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Objective: To evaluate whether COVID-19 vaccination status or mode of
anesthesia modified the temporal harms associated with surgery
following coronavirus disease-2019 (COVID-19) infection.
Background: Surgery shortly after COVID-19 infection is associated with
higher rates of complications, leading to recommendations to delay
surgery following COVID-19 infection when possible. However, prior
studies were based on populations with low or no prevalence of
vaccination.
Methods: A retrospective cohort study of patients who underwent sched-
uled surgery in a health system from January 1, 2018 to February 28, 2022
(N= 228,913) was performed. Patients were grouped by time of surgery
relative to COVID-19 test positivity: 0 to 4 weeks after COVID-19 (“early
post-COVID-19”), 4 to 8 weeks after COVID-19 (“mid post-COVID-
19”), > 8 weeks after COVID-19 (“late post-COVID-19”), surgery at least
30 days before subsequent COVID-19 (“pre-COVID-19”), and surgery
with no prior or subsequent test positivity for COVID-19.
Results: Among patients who were not fully vaccinated at the time of
COVID-19 infection, the adjusted rate of perioperative complications for
the early post-COVID-19 group was significantly higher than for the pre-
COVID-19 group (relative risk: 1.55; P= 0.05). No significantly higher
risk was identified between these groups for patients who were fully
vaccinated (0.66; P= 1.00), or for patients who were not fully vaccinated
and underwent surgery without general anesthesia (0.52; P= 0.83).
Conclusions: Surgery shortly following COVID-19 infection was not
associated with higher risks among fully vaccinated patients or among
patients who underwent surgery without general anesthesia. Further
research will be valuable to understand additional factors that modify
perioperative risks associated with prior COVID-19 infection.
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A s of April 25, 2022, over 80 million people in the United
States and 500 million people worldwide have experienced

coronavirus disease-2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2).1

COVID-19 infection has also been shown to adversely
impact perioperative morbidity and mortality, with data sug-
gesting that surgery shortly after infection is associated with a
significantly elevated risk of complications.2–7 Current guidelines
therefore recommend deferring elective surgery for at least
7 weeks after COVID-19 diagnosis among patients who are
asymptomatic at the time of surgery, to reduce perioperative
morbidity.8,9 On a health systems level, concerns about safely
providing surgical care to patients who have recovered from
COVID-19 have compounded already significant challenges in
providing standard surgical care throughput during COVID-19
surges10 and further impacted the surgical backlogs that resulted
from COVID-19 mitigation strategies.11–13

Guidelines regarding the timing of elective surgery
following COVID-19 infection are largely informed by 2 retro-
spective cohort studies that reported higher rates of
cardiopulmonary complications and mortality among patients
who underwent surgery soon after COVID-19 infection.6,7

However, these earlier studies predated the widespread avail-
ability of COVID-19 vaccinations. While vaccination generally
reduces postinfection morbidity,14–17 including after surgery,18

the effect of vaccination on the appropriate length of time
between infection and surgery is unknown. In addition, while
alternatives to general anesthesia such as monitored anesthesia
care, regional, or neuraxial anesthesia may mitigate perturba-
tions of respiratory physiology, thus decreasing the risk of
pulmonary complications in tenuous patients19 and avoiding
unnecessary aerosolization during procedures,20 the effect of
general anesthesia on the temporal risk of perioperative harm
after COVID-19 infection is not known.

In this retrospective cohort study, we examined scheduled
surgeries performed at a large, integrated health care system to
evaluate the association between the timing of surgery following
COVID-19 infection and adverse surgical outcomes in a con-
temporary cohort, specifically examining whether vaccination
status or mode of anesthesia might impact this association. In
addition, we evaluated whether the timing of surgery following
COVID-19 infection was associated with measures of health care
utilization, including readmission and emergency department
(ED) use.

METHODS
This retrospective study was deemed exempt by the Kaiser

Permanente Institutional Review Board.

