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Introduction: The impact of COVID-19 infection on surgical patients is largely described by
small-cohort studies. This study characterized the risk factors for postoperative mortality among
patients with preoperative COVID-19 infection.

Methods: Data were abstracted from the electronic medical record for patients who tested positive
for COVID-19 before surgery, excluding procedures related to extracorporeal membrane oxygen-
ation (case, March 2020—April 2021). Mortality was compared with that for patients from the
American College of Surgeons National Surgical Quality Improvement Program database (control,
January 2018-February 2020) with chi-square, f test, and multivariable regression.

Results: There were 5,209 patients in the control cohort. Among 1,072 patients with positive
COVID-19 testing before surgery, 589 had surgeries with specialties tracked by the American Col-
lege of Surgeons National Surgical Quality Improvement Program (General Surgery, Gynecology,
Neurosurgery, Orthopedics, Thoracic, Vascular). Patients with previous COVID-19 infection were
younger (age 48 vs 59 years, p<0.001), were more likely to be Black (42% vs 28%, p<0.001), and
underwent fewer elective surgeries (55% vs 83%, p<0.001). Postoperative mortality was greater
among the case cohort (4.4% vs 1%, p<0.001). On multivariable logistic regression, postoperative
mortality increased with age (OR=1.02), emergent surgeries (OR=2.6), and previous COVID-19
infection (OR=3.8). Among patients with previous COVID-19 infection, postoperative mortality
was associated with male sex (OR=2.7), higher American Society of Anesthesiologists Physical Sta-
tus Classification Score (OR=4.8), and smoking history (OR=3.7).

Conclusions: Although data abstraction was limited by the electronic medical record, postopera-
tive mortality is nearly 6 times higher for patients infected with COVID-19 within 2 weeks before
surgery when adjusting for patient- and procedure-level factors. Among those with previous
COVID-19 infection, postoperative mortality is associated with male sex, American Society of
Anesthesiologists Physical Status Classification Score, and smoking history.
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INTRODUCTION

besity, increasing age, and male sex have been

identified as independent risk factors for sus-

ceptibility to and severity of coronavirus dis-
ease 2019 (COVID-19) infection. In a study of over
2,000 patients from over 150 hospitals in 13 states with
confirmed COVID-19, multivariable analysis found that
intensive care unit (ICU) admission was associated with
increased age, male sex, obesity, immunosuppression,
and diabetes. In-hospital mortality was associated with
increased age, male sex, immunosuppression, and sev-
eral other comorbidities.' Other studies have similarly
found increased age, obesity, diabetes, and hypertension
to put patients with COVID-19 at increased risk for
mortality.”

However, the implications of patients’ clinical course
after a previous infection with COVID-19 are unknown.
As patients recover from viral infections, the expected
course of community-acquired pneumonia, heart failure
exacerbation, or any other nonviral disease process for
an organ system previously affected by the COVID-19
virus is unknown. For surgical patients, this presents a
difficult challenge of timing for elective procedures. Elec-
tive surgeries were delayed significantly during the
beginning of the pandemic because hospital systems
attempted to reduce patient exposure to healthcare set-
tings.” As operative volume resumes, it is difficult to
appropriately inform patients about their risk of
postoperative complications for those with previous
COVID-19 infection.” The question of whether patients
with a history of COVID-19 infection should have their
surgeries delayed and, if so, for how long remains largely
unanswered.

Small-cohort studies have studied the risk of mortality
for patients with a perioperative COVID-19 infection
undergoing surgery. Early in the pandemic, a study by
Lei et al.” found that among 34 asymptomatic patients
with COVID-19 who underwent elective surgery, there
was a 20% postoperative death rate, 44% ICU admission
rate, and 100% postoperative pneumonia rate. Another
study around the same time by Nahshon and colleagues’
found that among 64 patients unexpectedly diagnosed
with COVID-19, 51 of whom were diagnosed postopera-
tively, there was a 27.5% postoperative mortality rate.
Several months later, Carrier et al.'’ found that among
44 patients who had recovered from COVID-19 at the
time of surgery, the mortality rate was 23% among the
symptomatic and 5.6% among the asymptomatic. One
quarter of patients had pulmonary complications, and
altogether, there was a 16% 30-day mortality.'” Knisely
and colleagues'' found that perioperative mortality rate
was 17% in those who had a perioperative diagnosis of

COVID-19, compared with 1.4% in those without
COVID-19. Similarly, ICU admission rate was 36%
among those with COVID-19 compared with 16.4%
among the controls.

