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Postoperative Outcomes in Obstructive Sleep Apnea
Patients Undergoing Cardiac Surgery: A Systematic
Review and Meta-Analysis of Comparative Studies

Mahesh Nagappa, MD,* George Ho, BSc,T Jayadeep Patra, PhD,t Jean Wong, FRCPC,t
Mandeep Singh, FRCPC,t Roop Kaw, MD,+§ Davy Cheng, FRCPC, | and Frances Chung, MD, FRCPC+t

BACKGROUND: Obstructive sleep apnea (OSA) is a common comorbidity in patients undergoing
cardiac surgery and may predispose patients to postoperative complications. The purpose of
this meta-analysis is to determine the evidence of postoperative complications associated with
OSA patients undergoing cardiac surgery.

METHODS: A literature search of Cochrane Database of Systematic Reviews, Medline, Medline
In-process, Web of Science, Scopus, EMBASE, Cochrane Central Register of Controlled Trials, and
CINAHL until October 2016 was performed. The search was constrained to studies in adult car-
diac surgical patients with diagnosed or suspected OSA. All included studies must report at least
1 postoperative complication. The primary outcome is major adverse cardiac or cerebrovascular
events (MACCEs) up to 30 days after surgery, which includes death from all-cause mortality, myo-
cardial infarction, myocardial injury, nonfatal cardiac arrest, revascularization process, pulmonary
embolism, deep venous thrombosis, newly documented postoperative atrial fibrillation (POAF),
stroke, and congestive heart failure. Secondary outcome is newly documented POAF. The other
exploratory outcomes include the following: (1) postoperative tracheal intubation and mechani-
cal ventilation; (2) infection and/or sepsis; (3) unplanned intensive care unit (ICU) admission;
and (4) duration of stay in hospital and ICU. Meta-analysis and meta-regression were conducted
using Cochrane Review Manager 5.3 (Cochrane, London, UK) and OpenBUGS v3.0, respectively.
RESULTS: Eleven comparative studies were included (n = 1801 patients; OSA versus non-OSA:
688 vs 1113, respectively). MACCEs were 33.3% higher odds in OSA versus non-OSA patients
(OSA versus non-OSA: 31% vs 10.6%; odds ratio [OR], 2.4; 95% confidence interval [Cl],
1.38-4.2; P =.002). The odds of newly documented POAF (OSA versus non-OSA: 31% vs 21%;
OR, 1.94; 95% Cl, 1.13-3.33; P = .02) was higher in OSA compared to non-OSA. Even though
the postoperative tracheal intubation and mechanical ventilation (OSA versus non-OSA: 13%
vs 5.4%; OR, 2.67; 95% ClI, 1.03-6.89; P = .04) were significantly higher in OSA patients, the
length of ICU stay and hospital stay were not significantly prolonged in patients with OSA com-
pared to non-OSA. The majority of OSA patients were not treated with continuous positive airway
pressure therapy. Meta-regression and sensitivity analysis of the subgroups did not impact the
OR of postoperative complications for OSA versus non-OSA groups.

CONCLUSIONS: Our meta-analysis demonstrates that after cardiac surgery, MACCEs and newly
documented POAF were 33.3% and 18.1% higher odds in OSA versus non-OSA patients, respec-
tively. (Anesth Analg 2017;XXX:00-00)

KEY POINTS

Question: To determine the evidence of postoperative complications associated with obstruc-
tive sleep apnea (OSA) patients undergoing cardiac surgery.

- Findings: Our meta-analysis demonstrates that after cardiac surgery, major adverse cardiac or
cerebrovascular events and newly documented postoperative atrial fibrillation were 33.3% and
18.1% higher odds in OSA versus non-OSA patients, respectively.

- Meaning: OSA is an important risk factor for the postoperative complications in patients
undergoing cardiac surgery. Further research on the optimal perioperative management of
cardiac surgical patients at high risk for OSA is needed.
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bstructive sleep apnea (OSA) is a common sleep dis-
Oordered breathing characterized by upper airway

collapse resulting in recurrent episodes of arousal
from sleep and intermittent hypoxemia. Its prevalence in
the adult population ranges from 9% to 25%.! In the car-
diac surgical population, prevalence of mild OSA (apnea—
hypopnea index [AHI] 25) and moderate-severe OSA (AHI
>15) is 74% and 48%, respectively.?