Identification of Scheduled Surgical Cases
Within Kaiser Permanente Northern California, all hos-

pitals and clinics employ the same information systems and share
a single electronic health record system. Our study population
consisted of scheduled surgical cases for adult patients (≥ 18 y of
age), excluding labor and delivery, at 21 Kaiser PermanenteDOI: 10.1097/SLA.0000000000005597
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Northern California medical centers between January 1, 2020 to
February 28, 2022. We identified cases based on electronic health
record data entered by the surgeon into the surgical “case
request,” which is a prerequisite for scheduling surgical proce-
dures, excluding cases if the surgeon indicated it was an “add
on” case or “emergent” and “urgent” cases needing to be per-
formed within 24 or 48 hours from the time of the case request
submission. We excluded ophthalmological and interventional
pain management procedures due to incomplete sampling within
our data systems and cardiac, maxillofacial, podiatry, gyneco-
logic oncology robotics, and transgender procedures due to the
small number of such cases among patients with prior COVID-
19 infection.

COVID-19 Status Designation
COVID-19 status was based on the first positive Reverse

Transcription Polymerase Chain Reaction test taken by the
patient within the study period. The date of this first test was
assumed to represent the start of COVID-19 infection for the
patient, even though the actual date of infection was unknown.
We classified patients as severe if they had a diagnosis of
COVID-19 and pneumonia (ICD-10 codes U07.1 and J12.89).

We categorized patients into 5 groups based on the time
lag between COVID-19 positivity and surgery date (Fig. 1): (1)
“early post-COVID-19” if surgery occurred between 0 to <4 wk
after COVID-19 infection; (2) “mid post-COVID-19” if surgery
occurred between 4 and <8 weeks after COVID-19 infection; (3)
“late post-COVID-19” if surgery occurred after 8 wk of COVID-
19 infection; and (4) “pre-COVID-19” if occurred at least
30 days prior to COVID-19 infection. A fifth group included
patients with no COVID-19 test positivity during the study
period (“no COVID-19”). The exposure groups included
patients with early, mid, or late post-COVID-19 surgery, while
the pre-COVID-19 group was the primary control. The no
COVID-19 group was included as a secondary control.

COVID-19 Vaccination Status
We designated patients as “fully vaccinated” if they were

> 14 days following receipt of 1 dose of Ad.26.COV2.S or at
least 2 doses of BNT162b2 or mRNA-1273 vaccines, based on
the definition used by the United States Centers for Disease
Control and Prevention.21 Otherwise, patients were designated
as “not fully vaccinated.” Vaccine status was based on a look-
back from the date of the positive COVID-19 test for patients
who underwent surgery after a COVID-19 infection; for control
patients, we used the surgery date to establish vaccination status.

Covariates
To control for confounding we used age at time of surgery,

sex, admission month, COVID-19 pneumonia, scalar measures
of comorbid disease burden and illness severity, mode of anes-
thesia, and intended postoperative disposition, surgeon specialty,
and case class. We quantified comorbid disease burden with a
previously validated risk score, the Comorbidity Points Score,
Version 2 (COPS2),22 which is based on patients’ medical diag-
noses within the 12 months preceding the surgery admission
date. We quantified severity of illness with the abbreviated
Laboratory-based Acute Physiology Score (abLAPS), which was
based on the most physiologically deranged value of 14 labo-
ratory tests over the month before the date surgery admission
date.23 The abLAPS score was categorized into 4 groups:
unavailable, low (0–4), medium (5–10), and high (> 10).24 The
mode of anesthesia was determined by the anesthesia provider.
Cases were categorized as “general anesthesia” if a general
anesthetic was used, even if accompanied by other adjunctive
modes of anesthesia or analgesia, including secondary regional
or neuraxial techniques, or if a case was converted to general
anesthesia during the procedure. Finally, we also included risk
factors noted within the case request submission form, including
the intended postoperative disposition (ie, inpatient or out-
patient), surgical specialty of the primary surgeon, and case class
designations that inform scheduling workflows within our
system.