However, when adjusting for other surgical factors, the
specific impact of preoperative COVID-19 infection on
postoperative outcomes is not yet known. Therefore, this
study aimed to characterize the risk factors for postopera-
tive mortality among patients who had a COVID-19
infection before surgery. It was hypothesized that factors
contributing to complications for medical patients with
COVID-19, namely obesity, male sex, and increased age,
would contribute to postoperative mortality for surgical
patients with COVID-19 as well. In addition, it was
hypothesized that having a history of a COVID-19 infec-
tion would independently increase the risk of postopera-
tive mortality.

METHODS
Study Sample

The control group data were identified from the American College
of Surgeons National Surgical Quality Improvement Program
(ACS-NSQIP) database. ACS-NSQIP is a nationally validated,
risk-adjusted, outcomes-based program to measure and improve
the quality of surgical care. The case cohort consisted of patients
with a COVID-19-positive test before surgery (March 2020
—April 2021). For patients with multiple surgeries, the first sur-
gery during that cohort was used for analysis. The control cohort
was comprised patients who had surgery any time during January
2018-February 2020. The case group data were abstracted from
the electronic medical record for patients who had a positive
COVID-19 diagnosis at any time before surgery. This was deter-
mined by ICD-10 codes. Only surgeries with specialties tracked
by the ACS-NSQIP were included. Patients whose primary proce-
dure was extracorporeal membranous oxygenation were excluded.

Measures

A primary analysis focused on determining the independent asso-
ciation of a previous COVID-19 infection with postoperative mor-
tality, and a secondary analysis focused on determining the factors
associated with postoperative mortality among patients previously
infected with COVID-19. The case cohort is shown in Figure I.
The primary analysis compared the factors associated with mor-
tality between the case and control cohorts. The primary outcome
of mortality was compared by patient-level (history of positive
COVID-19 test, demographics, BMI, history of smoking within
the last year) and procedure-level (surgical service, emergent ver-
sus elective, American Society of Anesthesiologists [ASA] Physical
Status Classification Score, case duration, wound classification)
characteristics using chi-square and 2-sample ¢ tests. Multivariable
logistic regression was performed to evaluate adjusted associations
with mortality. Within the case cohort, a secondary analysis was
performed to determine the factors associated with postoperative
mortality among patients previously infected with COVID-19.
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Control Case

Patients who test positive for
COVID-19 prior to surgery
(Mar 2020-Apr 2021)
(n=1,072)

Patients who underwent
surgery tracked by ACS-NSQIP
(Jan 2018-Feb 2020)
(n=5,209)

Non-ACS-NSQIP
specialty
(n=483)

Patients with ACS-NSQIP
tracked surgeries
(n=589)

Survived Mortality

Primary analysis (1=563) (n=26)

Secondary analysis

Figure 1. CONSORT diagram.

ACS-NSQIP, American College of Surgeons National Surgical Quality
Improvement Program; Apr, April; Feb, February; Jan, January; Mar,
March.

Statistical Analysis

The primary outcome of mortality was compared by patient-level
(days from positive COVID-19 test to surgery, demographics,
BMLI, history of smoking within the last year) and procedure-level
(surgical service, emergent versus elective, ASA, case duration,
wound classification) covariates using chi-square and 2-sample ¢
tests. A priori power calculations were performed to ensure a suf-
ficient sample size to detect significance. As with the case—control
cohort, multivariable logistic regression was performed to identify
adjusted associations with mortality. All analysis was done in
R Studio,'” with p<0.05 considered significant. This study was
approved by the University of Alabama at Birmingham IRB.

