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a b s t r a c t

Background: Reports on emergency surgery performed soon after a COVID-19 infection that are not
controlled for premorbid risk-factors show increased 30-day mortality and pulmonary complications.
This contributed to a virtual cessation of elective surgery during the pandemic surge. To inform evidence-
based guidance on the decisions for surgery during the recovery phase of the pandemic, we compare 30-
day outcomes in patients testing positive for COVID-19 before their operation, to contemporary
propensity-matched COVID-19 negative patients undergoing the same procedures.
Methods: This prospective multicentre study included all patients undergoing surgery at 170 Veterans
Health Administration (VA) hospitals across the United States. COVID-19 positive patients were pro-
pensity matched to COVID-19 negative patients on demographic and procedural factors. We compared
30-day outcomes between COVID-19 positive and negative patients, and the effect of time from testing
positive to the date of procedure (�10 days, 11e30 days and >30 days) on outcomes.
Results: Between March 1 and August 15, 2020, 449 COVID-19 positive and 51,238 negative patients met
inclusion criteria. Propensity matching yielded 432 COVID-19 positive and 1256 negative patients among
whom half underwent elective surgery. Infected patients had longer hospital stays (median seven days),
higher rates of pneumonia (20.6%), ventilator requirement (7.6%), acute respiratory distress syndrome
(ARDS, 17.1%), septic shock (13.7%), and ischemic stroke (5.8%), while mortality, reoperations and read-
missions were not significantly different. Higher odds for ventilation and stroke persisted even when
surgery was delayed 11e30 days, and for pneumonia, ARDS, and septic shock >30 days after a positive
test.
Discussion: 30-day pulmonary, septic, and ischaemic complications are increased in COVID-19 positive,
compared to propensity score matched negative patients. Odds for several complications persist despite
a delay beyond ten days after testing positive. Individualized risk-stratification by pulmonary and
atherosclerotic comorbidities should be considered when making decisions for delaying surgery in
infected patients.

© 2020 Elsevier Inc. All rights reserved.
Introduction

Coronavirus Disease 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) was declared a
iversity of Maryland, 22 South Gre
).
pandemic by the World Health Organization on March 11, 2020.
Reports indicate high rates of mortality and pulmonary complica-
tions after surgical procedures performed on COVID-19 positive
patients.1e3 A report of 1128 surgical procedures (74% emergency
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procedures) conducted in 24 countries, during a COVID surge
demonstrated 30-day mortality in 23.8%, postoperative pneumonia
in 40.4%, and need for unexpectedmechanical ventilation in 14.4%.4

These data are similar to other studies on periprocedural risks for
COVID-19 positive patients.1e3 Given the extraordinary circum-
stances surrounding COVID-19, including decreased healthcare
capacity,5 delay in seeking or obtaining care,6 and unique factors
selecting for surgery, a contemporary control group of COVID-19
negative patients undergoing similar procedures is necessary to
make inferences about the risk attributable to the infection.

The Veterans Health Administration (VA), one of the largest
healthcare systems in the United States (US), provides care to over
nine million individuals.7 Starting March 17, 2020, the VA deferred
elective surgery nationwide to prevent the spread of COVID-19,
preserve emergency surgery capabilities, and avoid adverse out-
comes in non-emergency surgery. This deferral followed guidelines
issued by the Centers for Medicare and Medicaid Services8 and the
American College of Surgeons.9 As COVID-19 cases decreased across
the country, VA facilities selectively restarted elective procedures.
The current approach involves delaying elective surgery for at least
ten days after a positive test in asymptomatic patients or ten days
after the resolution of symptoms in symptomatic patients.10

Emergency surgery is performed without delay.
There are limited data describing the contribution of a COVID-19

infection to postoperative outcomes or the optimal delay in surgery
after infection. With a national database containing electronic
medical records (EMR) from serving nine million veterans across
the US, the VA provides an opportunity to study the impact of
SARS-CoV-2 on surgical patients. To help establish evidence-based
guidance on the risk of surgery during the COVID-19 pandemic, we
compared COVID-19 positive to contemporary COVID-19 negative
patients undergoing a broad range of surgeries, after a propensity
match that included identical procedure and case urgency.

Methods

Study design

We conducted a nationwide, multicenter, prospective study
comparing COVID-19 positive and negative patients undergoing
identical surgical procedures with identical urgency classifications.
The COVID-19 patients were propensity score matched to patients
who did not have COVID-19. Study participants were obtained from
all 170 VA hospitals and 1255 VA health care centers across the US.
The protocol was reviewed and approved by the University of
Maryland Institutional Review Board and the Baltimore VA Medical
Center Research and Development Committee.

