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IMPORTANCE Unrecognized obstructive sleep apnea increases cardiovascular risks in the
general population, but whether obstructive sleep apnea poses a similar risk in the
perioperative period remains uncertain.

OBJECTIVES To determine the association between obstructive sleep apnea and 30-day risk
of cardiovascular complications after major noncardiac surgery.

DESIGN, SETTING, AND PARTICIPANTS Prospective cohort study involving adult at-risk patients

without prior diagnosis of sleep apnea and undergoing major noncardiac surgery from

8 hospitals in 5 countries between January 2012 and July 2017, with follow-up until August
2017. Postoperative monitoring included nocturnal pulse oximetry and measurement of
cardiac troponin concentrations.

EXPOSURES Obstructive sleep apnea was classified as mild (respiratory event index [REI]

5-14.9 events/h), moderate (REI 15-30), and severe (REI >30), based on preoperative portable

sleep monitoring.

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of myocardial injury,
cardiac death, heart failure, thromboembolism, atrial fibrillation, and stroke within 30 days of

surgery. Proportional-hazards analysis was used to determine the association between
obstructive sleep apnea and postoperative cardiovascular complications.

RESULTS Among a total of 1364 patients recruited for the study, 1218 patients (mean age, 67

[SD, 9] years; 40.2% women) were included in the analyses. At 30 days after surgery, rates of

the primary outcome were 30.1% (41/136) for patients with severe OSA, 22.1% (52/235) for

patients with moderate OSA, 19.0% (86/452) for patients with mild OSA, and 14.2% (56/395)

for patients with no OSA. OSA was associated with higher risk for the primary outcome
(adjusted hazard ratio [HR], 1.49 [95% Cl, 1.19-2.01]; P = .01); however, the association was
significant only among patients with severe OSA (adjusted HR, 2.23 [95% Cl, 1.49-3.34];

P =.001) and not among those with moderate OSA (adjusted HR, 1.47 [95% Cl, 0.98-2.09];
P =.07) or mild OSA (adjusted HR, 1.36 [95% Cl, 0.97-1.91]; P = .08) (P = .01 for interaction).

The mean cumulative duration of oxyhemoglobin desaturation less than 80% during the first

3 postoperative nights in patients with cardiovascular complications (23.1[95% Cl, 15.5-27.71
minutes) was longer than in those without (10.2 [95% Cl, 7.8-10.9] minutes) (P < .001).

No significant interaction effects on perioperative outcomes were observed with type of
anesthesia, use of postoperative opioids, and supplemental oxygen therapy.

CONCLUSIONS AND RELEVANCE Among at-risk adults undergoing major noncardiac surgery,

unrecognized severe obstructive sleep apnea was significantly associated with increased risk

of 30-day postoperative cardiovascular complications. Further research would be needed
to assess whether interventions can modify this risk.
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Association Between Unrecognized OSA and Cardiovascular Events After Major Noncardiac Surgery

bstructive sleep apnea (OSA) is the most common type

of sleep-disordered breathing and is characterized by

cyclical alterations between pharyngeal collapse and
arousals during sleep.! Consequently, there are recurrent epi-
sodes of nocturnal hypoxemia, hypercapnia, endothelial dys-
function, hypercoagulability, and sympathetic overactivity.?
In the general population, OSA is associated with higher risk
of cardiovascular complications? such as hypertension,* myo-
cardial ischemia, heart failure,” arrhythmias, stroke,® and sud-
den cardiac death.”

General anesthetics, sedatives, and postoperative analge-
sics are potent respiratory depressants that relax the upper
airway dilator muscles and impair ventilatory response to
hypoxemia and hypercapnia.! Each of these events exacer-
bates OSA and may predispose patients to postoperative
cardiovascular complications. In this respect, perioperative
mismanagement of OSA has led to serious medicolegal
consequences.® However, recent analyses of large database
repositories showed conflicting results. Depending on the
selected end points, OSA was associated with worse, 14
equivocal,'?21> or better outcome!°!! after surgery. Uncer-
tainty remains whether unrecognized OSA adversely affects
postoperative outcomes.

Based on preoperative overnight sleep studies, the Post-
operative Vascular Complications in Unrecognized OSA
(POSA) study was designed to determine the association
between OSA and a composite of cardiac death, myocardial
injury, heart failure, thromboembolism, atrial fibrillation,
and stroke within 30 days of noncardiac surgery.

Methods

Study Design and Participants
This was a multicenter, prospective cohort study of patients
undergoing major noncardiac surgery. Ethics approval was
obtained for all participating centers, and all patients pro-
vided written informed consent. We reported the trial objec-
tives, design, and methods previously.'®

We recruited patients who were 45 years or older and
undergoing major noncardiac surgery (intraperitoneal, major
orthopedic, or vascular). Patients were eligible for the study
if they had 1 or more risk factors for postoperative cardiovas-
cular events (ie, history of coronary artery disease, heart fail-
ure, stroke or transient ischemic attack, diabetes requiring
treatment, and renal impairment with preoperative plasma
creatinine concentration >1.98 mg/dL [175 pmol/L]). We
excluded patients with prior diagnosis of obstructive sleep
apnea or undergoing corrective surgery for OSA (eg, tonsillec-
tomy, uvulopalatopharyngoplasty, tracheostomy), or antici-
pated to require prolonged (>2 days) mechanical lung ventila-
tion after surgery.

Procedures

Patients underwent a preoperative overnight sleep study using
a type 3 portable sleep monitoring device (ApneaLink Plus;
ResMed)."” Sleep studies were performed either at home within
the preceding month (34.1%) or in the surgical ward on the night
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Key Points

Question What is the relationship between unrecognized
obstructive sleep apnea (OSA) and 30-day cardiovascular
complications after major noncardiac surgery?

Findings In this prospective cohort study that included 1218
at-risk patients undergoing major noncardiac surgery, the rate of

a composite outcome of postoperative cardiovascular events
(myocardial injury, cardiac death, congestive heart failure,
thromboembolism, atrial fibrillation, and stroke) among those with
OSA vs no OSA was 21.7% vs 14.2%, a difference that was
statistically significant. However, the difference was significant
only for the subgroup with severe OSA.

Meaning Among patients undergoing major noncardiac surgery,
severe OSA was significantly associated with 30-day
cardiovascular complications.

before surgery (65.9%). In addition, we used a high-resolution
pulse oximeter wristwatch (PULSOX-300i; Konica Minolta
Sensing Inc) to monitor oxyhemoglobin saturation. Monitors
were applied to the patients by experienced research staff at bed-
time and were collected the following morning. Recordings were
transferred to the coordinating center for subsequent analysis.
We scored the sleep-associated apnea and hypopnea events ac-
cording to American Academy of Sleep Medicine criteria
(eAppendix 1in the Supplement).!® Respiratory event index (REI)
was calculated as the number of these events per hour of re-
cording. Mild OSA was diagnosed when REI was 5 to 14.9, mod-
erate OSA when REI was 15 to 30, and severe OSA when REI was
greater than 30.'%1° Based on the pulse oximetry signals
obtained from the wristwatch, we also calculated the oxygen
desaturation index (ODI) as the number of events (duration
>10 seconds) per hour when there was a decrease in oxyhemo-
globin saturation of 4% or more from baseline.?°

Before surgery, research staff interviewed all patients to
record their baseline characteristics and risk factors for post-
operative cardiovascular complications. Patients also indi-
cated their race and ethnicity from a list of fixed categories,
so that differences in OSA by race or ethnicity could be deter-
mined. In addition, we assessed patients’ risk for OSA using
the STOP-Bang (Snoring, Tiredness, Observed Apnea, High
Blood Pressure, Body Mass Index, Age, Neck Circumference,
and Gender) screening tool (scores range from 0-8, with a
score of 0-2 indicating low risk; 3-4, moderate risk; and 5-8,
high risk).!

Patients, the attending surgical team, and research staff
who collected the outcome data were blinded to the results of
the sleep study, STOP-Bang questionnaire scores, and oxim-
etry recordings until 30 days after surgery. After this time, we
referred patients with abnormal sleep study findings to their
local sleep clinic for further management of care.

Follow-up

All types of anesthetic techniques were permitted, and sur-
gery was performed according to routine standard of care at
each site. After surgery, electrocardiograms and venous blood
samples (for measuring plasma cardiac troponin concentra-
tions) were collected at 6 to 12 hours and then daily during the
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first 3 days after surgery. Additional echocardiograms and lung
scans were performed, if clinically indicated, to ascertain the
diagnosis of cardiac complications. During the first 3 postop-
erative nights, we recorded oxyhemoglobin saturation using
the PULSOX-300i device. All patients were followed up regu-
larly up to 30 days after surgery. Patients discharged home were
contacted by telephone. The interview was conducted in a
structured fashion. If patients or their relatives indicated that
an event had occurred, we contacted the attending physi-
cians or hospitals to obtain documentation.

Outcomes

The primary outcome was a composite of myocardial injury,
cardiac death, congestive heart failure, thromboembolism, new
atrial fibrillation, and stroke within 30 days of surgery. The pre-
specified secondary outcomes were unplanned tracheal intu-
bation or postoperative lung ventilation, readmission to the
intensive care unit (ICU), and infections. Details regarding the
outcome definitions are listed in eAppendix 2 in the Supple-
ment. All outcome events were evaluated by adjudicators
blinded to the results of the sleep study.

Statistical Analysis

We estimated that a sample size of 1200 patients was
required to ensure a stable regression model with an antici-
pated primary event rate of 4%.1° Crude comparisons among
patients with varying severity of OSA was performed using
analysis of variance, Kruskal-Wallis test, or x? test, as appro-
priate. We used Cox proportional-hazards models to deter-
mine the association between outcome events and OSA,
except for unplanned tracheal intubation or postoperative
lung ventilation and readmission to the ICU, for which we
used logistic-regression analysis. The independent variables
consisted of severity of OSA (severe, moderate, mild, or no
disease) and factors previously shown to adversely affect
outcomes.?*?? These included age, history of coronary artery
disease, congestive heart failure, stroke or transient ischemic
attack, diabetes mellitus, chronic renal impairment, periph-
eral vascular disease, chronic obstructive pulmonary disease,
abdominal or vascular surgery, and surgery for cancer. In
addition, we included baseline variables that were unbal-
anced in patients with different severity of OSA—ethnicity,
history of hypertension, and preoperative use of B-blockers.
The proportionality assumption was evaluated by Schoenfeld
residuals test. Collinearity was assessed by variance inflation
factor, with a cutoff threshold of 10.24 We also undertook
a random-effects (frailty) Cox model to account for possible
site-clustering effect.?® The adjusted hazard ratios (HRs)
for different severity of OSA were compared among groups
using X2 test.

We used a general linear model to determine the associa-
tion between nocturnal hypoxia and the primary outcome. In
this model, severity of postoperative hypoxia was expressed
as ODI. Other covariates included in the model were risk fac-
tors for the primary outcome as described above. We re-
peated the analysis to determine the association between the
primary outcome and other measures of nocturnal hypoxia,
including the lowest oxyhemoglobin saturation and the du-
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ration of oxyhemoglobin desaturation less than 80% and less
than 90% recorded.