The association between OSA and the adverse postop-
erative outcomes has been well documented in patients
undergoing various types of elective surgeries.>® In car-
diac surgery, it is unclear whether patients with OSA are
at higher risk of adverse events compared to patients
without OSA. Several new studies reported positive asso-
ciation between OSA and increased postoperative complica-
tions.>*"1 However, varying methodologies and limitations
of data on the types of outcomes have impeded meaning-
ful conclusions in cardiac surgical patients. For example,
Foldvary-Schaefer et al*> found no significant association
between OSA and adverse postoperative outcomes, but
Kaw et al" reported that OSA was significantly associated
with a higher incidence of encephalopathy, postoperative
infection, and increased length of stay (LOS) in the intensive
care unit (ICU).

In view of the absence of randomized controlled studies
and inconsistencies in the postoperative outcomes reported
in recently published studies, we conducted a meta-analy-
sis of comparative studies to determine whether adult OSA
patients undergoing cardiac surgery are at increased risk for
postoperative complications versus non-OSA patients.

METHODS

This study was planned in accordance with the Meta-
analysis Of Observational Studies in Epidemiology guide-
line for observational studies.!

Literature Search Strategy

With the assistance of an expert librarian, an electronic
search was conducted to identify all studies in Medline
(1946 to October 2016), Medline In-process (up to March
2016), EMBASE (1946 to October 2016), Cochrane Central
Register of Controlled Trials (up to October 2016), Cochrane
Database of Systematic Reviews (2005 to October 2016),
PubMed-NOT-Medline (1945 to October 2016), Web of
Science (1900 to October 2016), Scopus (1960 to October
2016), and CINAHL (1983 to October 2016). The search
included the combination of the following MESH key
words: “cardiovascular diseases,” “cardiovascular surgi-

cal procedures,” “cardiac surgery,” “heart surgery,” “sleep
apnea syndromes,” “obstructive sleep apnea,” “sleep dis-
ordered breathing,” “intraoperative complications,” “post-

s s

odds ratio,” “cohort studies,”
risk,” and “treatment outcome.”

operative complications,
“morbidity,” “mortality,”

Study Selection Criteria

Our investigation was constrained to cohort-controlled
publications of adult (>18 years) patients with versus
without OSA undergoing cardiac surgery published in the
English language. Information must be available on at least
1 postoperative complication. OSA must be diagnosed by
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polysomnography (PSG) or screened as “high-risk OSA”
by screening questionnaire. Manuscripts without report on
control group (ie, patients without OSA) and published in a
non-English language were excluded.

Study Retrieval

Study titles and abstracts were evaluated to recognize
whether inclusion/exclusion criteria were met. Two investi-
gators (M.N. and G.H.) independently reviewed the search
results in a stepwise manner. Relevant studies were first
selected by title review of the search results. Abstracts of
the selected studies were screened to determine if the inclu-
sion/exclusion criteria were fulfilled. Then, the full text of
the selected manuscript was considered and pertinent infor-
mation was collected. The primary or the review articles
were collected to perform the manual citation search. Any
dissimilarities with article selection were solved by consult-
ing the senior author (F.C.).

Data Extraction

Two investigators (M.N. and G.H.) extracted data and com-
piled the results. Any discrepancies in data collection were
solved by consulting the senior author (F.C.). The following
data were gathered from individual studies: sample size of
OSA and non-OSA patients, method of diagnosing/screen-
ing for OSA, type of surgery, age, gender, body mass index,
preexisting medical conditions, and postoperative complica-
tions. We contacted individual authors via e-mail for further
study results including data on mean and standard deviation
where only medians and interquartile ranges were reported.