Participants

We identified patients who underwent a surgical procedure
between March 1 and August 15, 2020 and collected data on de-
mographic, medical, and surgical characteristics. Our exposure was
a positive SARS-CoV-2 quantitative RT-PCR test. Laboratory testing
for SARS-CoV-2 infection was uniform across VA facilities.

All included patients had a test for SARS-CoV-2 prior to or on the
date of surgery. Patients who were positive by PCR before or on the
date of surgery were classified COVID-19 positive. Patients who
were tested and never found to be positive at any time during the
study period were classified COVID-19 negative. Patients who were
not tested were excluded. If multiple procedures were performed
during the study period in a COVID-19 positive patient, the pro-
cedure performed nearest to the date of the first positive test was
defined as the index procedure. Similarly, in the COVID-19 negative
group, the first procedure was considered the index procedure.
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Data collection

Study data were obtained from the Department of Veterans
Affairs Informatics and Computing Infrastructure (VINCI) database
which stores data from the VA’s EMR (Computerized Patient Record
System, CPRS).11

Data on age, sex, race and ethnicity, body mass index (BMI), and
American Society of Anesthesiologists (ASA) physical status classifi-
cation were obtained.12 The Charlson Comorbidity Index (CCI) was
computed from a composite of 17 comorbidities using International
Classification of Diseases-10 (ICD-10) codes for the 2 years prior to
the date of surgery.13 The Current Procedural Terminology (CPT)
code, case urgency (elective, urgent, or emergency), and anesthesia
used for each procedure were obtained. Anesthesia was classified as
general or other (a composite of sedation, spinal, epidural and local).

Outcomes

Patient outcomes up to 30-days after the index procedure were
recorded. We studied four primary outcome measures: mortality,
readmission, reoperation, and hospital length of stay (LOS). Sec-
ondary outcome measures (related to pulmonary complications)
included postoperative pneumonia, need for mechanical ventila-
tion, and acute respiratory distress syndrome (ARDS). Secondary
outcomes (related to inflammatory, thrombotic, and ischemic
syndromes) including septic shock, myocardial infarction (MI),
ischemic stroke, and acute pulmonary embolism (PE). ICD-10
diagnosis codes were used to identify the outcome measures;
ICD-10 and CPT codes were used to identify mechanical ventilation.

Statistical analysis

Summary statistics comparing COVID-19 positive and negative
patients are presented as frequencies and percentages; means and
standard deviations (SD); or medians and interquartile ranges
(IQR). Comparisons of the two groups were performed using
Pearson’s Chi2 test and Fisher’s Exact test for categorical data.
Student’s t-test was used for normally distributed continuous data,
and the Mann-Whitney-U test was used for non-normally distrib-
uted continuous data. Outcomes were first compared between
unmatched COVID-19 positive and negative patients.

COVID-19 positive patients were propensity score matched to
COVID-19 negative patients (propensity to be COVID-19 positive,
matching ratio 3:1, control to case). Thematch startedwith an exact
match on all digits of the CPT code for the index procedure and an
exact match on case urgency (elective, urgent or emergency). This
was followed by a nearest neighbor match on age, sex, race,
ethnicity, BMI, smoking status, CCI, ASA class, type of anesthesia,
and history of cancer. For each outcome measure, we performed
two analyses. The first compared outcomes in the matched COVID-
19 positive and negative patients. The second analysis used a
simple logistic regression with a 4-level independent variable for
time from positive test to surgery: 1) COVID-19 negative, 2) �10
days from positive test to surgery, 3) 11e30 days, and 4) >30 days.
The rationale for these strata are as follows: 1) According to CDC
guidelines, the isolation period after onset of COVID-19 symptoms
is ten days.14 2) It has been reported that 98% of patients with
COVID-19 exposure develop symptoms within 11.5 days of infec-
tion.15 3) Little is known about the risk for adverse events up to and
greater than one month after testing positive. Odds ratios (OR) and
95% confidence intervals (CI) for clinical outcome measures were
calculated for each time strata relative to COVID-19 negative pa-
tients. A two-sided a of �0.05 was considered statistically signifi-
cant. Statistical analyses were performed using R version 3.6.1 (R
Foundation for Statistical Computing, Vienna, Austria).
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Role of the funding source

The VA and the funding agencies had no role in the study design,
analysis, interpretation, or manuscript.