We also analyzed the primary outcome in prespecified sub-
groups of patients with the following characteristics: general
or regional anesthesia, volatile-based anesthesia or propofol
infusion, the number of postoperative nights with supplemen-
tal oxygen therapy, receiving (or not receiving) opioids after
surgery, using (or not using) patient-controlled analgesia, and
whether the surgery was considered minimally invasive. Sub-
group analyses were performed using Cox models with the ad-
dition of corresponding interaction terms.

To better understand the basis of adverse outcomes, we
performed post hoc analyses by repeating the Cox models
using individual components of the primary outcome as the
dependent variable. In addition, we conducted a sensitivity
analysis to determine the validity of myocardial injury as an
outcome measure. In this analysis, myocardial injury in the
composite primary outcome was replaced by myocardial
infarction according to the universal definition.?® A post hoc
comparison of the length of hospital stay in patients with dif-
ferent severity of OSA was also performed using log-rank
test. In-hospital deaths were assigned with the longest length
of stay.

For the association between outcomes and preoperative risk
assessment for OSA based on the STOP-Bang screening tool, we
repeated the primary analysis by stratifying patients as low-,
intermediate-, and high-risk. We planned to conduct multiple
imputations if there were more than 5% missing data on the out-
comes or baseline variables included in the regression models.
There was no adjustment for multiple comparisons; therefore,
the results of the secondary analyses, subgroup analyses, and
other analyses should be interpreted as exploratory.

All tests were 2-sided, and P<.05 was designated as sta-
tistically significant. Analyses were performed using Stata Re-
lease 13 (StataCorp) and R version 3.5.2 (R Project for Statisti-
cal Computing).

.|
Results

A total of 1364 patients were recruited from 8 hospitals in 5
countries between January 2012 and July 2017. We excluded
78 patients because sleep recordings (<4 hours) were unsatis-
factory for analysis. Another 68 patients were excluded
because surgery was canceled and could not be rescheduled
within the subsequent month. Overall, 1218 patients who
completed a preoperative sleep study and had undergone
major noncardiac surgery were included in the current analy-
ses (Figure 1). Among these patients, 67.6% had unrecog-
nized OSA (REI 25), 30.5% had at least moderate OSA (REI
>15), and 11.2% had severe OSA (REI >30). Details of preop-
erative sleep studies are reported in eTable 1 in the Supple-
ment. All patients completed 30 days follow-up; no imputa-
tion of data was performed.

Table 1 summarizes patient characteristics, type of sur-
gery, preoperative medications, and results of preoperative
sleep studies. A total of 59.8% patients had at least 2 risk factors
for cardiac disease. The most commonly performed surgical
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Figure 1. Screening, Enrollment, and Assessment of Study Participants

1639 Patients fulfilled eligibility criteria

275 Excluded
144 Did not provide consent
28 Surgical team did not allow
participation
96 Research staff not available
10 Other reason?

1364 Provided consent and underwent
preoperative sleep study

146 Excluded
65 Sleep study monitor failure
13 Sleep study duration <4 h
68 Surgery canceled

‘ 1218 Underwent surgery after sleep study ‘

! ! !

l OSA indicates obstructive sleep apnea.

‘ 136 Severe OSA ‘ ‘ 235 Moderate OSA ‘ ‘ 452 Mild OSA

‘ ‘ =B o ‘ 2 Include family refusal (n = 4) and

enrollment in another study (n = 6).

procedures were intraperitoneal (35.0%) or major orthopedic
(29.9%), 42.1% of procedures were performed for cancer, and
28.3% were performed using a minimally invasive approach.
Patients with OSA had a higher mean age and higher mean body
mass index, and 63.7% were men. These patients had a higher
rate of hypertension (85.9%), and 37.3% were taking (3-block-
ers before surgery. The details of anesthetic administration and
use of postoperative analgesia are presented in eTable 2 and
eTable 3, respectively, in the Supplement. Perioperative an-
esthetic management was not different between groups. At
least 1 postoperative measurement of cardiac troponin con-
centration was obtained for 95.8% of patients (eTable 4 in the
Supplement).

Outcomes

The primary outcome occurred in 235 patients (19.3%)
within 30 days of surgery. Among these patients, 17 (1.4%)
died of cardiac cause; 205 (16.8%) had myocardial injury; 21
(1.7%) had congestive heart failure; 30 (2.5%) had atrial
fibrillation; 10 (0.8%) had thromboembolism; and 5 (0.4%)
had stroke. In patients with myocardial injury, 67 (5.5%) had
ischemic symptoms, changes in electrocardiogram or car-
diac imaging, and fulfilled the diagnosis of myocardial
infarction.?® Age, renal impairment, peripheral vascular dis-
ease, and OSA were independent risk factors for postopera-
tive cardiovascular events (eTable 5 in the Supplement).
There was no collinearity between variables. The Cox mod-
els showed no interaction between severity of OSA and age
(P = .06 for interaction), preexisting renal impairment
(P = .07 for interaction), and history of peripheral vascular
disease (P = .56 for interaction).

At 30 days after surgery, rates of the primary outcome
were 30.1% (41/136) for patients with severe OSA, 22.1%
(52/235) for patients with moderate OSA, 19.0% (86/452)
for patients with mild OSA, and 14.2% (56/395) for patients

jama.com

with no OSA (Figure 2). Compared with the reference group
(patients without OSA), OSA was associated with higher risk
for the primary outcome (adjusted HR, 1.49 [95% CI, 1.19-
2.01]; P = .01). However, the association was only significant
among patients with severe OSA (adjusted HR, 2.23 [95% CI,
1.49-3.34]; P = .001) and not among those with moderate
OSA (adjusted HR, 1.47 [95% CI, 0.98-2.09]; P = .07) or mild
OSA (adjusted HR, 1.36 [95% CI, 0.97-1.91]; P = .08) (P = .01
for interaction). There was no evidence for nonproportion-
ality of hazards (P = .22) or site clustering (eTable 6 in the
Supplement).

In the post hoc analyses, severe OSA was also associated
with cardiac death (adjusted HR, 13.66 [95% CI, 1.63-114.19]),
myocardial injury (adjusted HR, 1.80 [95% CI, 1.17-2.77]),
congestive heart failure (adjusted HR, 6.55 [95% CI, 1.71-
25.06]), and atrial fibrillation (adjusted HR, 3.96 [95% CI,
1.24-12.60]) (Table 2). In a sensitivity analysis that replaced
myocardial injury with myocardial infarction in the primary
outcome, severe OSA remained independently associated
with postoperative cardiovascular complications (eTable 7
and eFigure 1 in the Supplement). OSA was also associated
with infective outcomes, unplanned tracheal intubation, or
postoperative lung ventilation and readmission to the ICU
(Table 2). The association between OSA and postoperative
cardiovascular events was similar across all subgroups of
patients (P > .14 for interaction) (Figure 3). The associations
in subgroup analysis were unchanged with varying severity
of OSA (eFigures 2-4 in the Supplement). The median length
of hospital stay in all patients was 5 days (interquartile range,
4-8) and was similar between different severities of OSA
(P = .08 by log-rank test) (eFigure 5 in the Supplement).

STOP-Bang Score and Outcomes
Based on the preoperative STOP-Bang risk score question-
naire, 317 patients (26.3%) were rated as at high risk for OSA,
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Table 1. Characteristics: Patients, Surgery, Preoperative Medications, and Preoperative Sleep Study Findings

No. (%)
Characteristic Severe OSA Moderate OSA Mild OSA No OSA P Value®
No. of patients 136 (11.2) 235(19.3) 452 (37.1) 395 (32.4)
Age, mean (SD), y 68 (9) 68 (9) 68 (9) 66 (9)
45-64 39(28.7) 73 (31.1) 159 (35.2) 162 (41.0)
65-74 61(44.9) 110 (46.8) 181 (40.0) 161 (40.8) .004
275 36 (26.5) 52(22.1) 112 (24.8) 72(18.2)
Sex
Men 107 (78.7) 155 (66.0) 262 (58.0) 204 (51.6)
<.001
Women 29 (21.3) 80 (34.0) 190 (42.0) 191 (48.4)
Race/ethnicity
Chinese 68 (50.0) 108 (46.0) 254 (56.2) 236 (59.7)
Malay 27(19.9) 55 (23.4) 51(11.3) 62 (15.7)
White 23(16.9) 40 (17.0) 74 (16.4) 46 (11.6) .002
Indian 17 (12.5) 29(12.3) 70(15.5) 45 (11.4)
Other® 1(0.7) 3(1.3) 3(0.7) 6(1.5)
Risk factors for postoperative
cardiovascular event
Hypertension 128 (94.1) 210(89.4) 369 (81.6) 330(83.5) .001
Coronary artery disease 44 (32.4) 74 (31.5) 124 (27.4) 89(22.5) .04
Diabetes receiving insulin treatment 22(16.2) 36(15.3) 66 (14.6) 73(18.5) .84
Stroke or transient ischemic attack 23(16.9) 38(16.2) 62 (13.7) 54 (13.7) .66
Current smoker 23(16.9) 23(9.8) 45 (10.0) 46 (11.6) .14
Peripheral vascular disease 18(13.2) 30(12.8) 44 (9.7) 35(8.9) .29
Preoperative creatinine concentration 11(8.1) 16 (6.8) 19(4.2) 25(6.3) .26
>1.98 mg/dL (175 pmol/L)
Congestive heart failure 6(4.4) 15 (6.4) 15 (3.3) 24 (6.1) .19
COPD 9(6.6) 15 (6.4) 17 (3.8) 19(4.8) .36
Anthropometric measures, mean (SD) .
. o Abbreviations: ACE,
Body mass index 31.0(20.1) 27.5(5.8) 26.5(4.8) 25.2 (4.9) <.001 angiotensin-converting enzyme;
Neck circumference, cm 41 (3) 39 (4) 39(3) 37 (3) <.001 ARB, angiotensin Il receptor blocker;
Waist circumference, cm 99 (12) 93 (15 92 (11) 90 (12) <.001 COPD, chronic obstructive pulmonary
disease; IQR, interquartile range;
Surgery OSA, obstructive sleep apnea;
Major noncardiac STOP-Bang, Snoring, Tiredness,
Intraperitoneal 342500  70(29.8) 157 (34.7)  166(42.0) Observed Apnea. High Blood
- Pressure, Body Mass Index, Age,
Orthopedic 45(33.1)  70(29.8) 148(27)  100@256) Neck Circumference, Gender.
Vascular 25(18.4) 49 (20.9) 51(11.3)  42(10.6) > For tests to determine imbalance
Other® 32(23.5) 46 (19.6) 96 (21.2) 86 (21.8) among groups; continuous variables
Cancer 52(382)  81(34.6) 187 (41.4)  192(486)  .004 were compared using analysis
of variance, and categorical
Minimally invasive? 37(27.2) 47 (20.0) 140(31.0) 121(30.6) .01 variables were compared using
Preoperative Medications Pearson 2 test.
Statin 106 (77.9) 164 (69.8) 320 (452) 264(66.8) .11 ®Included black and Arab.
ACE inhibitor or ARB 74(54.4) 132 (56.2) 237(52.4)  202(51.1) .65 ¢ Included major urologic surgery,
B-Blocker 57 (41.9) 101 (43.0) 149(33.0) 108(27.3)  <.001 :ﬁgr:em'a repair, and spine
Aspirin 31(22.8) 69 (29.4) 110(24.3) 99 (25.1) .46 dDetermined by attending surgeon.
Clopidogrel 7(G.1) 6(2.6) 28(6.2) 14(3.5) 11 © Calculated as weight in kilograms
Preoperative Sleep Studies divided by height in meters squared.
Site of measurement f Number of apnea and hypopnea
Home 47(346)  82(34.9) 167(36.9)  119(30.1) events per hour of recording.
21
Hospital 89 (65.4) 153 (65.1) 285(63.1)  276(69.9) #Number of events per hour of
- oximetry recording in which
Results, median (IQR) oxyhemoglobin saturation
Respiratory event index, events/h 40 (35-52) 20 (17-24) 8 (6-10) 2(1-3) <.001 decreased by 4% or more from
Oxygen desaturation index, events/h® 37 (30-44) 20 (16-25) 9(7-12) 3(2-5) <.001 baseline for 10 or more seconds.
" A risk score for OSA (range
- h - - - - '
STOP-Bang score 5(4-6) 4 (3-5) 3(3-4) 3(2-4) <.001 0 llow risk] to 8 [high riskl).
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Figure 2. Kaplan-Meier Estimates of the Primary Composite Outcome (Death, Myocardial Injury,
Congestive Heart Failure, Thromboembolism, New Atrial Fibrillation, and Stroke at 30 Days After Surgery)
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Dashed lines indicate 95%
confidence intervals. Median