Outcome Definition

The primary outcome is major adverse cardiac or cerebro-
vascular events (MACCEs) up to 30 days after surgery,
which is the composite outcome of the following events:
death from all-cause mortality, myocardial infarction, myo-
cardial injury, nonfatal cardiac arrest, revascularization pro-
cess, pulmonary embolism, deep venous thrombosis, newly
documented postoperative atrial fibrillation (POAF), stroke,
and congestive heart failure® The secondary outcome is
newly documented POAF. The other exploratory outcomes
include the following: (1) postoperative tracheal intubation
and mechanical ventilation; (2) infection and/or sepsis;
(3) unplanned ICU admission; and (4) duration of stay in
hospital and ICU. Myocardial infarction was defined as evi-
dence of myocardial necrosis in a clinical setting consistent
with acute myocardial ischemia. Detection of an increase or
decrease of cardiac enzymes with at least 1 value above the
99th percentile upper reference limit and with at least one of
the following: ischemic symptoms; new ST-T wave changes
or new left bundle branch block; pathological Q waves;
new regional wall motion abnormality; and intracoronary
thrombus by angiography. Newly documented POAF was
defined as any patient developing atrial fibrillation after the
cardiac surgery and before the hospital discharge. Death
was defined as cumulative incidence of all-cause mortal-
ity. Tracheal intubation and mechanical ventilation were
defined as any patient who was placed on the ventilator or
positive airway pressure due to respiratory failure, hypoxia,
or pneumonia in the postoperative period.
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Study Quality Assessment

Two investigators (M.N. and G.H.) evaluated study qual-
ity in accordance with the Meta-analysis Of Observational
Studies in Epidemiology guidelines and Newcastle-Ottawa
scale.13 The key points of study quality reviewed included
the following: (1) a clear identification of the study popu-
lation; (2) a clear definition of the outcomes and outcome
assessment; (3) no selective loss of patients during follow-
up; and (4) important confounders and/or prognostic fac-
tors identified. Each point was evaluated using yes/no.
If one of these key points was not clearly mentioned in a
study, it was considered a no.

Statistical Analysis
Summary Measures. The measure of association for
postoperative outcomes was the weighted odds ratio (OR)
with 95% confidence interval (CI) for dichotomous outcomes
and the weighted mean difference (WMD) with 95% CI for
the continuous outcomes. The Mantel-Haenszel method
was used to combine dichotomous events, and the inverse
variance method was used to combine continuous events.
To address the multiplicity issues due to several outcomes in
our meta-analyses, we also performed sensitivity analyses
using small continuity corrections (Mantel-Haenszel),
mixed-effect logistic regression, and the Bayesian approach.
To measure whether stability in solutions was achieved
on the final-reported model, a false discovery rate on the
observed P values across all outcomes was also calculated as
a sensitivity analysis. The OR for the individual studies was
estimated and then pooled across studies using random-
effects modeling. The results were displayed as forest plots
using Review manager (RevMan, version 5.3.; Copenhagen,
Denmark). P < .05 was considered statistically significant.
Heterogeneity across studies was investigated for each
adverse event by calculating I°. Funnel plot was visualized
to rule out the publication bias, and Egger regression test
was done to confirm the absence of publication bias.
Meta-regression was performed to measure the impact of
study type, study quality, medical comorbidities, outcome
definitions, loss of patients to follow-up, and confirma-
tion of OSA on the effect size for composite postoperative

complications. OpenBUGS v3.0 was used for meta-regres-
sion analysis. (The protocol for conducting this review is
attached in Supplemental Digital Content 1, File S1, http://
links.lww.com/AA/C71.)

RESULTS

The initial search conceded 3426 citations. After inspect-
ing title and abstracts, 3391 titles were excluded due to not
meeting the preset inclusion criteria. Of the remaining 35
studies, 24 were excluded for various reasons. Figure 1 sum-
marizes our literature search strategy. Eleven studies with
a total of 1801 patients (688 OSA versus 1113 non-OSA)
were included in the final analysis.>¢#11418 Ejght studies
investigated patients undergoing coronary artery bypass
grafting, 64101418 and 3 studies investigated patients under-
going cardiac procedures including coronary artery bypass
grafting, valve replacements, and/or repairs.>*!! Table 1
describes the baseline characteristics of included studies,
and Supplemental Digital Content 2, File S2, http:/ /links.
Ilww.com/AA/C72 compares the baseline characteristics
between OSA and non-OSA patients. Supplemental Digital
Content 3, File S3, http:/ /links.Ilww.com/AA /C73 provides
the systematic review in tabular column.