Surgical Adverse Outcomes
The primary outcome of interest was a major postsurgical

complication within 30 days of surgery including: arrythmia,
deep vein thrombosis, pulmonary embolism, pneumonia, respi-
ratory failure, renal failure, sepsis, urinary tract infection.6 We
used a previously published method for ascertaining these
complications6 by identifying select ICD diagnosis codes (Table,
Supplemental Digital Content 1, http://links.lww.com/SLA/E37)
across any care setting (hospital, ED, clinic, skilled nursing
facility, home health) during hospitalization (if not present on
admission) or within 30 days of hospital discharge. Secondary
outcomes included a nonelective hospital admission, defined as
any hospital admission starting in the ED, or an ED treat-
and-release visit, defined as an ED visit without hospital
admission, within 30 days of hospital discharge.

Statistical Analysis
Data are presented as mean (SD) and number (percent-

age). For description, Current Procedural Terminology codes for
surgical cases were classified into clinically meaningful categories
using the Clinical Classification Software for Services and Pro-
cedures, developed by the Agency for Healthcare Research and

FIGURE 1. Categories of scheduled surgical cases defined by timing between COVID-19 infection and surgery. PCR indicates
polymerase chain reaction.
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Quality as part of the Healthcare Cost and Utilization Project.25

We used a generalized linear regression model with a log link
and Poisson distribution to evaluate the relative risk of devel-
oping any postoperative complication, adjusting for the cova-
riates described above. Our primary analyses compared the
early, mid, and late post-COVID-19 groups with the pre-
COVID-19 control group. For sensitivity analyses, we compared
early, mid, and late post-COVID-19 groups with the no COVID-
19 control group. As an additional sensitivity analysis, we lim-
ited our population to only surgeries performed after January 1,
2021, given that vaccines were not widely available prior to
that date.

This manuscript followed the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) reporting
guideline when summarizing results.26 All statistics were 1-sided
with the hypothesis that surgeries occurring after a COVID-19
infection would have a higher risk of complications. Statistical
significance was accepted at the P< 0.05 level. We used the
Dunnett-Hsu multiple comparison adjustment method for
comparing the 3 intervention groups against the same control.27

Statistical analyses were performed using SAS version 9.4
(SAS Institute Cary, North Carolina.) and R version 4.0.2 (The
R Foundation).

RESULTS
The analytic cohort consisted of 228,913 scheduled surgical

cases, 30,316 (4.8%) had COVID-19 before or after their surgery.
Among all surgeries, 765 (0.3%) cases occurred within 0 to 4
weeks after COVID-19 (“early post-COVID-19”), 961 (0.4%)
occurred within 4 to 8 weeks after COVID-19 (“mid post-
COVID-19”), and 9170 (4.0%) occurred > 8 weeks after COVID-
19 (“late post-COVID-19”). For the control groups, 19,420 (8.5%)
of cases were performed in patients who developed COVID-19
30 days or more after surgery (“pre-COVID-19”), while the
remaining 198,597 (86.8%) cases were performed in patients who
had no prior or subsequent positive COVID-19 test. COVID-19
pneumonia occurred less frequently in the early post-COVID-19
group (2, 0.3%) than the mid post-COVID-19 (9, 0.9%) and late
post-COVID-19 (431, 4.7%) groups (Table 1). A cancer case
class was more frequent among the early COVID-19 group
(139, 18.2%) than with the pre-COVID-19 (2038, 10.5%) or
the no COVID-19 (28,092, 14.1%) control groups. Mean age
was 51.9 years for early post-COVID-19, 51.1 for mid
post-COVID-19, 51.4 for late post-COVID-19, and 51.3 for
pre-COVID-19. Patients within the no COVID-19 group were
older with a mean age of 57.1. The most common procedure
categories across all groups were “Other OR therapeutic proce-
dure on bone” and “Cholecystectomy and common duct explo-
ration,” and “Arthroplasty knee” (Table, Supplemental Digital
Content 2, http://links.lww.com/SLA/E37).