Results

At the time of analysis (September 25, 2020), 30-day follow-up
was complete on all patients undergoing surgery between March 1
and August 15, 2020. 93,031 surgical procedures were performed
on 78,972 patients, with 53,697 patients meeting inclusion criteria.
A total of 470 patients tested positive for SARS-CoV-2 infection, and
53,227 never tested positive before or on the date of their pro-
cedure. After excluding patients with missing data, we had 449
patients in the COVID-19 positive group and 51,238 patients in the
negative group. Matching on propensity for being in the COVID-19
positive group resulted in a final cohort of 432 COVID-19 positive
and 1256 negative patients (Fig. 1).

In the unmatched cohort, the COVID-19 positive group included
Fig. 1. Flow diagram of patien
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more black patients (43% vs 19%; p < 0.001), greater comorbidity
burden (3.6 vs 3.1; p < 0.001), more patients with ASA class four or
five (25.2% vs 12.7%; P < 0.001), and more urgent or emergency
procedures (55.3% vs 36.5%, p < 0.001) compared to the COVID-19
negative group (Supplemental Table 1). In unadjusted 30-day out-
comes, COVID-19 positive patients had higher mortality rates (3.3%
vs. 0.8%, p < 0.001) and longer median LOS (7 vs 3 days, p < 0.001)
but no differences in readmission (8.9% vs. 7.1%, p ¼ 0.17) or
reoperation (8.7% vs. 6.9%, p¼ 0.16). COVID-19 positive patients had
higher rates of pneumonia (21.4% vs. 3.3%, p < 0.001), postoperative
mechanical ventilation (7.6% vs. 1.9%, p < 0.001), ARDS (16.9% vs.
2.8%, p < 0.001), septic shock (14.3% vs. 3.4%, p < 0.001), MI (4.7% vs.
1.5%, p < 0.001), ischemic stroke (6.0% vs. 1.9%, p < 0.001) and PE
(3.8% vs. 1.8%, p ¼ 0.01).

After propensity score matching, the standardized mean dif-
ferences of the propensity scores comparing COVID-19 positive and
negative patients were zero for their full 5-digit CPT codes, levels of
procedural urgency, ethnicity, and comorbidity burden (CCI), and
close to zero for all other variables included in the matching
ts included in the study.
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algorithm (Fig. 2). Demographic, clinical, and procedural charac-
teristics including levels of urgency were similar in the matched
cohort (Table 1).

After matching, COVID-19 positive patients demonstrated
longer median LOS (7 vs 5 days, p < 0.001). Infected patients had
higher 30-day rates of pneumonia (20.6% vs. 6.0%, p < 0.001),
postoperative mechanical ventilation (7.6% vs. 4.1%, p ¼ 0.01) and
ARDS (17.1% vs 6.8%, p < 0.001). Mortality, reoperations, and read-
missions were not different between the groups (Table 2). Among
COVID-19 positive patients, 24.3% (105/432) had at least one pul-
monary complication and 12.4% (13/105) of those died. Among
COVID negative patients, 10.7% (134/1256) had at least one pul-
monary complication and 14.9% (20/134) of those died. Infected
patients had higher rates of septic shock (13.7% vs. 6.8%. p < 0.001)
and ischemic stroke (5.8% vs. 2.9%, p ¼ 0.01). Rates of PE were
similar and rates of MI were nominally higher among COVID-19
positive patients but did not reach statistical significance (4.6% vs.
2.7%, p ¼ 0.07).

The median time interval between the COVID-19 positive test
and index procedure 42 days (IQR 21, 73). COVID-19 negative pa-
tients had a negative test 2 days prior to their procedure (IQR 1, 3).
SARS-CoV-2 infection was diagnosed within ten days prior to sur-
gery in 70 patients (16.2%), between 11 and 30 days prior in 96
patients (22.2%), and between 30 and 150 days prior in 266 patients
(61.6%; Supplemental Fig. 1). The greatest odds of pneumonia and
septic shock occurred in procedures within ten days of a positive
test; however, higher odds of pneumonia, ARDS, and septic shock
persisted even when a procedure was performed 11e30 days or
more than 30 days after a positive test (Table 3). Odds for me-
chanical ventilation and ischemic stroke were elevated up to 30
days after a positive test. Frequency and percentage of post-
operative complications by time interval from test to surgery is
presented in Supplemental Table 2.
Fig. 2. Covariate balance for all the variables included in the propensity score match after a
the level of case urgency*.
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Discussion