Most studies included newly diagnosed or suspected
OSA patients by sleep studies or questionnaire (Table 2). In
total, 79% (607/771) were newly diagnosed and untreated
OSA patients. The use of preoperative continuous positive
airway pressure (CPAP) was usually not reported (Table 2).
Only 2 of 11 studies reported preoperative CPAP use in
34% and 63% of OSA patients, respectively.”!8 In all studies,
the use of the postoperative CPAP therapy was not men-
tioned. The quality of the included studies is summarized in
Supplemental Digital Content 4, File S4, http:/ /links.lww.
com/AA/C74 and Newcastle-Ottawa scale scoring system
in Supplemental Digital Content 5, File S5, http://links.
Ilww.com/AA/C75.

Primary Outcome

Supplemental Digital Content 6, File S6, http://links.Iww.
com/AA/C76 provides the details regarding the postopera-
tive complications extracted from each study for calculating

Figure 1. Flow diagram of search strategy used
for meta-analysis.
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the composite postoperative outcome (MACCEs). Figure 2A

X
§ < < 3 < o ® =% o ® = summarizes the results on the MACCEs. Overall, MACCEs
gz2 1200210 o § 33.3% higher odds in the OSA patients when com-

«~|8 pa) 3 © N I5¢) S were g ' p
E = A %’ pared to the non-OSA patients (OSA versus non-OSA: 31.1%
g § vs 10.6%; OR, 2.4; 95% CI, 1.38-4.2; P = .002; heterogeneity
= - 3 1> = 64%) (Figure 2A). The influential analysis found that
@ g e S - Toowi ¥| © Wong et al’ and Uchda et al® contributed the maximum het-
gdzz L= cheal ol © erogeneity to our meta-analysis. When these 2 studies were
Do N0 g removed and the summary estimate was recalculated, hetero-
e geneity decreased to 3% and final estimate decreased to 1.73
< é (95% CI, 1.23-2.42; P = .002) without affecting the final infer-
S b S KFE<3°<8% & 2 ence (not shown in the figure). The credibility of the results
25 - = =0 3 was further tested by excluding the POAF events in the com-
== g posite outcome (MACCEs) and recalculating the summary
é z estimate. The OR slightly decreased to 2.3 (95% CI, 1.114.75;
§ 238 RB=N83IF> 8 § P =.02) .and. heterogeneity decreased to 41%, v.vithout. alter-
© = ~ k| ing the final inference of our results (not shown in the figure).
% Funnel plot, Egger regression test (P = .95), and Beggs test
< . S, 9 © wl E (P = .69) did not indicate the presence of publication bias for
_ 2 HH HHSHAZS A+ o+ é the composite postoperative outcomes.
Glees 8 58 88 8| &
H £ Secondary Outcome
o doa o o The newly documented POAF was 18.1% higher odds in
2 «TC 99 docod © = the OSA patients versus the non-OSA patients (OSA versus
& & L a9 = 229 g § non-OSA: 31% vs 21%; OR, 1.94; 95% CI, 1.13-3.33; P = .02;
g heterogeneity I? = 45%) (Figure 2B). No evidence of publica-
@ tion bias was observed.
g &
) :
=[2 88 § ¥I8 § 83 E » e Exploratory Outcomes
E 2 8 The risk of postoperative tracheal intubation was signifi-
3 & cantly higherby7.6% in the OSA patients versus thenon-OSA
Y9 me reumoa®s> @@ § patients (OSA versus non-OSA: 13% vs 5.4%; OR, 2.67; 95%
gro oeeagseor= gl v CI, 1.03-6.89; P = .04; heterogeneity I = 59%) (Supplemental
g Digital Content 7, Figure, panel A, http://links.Ilww.com/
- c 2 AA/C77). Neither the funnel plot nor Egger test suggested
m 2 2 B publication bias. There were no significant differences in
s gt TE § the infection or sepsis (Supplemental Digital Content 7,
gpg % 5 o % £ -% s Figure, panel B, http://links.lww.com/AA/C77) and ICU
8° 558 SoogSe| B readmissions (Supplemental Digital Content 7, Figure,
e 2882222 F| ¢ panel C, http://links.lww.com/AA/C77). Both the ICU
< B LOS stay (WMD 0.48 day; 95% credible interval, 0.02-1.00;
o o o < P =.08; heterogeneity I> = 0%) and hospital LOS (WMD 0.56
5 g g g g :% o 8y day; 95% CI, -0.19 to 1.3; P = .14; heterogeneity > = 21%)