The rates of any perioperative complication in the cohort
was 5.0% (Table, Supplemental Digital Content 3, http://links.
lww.com/SLA/E37). The rates of nonelective hospitalization and
ED treat-and-release within 30 days of discharge were 3.1% and
8.4%, respectively. The overall adjusted rate of perioperative
complications in the early, mid, and late post-COVID-19 groups
were 4.5%, 3.6%, and 3.8% respectively, which were not sig-
nificantly different from the pre-COVID-19 group (4.1%)
(Fig. 2). Among not fully vaccinated patients, the adjusted rate
of perioperative complications was higher among the early post-
COVID-19 compared with the pre-COVID-19 group (relative
risk: 1.55, P= 0.05), though no significant differences were seen
for the mid post-COVID-19 (relative risk: 0.94, P= 0.95) or late

post-COVID-19 (relative risk: 0.85, P= 1.00) groups (Table 2).
Among not fully vaccinated patients, the adjusted rate of peri-
operative complications was not significantly different for the
mid post-COVID-19 group (0.94, P= 0.95) or late post-COVID-
19 group (0.85, P= 1.00) compared with the pre-COVID-19
group. Among fully vaccinated patients, there was no significant
difference in the adjusted rate of perioperative complications
between the early post-COVID-19 (relative risk: 0.66, P= 1.00),
mid post-COVID-19 (0.74, P= 1.00), late post-COVID-19 (1.00,
P= 0.91) compared with the pre-COVID-19 group. Similar
results were found after limiting the analysis to cases that were
performed after January 2021 (Table, Supplemental Digital
Content 4, http://links.lww.com/SLA/E37), with the not fully
vaccinated early post-COVID-19 group demonstrating higher
risk of perioperative complications compared with the pre-
COVID-19 group (relative risk: 1.83, P= 0.02).

Among not fully vaccinated patients, early post-COVID-19
cases involving general anesthesia had a significantly higher
adjusted rate of perioperative complications compared with the
pre-COVID-19 group involving general anesthesia (relative risk:
1.84, P=0.01) (Table 2). Among not fully vaccinated patients who
underwent surgery without general anesthesia, there were no sig-
nificant differences in the adjusted rates of perioperative compli-
cations between the early post-COVID-19 (relative risk: 0.52,
P=0.83), mid post-COVID-19 (1.32, P=0.93), late post-COVID-
19 (0.75, P= 0.29) compared with the pre-COVID-19 group. No
significantly elevated risks were detected across groups amongst
surgeries with outpatient or surgeries with inpatient intended dis-
positions (Table, Supplemental Digital Content 5, http://links.lww.
com/SLA/E37). Similar results were found in comparisons with the
no COVID-19 control group, with the not fully vaccinated early
post-COVID-19 group demonstrating higher risk of perioperative
complications compared with the no COVID-19 group overall
(relative risk: 1.70, P=0.01), particularly amongst those that
underwent surgeries involving general anesthesia (2.02, P<0.001)
(Table, Supplemental Digital Content 6, http://links.lww.com/SLA/
E37). Among both fully vaccinated patients and not fully vacci-
nated patients, there were no significant differences in the rates of
nonelective hospitalization or ED treat-and-release for the early,
mid, and late post-COVID-19 groups, compared with the
pre-COVID-19 group (Table 3).

DISCUSSION
In this study, we identified an elevated risk of adverse

surgical outcomes among patients who were not fully vaccinated
at the time of COVID-19 infection and subsequently underwent
surgery within 4 weeks. Though limited by the small sample of
patients who underwent surgery shortly after COVID-19 infec-
tion, we neither detected such an elevated risk among surgical
patients who were fully vaccinated at the time of COVID-19
infection, nor did we observe elevated risk among patients who
were not fully vaccinated but underwent surgeries without
general anesthesia. We also failed to detect any difference in
readmissions or ED utilization associated with the timing of
COVID-19 infection relative to surgery. To our knowledge, this
is the first study of the impact of COVID-19 vaccination and
mode of anesthesia on outcomes among patients with prior
COVID-19 infection.

