 0 (0.0) 2(2) 2(1.2) 0.763
Smoking 5(15.2) 37 (37) 75 (43.4) 0.009*
Creatinine (mg/dL) 1.0£0.2 1.2+0.8 1.2#0.3 0.306
GFR 72.5£21.6 74.5£29.5 78.5+26.0 0.330
Drug history

Beta-blockers 19 (57.6) 67 (67.0) 111 (64.2) 0.616
Calcium channel blockers 2(6.1) 15 (15.0) 43 (24.9) 0.016*
Angiotensin Il receptor blockers 10 (30.3) 37 (37.0) 93 (53.8) 0.005*
Angiotensin-converting enzyme inhibitors 4(12.1) 16 (16.0) 27 (15.6) 0.858
Diuretics 11(33.3) 31(31.0) 67 (38.7) 0.420
Statins 14 (42.4) 71(71.0) 146 (84.4) <0.001*
Aspirin 20 (60.6) 81(81.0) 145 (83.8) 0.009*
Clopidogrel 16 (48.5) 51(51.0) 90 (52.0) 0.930
Nitrocontin 8(24.2) 42 (42.0) 86 (49.7) 0.022*

TABLE 1: Baseline Characteristics of the Study Population

BMI, body mass index (kg/mz); HTN, hypertension; MI, myocardial infarction; HF, heart failure; TIA/CVA, transient ischemic attack/cerebrovascular
accident; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; GFR, glomerular filtration rate (mL/min/1.73 m2)

*Statistically significant.

Patients in all three groups were evaluated for coronary artery disease based on the number of involved
vessels (one-, two-, and three-vessel). Our high-risk group had a higher number of patients with one- and
three-vessel involvement compared to the other two groups (p<0.05). However, not significant, patients in
the high-risk group were more prone to have aortic valve stenosis, aortic valve insufficiency, pulmonary
valve insufficiency, mitral valve regurgitation, and tricuspid valve regurgitation. We found no significant
difference between our studied groups regarding LVEF (Table 2).
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Characteristics
One-vessel disease
Two-vessel disease
Three-vessel disease
LVEF

Aortic valve stenosis
Aortic valve insufficiency
Pulmonary valve insufficiency
Mitral valve Insufficiency
Mitral valve stenosis
Mitral valve regurgitation

Tricuspid valve regurgitation

TABLE 2: Angiographic and Echocardiographic Characteristics of the Study Population

Low Risk, 33 (10.8%)
0(0.0)
4(12.9)
20 (60.6)
43.9+9.6
0(0.0)
12 (34.6)
13 (39.4)
0(0.0)
5(15.2)
27 (81.8)

24 (72.7)

LVEF, left ventricular ejection fraction (%)

*Statistically significant.

Intermediate Risk, 100 (32.7%)
10 (10.0)

10 (10.0)

72 (72.0)

42.7+10.9

4 (4.0)

31(31.0)

42 (42.0)

High Risk, 173 (56.5%)
0(0.0)

18 (10.4)
151 (87.3)
42.5¢11.4
8 (4.6)

62 (35.8)
77 (44.5)
0(0.0)
2(12)
135 (78.0)

126 (72.8)

p-Value
<0.001*
0.942
<0.001*
0.808
0.455
0.695
0.829
0.188
0.001
0.592

0.786

Intraoperative outcomes

All cardiac surgeries performed on patients are listed in Table 3. It was found that the number of patients
who underwent CABG surgery was significantly higher in the high-risk group compared to the other two
groups. During operation, complications such as difficult intubation, hypoxemia, arrhythmia, and HTN were
assessed in all three patient groups. However, not significant, patients in the intermediate-risk and high-risk
groups were at higher risk for difficult intubation. The number of patients who had hypoxemia, HTN, and
arrhythmia during the operation was greater in the high-risk group compared to the other two groups, but
none of these differences were statistically significant.
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Characteristics Low Risk, 33 (10.8%) Intermediate Risk, 100 (32.7%) High Risk, 173 (56.5%) p-Value