” 'g s 22 g2 © S g g were not significantly prolonged in patients with OSA ver-

2] 582 LS2L_°2R2E B sus non-OSA. In both outcomes of ICU and hospital LOS,

7 35 555388585 5|38 the heterogeneity was low without any publication bias

_.ah_:_ é g (Supplemental Digital Content 8, Figure 2, http://links.

§ g % 3 Iww.com/AA/C78).

B ":oo vooooooe o558 . .

3] §o5 £adadass a 2% Meta-regression Analysis

=3 c g The meta-regression analysis based on the various charac-

= B a teristics like study type, study quality, medical comorbidi-

‘3 o 2E ties, loss of patients to follow-up, and confirmation of OSA

£ g s 3 (PSG versus Berlin questionnaires) did not impact the OR

o 55 e of postoperative complications for OSA versus non-OSA

a .8 & 3 § ) S 3 groups (Table 3).

Bl 5° 3, 5%58°8% %95

™ % B o g?g §885.8 B2l Multiple-Effect Measures

< B § § B e g 23 < %0 § G5V Using multiple-effect measures for this meta-analysis did

= 8 =3 <03<2E53 N[I=Lw not reveal significant difference in pooled risk estimates
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Table 2. Diagnosis of OSA and Pre-/Postoperative CPAP Use in Patients With OSA

0SA
Screening OSA or Newly OSA Patients Patients on
and/or High-Risk dx OSA on Preoperative Postoperative
Study ID Diagnostic Tool OSA n Patients CPAP Use (n) CPAP Comments
Mooe et al*4 PSG 0SA 78 Yes NA NA
Bhama et al'® PSG, clinical OSA 20 No NA NA
documentation
Kaw et al** PSG 0SA 37 No Low adherence NA
Sharma'’ BQ High-risk OSA 81 Yes NA NA No patients with previously
dx OSA
Mungan et al'® BQ High-risk OSA 33 Yes NA NA
Amra et al® BQ High-risk OSA 25 Yes NA NA No patients with previously
dx OSA
van Oosten et al*® PSG, BQ Confirmed OSA 35 No 22 (63%)
High-risk OSA 97 Yes None NA
Foldvary-Schaefer et al>  PSG OSA 45 Yes None None Patients with OSA + CPAP
therapy or oral appliance
excluded
Uchoa et al® PSG OSA 37 Yes None None No patients with previously
dx OSA
Wong et al® PSG, clinical 0SA 72 No 32 (44%) NA
documentation
Zhao et al*® PAT device OSA 128 Yes None NA Patients with OSA + CPAP

Previously dx/Screened 0SA
Patients; n (%)

164 (24)

Total OSA Patients
688

OSA Patients on Preoperative

therapy excluded
OSA Patients on

CPAP; n (%) Postoperative CPAP

54 (7) None

Abbreviations: BQ, Berlin questionnaire; CPAR continuous positive airway pressure; dx, diagnosed; n, sample size; NA, not available; OSA, obstructive sleep apnea;

PAT, peripheral arterial tone; PSG, polysomnography; RC, retrospective cohort.

by outcomes. We have added the results of only Bayesian
approach into each forest plot for comparisons (data for
other methods were not shown) and used the most con-
servative pooled estimate for reporting in our analyses.
The corresponding corrected probabilities related to
false discovery rate did not change much across mul-
tiple outcomes (Figure 2; Supplemental Digital Content
7 and 8, Figure, http://links.lww.com/AA/C77, Figure,
http:/ /links.Iww.com/AA/C78). The rate of false-posi-
tives (type I error) among all tests with P values <.15 is
only 2.8%.