Days After Surgery
No. at risk
Severe OSA 136 98
Moderate OSA 235 186
Mild OSA 452 371
No OSA 395 340

follow-up time was 30 days
(interquartile range [1QR], 30-32) for
patients with severe obstructive
sleep apnea (OSA), 30 days

648 (53.2%) at intermediate risk, and 253 (20.8%) at low risk
(eTable 8 and eTable 9 in the Supplement). Being a high-risk
patient was significantly associated with increased rate of
primary outcome (adjusted HR, 1.68 [95% CI, 1.11-2.54]),
myocardial injury, and ICU readmission (eTable 10 and eFig-
ure 6 in the Supplement). Being an intermediate-risk patient
was significantly associated with ICU readmission and
wound infection.

Postoperative Nocturnal Oximetry Monitoring

A total of 1131 patients (92.9%) received nocturnal oximetry
monitoring during the first night after surgery, 1076 (88.3%)
during the second night, and 983 (80.7%) during the third night
(eFigures 7-9 in the Supplement). In patients without OSA,
there was a significant increase in ODI after surgery (P < .001
for general linear model). In contrast, ODIin patients with OSA
was reduced during the first 2 nights and returned to baseline
on the third night after surgery. These changes were associ-
ated with supplemental oxygen administration (P = .009 for
general linear model) (eFigure 7in the Supplement). There was
no difference in ODI, lowest oxyhemoglobin saturation, and
maximum heart rate in patients with and without postopera-
tive cardiovascular events (eTable 12 in the Supplement). How-
ever, the mean cumulative duration of oxyhemoglobin de-
saturation less than 80% during the first 3 postoperative nights
for patients with cardiovascular complications (23.1[95% CI,
15.5-27.7] minutes) was longer than for patients with no car-
diovascular complications (10.2 [95% CI, 7.8-10.9] minutes)
(P < .001 for general linear model) (eTable 12 and eFigure 10
in the Supplement).

jama.com

7 5
135 123 (IQR, 30-32) for those with moderate
367 366  OSA; 30 days (IQR, 30-31) for
340 340  those with mild OSA, and 30 days
(IQR, 30-33) for those with no OSA.
|
Discussion

In this study of adults undergoing major noncardiac surgery,
unrecognized severe obstructive sleep apnea was signifi-
cantly associated with increased risk of 30-day postoperative
vascular complications.

Kaw et al?” conducted a meta-analysis of 9 cohort and case-
control studies (n = 2615 patients) that evaluated the associa-
tion between OSA and postoperative cardiovascular compli-
cations. They reported an increased risk with OSA (odds ratio,
2.07[95% CI,1.23-3.50]), but there were few events (event rate,
2.6%), and the studies used less stringent criteria to diagnose
OSA and postoperative cardiovascular complications. More
recently, the Society of Anesthesia and Sleep Medicine re-
ported a systematic review of 61 studies, including analyses
of large-scale national databases,®'> to examine the associa-
tion of OSA with perioperative outcomes.?® Although a large
number of patients were included (N = 8 969 583), there were
substantial variations in outcome definitions and duration of
follow-up, and the studies reported inconsistent results. In par-
ticular, it is unclear whether patients in the control groups of
the 61 studies had unrecognized OSA, and those who had a pre-
operative diagnosis of OSA may have received extra treat-
ment to modify perioperative outcomes. This heterogeneity
precluded quantitative analysis of data.

In this study, a representative sample of patients undergo-
ing major noncardiac surgery was included. Standardized pre-
operative sleep monitoring was performed to diagnose OSA, and
patients were stratified according to disease severity. All patients
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Table 2. Association Between Severity of Obstructive Sleep Apnea and Postoperative Cardiovascular Events

Events/Total, Unadjusted HR Adjusted HR
No. (%) (95%Cl) P Value (95%Cl) P Value

Primary Outcome (Cardiac Death, Myocardial Injury, Congestive Heart Failure, Thromboembolism,

New Atrial Fibrillation, and Stroke)

Severe OSA 41/136(30.1) 2.33(1.55-3.48) <.001 2.23(1.49-3.34) .001

Moderate OSA 52/235(22.1) 1.59(1.09-2.32) .02 1.47 (0.98-2.09) .07

Mild OSA 86/452(19.0) 1.37(0.98-1.91) .07 1.36(0.97-1.91) .08

No OSA 56/395 (14.2) 1 [Reference] 1 [Reference]

Post Hoc Analysis of Components of Primary Outcome

Cardiac death?
Severe OSA 6/136 (4.4) 17.90 (2.16-148.69) 008 13.56(1.60-114.19) .02
Moderate OSA 8/235(3.4) 13.57(1.70-108.53) .01 10.56 (1.31-84.89) .03
Mild OSA 2/452 (0.4) 1.75(0.16-19.31) .65 1.43(0.93-15.93) 77
No OSA 1/395 (0.3) 1 [Reference] 1 [Reference]

Myocardial injury®
Severe OSA 35/124(28.2) 2.11(1.37-3.24) .001 1.80(1.17-2.77) .008
Moderate OSA 41/220(18.6) 1.34(0.89-2.02) .16 1.20(0.80-1.81) .39
Mild OSA 77/416 (18.5) 1.32(0.93-1.88) 12 1.37(0.93-1.89) 12
No OSA 52/364 (14.3) 1 [Reference] 1 [Reference]

Congestive heart failure©
Severe OSA 8/136 (5.9) 7.86 (2.09-29.62) .002 7.04 (1.86-26.66) .004
Moderate OSA 6/235(2.6) 3.39(0.85-13.57) .08 3.12(0.78-12.50) .10
Mild OSA 4/452 (0.9) 1.17 (0.26-5.20) .84 1.10(0.25-4.97) .89
No OSA 3/395 (0.8) 1 [Reference] 1 [Reference]

Thromboembolism?
Severe OSA 1/136(0.7) 2.91(0.18-46.57) .45 2.66 (0.17-42.86) .49
Moderate OSA 4/235(1.7) 6.78 (0.76-60.70) .09 6.38(0.71-57.34) .10
Mild OSA 4/452 (0.9) 3.51(0.39-31.41) .26 3.42 (0.38-30.70) .27
No OSA 1/395 (0.3) 1 [Reference] 1 [Reference]

New-onset atrial fibrillation®
Severe OSA 7/136 (5.1) 4.13 (1.31-13.02) .02 3.75(1.19-11.87) .03
Moderate OSA 7/235 (3.0) 2.37(0.75-7.45) .14 2.18(0.69-6.89) .82
Mild OSA 11/452 (2.4)  1.75(0.60-5.11) 31 1.89 (0.66-5.46) .24
No OSA 5/395 (1.3) 1 [Reference] 1 [Reference]

Strokef
Severe OSA 1/136(0.7) 1.45(0.13-15.99) .76 1.14 (0.10-12.67) .92
Moderate OSA 1/235(0.4) 0.84 (0.08-9.26) .89 0.76 (0.07-8.33) .82
Mild OSA 1/452(0.2) 0.44 (0.04-4.80) 50 0.38(0.03-4.15) 42
No OSA 2/395 (0.5) 1 [Reference] 1 [Reference]

Secondary Outcomes

Unplanned admission

or readmission to ICU?
Severe OSA 15/136 (11.0) OR, 6.87(2.74-17.24) <.001 OR,6.60(2.61-16.70) <.001
Moderate OSA 20/235(8.5) OR,5.16(2.15-12.39) <.001  OR, 4.99(2.06-12.06) <.001
Mild OSA 26/452(5.8) OR, 3.38(1.45-7.88) .005 OR, 3.55(1.52-8.31)  .005
No OSA 7/395 (1.8) 1 [Reference] 1 [Reference]

Unplanned tracheal intubation

or postoperative lung ventilation
Severe OSA 18/136(13.2) OR,6.54(2.86-14.95) <.001  OR,6.16(2.51-15.16) <.001
Moderate OSA 31/235(13.2) OR, 6.52(3.04-13.95) <.001 OR,6.26(2.85-13.75) <.001
Mild OSA 23/452(5.1) OR,2.29(1.05-5.03) .04 OR, 2.28(1.04-5.03) .04
No OSA 9/395 (2.3) 1 [Reference] 1 [Reference]

(continued)
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Table 2. Association Between Severity of Obstructive Sleep Apnea and Postoperative Cardiovascular Events

(continued)

Events/Total, Unadjusted HR Adjusted HR
No. (%) (95%Cl) PValue (95%Cl) P Value

Pneumonia’
Severe OSA 5/136 (3.7) 2.92(0.85-10.09) .09 3.03(0.87-10.50) .08
Moderate OSA 10/235 (4.3)  3.41(1.17-9.97) .03 3.47(1.18-10.20) .02
Mild OSA 16/452 (3.5)  2.84(1.04-7.76) .04 2.83(1.04-7.78) .04
No OSA 5/395 (1.3) 1 [Reference] 1 [Reference]

Wound infection!
Severe OSA 10/136 (7.4)  1.06 (0.51-2.20) .87 1.07 (0.52-2.23) .85
Moderate OSA 27/235(11.5) 1.73(1.01-2.95) .04 1.73 (0.99-2.95) .05
Mild OSA 34/452 (7.5)  1.08 (0.65-1.80) 77 1.10(0.67-1.85) .69
No OSA 27/395(6.8) 1 [Reference] 1 [Reference]

Other infections*
Severe OSA 11/136 (8.1)  2.50(1.12-5.58) .03 2.31(1.03-5.18) .04
Moderate OSA 21/235(8.9)  2.79(1.40-5.56) .004 2.68(1.34-5.36) .005
Mild OSA 25/452(5.5) 1.70(0.87-3.32) 12 1.67 (0.85-3.27) .14
No OSA 13/395(3.3) 1 [Reference] 1 [Reference]

Postoperative delirium'
Severe OSA 8/136(5.9) 2.15(0.87-5.36) .10 1.87 (0.75-4.66) .18
Moderate OSA 15/235(6.4)  2.32(1.07-5.05) .03 2.09 (0.96-4.56) .06
Mild OSA 20/452 (4.4)  1.60(0.77-3.35) 21 1.52(0.73-3.18) 27
No OSA 12/395(3.0) 1 [Reference] 1 [Reference]

Abbreviations: HR, hazard ratio; ICU, intensive care unit; OR, odds ratio; OSA, obstructive sleep apnea.