Type of operation

CABG only 22 (66.6) 90 (90.0) 157 (90.8) <0.001*
Valve repair only 0(0.0) 0(0.0) 2(1.2) 0.461
Valve replacement only 7(21.2) 4 (4.0) 2(1.2) <0.001*
ASD repair only 2(6.1) 2(2.0) 0(0.0) 0.015*
VSD repair only 0(0.0) 2(2.0) 0(0.0) 0.126
CABG/valve replacement/ ASD repair 2(6.1) 0 (0.0) 0(0.0) <0.001*
CABG/valve repair 0(0.0) 1(1.0) 4 (2.3) 0.806
CABG/valve replacement 0(0.0) 1(1.0) 6 (3.5) 0.435
Valve repair/ASD repair 0(0.0) 0(0.0) 1(0.6) >0.999
Valve repair/valve replacement 0 (0.0) 0 (0.0) 1(0.6) >0.999

Intraoperative outcomes

Difficult intubation 0(0.0) 9(9.0) 8 (4.6) 0.109
Hypoxemia 1.1£0.2 1.0£0.2 1.1£0.3 0.246
Arrhythmia 0(0.0) 2(2.0) 4(2.3) >0.999
HTN 7(21.2) 30 (30.0) 56 (32.4) 0.440
Death 0(0.0) 0(0.0) 0(0.0) -

TABLE 3: Intraoperative Data of the Study Population

CABG, coronary artery bypass grafting; ASD, atrial septal defect; VSD, ventricular septal defect; HTN, hypertension

*Statistically significant.

Postoperative outcomes

Respiratory Complications

It was found that hypoxemia was more frequent in patients in the high-risk group compared to the other two
groups, but the difference was not statistically significant. Although more patients in the high-risk group
needed prolonged use of mechanical ventilation, this difference was not statistically significant. Also, the
reintubation rate was higher in the high-risk and intermediate-risk groups compared to the low-risk group,
but the difference was not statistically significant. Atelectasis and pneumonia were two complications that
only manifested in the high-risk group (Table 4).
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Characteristics Low Risk, 33 (10.8%) Intermediate Risk, 100 (32.7%) High Risk, 173 (56.5%) p-Value
Respiratory complications

Prolonged mechanical ventilation 0(0.0) 1(1.0) 2(1.2) >0.999
Atelectasis 0(0.0) 0(0.0) 2(1.2) -
Pneumonia 0(0.0) 0(0.0) 4(2.3) 0.421
Tracheostomy 0 (0.0) 0 (0.0) 0(0.0) -
Reintubation 1(3.0) 4 (4.0) 4(2.3) 0.611
Hypoxemia 4(12.1) 14 (14.0) 26 (15.0) 0.943
Cardiac complications

AF 5(15.2) 12 (12.0) 12 (6.9) 0.194
Bradycardia 0(0.0) 3(3.0) 5(2.9) 0.886
Tachycardia 2(6.1) 5(5.0) 3(1.7) 0.174
HTN 2(6.1) 21(21.0) 61 (35.3) <0.001*
Cardiac arrest 1(3.0) 1(1.0) 5(2.9) 0.521
MI 0(0.0) 0(0.0) 0(0.0) -
Neurological complications

Encephalopathy 0(0.0) 0(0.0) 0(0.0) -
Delirium 2(6.1) 2(2.0) 4(2.3) 0.355
General complications

Weaning time 878.6+484.9 826.1+672.7 1061.1+2741.1 0.656
Fever 1(3.0) 0(0.0) 6 (3.5) 0.133
Wound infection 2(6.1) 0 (0.0) 0(0.0) 0.011*
ICU readmission 4(12.1) 2(2.0) 2(1.2) 0.006*
ICU LoS (day) 3.0+1.5 2.9+1.2 2.9+1.3 0.975
Postoperation death 1(3.0) 1(1.0) 5(2.9) 0.521
Insulin infusion in ICU 12 (36.4) 44 (44.0) 94 (54.3) 0.079

TABLE 4: Postoperative Outcomes of the Study Population

AF, atrial fibrillation; HTN, hypertension; MI, myocardial infarction; ICU, intensive care unit; LoS, length of stay

*Statistically significant.