Postprocedural pulmonary and septic complications are higher
in patients with preprocedural SARS-CoV-2 infection compared to
similar patients without infection. The rates for these complica-
tions are lower than earlier reports based largely on uncontrolled
studies with large proportions of high-risk emergency procedures
performed early (within ten days) after COVID-19 diagnosis. The
propensity matched controls in this study allowed for a better
estimation of the true impact of COVID-19 on outcomes. Peri-
procedural ischemic stroke occurs more frequently in COVID-19
positive compared to negative patients, and MI rates trend this
direction. This finding argues for careful cardiac and cerebrovas-
cular risk-stratification of infected patients being considered for
surgery. The risk for pulmonary complications and septic shock
persists even in patients undergoing procedures delayed more than
30 days after positive COVID-19 testing. The odds for stroke are
elevated up to 30 days after a positive test. These findings have
important implications for clinical decision making since persistent
COVID-related risks must be weighed against the risk for prolonged
delays in offering surgery.

Early in the pandemic, high periprocedural pulmonary compli-
cations, systemic sepsis andmortality resulted in a virtual cessation
of elective surgery across the world. Available outcomes data pre-
sent challenges, as they derive primarily from emergency proced-
ures performed soon after a COVID-19 infection and lack
adjustment for premorbid risk-factors known to contribute to
complications. In 9 COVID-19 positive patients undergoing emer-
gency surgery for hip fractures, the mortality was 56%.16 COVID-19
positive transplant recipients also demonstrated high rates of
postoperative infections and mortality.3 Procedures performed
early after a COVID-19 infection also result in high complication
rates. In 34 patients undergoing an operation within 2.5 days of
being diagnosed with the infection, 100% developed pneumonia,
chieving an exact match on the full Clinical Procedural Terminology (CPT) code and on



Table 1
Description of patients by COVID-19 status after propensity score matching.

COVID-19 Negative COVID-19 Positive p

N ¼ 1256 N ¼ 432

DEMOGRAPHICS
Age, years (SD) 64.8 (12.3) 65.1 (12.7) 0.69
Sex, male 1171 (93.2) 398 (92.1) 0.51
Race 0.14
Black 478 (38.1) 187 (43.3)
White 96 (7.6) 27 (6.2)
Other 682 (54.3) 218 (50.5)

Hispanic 1160 (92.4) 398 (92.1) 0.96
BMI, kg/m2 (SD) 29.8 (6.9) 30.0 (6.9) 0.71
CLINICAL RISK FACTORS
Smoking Status 0.18
Current 237 (18.9) 62 (14.4)
Former 549 (43.7) 201 (46.5)
Never 406 (32.3) 143 (33.1)
Unknown 64 (5.1) 26 (6.0)

Comorbidity index, CCI (SD) 3.6 (3.4) 3.6 (3.3) 0.91
Heart failure 16 (1.3) 10 (2.3) 0.20
COPD 305 (24.3) 101 (23.4) 0.75
Cirrhosis 49 (3.9) 18 (4.2) 0.92
HIV 16 (1.3) 10 (2.3) 0.20

Dialysis dependent renal failure 119 (9.5) 33 (7.6) 0.30
PROCEDURAL RISK FACTORS
ASA Class 0.06
1 3 (0.2) 3 (0.7)
2 195 (15.5) 58 (13.4)
3 778 (61.9) 260 (60.2)
4 279 (22.2) 108 (25.0)
5 1 (0.1) 3 (0.7)

General anesthesia 737 (58.7) 269 (62.3) 0.21
Organ system of surgery 1.00
Musculoskeletal 263 (20.9) 89 (20.6)
Urological 250 (19.9) 85 (19.7)
Gastrointestinal 194 (15.4) 68 (15.7)
Cardiovascular 163 (13.0) 57 (13.2)
Ophthalmological 111 (8.8) 37 (8.6)
Respiratory 105 (8.4) 35 (8.1)
Integumentary 74 (5.9) 27 (6.2)
Neurological 69 (5.5) 25 (5.8)
Endocrine 9 (0.7) 3 (0.7)
Gynecological 6 (0.5) 2 (0.5)
Lymphatic 6 (0.5) 2 (0.5)
Auditory 3 (0.2) 1 (0.2)
Mediastinum/Diaphragm 3 (0.2) 1 (0.2)

Urgency level 0.92
Elective 580 (46.2) 196 (45.4)
Urgent 544 (43.3) 188 (43.5)
Emergency 132 (10.5) 48 (11.1)

Data represents frequency (%) unless indicated. Averages presented as means. SD, standard deviation; BMI, body mass index; CCI, Charlson comorbidity index; COPD,
chronic obstructive pulmonary disease; HIV, human immunodeficiency virus; ASA, American Society of Anesthesiologists.

