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Objective: To assess the association between the timing of surgery relative to

the development of Covid-19 and the risks of postoperative complications.

Summary Background Data: It is unknown whether patients who recovered

from Covid-19 and then underwent a major elective operation have an

increased risk of developing postoperative complications.

Methods: The risk of postoperative complications for patients with Covid-19

undergoing 18 major types of elective operations in the Covid-19 Research

Database was evaluated using multivariable logistic regression. Patients were

grouped by time of surgery relative to SARS-CoV-2 infection; that is, surgery

performed: (1) before January 1, 2020 (‘‘pre-Covid-19’’), (2) 0 to 4 weeks

after SARS-CoV-2 infection (‘‘peri-Covid-19’’), (3) 4 to 8 weeks after

infection (‘‘early post-Covid-19’’), and (4) �8 weeks after infection (‘‘late

post-Covid-19’’).

Results: Of the 5479 patients who met study criteria, patients with peri-

Covid-19 had an elevated risk of developing postoperative pneumonia

[adjusted odds ratio (aOR), 6.46; 95% confidence interval (CI): 4.06–

10.27], respiratory failure (aOR, 3.36; 95% CI: 2.22–5.10), pulmonary

embolism (aOR, 2.73; 95% CI: 1.35–5.53), and sepsis (aOR, 3.67; 95%

CI: 2.18–6.16) when compared to pre-Covid-19 patients. Early post-Covid-

19 patients had an increased risk of developing postoperative pneumonia

when compared to pre-Covid-19 patients (aOR, 2.44; 95% CI: 1.20–4.96).

Late post-Covid-19 patients did not have an increased risk of postoperative

complications when compared to pre-Covid-19 patients.

Conclusions: Major, elective surgery 0 to 4 weeks after SARS-CoV-2 infec-

tion is associated with an increased risk of postoperative complications.

Surgery performed 4 to 8 weeks after SARS-CoV-2 infection is still associated

with an increased risk of postoperative pneumonia, whereas surgery 8 weeks

after Covid-19 diagnosis is not associated with increased complications.
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s of July 2021, over 20 million people in the United States (U.S.)
A have recovered from coronavirus disease 2019 (Covid-19)
caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2).1,2 During active SARS-CoV-2 infection, many of these
patients had pneumonia,3,4 respiratory failure,3,5 arrhythmias,6–9 and
thrombotic complications such as pulmonary embolism (PE)10,11 and
deep vein thrombosis (DVT).10–12 Over 60% of patients may continue to
have persistent symptoms after these complications.13–15

It is unclear whether patients who recovered from Covid-19 can
undergo an elective major operation safely. Studies of elective3,5,9,16 or
emergent3,16 operations on Covid-19 patients during the perioperative
period report pulmonary complications ranging from 24.2% to
51.2%,3,16,17 thromboembolic events from 6.8% to 13.4%,16,18,19

shock from 11% to 13.9%,17,19 and 30-day mortality from 9.1% to
32.6%.3,17–20 However, there are few data on the risks of postoperative
complications after surgery following recovery from Covid-19. The
objective of this study is to assess the association between the timing of
surgery relative to the development of Covid-19 and the risks of
postoperative pulmonary complications and other major complications.

METHODS

Data Source
The data for this study were derived from Symphony Health

through the Covid-19 Research Database. The Covid-19 Research
Database is a pro-bono, public-private consortium composed of
institutions that contribute de-identified data of patients with
Covid-19. Symphony Health, a partnering institution, contains lon-
gitudinal patient data sources via its ‘‘Integrated Dataverse’’ that
captures adjudicated prescription, medical, and hospital claims
across the U.S. for all payment types, including commercial plans,
Medicare Part D, cash, assistance programs, and Medicaid. Sym-
phony Health is an open dataset from participating hospitals and
health plans that utilize clearinghouses associated with Symphony
Health. Data are continuously updated with new claims, with cover-
age beginning May 2019 and inclusion of over 1500 hospitals, 800
outpatient facilities, and 280 million patients at the time of this study.