2 Death due to a cardiovascular cause (eg, myocardial infarction, arrhythmias, pulmonary embolism) within 30 days

of surgery.

b Anincrease of 65 ng/L or greater in postoperative high-sensitivity troponin T concentration or an absolute change
of 5 ng/L or greater when troponin T concentration is in the range between 20 ng/L to less than 65 ng/L, irrespective

of ischemic symptoms or electrocardiographic changes.

¢ Elevated jugular venous pressure, respiratory crackles, or presence of third heart sound and at least 1 radiographic

feature (vascular redistribution, interstitial edema, or alveolar pulmonary edema).

9|ncluded either pulmonary embolism (confirmed by ventilation-perfusion lung scan, helical computed tomography
or pulmonary angiography) or deep venous thrombosis (confirmed by compression ultrasonography, computed

tomography, or contrast venography).

€ Electrocardiographic documentation of atrial fibrillation occurred after surgery with or without symptoms or treatment.

f New focal neurologic deficit thought to be vascular in origin, with signs or symptoms that last more than 24 hours.

& Unplanned ICU admission or readmission from ward because of perioperative events after surgery.

M Included unplanned invasive or noninvasive (continuous or bi-level positive airway pressure) lung ventilation within

30 days of surgery.

" Infiltrate, cavitation, consolidation, or effusion confirmed by chest radiography or computed tomography, in association
with change in sputum production or positive microbial culture of blood or respiratory secretion.

§ Purulent discharge from surgical wound with or without a positive microbial culture, or pathogenic organisms isolated

from aseptically obtained microbial culture.

“Included those of the urinary tract, upper respiratory tract, and central nervous system.

' Assessed daily in the mornings after surgery using the confusion assessment method.

completed follow-up, and postoperative monitoring of troponin
concentrations was used to detect myocardial injury.

This study demonstrated that severe OSA was associated
with increased risk of postoperative cardiovascular events. De-
spite a substantial decrease in ODI with oxygen therapy in pa-
tients with OSA during the first 3 postoperative nights, supple-
mental oxygen did not modify the association between OSA
and postoperative cardiovascular event. Given that these
events were associated with longer duration of severe oxyhe-
moglobin desaturation (<80%), more aggressive interven-

jama.com

tions may be required. Currently, positive airway pressure and
oral appliances have been shown to overcome the collapsed
upper airway and to relieve severe desaturation in nonoper-
ative settings.?%:3© However, high-level evidence demonstrat-
ing the effect of these measures on perioperative outcomes is
lacking.?'-*2 Further clinical trials are now required to test if
additional monitoring or alternative interventions would re-
duce the risk.

In contrast to the current guideline recommendations,>*
regional analgesia or avoidance of postoperative opioids were
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Figure 3. Subgroup Analyses of the Primary Composite Outcome (Death, Myocardial Injury, Congestive Heart Failure, Thromboembolism,

New Atrial Fibrillation, and Stroke at 30 Days After Surgery)

No. of Patients With

Event/Total No.of Patients Adjusted Hazard Decreased Risk : Increased Risk P Value for
No OSA 0SA Ratio (95% CI) With OSA : With 0SA Interaction
Severity of OSA
Mild 56/395 86/425 1.36(0.97-1.91) ——
Moderate 56/395 52/235 1.47 (0.98-2.09) — . .01
Severe 56/395 41/136 2.23(1.49-3.34) —a—
Body mass index?
<18.5 5/20 6/21 1.02 (0.31-3.39) —_——
18.5-24.9 31/194 76/300 1.45(0.95-2.21) —a—
25.0-29.9 11/119 62/298 2.25(1.17-4.32) —a— 61
30.0-34.9 6/44 26/298 1.04 (0.41-2.61) ——
235.0 3/18 9/69 0.73(0.18-2.99) ]
Type of anesthesia
General
No 8/11 26/186 1.27(0.57-2.85) —_— 66
Yes 48/314 153/637 1.55(1.12-2.14) —a—
Regional or neuraxial block
No 38/248 121/502 1.51(1.04-2.18) —a— 50
Yes 18/147 58/321 1.43(0.84-2.43) ———
Anesthetic agents
Volatile-based 44/295 143/595 1.60(1.14-2.25) —a—
Propofol infusion 4/34 13/84 1.28 (0.41-3.94) - 95
Oxygen administration after surgery
None 8/107 17/185 1.42(0.60-3.37) —_—
1 Night 19/128 53/279 1.03(0.61-1.76) —— 37
2 Nights 14/89 42/169 1.68(0.91-3.12) —a—
3 Nights 15/71 67/190 1.73(0.98-3.07) —
Postoperative opioid administration
No 27/172 64/339 1.07 (0.68-1.69) —a— 14
Yes 29/223 115/484 1.70(1.03-2.73) —a—
Postoperative patient-controlled analgesia administration
No 33/207 85/411 1.23(0.82-1.84) — -
Yes 23/188 94/412 1.83(1.15-2.89) —a—
Minimally invasive surgery
No 35/274 133/599 1.70(1.17-2.50) —— s
Yes 21/121 46/224 1.15(0.68-1.95) —
Overall 56/395 179/823 1.49(1.19-2.01) ——
T I ™
0.1 1 5

Adjusted Hazard Ratio (95% Cl)

OSA indicates obstructive sleep apnea.
2 Calculated as weight in kilograms divided by height in meters squared.

not associated with better outcome. These data are consis-
tent with a retrospective analysis of an administrative data-
base of 30 294 patients with documented OSA undergoing hip
or knee arthroplasties with neuraxial block, general anesthe-
sia, or both.>* The study showed no change in postoperative
cardiac or respiratory complications with neuraxial or gen-
eral anesthesia. However, blood transfusion, requirement for
postoperative mechanical lung ventilation, and ICU admis-
sion were decreased with neuraxial block. In the current study,
patients undergoing major noncardiac surgery were re-
cruited, few received regional blocks, and the majority required
larger doses of systemic opioids for postoperative analgesia.
This may have limited the statistical power to detect impor-

JAMA May 14,2019 Volume 321, Number 18

tant interactions between OSA, anesthetic techniques, and
postoperative analgesia.

Limitations

This study has several limitations. First, electroencephalo-
grams were not recorded in the preoperative sleep studies.
Thus, it was not possible to track whether patients were asleep
during measurement, and this may have underestimated
the severity of OSA. Second, perioperative management was
not controlled, but there was no difference in the administra-
tion of anesthesia and analgesics in patients with varying de-
grees of OSA. Although the surgical team was blinded to the
results of the preoperative sleep study, recognition of minor

jama.com
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respiratory events, such as episodes of apnea and higher level
of sedation in the postanesthetic care unit and surgical ward,
may have influenced perioperative management. This may in-
clude reducing doses of opioids or prolonging supplemental
oxygen therapy. It is unclear how these interventions may affect
perioperative outcomes. Nevertheless, the event rates re-
ported in this study would represent the expected periopera-
tive outcomes associated with untreated OSA in contempo-
rary anesthetic practice for major noncardiac surgery.
Third, the results should not be extrapolated to ambulatory pro-
cedures or minor surgery, for which anesthetic and analgesic
techniques may have a larger effect on perioperative adverse
events. Fourth, 54.7% of patients in this study were Chinese.

Original Investigation Research

Although Chinese patients with OSA have a lower body mass
index and distinct differences in craniofacial anatomy com-
pared with white patients,3>-3° it remains unclear how these
differences might influence outcomes.

. |
Conclusions

Among at-risk adults undergoing major noncardiac surgery, un-
recognized severe obstructive sleep apnea was significantly as-
sociated with increased risk of 30-day postoperative cardio-
vascular complications. Further research would be needed to
assess whether interventions can modify this risk.
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eAppendix 1. Definitions ofRespiratoryEvents During &ep

ApnealLink Plus measurements

The following signals were recorded: respiratory flow (nasal pressuegthing sounds (snore),

respiratory effortheart rateandoximetry.

Successful monitoring required at least 4 hours of recordings.

Parameters measured:

(1) Apnea event is defined as an episode of airflow reduction > 90% from baseline for > 10
seconds.

(2) Apnea index is the number of apnea events per hour of recording.

(3) Hypopneaeventis defined as an episode of airflow reduction > 30% from baseline for > 10
seconds and associated with > 3% oxyhemoglobin desaturation.

(4) Hypopnea index is the number of hypopnea events per hour of recording.

(5) Respiratory evenhdex is the number of apnea and hypopnea events per hour of recording.

PULSOX-300i measurement

The following signals were recordgulilse oximetry and heart rate.
Parameter measured:
Oxygen desaturation index is the number of events per hour of oximetry recotding

oxyhemoglobin saturation decreased by > 4% from baseline for > 10 seconds.

© 2019 American Medical Association. All rights reserved.



eAppendix 2. OutcomeDefinitions

Outcome Definition

Cardiac death Death attributable to eardiovascular cause including deaths
following myocardial infarction, cardiac arrest, revascularization
procedure, pulmonary embolism, deep venous or arterial thrombosis,
arrhythmias, stroke and congestive heart failure, or deaths due tp an
unknown cause.

Myocardial injury This isan elevatedardiac troponin vallfevithin 30 days after
after noncardiac surgery without evidence of a nagehemic etiology, such as
surgery pulmonary embolism, sepsis, cardioversion, or known persistent

elevated cardiac troponin values

Myocardial infarction | The diagnosis of myocardial infarction requires any one of the

following criterion:

(1) Detection of a rise and/or fall of cardiac troponin values with at
least one value above the8ercentile upper reference limit and
with at least one of the following:

a. Symptoms of ischemia.

b. New or presumed new significant SEgmerdT wave (STFT)
changes or new left bundle branch block.

c. Development of pathological Q waves in the
electrocardiogram.

d. Imaging evidence of new loss of viable myocardium or new
regional wall motion abnormality.

e. Identification of an intracoronary thrombus by angiography|or
autopsy.