RESULTS

There were 5,209 patients in the control cohort and
1,072 patients who had a positive COVID-19 test before
surgery. A total of 483 patients who underwent non-
ACS-NSQIP surgeries were excluded, resulting in 589
patients in the case cohort. A total of 14 patients were
included who had surgery during both the control
period and the case period. Estimating a small effect size
at 0.2, the sample size the case population required to
reach 80% power is 204, which this study exceeds.

Primary Analysis

Overall, the case and control cohorts in aggregate were
39% male and 30% Black, with a mean age of 58 years
(SD=15 years). Most patients had no history of smoking
(78%). The mean BMI was 30 (SD=7.9). Most surgeries
were with General Surgery (44%) and ASA 3 (73%).
Most surgeries were elective (80%) and either clean
(44%) or clean/contaminated (46%). On average, cases
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were 2.5 hours long. Overall postoperative mortality was
1.4%.

Patients with a previous COVID-19 infection were
younger (aged 48 vs 59 years, p<0.001), were more likely
to be Black (42% vs 28%, p<0.001), had higher BMI
(31 vs 30, p=0.02), and were more likely to have a history
of smoking (46% vs 19%, p<0.001) than the control
cohort (Table 1). Although there were differences in
ASA, there were no statistically significant differences in
mean ASA between the case and control groups (2.86 vs
2.87, p=0.84). Patients undergoing surgery with a previ-
ous COVID-19 infection were less likely to be undergo-
ing elective surgery (55% vs 83%, p<0.001). Surgeries
were also more likely to be contaminated (8% vs 4%) or
dirty/infected (11% vs 5%, p<0.001) in the case cohort
than in the control group. Surgeries in the case cohort
were shorter, lasting on average an hour shorter than
surgeries in the control cohort (1.6 vs 2.6 hours,
p<0.001). Surgeries were more often with Orthopedics
(30% vs 18%), Gynecology (20% vs 13%), and Vascular
(10% vs 7%, p<0.001) and less often with General Sur-
gery (23% vs 47%). Postoperative mortality was greater
among the case cohort (4.4% vs 1%, p<0.001).

On logistic regression (Figure 2), Asian patients were
grouped into Other owing to low COVID-19 positivity.
Postoperative mortality increased with age (OR=1.02,
95% CI=1.0, 1.03), greater ASA (OR=3.88, 95% CI=2.47,
6.09), dirty/contaminated surgeries (OR=4.08, 95%
CI=1.93, 8.61), emergent surgeries (OR=2.62, 95%
CI=1.49, 4.59), and previous COVID-19 infection
(OR=3.83, 95% CI=2.07, 7.11). When isolating elective
surgeries only, age (OR=1.03, 95% CI=1.0, 1.07), greater
ASA (OR=2.79, 95% CI=1.19, 6.56), dirty/contaminated
surgeries (OR=7.29, 95% CI=1.8, 29.52), increased case
duration (OR=1.22, 95% CI=1.02, 1.46), and previous
COVID-19 infection (OR=3.25, 95% CI=1.03, 10.3)
were associated with mortality. Among emergent surger-
ies, greater ASA (OR=4.2, 95% CI=2.43, 7.26) and his-
tory of previous COVID-19 infection (OR=3.93, 95%
CI=1.75, 8.84) were associated with mortality, similar to
the findings among elective surgeries. When including
only patients who underwent surgery <14 days from the
day of COVID-19 diagnosis, the OR of mortality associ-
ated with a previous infection increased to 5.7 (95%
CI=2.59, 12.58).

Secondary Analysis

Overall, there were 587 patients who were diagnosed
with COVID-19 before undergoing surgery whose sur-
geries were done by specialties tracked by ACS-NSQIP.
The population was 40% male and 42% Black, with a
mean age of 48 years (SD=18 years). The mean BMI was
31 (SD=8.9). Patients tested positive 0-298 days before
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Table 1. Characteristics of the Case and Control Cohorts