DISCUSSION

The association between OSA and postoperative complica-
tions has been established in various types of elective sur-
geries.’® In cardiac surgery, the evidence whether patients
with OSA are at increased risk for complications compared
to patients without OSA is inconsistent.>*1° Due to varying
methodologies and small sample size on outcomes, they
failed to provide the strong evidence to characterize the
OSA as an independent risk factor. To date, this is the first
meta-analysis comparing the incidence of postoperative
complications between OSA and non-OSA patients under-
going cardiac surgery. We found that MACCEs were 33.3%
higher odds in the OSA patients when compared to the
non-OSA patients. Moreover, OSA patients undergoing car-
diac surgery are nearly 2-fold higher to develop POAF (OR,
1.94). There was no significant difference in the number of
ICU readmissions, infection or sepsis, ICU LOS, and hos-
pital LOS. In the absence of randomized controlled studies
on this topic, the use of meta-regression analysis signifies
an excellent method to determine the best possible evidence
on this topic.

XXX 2017 o Volume XXX e Number XXX

Despite improved standard of care in anesthesia and sur-
gery, postoperative adverse events remain a important prob-
lem in OSA patients undergoing surgical procedures.>1%-22
Two meta-analyses on 13 and 17 studies, respectively,
found that adverse cardiopulmonary events were increased
by 2-3-fold in OSA patients after surgery versus non-OSA
patients.>* A recent systematic review of 61 studies report-
ing on 413,304 OSA and 8,556,279 control patients supported
the same results.’> These studies were mainly focused on
noncardiac surgical procedures. Recently, OSA was found
to be independently associated with postoperative major
adverse cardiac and cerebrovascular events after percuta-
neous coronary intervention.” There is a strong association
between OSA and atrial fibrillation in patients undergoing
various elective surgeries.”? In prospectively collected out-
comes of 190 patients with OSA (confirmed by PSG), after
cardiac surgery, POAF was associated with AHI in univari-
ate analysis but not after results were adjusted for obesity
and other confounders.* Our meta-analysis on 7 studies
found that OSA increased the risk of newly documented
POAF after cardiac surgery by nearly 2-fold (OR, 1.94), sup-
porting previous findings.?

In the literature, there are inconsistencies in the results
on the association between OSA and postoperative mor-
tality. D’Apuzzo and Browne? found that the risk of post-
operative in-hospital mortality increased by 2-fold in OSA
patients undergoing total hip and knee revision arthro-
plasty. Conversely, Mokhlesi et al** found that patients
with OSA undergoing elective orthopedic, abdominal, and
cardiovascular surgeries had a decreased risk of in-hospi-
tal mortality. The study results may differ depending on
whether patients at high risk for OSA were recognized, and
subsequent monitoring or CPAP therapy was implemented.

www.anesthesia-analgesia.org 5
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A Major Adverse Cardiac or Cerebrovascular Events (MACCE)

0SA Non-0SA Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Mooe et al. 1996 25 78 7 39 11.2% 2.16 [0.84, 5.55] 1996 N

Kaw et al. 2006 1 37 4 185 4.6% 1.26 [0.14, 11.58] 2006

Bhama et al. 2006 0 20 4 65 2.9% 0.33 [0.02, 6.46) 2006 *

Sharma etal. 2012 23 81 14 40 12.3% 0.74 [0.33, 1.65] 2012 .

Mungan et al. 2013 19 33 13 40 11.1% 2.82 [1.08, 7.33] 2013 e

Amra et al. 2014 2 25 2 36 5.2% 1.48 [0.19, 11.26] 2014

Van Qosten et al. 2014 60 132 43 145 14.6% 1.98 [1.21, 3.24] 2014 —

Wong et al. 2015 13 72 18 473 12.6% 5.57 [2.60, 11.95] 2015 —_—

Foldvary-Schaefer et al. 2015 6 45 3 28 7.7% 1.28 [0.29, 5.60] 2015 O

Zhao et al. 2015 33 128 3 32 9.0% 3.36 [0.96, 11.75] 2015 |

Uchoa et al. 2015 32 37 7 30 8.9% 21.03 [5.93, 74.62] 2015 —_—

Total (95% CI) 688 1113 100.0% 2.41 [1.38, 4.20] -’