Cardiac Complications

The number of patients with atrial fibrillation (AF) was higher in the high-risk and intermediate-risk groups
compared to the low-risk group, but the difference was not statistically significant. Additionally, the number
of patients with postsurgical HTN was higher in the high-risk group compared to the other two groups,
which was statistically significant. Moreover, patients in the high-risk group were more susceptible to
developing cardiac arrest and bradycardia after the surgery, but no significant differences were observed
between the three patient groups (Table 4).

Neurological Complications

According to the neurological complications, the results showed that none of the patients had
encephalopathy. However, the number of patients with delirium was higher in the high-risk group compared
to the other two groups, but the difference was not statistically significant (Table 4).
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Postoperative Variables
Independent variable
OSA

Male sex

Age

HTN

DM

LVEF<50%

BMI = 30

CABG

General Complications

The number of non-diabetic patients who received insulin infusion in the ICU was higher in the high-risk
group compared to the other two groups, but the difference was not statistically significant. However,
patients in the high-risk group were more prone to develop a fever after the surgery, but the difference was
not statistically significant. Although it was not statistically significant, we recorded more in-hospital death
in the high-risk group compared to the other two groups. The analyses did not confirm significant
differences between the three patient groups regarding weaning time and ICU LoS. Unexpectedly, we
significantly recorded more ICU readmission and wound infection cases in the low-risk group than in the
other two groups (Table 4).

Predictors of postoperative complications

Based on linear regression analysis, it was found that age and DM are independent predictors of
postoperative respiratory complications. It was found that male sex and OSA are independent predictors of
postoperative cardiac complications. Additionally, it demonstrated that LVEF<50% is an independent
predictor of postoperative respiratory, cardiac, and neurological complications. Linear regression analysis
showed that postoperative ICU LoS is significantly dependent on age, LVEF<50%, and CABG surgery (Table

5).

Respiratory (Model I)

Cardiac (Model II)

Neurological (Model i)

ICU LoS (Model IV)

Beta p-Value Beta p-Value Beta p-Value Beta p-Value
0.022 0.704 0.184 0.002* 0.018 0.750 0.040 0.467
-0.053 0.352 -0.133 0.026* 0.020 0.728 -0.019 0.719
0.176 0.002* 0.080 0.163 0.104 0.067 0.162 0.003*
-0.066 0.245 0.057- 0.363 0.080 0.161 -0.024 0.666
-0.161 0.005* 0.001 0.984 -0.016 0.781 0.007 0.896
0.123 0.029* 0.123 0.030* 0.150 0.008* 0.244 <0.001*
0.105 0.067 0.086 0.163 0.097 0.094 0.010 0.853
-0.102 0.084 0.041- 0.472 0.058 0.311 0.313- <0.001*

TABLE 5: Predictors for Respiratory, Cardiac, and Neurological Complications, and ICU LoS

ICU, intensive care unit; LoS, length of stay; OSA, obstructive sleep apnea; HTN, hypertension; DM, diabetes mellitus; LVEF, left ventricular ejection

fraction (%); BMI, body mass index (kg/m2); CABG, coronary artery bypass grafting

Values are presented as standardized beta coefficients.

*Statistically significant.

Postoperative follow-up

Thirty days after discharge, patients were evaluated through a telephone encounter for readmission and
death due to any postoperative complication. It was found that significantly 17 patients in the high-risk
group and 12 patients in the other two groups (six patients in each group) were readmitted to the hospital
prior to day 30 after their discharge. Additionally, no postdischarge death was recorded in any patient group.

Discussion

Our data showed that HTN occurs more frequently in the high-risk group in the postoperative period.
Unexpectedly, the low-risk group had more ICU readmission and wound infection. The hospital readmission
rate was higher in the high-risk OSA group compared to the other two groups.