Two prior retrospective cohort studies have demonstrated
increased risks of adverse perioperative outcomes among
patients who underwent surgery soon after COVID-19
diagnosis.6,7 A multicountry and multicenter study of 3127
patients who had COVID-19 infections before elective or urgent
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surgery found increased risks or mortality and morbidity to be
present at 5 to 6 weeks regardless of being symptoms, age,
operative severity, or urgency. However, the study period was
October 2020, which was prior to the availability of COVID-19
vaccines. A second United States study of 5479 patients who
underwent major elective surgery following COVID-19 infection
reported higher perioperative complications when surgery was
performed within 8 weeks of COVID-19 diagnosis. This study
excluded patients with COVID-19 vaccination before surgery or
within 90 days after surgery, but did not assess immunization
status at the time of COVID-19 infection. Notably the study
period of March 2020 to May 2021 ranged from a time of no
vaccination availability to until a period fewer than 40% of
Americans had achieved full vaccination by US CDC
standards.28 We were able to examine data from a recent cohort
of scheduled surgical patients through February 28, 2022. The
study population captures the variety of adult patients who
undergo minor and major elective surgery within a large com-
munity health system, and the timeline encompasses the wide-
spread domestic availability of COVID-19 vaccines, as well as
the emergence of several variants of interest.29 While our findings
were largely consistent with the prior studies, we failed to iden-
tify an increased risk of perioperative complications among
surgical patients who underwent surgery 4 to 8 weeks after
COVID-19 infection, which we suspect may be related to the
rapidly evolving nature of the virus.30,31

Determining the optimal timing for scheduled surgery for
patients who are recovering from COVID-19 is a clinical and
operational challenge for providers and for health care systems
at large. Millions of elective surgical procedures were deferred
worldwide during the initial waves of the COVID-19

pandemic,11,32 which resulted in systemic backlogs of patient
waiting for indicated surgical procedures. As the cumulative
prevalence of patients with a previous COVID-19 infection
increases, many health systems have struggled to manage the
existent population of patients with deferred surgical care and
known COVID-19. As the incidence of new COVID-19 infec-
tions remain high, individual providers and health systems are
further stymied by the clinical and operation challenge of cur-
rently scheduled patients with an interval COVID-19 diagnosis.
While current national and international guidelines recommend
deferring elective surgery for at least 7 weeks following COVID-
19 infection, even among asymptomatic patients, our analysis
suggests that full vaccination status may negate the association
between the timing of COVID-19 infection and risk of peri-
operative harm with subsequent surgery. Furthermore, among
patients who are not fully vaccinated, our study suggests that
avoidance of general anesthesia might further mitigate a
patient’s temporal risk of harm. In conjunction with consid-
erations for transmission-based precautions,33,34 our data may
support liberalizing restrictions on the timing of scheduled sur-
gical care for fully vaccinated patients, and for procedures that
can be accomplished without the use of general anesthesia.

Our study has important limitations. First, the adjusted
risk estimates had wide confidence intervals, particularly for the
group of patients who underwent surgery within 0 to 4 weeks of
COVID-19 infection. While we did not find evidence of sub-
stantial differences in adjusted complications between certain
groups, our study was underpowered to detect more modest
differences. While our sample size and methods were similar to
the 2 previous retrospective cohort studies on the timing of
surgery relative to COVID-19 infection,6,7 further evaluation

TABLE 1. Characteristics of Scheduled Surgical Cases

Characteristic

Early Post-COVID-19
(Surgery 0–4 wk After
COVID-19), N (%)

Mid Post-COVID-19
Surgery (4–8 wk After
COVID-19), N (%)

Late Post-COVID-19
(Surgery at Least 8 wk
After COVID-19), N (%)

Pre-COVID-19
(COVID-19 After
Surgery), N (%)

No COVID-19,
N (%)