Study Population
All patients with a confirmed Covid-19 diagnosis between

March 1, 2020 and May 30, 2021 using the International Classification
of Diseases for Oncology (ICD-10-CM) code U07.1 were included in
the study. The Covid-19 diagnosis date (ie, the date that the patient is
confirmed to have Covid-19) in this study cohort was defined as the
date of the first Covid-19 Reverse Transcription Polymerase Chain
Reaction (RT-PCR) test taken by the patient. Because all patients in the
study cohort had a confirmed Covid-19 diagnosis (with ICD-10-CM
code U07.1), this date is assumed to represent the start of Covid-19 for
the patient, although the true infection date is unknown. Covid-19
severity was categorized as mild/moderate, severe (eg, requiring
supplemental oxygen), and critical (eg, shock and acute respiratory
er Health, Inc. All rights reserved.
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distress syndrome [ARDS]). We did not include patients who had
received the Covid-19 vaccine before surgery or during the 90-day
period after surgery.

Patients who underwent one operation based on Current
Procedural Terminology codes were included. These operations
are all considered major elective operations in the U.S., which
include lung resection (lobectomy, pneumonectomy, and segmen-
tectomy), esophagectomy, mastectomy, colorectal resection for
cancer (colectomy and proctectomy), prostatectomy, pancreatic
resections (Whipple, total pancreatectomy, and distal pancreatec-
tomies), hepatectomy, gastrectomy, hip replacement, coronary
artery bypass grafting, knee replacement, laminectomy, hysterec-
tomy, spinal fusion, elective open repair of abdominal aortic aneu-
rysm (AAA), elective endovascular repair of abdominal aortic
aneurysm (EVAR), brain tumor resection, and carotid endarterec-
tomy (Supplemental Digital Content Table S3, http://links.
lww.com/SLA/D523). Exclusion criteria included patients who
underwent multiple operations and patients who did not have any
of the above-specified operations. We specifically excluded oper-
ations that could have been performed for emergent reasons, includ-
ing Caesarian section, cholecystectomy, appendectomy, colectomy
for perforated diverticulitis, hernia repair in the setting of incarcer-
ation, AAA repair for ruptured aneurysm, and any type of trauma
surgery. To assess the risk of postoperative complications among
patients who underwent operations for more urgent reasons, a
subgroup analysis was conducted. The operations included in this
subgroup analysis were EVAR, open repair of AAA, carotid endar-
terectomy, gastrectomy, hepatectomy, lung resection, neurosurgical
resection of tumor, pancreatic surgery, colorectal surgery, and
esophagectomy.

Timing of Surgery Relative to Covid-19 Diagnosis
Patients were categorized into four groups based on the time of

surgery relative to the Covid-19 diagnosis date (Fig. 2). The ‘‘peri-
Covid-19’’ group was defined as surgery performed 0 to 4 weeks
after the Covid-19 diagnosis date. These are patients with perioper-
ative SARS-CoV-2 infection. The ‘‘early post-Covid-19’’ group was
composed of patients who underwent surgery between 4 and 8 weeks
after the Covid-19 diagnosis date. ‘‘Late post-Covid-19’’ was defined
as surgery performed 8 weeks or greater after the Covid-19
diagnosis date.

For our control group, we selected patients who underwent
surgery at least 30 days before their Covid-19 diagnosis date and had
surgery between the dates of May 1, 2019 to January 1, 2020. This
‘‘pre-Covid-19’’ group was selected as our reference group because
they had not been infected with SARS-CoV-2 before surgery and any
30-day postoperative complication they developed could not be
attributed to sequelae of SARS-CoV-2 infection. For this ‘‘pre-
Covid-19’’ control group, we did not select patients who never
developed Covid-19 because patients who never developed Covid-
19 during the pandemic may have a different racial, ethnic, socio-
economic, and/or geographic background from patients in the peri-
Covid-19, early post-Covid-19 and late post-Covid-19.21

Complications
The primary outcomes of interest for the present study were

postoperative pneumonia and respiratory failure. Secondary out-
comes included DVT, PE, arrhythmia, and sepsis (Supplemental
Digital Content Table S4, http://links.lww.com/SLA/D523).