(2) Pathological Q waves with or without symptoms in the absengce
of nonischemic causes.

(3) Imaging &idence of a region of loss of viable myocardium that is
thinned and fails to contract, in the absence of aisdmemic

cause.
(4) Pathological findings of a prior myocardial infarction.
Non-fatal cardiac Nonfatal cardiac arrest is defined as successful resuscitation fro
arrest ventricular fibrillation, ventricular tachycardia, asystole, or pulseless
electrical activity.
Revascularization This is defined as percutaneous coronary intervention or corona
procedure arterybypass graft surgery.

Pulmonary embolus | Any one of the following:

(1) A high probability ventilation/perfusion lung scan;

(2) An intraluminal filling defect of segmental or larger artery on :
helical CT scan;

(3) An intraluminal filling defect on pulmonary angi@ghy; or

(4) A positive diagnostic test for deep venous thrombosis (e.g.,
positive compression ultrasound) with either one of the
following:
a. low or intermediate probability ventilation/perfusion lung sg

574
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b. subsegmental defects or technically inadequate $telityal

CT scan
Deep venous Any one of the following:
thrombosis (1) Non-compressibility of one or more venous segments on B mode

compression ultrasonography;

(2) Intraluminal filling defect on contrast enhanced computed
tomography;

(3) Persistent intralumindilling defect on contrast venography.

New atrial fibrillation | Atrial fibrillation occurred after surgemyith or without angina, hear

failure, hypotension, requiring rate controlled drugs or cardiovers

Stroke Stroke is defined as a new foceurological deficit thought to be

vascular in origin with signs or symptoms that last > 24 hours or |is

leading to death.

Congestive heart Any one of the clinical signs: elevated jugular venous pressure,

failure respiratory crackles, or presence of S3 and

At least one of radiographic features: vascular redistribution,

interstitial edema, or alveolar pulmonary edema.

Pneumonia Either aackles on physical examinations of chest with one of the

followings:

(1) purulent sputum or change in sputum characteristics,

(2) positive blood culture or isolation of pathogen from transtracheal
aspirate, bronchial brushing, or biopsy

or chest radiography showing new or gmessive infiltrate,

consolidation, cavitation, or pleural effusion AND any of the

following:

(1) purulent sputum or change in sputum characteristics,

(2) positive blood culture or isolation of pathogen from transtracheal
aspirate, bronchial brushing, or biopsy

(3) isolation of virus or detection of viral antigen from respiratory
secretions,

(4) diagnostic single antibody titer or fourfold increase in paired
serum samples for pathogen, or

(5) histopathologic evidence of pneumonia.

Infection/sepsis Invasion of pathogenic ganisms isolated from normally sterile

tissue (including wound) or fluid or body cavity.

Sepsis is defined by the presence of both infection and a systenic

inflammatory response.

& Peak highsensitivity cardiadroponin T concentration65 ng/L or an absolute change of >5

ng/L when troponin T between 20 and 64 ng/L within 30 days after surgery

© 2019 American Medical Association. All rights reserved.



eFigure l. KaplanMeier Estimates oModified Primary Composite Outcona Death,

Myocardial hfarction Congestive Heart Failure, ThromboembmwljsNew Atrial Fibrillation
and Stroke at 30 Days After Surgery

=+ Severe O5A
=+ Moderate OSA
~+— Mild 0SA
=+ MNon OSA
3? 20.0% 1
n [
@
=
=
= ’—‘—,_r*
o
S
10.0% 1
+
+
0.0% ' ' '
0 10 20 30
Days after surgery
Number at risk
Severe OSA 136 114 112 110
Moderate OSA 235 210 209 205
Mild OSA 452 419 414 413
MNon OSA 395 380 380 379

Shaded areagpresent 95% confidence intervals
OSA indicates obstructive sleep apnea
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eFigure 2. Subgroup Aalyses oPrimary Outcomein PatientsWith Mild vs No Obstructive IBepApnea

No OSA Mild OSA Adjusted hazard ratio (95% confidence intervals) !J'u'alue for
No. of patients with event/total no. of patients interaction
Overall 56/395 86/452 1.36 (0.97-1.91) I
Body mass index — kg/m?
< 18.5 5/20 3/16 0.61 (0.14-2.70) i
18.5-249 31/194 37/177 1.27 (0.78-2.06) i —
25.0-29.9 11/119 32/169 2.06 (1.01-4.20) ! = 0.72
30.0-34.9 6/44 12/69 1.04 (0.36-2.74) |-
>35.0 3/18 2/21 0.81(0.12-5.61) —
Type of anesthesia i
General anesthesia i
No 8/81 13/101 1.16 (0.46-2.91) ; i 0.66
Yes 48/314 73/351 1.39 (0.96-2.01) '!—.— )
Regional or neuraxial block |
No 38/248 54/273 1.31 (0.86-2.00) e — 0.25
Yes 18/147 32/179 1.40 (0.78-2.52) —_— )
Anesthetic agents
Volatile-based 44/295 69/328 1.42 (0.97-2.08) s 0.10
Propofol infusion 4/34 7/44 2.01 (0.54-8.07) = >
Oxygen administration after surgery
None 8/107 5/108 0.74 (0.23-2.32) s
One night 19/128 34/162 1.23 (0.70-2.18) —_— 0.37
Two nights 14/89 22/100 1.40 (0.71-2.77) . - )
Three nights 15/71 25/82 1.39 (0.72-2.69) e
Postoperative opioid administration
No 27/172 28/193 0.88 (0.52-1.71) — = 0.14
Yes 29/223 58/259 1.64 (0.95-2.73) Y '
Postoperative patient-controlled analgesia administration .
No 33/207 37/230 1.02 (0.61-1.59) —I-— 0.08
Yes 23/188 49/222 1.52 (1.03-3.00) !—.— '
Minimally invasive surgery !
No 35/274 58/312 1.46 (0.96-2.23) 'e—.—
Yes 21/121 28/140 1.17 (0.65-2.12) —?—.— 083
0.1 02 0304 1 2 3 45
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eFigure 3. Subgroup Aalyses oPrimary Outcomein PatientsWith Moderatevs No Obstructive IBepApnea

No OSA Moderate OSA Adjusted hazard ratio (95% confidence intervals) P valure.for
No. of patients with event/total no. of patients interaction
Overall 56/395 52/235 1.47 (0.98-2.09) —t—
Body mass index — kg/m i
<18.5 5/20 3/5 3.07 (0.67-14.2) = =
18.5-24.9 31/194 23/81 1.48 (0.85-2.58) e
25.0-299 11/119 18/87 2.18(1.01-4.73) i 0.25
30.0-349 6/44 5/35 0.59 (0.16-2.15) =
>35.0 3/18 3/27 0.46 (0.10-3.67) =
Type of anesthesia i
General anesthesia !
No 8/81 5/52 0.95 (0.31-2.94) .I
Yes 48/314 47/183 1.46 (0.97-2.20) e 0.4
Regional or neuraxial block
No 38/248 37/148 1.38(0.87-2.20 —_—
Yes 18/147 15/87 1.50 (0.75-2.98) — 0.90
Anesthetic agents !
Volatile-based 44/295 42/171 1.45(0.94-2.22) 'i—._ 0.63
Propofol infusion 4/34 3/26 0.58(0.11-3.12) = i '
Oxygen administration after surgery I
None 8/107 6/47 1.67 (0.57-4.85) = 3
One night 19/128 10/73 0.59 (0.26-1.35) i 0.64
Two nights 14/89 9/40 1.45 (0.57-3.21) — '
Three nights 15/71 27/75 1.64 (0.85-3.18) : =
Postoperative opicid administration i
No 27/172 19/84 1.17 (0.64-2.15) _i-._
Yes 20/223 33/151 1.51 (0.91-2.52) e — 0.7
Postoperative patient-controlled analgesia administration
No 33/207 25/104 1.33(0.78-2.26) —t——
Yes 23/188 27/131 1.46(0.83-2.58) - 0.92
Minimally invasive surgery
No 35/274 44/188 1.70(1.08-2.66) e
Yes 21/121 8/47 0.71(0.31-1.73) = . 0-13
0.1 0.2 0.3 0405 1 2 3 45
Decrease risk with OSA Increased risk with OSA
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eFigure4. Subgroup Aalyses oPrimary Outcomein PatientsWith Severevs No Obstructive ISepApnea

No OSA Severe OSA Adjusted hazard ratio (95% confidence intervals) !:'ualue for
No. of patients with event/total no. of patients interaction
Overall 56/395 41/136 2.23(1.49-3.34) ! ——
Body mass index — kg/m
< 18.5 5/20 - -
18.5-24.9 31/194 16/42 2.09 (1.11-3.94) =
25.0-29.9 11/119 12/42 3.13 (1.35-7.28) = 0.80
30.0-34.9 6/44 9/31 1.27 (0.41-3.93) i
>35.0 3/18 4/21 1.07 (0.18-6.30) %€ =
Type of anesthesia !
General anesthesia
No 8/81 8/33 1.98 (0.78-6.12) i 0.66
Yes 418/314 33/103 2.08 (1.33-3.26) i e — '
Regional or neuraxial block
No 38/248 30/81 2.47 (1.52-4.00) —— 0.09
Yes 18/147 11/55 1.27 (0.59-2.75) = '
Anesthetic agents
Volatile-based 44/295 32/96 2.23(1.41-3.54) e 0.95
Propofol infusion 4/34 3/14 2.25(0.43-9.88) = '
Oxygen administration after surgery |
None 8/107 6/30 2.75 (0.92-8.21) o
One night 19/128 9/44 1.11 (0.48-2.56) = 0.60
Two nights 14/89 11/29 2.27 (1.02-5.08) = ‘
Three nights 15/71 15/33 2.08 (0.98-4.42) i
Postoperative opicid administration |
No 27/172 15/62 1.34 (0.71-2.56) = 0.25
Yes 29/223 24/74 2.53 (1.46-4.39) i '
Postoperative patient-controlled analgesia administration
No 33/207 23/77 1.47 (0.85-2.55) - 032
Yes 23/188 18/59 2.63 (1.42-4.89) - '
Minimally invasive surgery
No 35/274 31/99 2.38(1.45-3.91) | —— 0.87
Yes 21/121 10/37 1.70 (0.79-3.67) = '
04 06 08 1 2 4 8 10