The present study confirms the previous findings of the high prevalence of OSA by using the STOP-Bang
questionnaire in patients undergoing cardiac surgery. Because of the increased rate of HF and metabolic
syndrome, which are linked to OSA, patients undergoing cardiac surgery have a higher risk of OSA [15,16].
Our findings are in concordance with previous studies [7,11]. The difference in the prevalence of OSA in
these studies might be due to different definitions and diagnostic tools that were used for detecting OSA.
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Patients in the high-risk group for OSA were significantly more prone to develop postoperative HTN. In a
cohort study by Liao et al., patients with OSA were more likely to develop HTN postoperatively (they did not
reach statistical significance) [17].

The relationship between OSA and AF is well-documented in the literature [18]. Furthermore, OSA is an
independent risk factor of postoperative AF in cardiac surgery [19]. In our study, the number of patients with
AF was higher in the high-risk and intermediate-risk OSA groups compared to the low-risk group. Similar to
our findings, Mason et al. reported that patients with sleep apnea undergoing major cardiac surgery are more
prone to have postoperative cardiovascular complications [20]. Van Oosten et al. and Mungan et al.
demonstrated in their studies that patients with a higher risk of OSA undergoing CABG developed more
postoperative AF [10,21].

However, the rate of bradycardia and cardiac arrest was higher in patients in our high-risk OSA group but did
not reach statistical significance.

The correlation between OSA and postoperative cardiac surgery complication rates is a matter of
controversy. Although some studies reported a correlation between OSA and increased risk of postoperative
cardiac complications, others did not find any significant association between OSA and postoperative
cardiac complications [9,22].

Our data showed that OSA, male sex, and LVEF<50% are independent variables associated with increased
risk of postoperative cardiac complications. There was one study that stated patients with OSA had a
significantly lower rate of MI compared to those without OSA [23].

A systematic review study by Vasu et al. demonstrated that drugs such as sedatives, anesthetics, and opioids,
which are administered during the intraoperative and postoperative periods, may result in increasing the
collapsibility of the upper respiratory airway, reduced hypoxic and hypercapnic ventilatory response, and an
increased threshold for arousal from sleep, which ends in worsening of OSA and may increase the risk of
unfavorable postoperative complications [24].

Thus, monitoring and maintaining vital signs during anesthesia defends the patient from postoperative
adverse events. However, the association between OSA and postoperative respiratory complications is a
matter of debate. Tafelmeier et al. demonstrated that the need for postoperative tracheostomy was
significantly higher in patients with OSA. However, they stated that the occurrence of respiratory
complications such as acute respiratory distress syndrome and pneumonia was the same between patients
with OSA and patients without SDB [9]. Mokhlesi et al. reported that patients with OSA undergoing cardiac
surgery had an increased risk of postoperative respiratory complications such as respiratory failure,
pneumonia, reintubation, and tracheostomy compared to those without OSA [25]. Another study by
Rupprecht et al. showed that the frequency of postoperative respiratory complications was higher in patients
with moderate-to-severe OSA compared to those with no OSA [11].

In contrast, Gali et al. reported that they did not find any differences between OSA and non-OSA groups in
case of reintubation, prolonged mechanical ventilation, and pneumonia, but they stated that patients with
OSA had significantly more postoperative ventilation hours compared to non-OSA patients [26].

This study also evaluated patients in case of respiratory complications; however, there was a trend toward
more respiratory complications in patients with a higher risk of OSA as noted in the increased rate of
reintubation, pneumonia, atelectasis, and hypoxemia, but it did not reach statistical significance. As
reported by others, in our study, postoperative respiratory complications were associated with many
independent factors, including age, DM, and LVEF<50% [7,8,10,19,20,27].

Additionally, this study assessed the relationship between OSA and postoperative neurological
complications, including encephalopathy and delirium. None of our studied patients developed
encephalopathy. Our data showed more patients in the high-risk OSA group developed delirium, but the
difference did not reach statistical significance. Linear regression showed that LVEF<50% is an independent
risk factor that increases the risk of postoperative neurological complications. Our results are consistent with
the existing literature [7,27]. Roggenbach et al. showed that OSA might be a risk factor for postcardiac
surgery delirium [28].