N (%) 765 (0.3) 961 (0.4) 9170 (4.0) 19,420 (8.5) 198,597 (86.8)
Age, mean (SD) 51.9 (16.9) 51.1 (16.6) 51.4 (16.0) 51.3 (16.0) 57.1 (16.7)
Male 318 (41.6) 396 (41.2) 3729 (40.7) 7761 (40.0) 89,107 (44.9)
Case class

Cancer 139 (18.2) 144 (15.0) 850 (9.3) 2038 (10.5) 28,092 (14.1)
Elective 401 (52.4) 575 (59.8) 7066 (77.1) 14,376 (74.0) 141,596 (71.3)
Occupational medicine 14 (1.8) 13 (1.4) 87 (0.9) 191 (1.0) 2040 (1.0)
Within 2 wk 211 (27.6) 229 (23.8) 1167 (12.7) 2815 (14.5) 26,869 (13.5)

Inpatient 96 (12.5) 112 (11.7) 949 (10.3) 2319 (11.9) 25,378 (12.8)
COVID-19 pneumonia 2 (0.3) 9 (0.9) 431 (4.7) — —
General anesthesia 585 (76.5) 764 (79.5) 7251 (79.1) 15,007 (77.3) 145,833 (73.4)
Comorbidity Points Score,

Version 2, mean (SD)
23.3 (29.9) 23.8 (29.8) 25.7 (35.1) 21.5 (28.2) 23.0 (28.4)

Abbreviated laboratory-based acute physiology score
Low 109 (14.2) 155 (16.1) 1355 (14.8) 2779 (14.3) 29,335 (14.8)
Medium 116 (15.2) 139 (14.5) 879 (9.6) 1787 (9.2) 17,783 (9.0)
High 85 (11.1) 142 (14.8) 846 (9.2) 1803 (9.3) 19,830 (10.0)
Missing 455 (59.5) 525 (54.6) 6090 (66.4) 13,051 (67.2) 131,649 (66.3)

Case service
Bariatrics 7 (0.9) 15 (1.6) 210 (2.3) 370 (1.9) 1986 (1.0)
General surgery 198 (25.9) 276 (28.7) 2377 (25.9) 4987 (25.7) 51,569 (26.0)
Gynecology 129 (16.9) 121 (12.6) 1353 (14.8) 2855 (14.7) 22,303 (11.2)
Head and neck 41 (5.4) 67 (7.0) 869 (9.5) 1706 (8.8) 16,967 (8.5)
Neurosurgery 22 (2.9) 20 (2.1) 185 (2.0) 460 (2.4) 4940 (2.5)
Orthopedics 198 (25.9) 217 (22.6) 2182 (23.8) 4743 (24.4) 53,898 (27.1)
Plastics 26 (3.4) 43 (4.5) 397 (4.3) 894 (4.6) 8518 (4.3)
Spine 12 (1.6) 22 (2.3) 161 (1.8) 441 (2.3) 4623 (2.3)
Thoracic 10 (1.3) 14 (1.5) 105 (1.1) 204 (1.1) 2402 (1.2)
Urology 103 (13.5) 136 (14.2) 1027 (11.2) 2116 (10.9) 25,891 (13.0)
Vascular 19 (2.5) 30 (3.1) 304 (3.3) 644 (3.3) 5500 (2.8)
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TABLE 2. Comparison of Adjusted Risk of Perioperative Complications of Scheduled Surgeries Performed After COVID-19 Infection With Scheduled Surgeries
Performed Before COVID-19 Infection, by COVID-19 Vaccination Status and Mode of Anesthesia

All General Anesthesia No General Anesthesia

N
Relative
Risk

Lower Bound of 1-Sided
95% Confidence Interval P

Relative
Risk

Lower Bound of 1-Sided
95% Confidence Interval P

Relative
Risk

Lower Bound of 1-Sided
95% Confidence Interval P

Fully vaccinated
Early post-COVID-19

(surgery 0–4 wk after
COVID-19)