Decreased risk with OSA Increased risk with OSA
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eFigure 5. KaplanMeier Estimates oHospitalDischarge
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eFigure 6. KaplanMeier Estimates oB0-Day Postoperative &diovasculaEvents Based othe
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eFigure 7. Changes oOxygenDesatuation Index EBfore andAfter Surgery in RtientsWith and Without Obstructivel€&epApnea
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eFigure 8. LowestOxyhemoglobin SturationBeforeand Ater Surgery in RtientsWith and Wthout Obstructive &epApnea
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eFigure 9. HighestHeartRateBefore andAfter Surgery in RtientsWith and Without Obstructivel€&epApnea
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eFigure 10. Duration of Oxyhemoglobin&uration<80% in Ritientswho Did and Did Not
Have thePrimary Outcome
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eTable 1. Preoperativé&SleepStudy Results

All patients No OSA Mild OSA Moderate OSA Severe OSA
No. of patients 1,218 395 452 235 136
Meang(SD)
Sleep study before surgehqurs 79(114 69 (109 88(122 79(108 82(113
Evaluation perioghours 9.4(2.3 9.5(2.3 9.4(2.49 9.1(2.2 9.4(2.3
Respiratory everindex events/i? 12.7(13.8 1.9(1.9 8.6(2.7) 20.8(4.5 44.2(12.0
Apnea indexevents/i 6.6(10.5 0.7(1.0 3.5(3.]) 9.8(6.0 28.4(16.0
Unclassified apnea 0.9(4.1 0.1(0.9 0.4(1.1 1.2(2.9 4.9(10.9
Obstructiveapnea 4.7(8.3 0.5(1.0 2.6(2.9 7.0(5.6 19.9(15.)
Central apnea 0.8(2.9 0.1(0.9 0.4(0.9 1.4(2.5 3.2(5.9
Mixed apnea 0.1(0.3 0.0(0.7) 0.0(0.3 0.1(0.3 0.3(0.6
Hypopnea indexevents/tf 6.2(6.9 1.2(1.3 5.2(3.2 10.7(6.0) 15.9(11.3
Percent flow limited breaths without 29.8(15.7) 33.0(17.9 30.3(14.9 27.1(13.9) 23.8(13.9
snoring
Percent flow limited breaths with snorirn 2.2(4.7) 1.1(3.0 1.94.2 3.7(6.3 4.0(5.9)
Oxygen desaturation indegvensh? 12.9(12.9) 3.8(2.9 9.2(3.9 20.9(6.7) 37.7(12.5
Lowest SpQ, % 77(11) 81(9) 78(9) 73(12 69 (14
Average Sp@ % 95(3) 95(2) 94 (2) 93(3) 95(3)
Duration SpQ@<90% min 28.4(53.3 10.7(29.9 20.1(34.0 42.6(57.0 83.1(94.9
Duration SpQ < 80% min 4.0(14.9 0.9(2.7) 2.2(5.7) 6.1(13.9 12.2(18.0
Lowest pulse ratdeats/min 48(12) 49 (12 49(11) 44 (13) 45(12)
Average pulse ratdeats/min 69(11) 69(12) 68(11) 68 (10) 70(11)
Highest pulse ratdeats/min 112(33) 110(31) 111(32) 116(34) 118(37)

Abbreviatiors: OSA, obstructive sleep apne8D, standard deviationSpQ, oxyhemoglobin saturation

aRespiratory everindex is the number of apnea and hypopnea events per hour of recording.

b Apneaindex is the number ofipnea events (airflow reduction > 90% from baseline for > 10 seconds) per hour of recording

¢Hypopneaindex is the number of hypopnea evenisflow reduction > 30% from baseline for > 10 secondandassociated with > 3% oxyhemoglobin desaturatipn
perhour of recording.

4Oxygen desaturation index is the number of events per hour of oximetrglirep@erived from the wristwatchyhere oxyhemoglobin saturation decreased by >
4% from baselinéor > 10 seconds.

© 2019 American Medical Association. All rights reserved.



eTable 2. Detailsof AnestheticAdministration

16

All patients No OSA Mild OSA Moderate OSA | Severe OSA P values
No. of patients 1,218 395 452 235 136
Regional blockno. (%) 0.82

Spinal anesthesia 286 (23.5) 83 (21.0) 108 (23.9 59 (25.1) 36 (26.5)

Epidural anesthesia 115 (9.4) 32(8.1) 48 (10.6) 24 (10.2) 11 (8.1)

Nerve block 190 (15.6) 63 (15.9) 76 (16.8) 29 (12.3) 22 (16.2)

General anesthesiao. (%) 951 (78.1) 314 (79.5) 351 (77.7) 183 (77.9) 103 (75.7) 0.81
Anesthetic drug used

Fentany] no. (%) 986 (81.0) 329 (83.3) 358 (79.2) 188 (80.0) 111 (81.6) 0.48
Dosageug/kg, mean (SD) 2.2(2.3 2.3(2.6 2.2(2.3 2.2(2.2 1.9(1.9 0.82

Morphineg no. (%) 711 (58.4) 248 (62.8) 251 (55.5) 132 (56.2) 80 (58.8) 0.16
Dosagemg/kg mean (SD) 0.11(0.08 0.11(0.06 0.10(0.05 0.12(0.19 0.09(0.06 0.27

Remifentani) no. (%) 169 (13.9) 58 (14.7) 62 (13.7) 30 (12.8) 19 (14.0) 0.93

Propofol infusionno. (%) 118 (9.7) 34 (8.6) 44 (9.7) 26 (11.1) 14 (10.3) 0.78
Targeted plasma concentratjon | 3.5(0.7) 3.6(0.9 3.5(0.6) 3.3(0.6) 3.5(0.7) 0.50
ug/ml, mean(SD)

Inhalational anesthesia 0.80
Isoflurane no. (%) 62 (7.0) 29 (9.8) 19 (5.8) 9 (5.3) 5 (5.2)
Sevofluraneno. (%) 608 (68.3) 201 (68.1) 226 (68.9) 109 63.9) 72 (75.0)
Desfluraneno. (%) 220 (24.7) 65 (22.0) 83 (25.3) 53 (31.0) 19 (19.8)

Endtidal concentrationMAC- 0.94(0.22 0.95(0.2) 0.94(0.23 0.93(0.2) 0.93(0.22 0.27
equivalenty, mean (SD)
Inspired oxygen concentratip®, mean | 40.1(7.5 40.2(7.3 40.0(7.6) 40.2(7.2) 40.2(8.1) 0.98
(SD)
Core temperature at wound cloSLRE, 36.1(0.9 36.1(0.9 36.2(0.9 36.0(0.9 36.1(0.9 0.06
mean (SD)
Duration of anesthesidour, mean (SD) | 3.8(2.3 3.9(2.3 3.7(2.]) 3.7(2.3 3.9(2.7) 0.55

Abbreviatiors: OSA, obstructive sleep apne@D, standard deviations

a8MAC denotesninimum alveolar concentratiaand indicateshe potencyf volatile anesthetics.
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eTable 3. PostogrativeAnalgesicTechniques

All patients No OSA Mild OSA Moderate OSA| Severe OSA P values

No. of patients 1,218 395 452 235 136

Postoperative use of opigido. (%) 707 (58) 223 (56.5) 259 (57.3) 151 (64.3) 74 (54.4) 0.17
Patient controlled analgesia of opiprd. (%) 600 (49.3) 188 (47.6) 222 (49.1) 131 (55.7) 59 (43.4) 0.10
Non-steroidal antinflammatory drugsno. (%) 675 (55.4) 206 (52.2) 267 (59.1) 131 (55.7) 71 (52.2) 0.19
Tramado] no. (%) 681 (55.9) 231 (58.5) 252 (55.8) 125 (53.2) 73 (53.7) 0.56
Neuraxial blockno. (%) 130 (10.7) 33 (8.4) 50 (11.1) 29 (12.3) 18 (13.2) 0.27
Nerve block no. (%) 77 (6.3) 23 (5.8) 32 (7.1) 12 (5.1) 10 (7.4) 0.70

Abbreviatiors: OSA, obstructive sleep apnea

© 2019 American Medical Association. All rights reserved.
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el able 4. Postoperative Troponin dasurements

All patients No OSA Mild OSA Moderate OSA| SevereOSA | Pvalues
No. of patients 1,218 395 452 235 136
No. of troponin measurement 0.75
performed No. (%)

4 963 (79.1) 306 (77.5) 363 (80.3) 183 (77.9) 111 (81.6)

3 134 (11.0) 48 (12.2) 42 (9.3) 29 (12.3) 15 (11.0)

2 62 (5.1) 17 (4.3) 24 (5.3) 16 (6.8) 5 (3.7)

1 8 (0.7) 3 (0.8) 3(0.7) 1(0.4) 1(0.7)

0 51 (4.2) 21 (5.3) 20 (4.4) 6 (2.9) 4 (2.9)

Abbreviation: OSA, obstructive sleep apnea

© 2019 American Medical Association. All rights reserved.
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el able 5. Preoperativé’redictors forPostoperative &diovasculaEvents

19

Risk factors No. event/Total no.| Unadjusted HR | Pvalue | Adjusted HR Pvalue | Population attributable
(%) (95% CI) (95% CI) risk (95% CI)
Age group
4564y 56/433 (12.9 Reference Reference 15.6 8.4-22.3
6574y 98/513 (19.]) 1.52(1.09-2.1] 0.01 1.45(1.04-2.03) 0.03
>75y 81/272 9.9 2.49(1.77-3.5)) <0.001 | 2.30(1.60-3.32) <0.001
Sex
Female 69490 (4.1) Reference <0.001 | Reference 0.08 -
Male 166/728 £2.8 1.70(1.28-2.25) 1.30 (0.971.76
Ethnicity
Malay 30/195 (5.4) Reference Reference -
Caucasian 31/183 (16.9) 1.09(0.66-1.80 0.74 0.9 (0.56-1.66) 0.89
Chinese 141/666 1.2 1.45(0.98-2.15 0.07 1.19(0.78-1.84) 042
Indian 32/161 (19.9) 1.31(0.79-2.19 0.29 1.61(0.96-2.70 0.07
Hypertension
No 23/181 (127) Reference Reference -
Yes 21211037 0.4 1.70(1.10-2.6]) 0.02 1.45(0.93-2.26 0.10
Coronary artery disease
No 150/887 (16.9 Reference Reference -
Yes 85/331 5.7 1.58(1.21-2.07) 0.00L 1.11(0.82-1.52 0.50
Congestiveneart failure
No 214/1158 (8.5 Reference Reference -
Yes 21/60 (35.0) 2.22(1.423.48 <0.001 | 157(0.96-2.57) 0.07
Peripheral vascular disease
No 1931091 7.7 Reference Reference 8.3 (3.512.9
Yes 42/127 33.1) 2.07(1.48-2.89 <0.001 | 1.59(1.09-2.31) 0.02
Stroke or transient ischemic attack
No 184/1041 (7.7 Reference Reference -
Yes 51/177 8.9 1.73 (127-2.36) 0.0L 1.27(0.91-1.76 0.16
Diabetes mellitus
No 67/280 3.9 Reference Reference -
Yes 168/938 (L7.9 0.72 (0.540.96 0.02 0.81 (0.60-1.11) 0.19

© 2019 American Medical Association.
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20