Covariates
Comorbidities were identified using ICD-10-CM codes for the

following underlying conditions: diabetes, hypertension, chronic
obstructive pulmonary disease, gastroesophageal reflux disease,
 Copyright © 2022 Wolters Kluw
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obesity, coronary artery disease, congestive heart failure, chronic
kidney disease, ulcerative colitis, Crohn disease, mild liver disease,
severe liver disease, history of stroke, and depression (Supplemental
Digital Content Table S5, http://links.lww.com/SLA/D523).

Statistical Analysis
Patient characteristics and unadjusted outcomes were assessed

using Pearson chi-square test for categorical variables and t test or
Wilcoxon Rank Sum test where appropriate for continuous variables.
A multivariable logistic regression model was used to evaluate the
risk of developing any postoperative complication, adjusting for
covariates determined a priori to be clinically relevant. These
covariates included time of surgery relative to Covid-19 diagnosis
date, age, sex, race, first digit zip code region, diabetes, hypertension,
chronic obstructive pulmonary disease, gastroesophageal reflux
disease, obesity, coronary artery disease, congestive heart failure,
chronic kidney disease, ulcerative colitis, Crohn’s disease, mild liver
disease, severe liver disease, history of stroke, and depression. We
also used separate multivariable logistic regression models to evalu-
ate the risk of pneumonia, respiratory failure, PE, sepsis, DVT,
arrhythmia, renal failure, and urinary tract infection, adjusting for
covariates listed in Supplemental Digital Content Tables S4 and S5,
http://links.lww.com/SLA/D523.

The dataset used for analysis was prepared using Snowflake
(Snowflake Inc, San Mateo, CA). Statistical analysis was performed
using STATA/MP software, version 16.1 for Windows (Statacorp,
College Station, TX). Statistical significance was defined at P values
<0.05. This retrospective study was approved by the Institutional
Review Board of the Massachusetts General Hospital (IRB#
2020P004110). Additionally, the Covid-19 Research Database was
established with IRB approval.
RESULTS

There were 5479 patients who met study criteria (Fig. 1). Of
these patients, 2621 (47.8%) patients underwent surgery before
January 1, 2020, at least 30 days before being diagnosed with
Covid-19 (‘‘pre-Covid-19’’), 780 (14.2%) patients underwent sur-
gery 0 to 4 weeks after their Covid-19 diagnosis date (‘‘peri-Covid-
19’’), 445 (8.1%) patients underwent surgery 4 to 8 weeks after their
Covid-19 diagnosis date (‘‘early post-Covid-19’’), and 1633 (29.8%)
patients underwent surgery 8 weeks or more after their Covid-19
diagnosis date (‘‘late post-Covid-19’’).

Supplemental Digital Content Table S1, http://links.lww.com/
SLA/D523 details patient characteristics. The majority of patients
had mild Covid-19 with only 0.4% and 0.9% having severe or critical
Covid-19, respectively. Across all groups, the most common comor-
bidities were obesity and hypertension. The most common operation
for the pre-Covid-19 group was hysterectomy, the most common
operation for the peri-Covid-19 group was knee arthroplasty, and the
most common operation for both the early and late post-Covid-19
groups was hysterectomy.

The postoperative outcomes for each group are detailed in
Table 1. Peri-Covid-19 patients (ie, patients with perioperative
SARS-CoV-2 infection) had the highest rates of pneumonia, respi-
ratory failure, PE, renal failure and sepsis when compared to the
other groups. Peri-Covid-19 patients had a 480% and 208% higher
risk of developing postoperative pneumonia and respiratory failure,
respectively, when compared to pre-Covid-19 patients. Early post-
Covid-19 patients had a 96% higher risk of developing postoperative
pneumonia when compared to pre-Covid-19 patients. Late post-
Covid-19 patients had similar risks of developing postoperative
pneumonia, respiratory failure and other major complications when
compared to pre-Covid-19 patients. Similar trends were also
er Health, Inc. All rights reserved.
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Patients with Covid-19 diagnosis (n=6,826,160) 

Patients with Covid-19 diagnosis and underwent 
only one major operation (n=80,334) 

Excluded: 
• Patients who did not undergo one of the

major operations as defined* 
(n=6,647,954)

  
 

• Patients who underwent multiple 
operations

 
(n=97,872)

 
 