Table 2
30-day postoperative outcomes COVID-19 status after propensity score matching.

COVID-19 Negative COVID-19 Positive p-value

N ¼ 1256 N ¼ 432

Mortality 28 (2.2) 15 (3.5) 0.22
Reoperation 131 (10.4) 36 (8.3) 0.24
Readmission 113 (9.0) 33 (7.6) 0.44
Length of stay, days* 5 [2, 10] 7 [2, 23] <0.001
Pneumonia 75 (6.0) 89 (20.6) <0.001
Postoperative mechanical ventilation 51 (4.1) 33 (7.6) 0.01
ARDS 86 (6.8) 74 (17.1) <0.001
Septic shock 86 (6.8) 59 (13.7) <0.001
Pulmonary embolism 27 (2.1) 15 (3.5) 0.18
Myocardial infarction 34 (2.7) 20 (4.6) 0.07
Ischemic stroke 37 (2.9) 25 (5.8) 0.01

The data is expressed as number (percentage) unless specified otherwise. *Median [interquartile range]. ARDS, Acute respiratory distress syndrome.
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Table 3
Odds ratios (95% confidence intervals) for 30-day postoperative outcomes by time interval from positive COVID-19 test to procedure after propensity score matching.

COVID-19 Negative (n ¼ 1256) COVID-19 Positive
Interval between testing and date of procedure

�10 days (n ¼ 70) 11e30 days (n ¼ 96) >30 days (n ¼ 266)

Pneumonia Reference 7.7 (4.4e13.3) 6.2 (3.7e10.1) 2.7 (1.8e4.1)
Postoperative mechanical ventilation Reference 3.1 (1.3e6.4) 3.1 (1.5e5.9) 1.3 (0.7e2.3)
ARDS Reference 4.0 (2.2e7.2) 4.5 (2.7e7.5) 2.0 (1.3e3.0)
Septic shock Reference 3.4 (1.8e6.2) 2.7 (1.5e4.8) 1.7 (1.1e2.6)
Myocardial infarction Reference 2.2 (0.6e5.7) 1.6 (0.5e4.0) 1.7 (0.8e3.2)
Ischaemic stroke Reference 1.0 (0.2e3.3) 3.4 (1.5e7.0) 1.8 (0.9e3.4)

ARDS: Acute respiratory distress syndrome.
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32.4% developed ARDS, 33.3% required mechanical ventilation,
29.4% had septic shock, and 20.5% died.1 Finally, patient risk factors
also influence COVID-19-related complications. In one report,
overall mortality in 72,000 infected patients was 2.3%, while the
mortality rose to 8.0% in 70 to 79-year-olds and to 14.8% in those
aged �80 years.17 The odds for patients with severe compared to
non-severe infection were elevated 2- to 4-fold in patients with
hypertension, diabetes, respiratory system disease, and cardiovas-
cular disease.18 Similar to prior studies, our unadjusted cohort
demonstrated higher proportions of urgent/emergency procedures
and complications in COVID-19 positive patients.

There are limited studies on the risk of postprocedural adverse
events attributable to COVID-19 after adjusting for important cova-
riates. Available reports have three main limitations: 1) They
compare COVID-19 positive patients to pre-pandemic
patients2,19e22; 2) they do not include elective surgery2,16,21,23; or
3) they do not adjust for comorbidity burden.2,16,22,23 Propensity
score-matching offers an opportunity to compare outcomes between
COVID-19 positive and negative patients with similar demographic
features and comorbidities undergoing similar operations (emer-
gency or elective). Given sample size limitations, it is difficult to
achieve this analysis using data from a single center. One group re-
ported a propensity score matched analysis but was limited to 25
COVID-19 patients undergoing emergency surgerywithin 2.12± 0.93
days of testing positive.19 The VINCI database provides the breadth
and volume of data needed to match individuals on the specific
procedure, level of urgency, demographics, and risk factors. After
propensity score-matching, we found that COVID-19 positive pa-
tients demonstrated elevated rates of post-procedural pneumonia,
ARDS, postoperative mechanical ventilation, and septic shock
compared to uninfected controls. These translated into a prolonged
LOS. The observed rates for complications were lower than in pre-
vious reports and likely reflect the use of appropriate controls, our
COVID-19 positive case mix (54.6% urgent/emergency procedures,
62.3% with general anesthesia), and lead time from test to surgery
(16.2% of COVID-19 positive patients had surgery within ten days of
testing). Infected patients had similar rates of mortality, reoperation,
readmission, and acute PE compared to uninfected patients. These
findings may reflect increased collective knowledge driving
improved anticipation, prevention, detection, and management of
COVID-related complications.