Risk factors No. event/Total no. | Unadjusted HR | Pvalue | Adjusted HR P value | Population attributable
(%) (95% CI) (95% CI) risk (95% ClI)
Chronic obstructive pulmonary diseas
No 218/1158 (18.8) Reference Reference -
Yes 17/60 (28.3) 1.53(0.942.51) | 0.09 1.05 (0.621.77) 0.8
Risk factors No. event/Total no. | Unadjusted HR | Pvalue | Adjusted HR P value | Population attributable
(%) (95% CI) (95% CI) risk (95% CI)
Renal impairment
No 202/1147 (17.6) Reference Reference 8.7 (4.612.6)
Yes 33/71 (46.5) 3.54 (2.455.12) | <0.001 | 3.57 (2.465.30) <0.001
Current smokers
No 210/1081 (19.4) Reference Reference -
Yes 25/137 (18.2) 0.92 (0.611.39) | 0.69 0.88 (0.571.35) 0.55
Surgery for malignancy
No 123/705 (17.4) Reference Reference -
Yes 112/512 (21.9) 1.30(1.001.67) | 0.06 1.11 (0.741.66) 0.62
Intraperitoneal surgery
No 107/642 (16.7) Reference Reference -
Yes 128/576 (22.2) 1.38 (1.071.79) | 0.01 1.45 (0.992.13) 0.06
Preoperative use of B blockers
No 137/803 (17.1) Reference Reference -
Yes 98/415 (23.6) 1.43(1.111.86) | 0.006 1.09 (0.821.44) 0.57
Obstructive sleep apnea (OSA)
No OSA 56/395 (14.2) Reference Reference 22.4 (14.929.9)
Mild OSA 86/452 (19.0) 1.37(0.981.91) | 0.07 1.36 (0.971.90) 0.08
Moderate OSA 52/235 (22.1) 1.59(1.092.32) | 0.02 1.43 (0.982.09) 0.07
Severe OSA 41/136 (30.1) 2.33(1.553.48) | <0.001 | 2.04 (1.332.99) 0.001

Abbreviatiors. HR, hazard ratiosCl, confidence intervals

© 2019 American Medical Association.
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eTable 6. Association BtweenSeverity of ObstructiveSleepApnea and Rmary Outcome

Stratified bySites

Outcome No. events/Total | Unadjusted HR P value | Adjusted HR P value
(%) (95%Cl) (95%Cl)
Site 1
No OSA 11/67 (16.4) Reference Reference
Mild OSA 25/113 (22.1) 1.39 (0.692.83) 0.36 1.30 (0.642.66) 0.47
Moderate OSA| 7/65 (10.8) 0.63 (0.241.61) 0.33 0.64 (0.251.65) 0.35
Severe OSA | 8/34 (23.5) 1.49 (0.663.70) 0.39 1.31 (0.523.29) 0.57
Site 2
No OSA 4/35 (11.4) Reference Reference
Mild OSA 5/50 (10.0) 0.88 (0.243.26) 0.84 0.69 (0.182.67) 0.59
Moderate OSA| 3/17 (17.6) 1.56 (0.356.98) 0.56 1.33 (0.266.85) 0.73
Severe OSA | 1/16 (6.3) 0.55 (0.064.91) 0.59 0.62(0.07-5.62) 0.67
Site 3
No OSA 4/70 (5.7) Reference Reference
Mild OSA 14/80 (17.5) 3.22 (1.069.79) 0.04 3.27 (1.0710.04) 0.38
Moderate OSA| 10/42 (23.8) 4.42 (1.3914.11) 0.01 4.27 (1.3313.68) 0.15
Severe OSA | 8/26 (30.8) 6.11 (1.8420.29) 0.003 | 5.72(1.7219.09) 0.005
Site 4
No OSA 5/43 (11.6) Reference Reference
Mild OSA 5/37 (13.5) 1.24 (0.364.28) 0.74 1.31 (0.374.64) 0.67
Moderate OSA| 7/45 (15.6) 1.39 (0.444.39) 0.57 1.36 (0.414.53) 0.61
Severe OSA | 5/16 (31.3) 3.03(0.8810.47) 0.08 3.39 (0.9012.74) 0.07
Site 5
No OSA 0/1 (0.0) Reference Reference
Mild OSA 1/3 (33.3) - - - -
Moderate OSA| 0/2 (0.0) - - - -
Severe OSA | 1/6 (16.7) - - - -
Site 6
No OSA 0/2 (0.0) Reference Reference
Mild OSA 0/1 (0.0) - - - -
Moderate OSA| 0/1 (0.0) - - - -
Severe OSA | 0/0 - - - -
Site 7
No OSA 32/166 (19.3) Reference Reference
Mild OSA 33/145 (22.8) 1.17 (0.721.91) 0.52 1.15(0.711.88) 0.57
Moderate OSA| 22/53 (41.5) 2.34 (1.364.02) 0.002 | 1.68(0.962.94) 0.07
Severe OSA | 15/39 (38.5) 2.30 (1.254.25) 0.008 | 1.96 (1.053.64) 0.03
Site 8
No OSA 0/11 (0.0) Reference Reference
Mild OSA 3/23 (13.0) - - - -
Moderate OSA| 3/10 (30.0) - - - -
Severe OSA | 4/5(80.0) - - - -
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eTable 7. Post hoc Analysis on the Associatioat®eenSeverity ofObstructive &epApnea
and Modified Pimary Outcome

No. events/Total| Unadjusted HR | P value | Adjusted HR P value
(%) (95%Cl) (95%Cl)
Modified primary outcome®: cardiac death, myocardial infarction, congestive heart failure,
thromboembolism, new atrial fibrillation and stroke
No OSA 16/395 (4.1) Reference Reference
Mild OSA 39/452 (8.6) 2.96 (0.95-8.07) | 0.05 1.36 (0.97-1.90) 0.08
Moderate OSA 30/235 (12.8) 3.41(1.20-9.71) | 0.02 1.43 (0.98-2.09) 0.07
Severe OSA 26/136 (19.1) 3.82 (1.30-11.20] 0.003 | 2.04 (1.33-2.99) 0.001
Myocar dial infarction
No OSA 11/395 (2.8) Reference Reference
Mild OSA 26/452 (5.8) 2.10 (1.04-4.25) | 0.04 2.03 (1.00-4.12) 0.05
Moderate OSA 16/235 (6.8) 2.48 (1.15-5.33) | 0.02 2.12 (0.98-4.57) 0.06
Severe OSA 14/136 (10.3) 3.85(1.75-8.49) | 0.001 | 3.20 (1.45-7.08)| 0.004

Abbreviatilms: OSA, obstructive sleep apnea; Cl, confidence intervals

aMyocardial injury replacetly myocardial infarction
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el able 8. STORBangRisk Sore inPatientsWith Different Severity ofObstructiveSleep
Apnea

STORBang RisR Severity of OSA based on apAegpaonea index

No OSA Mild OSA | Moderate OSA| Severe OSA
Low risk, no. (%) 121 (30.6) 94 (20.8) 33 (14.0) 5 (3.7)
Moderate riskno. 217 (54.9) 260 57.5) 119 (50.6) 52 (38.2)
(%)
High risk no. (%} 57 (14.4) 98 (21.7) 83 (35.3) 79 (58.1)

& STORBang denotes Snoring, Tiredness, Observed apnea, high blood Pressure, Body mass
index, age, neck circumference, and gender. Scores range from 0 to 8; with a 8edre of
indicating low risk;3-4 moderate risk and 5-8 high risk.

b High STORBang risk sore predicted severe OSA with sensitivity and specificity8o %
and 78.0%respectively, €ndex 0.714 (95%CI: 0.670-0.758),< 0.001.
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Low risk Intermediate risk | High risk P value
STORBang score 0-2 3-4 5-8
No. of patients 253 648 317
(95%Cl) 20.8 (186-23.1) | 53.2 (50.456.0) | 26.3 (23.628.6)
Agegroup no. (%) 0.93
4564y 94 (37.2) 226 (34.9) 113 (35.6)
6574y 102 (40.3) 274 (42.3) 137 (43.2)
>75y 57 (22.5) 148 (22.8) 67 (21.1)
Male sexno. ©6) 49(19.9 413(63.7 266(83.9 <0.001
Racéethnicity, no. ©6) <0.001
Chinese 121 47.89 380 68.6 165 62.1)
Malay 49 (19.9 111 7.3 35@1.0
White 33 (13.0) 76 (11.7) 74 23.3
Indian 44(17.9 78 (12.0 39 12.3
Other$ 6 (2.9 3.5 4.3
Patient fulfilling the entry criteriano.
(%)
Hypertension 147 (58.1) 587 (90.6) 303 (95.6) <0.001
Coronary artery disease 44 (17.4) 179 (27.6) 108 (34.1) <0.001
Diabetes receivingsulin treatment| 196 (77.5) 487 (75.2) 255 (80.4) 0.18
Stroke or transient ischemic attack| 34 (13.4) 95 (14.7) 48 (15.1) 0.84
Current smoker 20 (7.9) 74 (11.4) 43 (13.6) <0.001
Peripheral vascular disease 17 (6.7) 69 (10.6) 41 (12.9) 0.05
Preoperativereatinine 15 (5.9) 41 (6.3) 15 (4.7) 0.61
concentration > 175 umol/L
Congestive heart failure 15 (5.9 31 (4.8) 14 (4.4) 0.69
Chronic pulmonary obstructive 8 (3.2) 26 (4.0) 26 (8.2) 0.006
disease
Type of surgeryno. (%) 0.16
Intraperitoneakurgery 117 (46.2) 317 (48.9) 142 (44.8)
Vascular surgery 26 (10.3) 98 (15.1) 45 (14.2)
Major orthopedic surgery 83 (32.9) 172 (26.6) 109 (34.4)
Others 26 (10.3) 160 (24.7) 23 (34.4)
Cancer surgeryno. (%) 99 (39.1) 288 (44.4) 125 (39.6) 0.20
Minimally invasive surgeryno. (%) 46 (18.2) 204 (31.5) 95 (30.0) <0.001
Preoperative medicationo. (%)
Statin 153 (60.5) 464 (71.6) 237 (74.8) 0.001
ACE inhibitor or ARB 107 (42.3) 345 (53.2) 193 (60.9) <0.001
B blocker 70 (27.7) 219 (33.8) 126(39.7) 0.01
Aspirin 53 (20.9) 171 (26.4) 85 (26.8) 0.19
Clopidogrel 9 (3.6) 31 (4.8) 15 (4.7) 0.71
Anthropometric measurementaean
(SD)
Body mass indexkg/n? 24.7(4.1 26.2(6) 29.5(12.7 <0.001
Neck circumferencecm 36.0(2.8 38.3(3.0 41.0(3.9 <0.001
Waist cm 88.4(11.9 91.8(11.8 96.6(13.9 <0.001
Preoperative sleep study characteristig
median [QR)
Respiratory everindex events/h 5(29) 8 (315) 15 (7-30.3)
Oxygen desaturation indesgvents/h| 6.5 (3.311.0) 8.2(4.1-15.8) 14.7 (#26.9)
Epworth Sleepiness Scale score | 4 (2-6) 4 (27) 5(39)
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Abbreviations: ACE, angotensinconverting enzyme; ARBangidensin Il receptor blocker; OSA, obstructive sleep
apnea; Cl, confidence intervalBD, standard deviationgQR, interquartile range

ap value for tests to determimmbalance among groups, continuous variables were compared usiygjsaofl
variance and categorical variables were compared using Pearson’s 2 test.

bOther races/ethnicities included black ardb.