Control (January 2018- Case (March 2020-April Overall
Factors February 2020) (n=5,209) 2021) (n=589) (N=5,798) p-value
Age, years
Mean (SD) 58.6 (14.6) 48.2 (17.8) 57.5(15.3) <0.001
Median (min, max) 60.4 (18.0, 101) 48.3 (14.1, 89.2) 59.6 (14.1, 101)
Race, n (%)
White 3,627 (69.6) 292 (49.6) 3,919 (67.6) <0.001
Black 1,478 (28.4) 247 (41.9) 1,725 (29.8)
Asian 52 (1.0) 12 (2.0) 64 (1.1)
Other 52 (1.0) 38 (6.5) 90 (1.6)
Sex, n (%)
Female 3,165 (60.8) 361 (61.3) 3,526 (60.8) 0.837
Male 2,044 (39.2) 228 (38.7) 2,272 (39.2)
BMI
Mean (SD) 30.3(7.74) 31.2(8.89) 30.4 (7.87) 0.0184
Median (min, max) 29.2 (13.7,90.9) 29.4 (14.7, 69.8) 29.2 (13.7,90.9)
Missing, n (%) 19 (0.4) 0(0) 19 (0.3)
History of smoking, n (%)
None 4,215 (80.9) 317 (53.8) 4,532 (78.2) <0.001
Within the past year 994 (19.1) 272 (46.2) 1,266 (21.8)
ASA, n (%)
1 52 (1.0) 16 (2.7) 68 (1.2) <0.001
2 925 (17.8) 127 (21.6) 1,052 (18.1)
3 3,883 (74.5) 368 (62.5) 4,251 (73.3)
4 343 (6.6) 74 (12.6) 417 (7.2)
5 6(0.1) 2(0.3) 8(0.1)
Missing 0 (0) 2 (0.3) 2 (0.0)
Case type, n (%)
Emergent 4,296 (82.5) 328 (55.7) 4,624 (79.8) <0.001
Elective 913 (17.5) 261 (44.3) 1,174 (20.2)
Wound classification, n (%)
Clean 2,290 (44.0) 286 (48.6) 2,576 (44.4) <0.001
Clean/contaminated 2,450 (47.0) 197 (33.4) 2,647 (45.7)
Contaminated 191 (3.7) 5 (7.6) 236 (4.1)
Dirty/infected 278 (5.3) 1(10.4) 339 (5.8)
Case duration, hours
Mean (SD) 2.61 (1.65) 1.62 (1.32) 2.51 (1.65) <0.001
Median (min, max) 2.18 (0.200, 13.8) 1.30 (0.0333, 8.90) 2.08 (0.0333, 13.8)
Specialty, n (%)
General surgery 2,429 (46.6) 136 (23.1) 2,565 (44.2) <0.001
Orthopedics 910 (17.5) 179 (30.4) 1,089 (18.8)
Gynecology 657 (12.6) 120 (20.4) 777 (13.4)
Neurosurgery 447 (8.6) 2(7.2) 489 (8.4)
Vascular 363 (7.0) 1(10.4) 424 (7.3)
Thoracic 386 (7.4) 1(1.9) 397 (6.8)
Plastics 17 (0.3) 0 (6.8) 57 (1.0)
Mortality, n (%)
Survived 5,155 (99.0) 563 (95.6) 5,718 (98.6) <0.001
Mortality 54 (1.0) 26 (4.4) 80 (1.4)

Note: Boldface indicates statistical significance (p<0.05).

ASA, American Society of Anesthesiologists Physical Status Classification Score; max, maximum; min, minimum.

www.ajpmonline.org




Shao et al / Am ] Prev Med 2022;63(151):S75—S82 S79

Factors associated with post-operative mortality
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Figure 2. Factors associated with postoperative mortality.
Note: *p<0.05, **p<0.01, and ***p<0.001.

surgery (median=20 days, mean=48.5 days) (Table 2).
Most procedures were with orthopedics (30%) and gen-
eral surgery (23.5%). Most surgeries were elective (54%).
Opverall postoperative mortality was 4.5%.