According to our initial hypothesis, we found an association between the higher risk of OSA and the
postoperative increased rate of ICU readmission and wound infection. Prior studies demonstrated an
increased risk of prolonged ICU and hospital LoS in patients undergoing major cardiac surgery [9,26,29]. Age,
LVEF<50%, and CABG surgery are three independent risk factors for increased LoS in ICU.

It is important to note that the present evidence relies on the hospital's local policies, and ICU discharge is a
multifactorial process that depends on many factors such as the number of beds available in the ICU or the
general condition of patients. A previous study reported that institutional policies of ICU discharge affect
the LoS in the ICU [30].
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However, not significant, patients with an increased risk of OSA were more likely to have postoperative in-
hospital death. A similar pattern of results was reported in other studies [7,11].

There was one study that stated that patients with OSA had a lower mortality rate compared to those
without OSA [23].

Our findings demonstrated that the readmission rate in patients in the high-risk group is significantly higher
compared to the other two groups, which is consistent with existing literature. Feng et al. reported that
patients with OSA were more prone to readmission to the hospital 30 days after discharge. Gali et al.
reported that the 30-day hospital readmission rate was higher in patients with known OSA compared to
those without OSA [23,26].

Limitations

This study was a single-center investigation analysis, and most of the patients who underwent elective
cardiac surgery were admitted to the hospital on the day of surgery; thus, we could not confirm the diagnosis
of OSA by overnight PSG. It is obvious that questionnaires such as STOP-Bang, despite their simplicity and
ease of use, are screening tools that aim to identify the risk of OSA in patients, but they do not establish the
definitive diagnosis and severity of OSA. Also, the short duration of postdischarge follow-up and
determination of 30-day outcomes through a telephone encounter were the other limitations.

Conclusions

Our data showed that patients undergoing cardiac surgery are at a greater risk of undiagnosed OSA, which
affects them in terms of intraoperative and postoperative complications. Because of the limited use of PSG,
a simple STOP-Bang questionnaire can be used to screen patients for the risk of OSA preoperatively, and
patients diagnosed with OSA can get extra care during and after the surgery. Also, further research is needed
to find better methods for taking care of patients undergoing cardiac surgery who are at greater risk for OSA.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Anesthesiology and Pain
Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran issued approval
IR.AJUMS.REC.1398.595. The present study was approved by the ethics committee of the Anesthesiology and
Pain Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran
(IR.AJUMS.REC.1398.595). . Animal subjects: All authors have confirmed that this study did not involve
animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: Financial support for this study was provided by
Ahvaz Jundishapur University of Medical Sciences (Grant No. IR.AJUMS.REC.1398.595). Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

References

1. Peppard PE, Young T, Palta M, Skatrud J: Prospective study of the association between sleep-disordered
breathing and hypertension. N Engl ] Med. 2000, 342:1378-84. 10.1056/NEJM200005113421901

2. Aronsohn RS, Whitmore H, Van Cauter E, Tasali E: Impact of untreated obstructive sleep apnea on glucose
control in type 2 diabetes. Am ] Respir Crit Care Med. 2010, 181:507-13. 10.1164/rccm.200909-14230C

3. Yoshihisa A, Takeishi Y: Sleep disordered breathing and cardiovascular diseases. ] Atheroscler Thromb.
2019, 26:315-27. 10.5551/jat.RV17032

4. Senaratna CV, Perret JL, Lodge CJ, et al.: Prevalence of obstructive sleep apnea in the general population: a
systematic review. Sleep Med Rev. 2017, 34:70-81. 10.1016/j.smrv.2016.07.002

5. Young T, Peppard PE, Gottlieb DJ: Epidemiology of obstructive sleep apnea: a population health
perspective. Am ] Respir Crit Care Med. 2002, 165:1217-39. 10.1164/rccm.2109080