392 0.66 0.35 1.00 0.69 0.35 1.00 0.53 0.11 0.53

Mid post-COVID-19 (surgery
4–8 wk after COVID-19)

365 0.74 0.38 1.00 0.54 0.23 1.00 1.44 0.51 1.44

Late Post-COVID-19 (surgery
at least 8 wk after
COVID-19)

1210 1.00 0.72 0.91 0.98 0.68 0.91 0.98 0.51 0.98

Pre-COVID-19 (COVID-19
after surgery)

3916 Reference group

Not fully vaccinated
Early post-COVID-19

(surgery 0–4 wk after
COVID-19)

373 1.55 1.00 0.05 1.84 1.17 0.01 0.52 0.11 0.83

Mid post-COVID-19 (surgery
4–8 wk after COVID-19)

596 0.94 0.61 0.95 0.87 0.54 0.98 1.32 0.52 0.93

Late post-COVID-19 (surgery
at least 8 wk after
COVID-19)

7960 0.85 0.73 1.00 0.89 0.74 1.00 0.75 0.52 0.29

Pre-COVID-19 (COVID-19
after surgery)

15,504 Reference group
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will be needed as COVID-19 becomes endemic and data on more
surgical patients with prior COVID-19 becomes available. Sec-
ond, although we accounted for many confounders related to
severity of illness and surgery, as with all observational studies,
our study likely suffers from some residual confounding.
Unmeasured factors that influenced the decision to proceed with
or delay surgery, such as the urgency of the indication for sur-
gery or substantial residual symptoms following COVID-19

infection such as fatigue, shortness of breath, and chest pain,
could not be fully adjusted for.35,36 Similarly, there were likely
unmeasured confounders that influenced patients’ decision to
receive vaccination, which may be associated with patients’
health seeking behaviors. While a randomized clinical trial
would provide the optimal measure of the causal impact of
vaccination, such a study is not feasible. Third, while our study
investigated how vaccination status and mode of anesthesia

A

B C

FIGURE 2. Adjusted risk of perioperative complication, by timing of surgery relative to COVID-19 diagnosis and vaccination status.
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influenced risks at different timepoints following COVID-19
infection, there may be other patient or procedure factors that
modify these risks, such as a history of chronic obstructive
pulmonary disease or lung resections. Our study did not have
adequate power to investigate individual comorbidities or pro-
cedure types, but we view this as a highly important area for
further investigation, as more data becomes available. Fourth,
our study used data from a regional integrated health care
delivery organization in Northern California. While the findings
from our study are broadly consistent with the 2 prior studies,
additional validation in other settings are needed.37,38 Fifth, we
stratified our analysis between fully vaccinated patients, which
likely also included some boosted patients, as well as not fully
vaccinated patients, which likely included some partially vacci-
nated patients. Further study may be needed to evaluate how
adverse outcomes differ among partially vaccinated or among
boosted populations. Finally, while we used the timing
COVID-19 test positivity relative to surgery to define our
exposure, the true timing of disease onset may differ from the
timing of test positivity. While this may result in some mis-
classification, the timing of test positivity may be a more
objective standard for clinicians to base decisions about the
timing of surgery.

In conclusion, surgery performed after COVID-19 infec-
tion was not associated with an increased risk of perioperative
harm among fully vaccinated patients. While unvaccinated or
partially vaccinated patients remained vulnerable to increased
rates of perioperative complications within 4 weeks of infection,
this risk was not seen among patients who underwent surgeries
that were performed without general anesthesia. Provided
infection prevention considerations have been satisfied, these
data suggest that scheduled surgical interventions can proceed
without delay following COVID-19 infection among fully vac-
cinated patients or among not fully vaccinated patients for
whom general anesthesia can be avoided. As the pandemic
continues and outcomes data accrue for surgical patients with a
history of COVID-19 infection, further research will be valuable
to understand other patient or procedure factors that modify the
perioperative risks associated with prior COVID-19 infection,
and whether these associations persist as immunity wanes and
different variants emerge.
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