Among patients with a previous COVID-19 infection
(Table 2), those who died postoperatively were more
male (62% vs 38%, p=0.02), had greater ASA (3.5 vs 2.8,
p<0.001), underwent emergent surgery (81% vs 43%,
p<0.001), had contaminated (19% vs 7%) or dirty/
infected (23% vs 10%, p=0.008) wound classification,
and had shorter case duration (1.2 vs 1.6 hours,
p=0.02). Mortality varied by specialty (Thoracic 18%,
Neurosurgery 7%, General Surgery 7%, Plastics 5%,
Vascular 3%, Gynecology 3%, orthopedics 2%,
p=0.07). Patients who tested positive for COVID-19
>14 days from surgery had a lower mortality (2.9%)
than those who tested positive within the 2 weeks
before surgery (6.5%, p=0.05).

On logistic regression (Appendix Figure 1, available
online), patients with a race listed as Asian or Other
were excluded owing to zero mortality (n=50). Among
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the resulting 537 cases, postoperative mortality was
lower for Black patients (OR=0.33, 95% CI=0.11, 0.98)
and among surgeries with longer case duration
(OR=0.61, 95% CI=0.38, 1). Postoperative mortality was
higher among male patients (OR=2.7, 95% CI=0.94,
7.87), patients with higher ASA (OR=4.81, 95% CI=2.02,
11.48), and patients who had smoked within the past
year (OR=3.7, 95% CI=1.27, 10.8).

DISCUSSION

Postoperative mortality is almost 6 times higher for
patients infected with COVID-19 within the 2 weeks
before surgery when adjusting for patient- and proce-
dure-level factors. Among those with previous COVID-
19 infection, the risk of postoperative mortality is associ-
ated with male sex, higher ASA, and a history of smok-
ing within the past year.

This is the first, large volume analysis comparing the
risk factors associated with postoperative mortality that
comprehensively accounts for confounding factors. At
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Table 2. Characteristics of Patients Undergoing Surgery After a COVID-19 Infection
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Median (min, max)
History of smoking, n (%)

None

Within the past year
ASA, n (%)

1

o b~ WN

Missing
Case type, n (%)
Elective
Emergent
Wound classification, n (%)
1
2
3
4
Case duration
Mean (SD)
Median (min, max)
Specialty, n (%)
General surgery
Orthopedics
Gynecology
Vascular
Neurosurgery
Plastics
Thoracic
TTS
Mean (SD)
Median (min, max)

29.3 (14.7, 69.8)

323 (57.4)
240 (42.6)

1.64 (1.34)
1.32 (0.0333, 8.90)

126 (22.4)
175 (31.1)
117 (20.8)
9 (10.5)
39(6.9)
38(6.7)
9(1.6)
51.0 (65.6)
22.0 (0, 298)

30.4 (20.2, 62.1)

1.23(0.792)
0.992 (0.483, 3.28)

39.5 (62.2)
10.0 (0, 198)

Factors Survived (n=563) Mortality (n=26) Overall (N=589) p-value
Age, years
Mean (SD) 48.0 (17.8) 52.3(18.8) 48.2 (17.8) 0.264
Median (min, max) 47.8 (14.1, 89.2) 50.0 (20.0, 81.9) 48.3 (14.1, 89.2)
Race, n (%)
White 274 (48.7) 18 (69.2) 292 (49.6) 0.155
Black 239 (42.5) 8(30.8) 247 (41.9)
Asian 12 (2.1) 0 (0) 12 (2.0)
Other 38(6.7) 0 (0) 38(6.5)
Sex, n (%)
Female 351 (62.3) 10 (38.5) 361 (61.3) 0.0252
Male 212 (37.7) 16 (61.5) 228 (38.7)
BMI
Mean (SD) 31.1(8.80) 33.4 (10.5) 31.2 (8.89) 0.29

29.4 (14.7, 69.8)

317 (53.8) 0.0706

<0.001

328 (55.7) <0.001

48.6) 0.00843

1.62 (1.32) 0.0187
1.30 (0.0333, 8.90)

136 (23.1) 0.068
179 (30.4)
120 (20.4)
1(10.4)
2(71)
0 (6.8)
1(1.9)
50.5 (65.5) 0.365
21.0 (0, 298)

Note: Boldface indicates statistical significance (p<0.05).
ASA, American Society of Anesthesiologists Physical Status Classification Score; max, maximum; min, minimum; TTS, time to surgery.
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the start of the pandemic, surgical volume was restricted
to emergent cases only, which included patients who
tested positive for COVID-19 at the time of surgery.
Small-cohort studies that focused on patients who tested
positive for COVID-19 were also likely, including a
cohort with worse clinical presentation and burden of
comorbidities at the time of surgery owing to the nature
of who was receiving surgeries at the time. Therefore,
small-cohort studies likely included significant con-
founding.