6. Ambrosii T, Sandru S, Belii A: The prevalence of perioperative complications in patients with and without
obstructive sleep apnoea: a prospective cohort study. Rom ] Anaesth Intensive Care. 2016, 23:103-10.
10.21454/rjaic.7518/232.pec

7.  Foldvary-Schaefer N, Kaw R, Collop N, et al.: Prevalence of undetected sleep apnea in patients undergoing
cardiovascular surgery and impact on postoperative outcomes. ] Clin Sleep Med. 2015, 11:1083-9.
10.5664/jcsm.5076

8. Sharma S, Daggubatti R, Tribble RW, Petit S], Gross K: Prevalence of obstructive sleep apnea in patients
undergoing coronary artery bypass graft surgery (CABG): a pilot study. J Sleep Disord Treat Care. 2012, 1:1-
5.10.4172/2325-9639.1000102

9. Tafelmeier M, Weizenegger T, Ripfel S, et al.: Postoperative complications after elective coronary artery
bypass grafting surgery in patients with sleep-disordered breathing. Clin Res Cardiol. 2018, 107:1148-59.
10.1007/s00392-018-1289-0

10. van Oosten EM, Hamilton A, Petsikas D, et al.: Effect of preoperative obstructive sleep apnea on the

2022 Javaherforooshzadeh et al. Cureus 14(6): €26102. DOI 10.7759/cureus.26102 10 of 11


https://dx.doi.org/10.1056/NEJM200005113421901
https://dx.doi.org/10.1056/NEJM200005113421901
https://dx.doi.org/10.1164/rccm.200909-1423OC
https://dx.doi.org/10.1164/rccm.200909-1423OC
https://dx.doi.org/10.5551/jat.RV17032
https://dx.doi.org/10.5551/jat.RV17032
https://dx.doi.org/10.1016/j.smrv.2016.07.002
https://dx.doi.org/10.1016/j.smrv.2016.07.002
https://dx.doi.org/10.1164/rccm.2109080
https://dx.doi.org/10.1164/rccm.2109080
https://dx.doi.org/10.21454/rjaic.7518/232.pec
https://dx.doi.org/10.21454/rjaic.7518/232.pec
https://dx.doi.org/10.5664/jcsm.5076
https://dx.doi.org/10.5664/jcsm.5076
https://dx.doi.org/10.4172/2325-9639.1000102
https://dx.doi.org/10.4172/2325-9639.1000102
https://dx.doi.org/10.1007/s00392-018-1289-0
https://dx.doi.org/10.1007/s00392-018-1289-0
https://dx.doi.org/10.1016/j.amjcard.2013.11.047

Cureus

11.

12.

13.

14.

15.

16.

17.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

frequency of atrial fibrillation after coronary artery bypass grafting. Am J Cardiol. 2014, 113:919-23.
10.1016/j.amjcard.2013.11.047

Rupprecht S, Schultze T, Nachtmann A, et al.: Impact of sleep disordered breathing on short-term post-
operative outcome after elective coronary artery bypass graft surgery: a prospective observational study. Eur
Respir J. 2017, 49:1-10. 10.1183/13993003.01486-2016

Corso RM, Gregoretti C, Braghiroli A, Fanfulla F, Insalaco G: Practice guidelines for the perioperative
management of patients with obstructive sleep apnea: Navigating through uncertainty. Anesthesiology.
2014, 121:664-5. 10.1097/ALN.0000000000000354

Chung F, Abdullah HR, Liao P: STOP-Bang questionnaire: a practical approach to screen for obstructive
sleep apnea. Chest. 2016, 149:631-8. 10.1378/chest.15-0903

Abumuamar AM, Dorian P, Newman D, Shapiro CM: The STOP-BANG questionnaire shows an insufficient
specificity for detecting obstructive sleep apnea in patients with atrial fibrillation. J Sleep Res. 2018,
27:€12702. 10.1111/jsr.12702

Arzt M, Woehrle H, Oldenburg O, et al.: Prevalence and predictors of sleep-disordered breathing in patients
with stable chronic heart failure: the SchlaHF registry. ] Am Coll Cardiol Heart Fail. 2016, 4:116-25.
10.1016/j.jchf.2015.09.014