It is reassuring that a delay in surgery by ten days after a positive
test for COVID-19 reduces postprocedural complications. However,
not all complications returned to non-COVID-19 levels. The odds for
pneumonia, ARDS and septic shock were high when a procedure
was performed within ten days of a positive test and remained
elevated even when procedures were delayed by � 30 days. The
odds of postoperative mechanical ventilation were elevated up to
30 days after a positive test. Scattered reports have suggested the
possibility of persistent pulmonary risks when procedures are
performed 2e4weeks after a test is positive.20,24 Our findings argue
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for consideration of delaying elective surgery for 30 or more days,
particularly in patients with pre-existing pulmonary risk factors
such as smoking, chronic obstructive pulmonary disease and severe
cardiac disease, which have all been associated with COVID-19
pneumonia.

Periprocedural ischemic stroke was elevated in COVID-19 pa-
tients and the risk persisted up to 30 days post testing, while MI
was nominally higher, raising several concerns. The risk for
myocardial and brain ischemia must be weighed against the risk of
delaying an operation. A high index of suspicion must be main-
tained since the diagnosis may be confounded by procedure-
related pain or narcotic use. A low threshold for coronary or cere-
brovascular imaging may be warranted, particularly in high-risk
patients with severe atherosclerotic comorbidities, as these pa-
tients are at increased risk of myocardial or cerebrovascular
ischemia during influenza or other viral infections.25,26 Pre-existing
atherosclerosis worsens clinical outcomes in COVID-19 positive
patients.18 Like other coronaviruses, SARS-CoV-2 may induce sys-
temic inflammation, localized destabilization of atherosclerotic
plaques, direct inflammation of the myocardium, and a hyperco-
agulable state, all of which can lead to end-organ ischemia.25,27 The
exact mechanism for our findings requires further investigation.
Potential preventative measures such as deferring elective surgery
must be considered, and short term periprocedural dual anti-
platelet or aggressive statin prophylaxis in active or severe in-
fections, particularly in patients with pre-existing atherosclerosis,
will need to be evaluated.
Limitations

Propensity-matching cannot account for all potential differ-
ences, and unknown yet important factors may not have been
controlled. The study describes the surgical experience at VA fa-
cilities as the pandemic was evolving. Testing for COVID-19 was not
instituted consistently until later phases; therefore, a large pro-
portion of patients was excluded from the analysis due to unknown
COVID-19 status. The VA population is largely male, older, and has
more comorbidities than the general population, which must be
considered when generalizing these findings. The study included a
wide range of procedures from all organ systems. The issue of
surgical procedure-specific outcomes for different levels of urgency
was beyond the scope of this study. However, the VINCI database is
accumulating more cases, and as sample sizes increase, further
studies will investigate this important issue. This early in the
pandemic, the study could only report 30-day outcomes. COVID-19
may have long-term, postprocedural effects that will not be iden-
tified until future studies provide follow-up beyond 30 days. Lastly,
we did not assess institutional protocols to mitigate COVID-19
transmission, but future studies will need to investigate the rela-
tive merit of different strategies to guide restrictions on surgical
services during surge periods.
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Conclusions

We did not find higher rates of postprocedural mortality,
reoperation, or readmission in patients with prior COVID-19
infection, potentially due to increased elective cases and
improved care for COVID-19 in our cohort. COVID-19 positive pa-
tients did have higher risks of pulmonary, septic, and ischemic
complications, which persisted for 30 days or longer after a positive
test. These findings underscore the importance of preoperative
screening for SARS-CoV-2 infection and consideration for deferring
elective surgery up to or beyond 30 days, particularly in those with
pulmonary or atherosclerotic risk factors. Strategies for targeted
prophylaxis, reduced thresholds for testing, and aggressive treat-
ments for these complications need to be evaluated.
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