In this study, comparing patients who were previously
diagnosed with COVID-19 and underwent surgery with
those who underwent surgery before the COVID-19
pandemic and represent a single institution’s baseline
outcomes helped to quantify the increased risk associ-
ated with a preoperative COVID-19 diagnosis. Comor-
bidities associated with worse medical and postoperative
outcomes for those with COVID-19 and for those with-
out are very similar: namely increased age, increased
BMI, and medical comorbidities. These factors were
included to establish the surgical risks among a demo-
graphic that is increasingly prevalent: those previously
diagnosed with COVID-19.

Notably, there were more Black patients in the case
cohort (42%) than the state demographics (26%) and
certainly in studies in established literature (12%
—15%)," many of which do not include race.”' There
are significant disparities between those typically cared
for (28.3% Black, control cohort) and those operated on
who had been previously infected with COVID-19 (42%
Black). This suggests an increased risk of acquiring
COVID-19 among Black populations, likely owing to
structural socioecologic inequities, with less compelling
association with postoperative outcomes. The protective
association seen on the multivariable logistic regression
is likely because of the high prevalence of COVID-19
among the Black population. Additional research is
needed to better understand and eliminate these
disparities.

Although time to surgery (TTS) was not a significant
contributory factor to postoperative mortality, there was
a trend toward improved mortality with increased TTS,
as shown in Appendix Figure 2 (available online).
Among those undergoing elective surgery, in which the
TTS is able to be controlled, increasing the duration
from COVID-19 infection to operative intervention may
improve postoperative outcomes. Particularly for
patients with significant comorbidities or a history of
smoking, who are independently at risk of increased
postoperative mortality after COVID-19 infection,
delaying surgery may provide the patient with survival
benefits. Additional analysis will allow for optimized
surgical timing to reduce the complications associated
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with previous COVID-19 infection while balancing the
harms of delaying surgical care.

Limitations

There were several limitations to this study. First, this is
a retrospective cohort study only capturing perioperative
data for surgeries documented with the ACS-NSQIP
database as well as in the electronic medical record. Data
captured are prone to human error. Whereas the ACS-
NSQIP database is nationally validated and collected by
trained clinical reviewers, data from the patients’ medi-
cal charts are prone to errors in documentation. In addi-
tion, testing positive for COVID-19 was determined by
ICD-10 coding, which could similarly be prone to error
as well as falsely represent a new infection when there
may be instances of convalescence or false positives.
Third, patients who have previously tested positive at
another facility or who had tested positive without
requiring hospital admission were not included in the
study cohort. In addition, outcomes were based on the
patient’s first surgical encounter during the cohort
period. Patients with multiple surgeries may have had
higher acuity or more complex procedures done later in
the period that was not included. However, the inclusion
of the first surgery is most representative of the relation-
ship between testing positive for COVID-19 and surgical
outcomes. Finally, this analysis is a preliminary study of
the factors associated with mortality. Future studies will
include additional data on comorbidities and other post-
operative outcomes such as venous thromboembolism,
postoperative length of stay, and 30-day readmissions.

CONCLUSIONS

Previous infection with COVID-19 is independently
associated with an almost fourfold increase in postopera-
tive mortality when adjusting for patient- and proce-
dure-level factors. For patients who underwent surgery
within 2 weeks of contracting COVID-19, the risk
increased almost sixfold. Among those with previous
COVID-19 infection, the risk of postoperative mortality
is predicted by male sex, higher ASA, and a history of
smoking within the past year. There may be utility in
increasing the time from COVID-19 diagnosis to sur-
gery to reduce the risk of complications.
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