Uchoa CH, Danzi-Soares NJ, Nunes FS, et al.: Impact of OSA on cardiovascular events after coronary artery
bypass surgery. Chest. 2015, 147:1352-60. 10.1378/chest.14-2152

Liao P, Yegneswaran B, Vairavanathan S, Zilberman P, Chung F: Postoperative complications in patients
with obstructive sleep apnea: a retrospective matched cohort study. Can J Anaesth. 2009, 56:819-28.
10.1007/512630-009-9190-y

Youssef I, Kamran H, Yacoub M, et al.: Obstructive sleep apnea as a risk factor for atrial fibrillation: a meta-
analysis. | Sleep Disord Ther. 2018, 7:1-10. 10.4172/2167-0277.1000282

Wong JK, Maxwell BG, Kushida CA, Sainani KL, Lobato RL, Woo Y], Pearl RG: Obstructive sleep apnea is an
independent predictor of postoperative atrial fibrillation in cardiac surgery. | Cardiothorac Vasc Anesth.
2015, 29:1140-7. 10.1053/j.jvca.2015.03.024

Mason M, Herndndez Sanchez J, Vuylsteke A, Smith I: Association between severity of untreated sleep
apnoea and postoperative complications following major cardiac surgery: a prospective observational cohort
study. Sleep Med. 2017, 37:141-6. 10.1016/j.sleep.2017.06.010

Mungan U, Ozeke O, Mavioglu L, et al.: The role of the preoperative screening of sleep apnoea by Berlin
Questionnaire and Epworth Sleepiness Scale for postoperative atrial fibrillation. Heart Lung Circ. 2013,
22:38-42.10.1016/j.h1c.2012.08.003

Yeo I, Ahmad H, Aronow WS: Impact of sleep apnea on in-hospital outcomes after transcatheter aortic valve
replacement: insight from National Inpatient Sample database 2011-2014. Ann Transl Med. 2017, 5:203.
10.21037/atm.2017.04.16

Feng TR, White RS, Ma X, Askin G, Pryor KO: The effect of obstructive sleep apnea on readmissions and
atrial fibrillation after cardiac surgery. | Clin Anesth. 2019, 56:17-23. 10.1016/j.jclinane.2019.01.011

Vasu TS, Grewal R, Doghramji K: Obstructive sleep apnea syndrome and perioperative complications: a
systematic review of the literature. ] Clin Sleep Med. 2012, 8:199-207. 10.5664/jcsm.1784

Mokhlesi B, Hovda MD, Vekhter B, Arora VM, Chung F, Meltzer DO: Sleep-disordered breathing and
postoperative outcomes after elective surgery: analysis of the nationwide inpatient sample. Chest. 2013,
144:903-14. 10.1378/chest.12-2905

Gali B, Glasgow AE, Greason KL, Johnson RL, Albright RC, Habermann EB: Postoperative outcomes of
patients with obstructive sleep apnea undergoing cardiac surgery. Ann Thorac Surg. 2020, 110:1324-32.
10.1016/j.athoracsur.2019.12.082

Krishnasamy S, Sahid SM, Hashim SA, Singh S, Chung F, Mokhtar RA, Yin WC: Obstructive sleep apnoea and
open heart surgery: a review of its incidence and impact to patients. ] Thorac Dis. 2019, 11:5453-62.
10.21037/jtd.2019.11.44

Roggenbach J, Klamann M, von Haken R, Bruckner T, Karck M, Hofer S: Sleep-disordered breathing is a risk
factor for delirium after cardiac surgery: a prospective cohort study. Crit Care. 2014, 18:477.
10.1186/s13054-014-0477-1

Ding N, Ni BQ, Wang H, Zhang SJ, Zhang XL: Obstructive sleep apnea: a risk factor of cardiac valve
replacement surgery. | Clin Sleep Med. 2016, 12:1573-5. 10.5664/jcsm.6298