Total events 214 118

Heterogeneity: Tau® = 0.49; Chi* = 28.10, df = 10 (P = 0.002); I = 64% t t t t

Test for overall effect: Z = 3.09 (P = 0.002) ¢0z 01 ! W a
Low-risk High-risk

Bayesian Random-Effects, 95% Credible Interval: 2.49 [1.26 to 4.38]

Predictive Interval: 2.41 [0.43 to 13.3]

Corrected probability related to false discovery rate 0.014

B Newly Documented Postoperative Atrial Fibrillation (POAF)
0SA Non-0SA Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Mooe et al. 1996 25 78 7 39 17.0% 2.16 [0.84, 5.55] 1996 T~

Sharma et al. 2012 13 81 10 40 17.3% 0.57 [0.23, 1.45] 2012 —

Mungan et al. 2013 19 33 13 40 16.8% 2.82 [1.08, 7.33] 2013 —

Van Oosten et al. 2014 60 132 43 145 27.4% 1.98 [1.21, 3.24] 2014 ——

Amra et al. 2014 2 25 2 36 5.9% 1.48 [0.19, 11.26] 2014

Uchoa et al. 2015 10 37 0 30 3.2% 23.29(1.30, 416.35] 2015 —_—

Zhao et al. 2015 32 128 3 32 12.2% 3.22[0.92, 11.29] 2015 =

Total (95% CI) 514 362 100.0% 1.94 [1.13, 3.33] P

Total events 161 78

Heterogeneity: Tau® = 0.21; Chi* = 10.91, df = 6 (P = 0.09); I = 45% } t t t

Test for overall effect: Z = 2.40 (P = 0.02) b0z 01 ! 10 0
Low-risk High-risk

Bayesian Random-Effects, 95% Credible Interval: 1.98 [1.14 to 3.29]
Predictive Interval: 1.94 [0.49 to 7.67]
Corrected probability related to false discovery rate <0.047

Figure 2. Meta-analysis of composite postoperative events (MACCESs) (A) and newly documented POAF (B) between OSA and non-OSA patients
undergoing cardiac surgery. The odds ratio of each included study is plotted. A pooled estimate of overall odds ratio (diamonds) and 95% Cls
(width of diamonds) summarizes the effect size using the random-effects model. Cl indicates confidence interval; df, degrees of freedom;
MACCEs, major adverse cardiac or cerebrovascular events; M-H, Mantel-Haenszel; OSA, obstructive sleep apnea; POAF, postoperative atrial
fibrillation.

Table 3. Meta-regression and Sensitivity Analysis of Subgroups for OSA and Postoperative Composite

Outcomes

Study Characteristics
(No. of Studies)

Prospective (9)2©:810.14-18
Retrospective (2)°1*
PSG (5)281011.14
Berlin questionnaire (3)16:17
Good (5)810.14.17.18
Poor-moderate (6)6:°11.15.16
Yes (1)Y7
No (10)26.8-11,14-16,18
Yes (5)8-1017.18
No (6)26:11.1416

Measure or Outcome
Study type

Confirmation of OSA
Quality of study
Loss of patients

due to follow-up
Medical comorbidities

Point Estimate
(95% Crl)
2.19 (1.14-4.14)
4.41 (0.18-41.88)
3. 27 (1.19-9.01)
4 (0.53-3.71)
2. 57 (0.74-10.62)
2.91 (1.21-5.87)
0.74 (0.33-1.65)
2.88 (1.70-4.89)
3.29 (1.29-8.40)
1.93 (1.11-3.36)

12
64%
36%
65%
55%
80%
31%

53%
84%
0%

Meta-regression

Coefficient (SE) P value
-0.51 (-2.35 to 1.34) .548
-0.84 (-2.32 to 0.63) .264

0.24 (-1.23 to 1.70) 724
-1.36 (-3.17 to 0.45) 1123
0.66 (—0.52 to 1.84) 274

Study quality scores were obtained from the Ottawa—Newcastle quality checking. Study was considered good when assigned score was =8 of 9. P values are

based on random-effects model.