¢Other surgery included major urological, major hernia repair ane spirgery.
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eTable 10. STORBangRisk Soreand Outcome
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No. events/Total| Unadjusted HR or | Pvalue | Adjusted HR or | P value
(%) OR (994CI) OR (994CI)
Primary outcome: cardiacdeath, myocardial injury, congestive heart failure, thromboenthptisw atrial
fibrillation and stroke
Low risk 34/253(13.4) Reference Reference
Intermediate risk 133/648(20.95 1.60(1.10-2.33 0.02 1.50(1.002.18) | 0.05
High risk 68/317(21.5 1.67 (1.11-2.52) 0.01 1.68(1.11-2.54) | 0.01
Post hoc analysis on the components of primary outcome
Cardiac death
Low risk 1/253(0.4) Reference Reference
Intermediate risk 12/648(1.9 4.71(0.61-3622) 0.14 357(046-27.89 | 0.22
High risk 4/317(1.3) 3.21(0.36-28.72 0.30 254(0.28-23.10) | 041
Myocardial injury
Low risk 30/240(12.5 Reference Reference
Intermediate risk 117621 (18.89 1.39 (0.912.11) 0.12 148(0.99-2.21)) | 0.06
High risk 58/306(19.0) 1.45 (0.922.31) 0.11 1.63(1.062.54 | 0.03
Congestive heart failure
Low risk 2/253(0.8) Reference Reference
Intermediate risk 12/648 (1.9) 2.35 (0.5310.49) 0.26 2.31(0489.83 | 0.32
High risk 7/317(2.2) 2.80 (0.5813.47) 0.20 2.51(051-12.38 | 0.26
Thromboembolism
Low risk 0/253(0.0) Reference Reference
Intermediate risk 6/648(0.9) - -
High risk 4/317(1.3) - -
New onset atrial fibrillation
Low risk 5/253(2.0) Reference Reference
Intermediate risk 15/648 (2.3) 1.47(0.494.43) 0.49 1.16(046-3.18 | 0.55
High risk 10/317 (3.2) 2.01 (0.636.41) 024 1.65(0.56-4.83 | 0.22
Stroke
Low risk 0/253(0.0) Reference Reference
Intermediate risk 3/648(0.5) - -
High risk 2/317(0.6) - -
Secondary Outcomes
Unplanned or readmission to ICGU
Low risk 6/253(2.4) Reference Reference
Intermediate risk 41/648 (6.3) 2.78 (1.176.63) 0.02 2.69(1.12-6.449 | 0.03
High risk 21/317 (6.6) 2.92 (1.167.35) 0.02 2.86(1.137.23 | 0.03
Unplanned tracheal intubati@m postoperative lung ventilatién
Low risk 10/253 (4.0) Reference Reference
Intermediate risk 52/648 (8.0) 2.12 (1.064.24) 0.03 2.06(0.953.91) | 0.07
High risk 19/317 (6.0) 1.55 (0.713.39) 0.27 150(0.70-3.549 | 0.28
Pneumonia
Low risk 6/253(2.4) Reference Reference
Intermediate risk 21/648 (3.2) 1.37 (0.553.40) 0.50 1.28(0.51-319) | 0.60
High risk 9/317(2.8) 1.20 (0.433.37) 0.73 1.06(0.36-3.09) | 0.92
Wound infection
Low risk 12/253 (4.7) Reference Reference
Intermediateisk 60/648 (9.3) 1.98 (1.073.69) 0.03 1.95 (1.05-3.64) | 0.03
High risk 26/317 (8.2) 1.78 (0.963.52) 0.10 1.70(0.86-3.39) | 0.12
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No. events/Total| Unadjusted HR or | Pvalue | Adjusted HR or | P value
(%) OR (95%ClI) OR (95%ClI)
Other infection’
Low risk 9/253 (3.6) Reference Reference
Intermediate risk 44/648 (6.8) 1.93 (0.943.96) 0.07 1.84 (0.893.79) | 0.10
High risk 17/317 (5.4) 1.52 (0.683.40) 0.31 1.35(0.593.08) | 0.48
No. events/Total| Unadjusted HR or | Pvalue | Adjusted HR or | P value
(%) OR (95%ClI) OR (95%ClI)
Postoperative delirium
Low risk 9 (3.6) Reference Reference
Intermediate risk 30 (4.6) 1.27 (0.6062.68) 0.53 1.23(0.582.61) | 0.59
High risk 16 (5.0) 1.43 (0.633.24) 0.39 1.46 (0.64-3.30) | 0.37

Abbreviations: HR, hazard ratio; OR, odds ratio; OSA, obstructive slgega; Cl, confidence intervals; ICU,

intensive care unit

aQutcomes are expressed as odds ratios.
bOther infections included urinary tract, upper respiratory tract and caatsadus system infection.
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All patients No OSA Mild OSA Moderate OSA | Severe OSA | P value
No. of patients 1,218 395 452 235 136
No. of nights with oxygen supplememiedian (IQR) 1(1-2) 1(02) 1(1-2) 1(1-3) 1(1-2) 0.004
First night
Patients receiving supplemental oxygin. (%) 907 (74.5) 283 (71.6) 336 (74.3) 185 (78.7) 103 (75.7) 0.26
Types of devicedNo. (%) 0.15
Nasal cannula 600 (49.3) 189 (47.8) 229 (50.7) 119 (50.6) 63(46.3)
Simple facemask 220 (18.1) 73 (18.5) 82 (18.1) 41 (17.4) 24(17.6)
Nonrebreathing mask 7 (0.6) 2 (0.5) 2 (0.4) 3(1.3) 0 (0)
Norrinvasive ventilation devicés 63(5.2) 9 (2.3 21 (4.6) 20 (8.5) 13 (9.6)
Duration of oxygen administratiphours mean 12.4(5.7) 12.4(5.6) 11.9(5.2 13.0(6.4) 12.8(6.2) 012
(SD)
Second night
Patients receiving supplemental oxygin. (%) 515 (42.3) 161 (40.8) 182 (40.3) 113 (48.1) 59 (43.4) 0.22
Types of devicedNo. (%) 0.004
Nasal cannula 407 (33.4) 131 (33.2) 157 (34.7) 80 (34.0) 39 (28.7)
Simple facemask 59 (4.8) 15 (3.8) 13(2.9) 22 (9.4) 9 (6.6)
Nonrebreathing mask 13(1.1) 6 (1.5) 2 (0.4) 3(1.3) 2 (1.5
Norrinvasive ventilation devicés 25 (2.1) 3(0.8) 9 (2.0) 7 (3.0) 6 (4.4)
Duration of oxygen administratiphours mean 11.7(5.9 10.8(5.0 11.5(5.9 13.5(7.0 11.8(5.9 0.001
(SD)
Third night
Patients receiving supplemental oxydgém (%) 284 (23.3) 75 (19.0) 90 (19.9) 80 (34.0) 39 (28.7) <0.001
Typesof devicesNo. (%) <0.001
Nasal cannula 220 (18.1) 65 (16.5) 73 (16.2) 56 (23.8) 26 (19.1)
Simple facemask 15(1.2) 1(0.3) 4 (0.9 6 (2.6) 4(2.9
Nonrebreathing mask 5(0.4) 0 (0) 2(0.4) 3(1.3) 0 (0)
Norrinvasive ventilation devicés 15(1.2) 1(0.3) 4 (0.9 6 (2.6) 4(2.9
Duration of oxygen administratiphours mean 11.4(6.2 10.8(6.0) 11.4(5.8 12.0(6.9 11.1(6.2 0.65
(SD)

Abbreviation:OSA, obstructive sleep apnea; IQR, interquartile range; SD, standard deviatio

aIndividual patient may use more than one oxygen delivering devices

®Nonrinvasive ventilation devices include continuous positive airway pre¢€IP AP) bilevel positive airway pressutbiPAP)ventilation
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eTable 12. Changes 0Oximetry andHeartRate inPatientsWho Did and Did Not ldve the

Primary Outcome

Patients without Patients with P values
primary outcome primary outcome
Oxygen administratigriNo. (%)
Before surgery — —
After surgery Night 1 706 (71.8) 201 (85.5) <0.00F
Night 2 377 (38.4) 138 (58.7) <0.00F
Night 3 193 (19.6) 91 (38.7) <0.00F
Duration of oxygen administergdhours mean (95%Cl) 0.37
Before surgery
After surgery Night 1 13.4 (12.514.3) 12.1 (10.713.4)
Night 2 13.3(12.314.3) 12.9 (11.314.2)
Night 3 11.6 (10.712.6) 11.5(10.112.8)
Oxygen desaturation indegvents/h, mean 0.20
(95%CI)
Before surgery 126 (11.7135) 15.6(13.917.9
After surgery Night 1 7.1(6.4-7.8) 7.3(6.0-8.7)
Night 2 12.2 (111-13.2) 12.2(10.2142)
Night 3 13.6 (126-146) 141 (12.316.0)
Lowestoxyhemoglobin saturation, mean (95%ClI 0.13
Before surgery 772(764-78.0) 75.9(74.4-77.5
After surgery Night 1 784 (775-79.3 76.7(750-78.5)
Night 2 746 (73.7-755) 73.7(71.975.4)
Night 3 73.3 (724-74.2) 73.4 (71.2751)
Highest heart rate- beats/min mean (95%Cl) 0.78
Before surgery 113(110-115) 107 (102-112)
After surgery Night 1 114 (112-117) 116 (112-121)
Night 2 118 (15-120) 122 (117-126)
Night 3 121 (119124) 123 (118-127)
Duration of oxyhemoglobin saturatictB0% min, mean (95%Cl) 0.88
Before surgery 24.4 (206-28.1) 37.1(29.944.3
After surgery Night 1 204 (165-242) 19.5(121-270)
Night 2 51.7(44.459.0 43.0(28.957.2)
Night 3 517 (447-58.7) 51.0(37.4-64.9
Duration of oxyhemoglobin saturatictrB0% min, mean (95%CI) <0.00?

Before surgery 2.9 (2.23.6 6.9(5.48.3

After surgery Night 1 1.9(1.3-2.9 4.2(3.1-5.4)
Night 2 4.0(3.1-4.9 8.0(6.2-9.8)
Night 3 4.3(3.45.1 10.9(9.312.5)

Abbreviation: Cl, confidence intervals

aChi-square test
bGeneral linear model
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