Widyastuti Y, Stenseth R, Wahba A, Pleym H, Videm V: Length of intensive care unit stay following cardiac
surgery: is it impossible to find a universal prediction model?. Interact Cardiovasc Thorac Surg. 2012,
15:825-32. 10.1093/icvts/ivs302

2022 Javaherforooshzadeh et al. Cureus 14(6): €26102. DOI 10.7759/cureus.26102

11 0of 11


https://dx.doi.org/10.1016/j.amjcard.2013.11.047
https://dx.doi.org/10.1183/13993003.01486-2016
https://dx.doi.org/10.1183/13993003.01486-2016
https://dx.doi.org/10.1097/ALN.0000000000000354
https://dx.doi.org/10.1097/ALN.0000000000000354
https://dx.doi.org/10.1378/chest.15-0903
https://dx.doi.org/10.1378/chest.15-0903
https://dx.doi.org/10.1111/jsr.12702
https://dx.doi.org/10.1111/jsr.12702
https://dx.doi.org/10.1016/j.jchf.2015.09.014
https://dx.doi.org/10.1016/j.jchf.2015.09.014
https://dx.doi.org/10.1378/chest.14-2152
https://dx.doi.org/10.1378/chest.14-2152
https://dx.doi.org/10.1007/s12630-009-9190-y
https://dx.doi.org/10.1007/s12630-009-9190-y
https://dx.doi.org/10.4172/2167-0277.1000282
https://dx.doi.org/10.4172/2167-0277.1000282
https://dx.doi.org/10.1053/j.jvca.2015.03.024
https://dx.doi.org/10.1053/j.jvca.2015.03.024
https://dx.doi.org/10.1016/j.sleep.2017.06.010
https://dx.doi.org/10.1016/j.sleep.2017.06.010
https://dx.doi.org/10.1016/j.hlc.2012.08.003
https://dx.doi.org/10.1016/j.hlc.2012.08.003
https://dx.doi.org/10.21037/atm.2017.04.16
https://dx.doi.org/10.21037/atm.2017.04.16
https://dx.doi.org/10.1016/j.jclinane.2019.01.011
https://dx.doi.org/10.1016/j.jclinane.2019.01.011
https://dx.doi.org/10.5664/jcsm.1784
https://dx.doi.org/10.5664/jcsm.1784
https://dx.doi.org/10.1378/chest.12-2905
https://dx.doi.org/10.1378/chest.12-2905
https://dx.doi.org/10.1016/j.athoracsur.2019.12.082
https://dx.doi.org/10.1016/j.athoracsur.2019.12.082
https://dx.doi.org/10.21037/jtd.2019.11.44
https://dx.doi.org/10.21037/jtd.2019.11.44
https://dx.doi.org/10.1186/s13054-014-0477-1
https://dx.doi.org/10.1186/s13054-014-0477-1
https://dx.doi.org/10.5664/jcsm.6298
https://dx.doi.org/10.5664/jcsm.6298
https://dx.doi.org/10.1093/icvts/ivs302
https://dx.doi.org/10.1093/icvts/ivs302

	Impact of Obstructive Sleep Apnea Diagnosed Using the STOP-Bang Questionnaire Scale on Postoperative Complications Following Major Cardiac Surgery: A Prospective Observational Cohort Study
	Abstract
	Purpose
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Statistical analysis

	Results
	Baseline characteristics of the groups
	TABLE 1: Baseline Characteristics of the Study Population
	TABLE 2: Angiographic and Echocardiographic Characteristics of the Study Population

	Intraoperative outcomes
	TABLE 3: Intraoperative Data of the Study Population

	Postoperative outcomes
	Respiratory Complications
	TABLE 4: Postoperative Outcomes of the Study Population

	Cardiac Complications
	Neurological Complications
	General Complications
	Predictors of postoperative complications
	TABLE 5: Predictors for Respiratory, Cardiac, and Neurological Complications, and ICU LoS

	Postoperative follow-up

	Discussion
	Limitations

	Conclusions
	Additional Information
	Disclosures

	References