Abbreviations: Crl, credible interval; OSA, obstructive sleep apnea; PSG, polysomnography.
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The ICU LOS for OSA patients was not significantly (mean
difference, 0.48) longer than non-OSA patients. Nearly half
a day longer, ICU LOS for OSA patients suggests that OSA
patients may require greater ventilatory support and longer
monitoring. OSA patients might have a longer intubation
time than non-OSA patients, prolonging the ICU LOS.>615
Prolonged ICU stay leads to higher health care costs and
greater consumption of limited resources.” Similarly, the
length of hospital LOS was not significantly prolonged in OSA
patients compared to non-OSA patients. The variations in the
hospital LOS in the individual studies may be due to vary-
ing discharge criteria across different hospitals and changing
practice principles with time as well as possible cohort bias.

The high prevalence but low recognition of OSA among
patients presenting for cardiovascular surgery may put
patients at increased risk of postoperative complications.?>?
PSG is the gold standard for diagnosing OSA, but it is time
consuming, labor intensive, and costly. The Society of
Anesthesia and Sleep Medicine has recommended the use
of a screening tool to identify OSA in the surgical patients
in the preoperative period.?” The STOP-Bang questionnaire,
a validated screening tool for OSA, can be incorporated
into preoperative clinical practice to risk-stratify surgical
patients.®® The process may mitigate postoperative compli-
cations using postoperative monitoring and CPAP therapy.

The majority of OSA patients in our meta-analysis were
untreated before surgery given that 79% (607/771) of the
OSA patients were newly diagnosed or screened as high risk
“at the beginning of the studies.” Only 7% (54/771) of the
OSA patients were on preoperative CPAP. None of the OSA
patients were reported to be on postoperative CPAP. The
high percentage of newly diagnosed OSA patients strength-
ens the evidence that OSA is highly prevalent in the cardiac
surgical population but largely remains unrecognized. It
raises the question whether the perioperative management
of these newly diagnosed OSA patients is adequate in view
of the increased risk of postoperative complications.

CPAP therapy is the most effective therapy for OSA,
and perioperative CPAP use may optimize the condition
of surgical patients with OSA3! A recent meta-analysis
found that the AHI was reduced by 25 events/h and LOS
was 0.4 days less in treated OSA patients versus untreated
OSA patients.®> The benefits of CPAP therapy in surgical
patients were supported by 2 recent publications.®** In a
retrospective-matched cohort analysis of postoperative out-
comes in diagnosed versus undiagnosed OSA undergoing
various surgeries, surgical patients with diagnosed OSA
and a CPAP prescription had >50% decreased risk of cardio-
vascular complications (cardiac arrests and shock) versus
patients with undiagnosed OSA.* In another cohort study
of adult patients undergoing vascular and general surger-
ies, patients with untreated OSA were at an increased risk of
cardiopulmonary complications versus OSA patients with
CPAP therapy.3* Further work is needed in this area.

Most of the outcomes showed low-to-moderate hetero-
geneity across the studies, providing high credence to the
robustness of the results. Furthermore, the study quality
assessment, subgroup analysis, and meta-regression failed
to show significant changes in the results, supporting the
stability of the results.

XXX 2017 o Volume XXX e Number XXX

There are some limitations to the findings of this meta-
analysis due to the absence of randomized controlled trials.
The criteria in which patients are categorized as patients
with known or suspected OSA varies widely ranging from
sleep studies (PSG, portable polygraph)**11* sleep ques-
tionnaires,®'*'® and clinical documentation.”!®> The cutoff
value of AHI >5 is used in most studies with the exception
of 2 using an AHI cutoff >15.>8 Variation also exists between
studies on reporting of various comorbidities and definition
of postoperative outcomes. Several of these comorbidities that
are associated with postoperative complications after cardiac
surgery were not fully controlled as confounders. Selection
bias and treatment bias, inherent to the observational stud-
ies, may exist. Our meta-analysis may be underpowered for
some of the postoperative outcomes, increasing the chances
of the type II error. Many of these limitations, multiplicity of
the data, and other unknown confounding factors may have
introduced some bias in the mean estimate and its dispersion.

In conclusion, our meta-analysis demonstrates that after
cardiac surgery, MACCEs and newly documented POAF
were 33.3% and 18.1% higher odds in OSA versus non-OSA
patients, respectively. Further research on the optimal peri-
operative management of cardiac surgical patients at high
risk for OSA is needed. 53
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