Patients with Covid-19 diagnosis, underwent only one
operation, were in one of the four surgery timing

 categories, and received a Covid-19 RT-PCR test***
(n=5,479)

FIGURE 1. Flow diagram detailing
schema of study subject selection.
�Operations included: abdominal aor-
tic aneurysm repair (endovascular
approach), abdominal aortic aneurysm
repair (open approach), brain tumor
resection, carotid endarterectomy, colon
surgery, coronary artery bypass grafting,
esophagectomy, gastrectomy, mastec-
tomy, hepatectomy, hip replacement,
hysterectomy, knee replacement, lami-
nectomy, lung resection (lobectomy,
pneumonectomy, and segmentectomy),
pancreatic surgery (Whipple, total pan-
createctomy, and distal pancreatec-
tomy), prostatectomy, and spinal
fusion. ��Surgery timing categories:
‘‘pre-Covid-19’’: patients underwent
surgery before January 1, 2020 before
their Covid-19 diagnosis; ‘‘peri-Covid-
19’’: patients underwent surgery 0 days
to 4 weeks after their Covid-19 diagnosis;
‘‘early post-Covid-19’’: patients under-
went surgery 4 to 8 weeks after their
Covid-19 diagnosis; ‘‘late post-Covid-
19’’: patients underwent surgery �
8 weeks after their Covid-19 diagnosis.
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observed among a subgroup of patients who underwent operations
considered to be more urgent (Supplemental Digital Content
Table S8, http://links.lww.com/SLA/D523).

Multivariable logistic regression modeling demonstrating the
risk of different complications for each time period of surgery is
shown in Supplemental Digital Content Table S2, http://links.
lww.com/SLA/D523. After adjustment for patient characteristics
and type of surgery, peri-Covid-19 patients had a significantly higher
risk of developing postoperative pneumonia [adjusted odds ratio
(aOR), 6.46; 95% confidence interval (CI), 4.06–10.27], respiratory
failure (aOR, 3.36; 95% CI, 2.22–5.10), PE (aOR, 2.73; 95% CI,
1.35–5.53) and sepsis (aOR, 3.67; 95% CI, 2.18–6.16) when com-
pared to pre-Covid-19 patients. For most complications, early post-
Covid-19 patients did not have a higher risk when compared to pre-
Covid-19 patients; however, early post-Covid-19 patients did have a
higher risk of developing postoperative pneumonia (aOR, 2.44; 95%
 Copyright © 2022 Wolters Kluw
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FIGURE 2. Surgery timing categories relative to Covid-19 diagno
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CI: 1.20–4.96). Notably, late post-Covid-19 patients did not have a
higher risk of developing postoperative complications when com-
pared to patients in the pre-Covid-19 group (Supplemental Digital
Content Table S2, http://links.lww.com/SLA/D523). Among a sub-
group of patients who underwent operations considered to be more
urgent, peri-Covid-19 patients had a higher risk of postoperative
pneumonia, respiratory failure, and sepsis, whereas early post-
Covid-19 patients had an higher risk of postoperative pneumonia;
late post-covid-19 patients did not have a higher risk of postoperative
complications (Supplemental Digital Content Table S9, http://links.
lww.com/SLA/D523).

DISCUSSION

We assessed the impact of timing of surgery relative to SARS-
CoV-2 infection on the risk of developing postoperative complications
among 5479 patients undergoing 18 types of common, major, elective
er Health, Inc. All rights reserved.
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TABLE 1. Postoperative Outcomes

Outcomes

Pre-Covid-19 Surgery
Before January 1, 2020

(n ¼ 2621)

Peri-Covid-19 Surgery
0 to 4 Weeks

After Covid-19
(n ¼ 780)

Early Post-Covid-19
Surgery

4 to 8 Weeks
After Covid-19

(n ¼ 445)

Late Post-Covid-19
Surgery at Least
8 Weeks After

Covid-19 (n ¼ 1633) P Value

Postoperative pneumonia 33 (1.3%) 57 (7.3%) 11 (2.5%) 23 (1.4%) <0.001
Postoperative respiratory failure 62 (2.4%) 57 (7.3%) 11 (2.5%) 45 (2.8%) <0.001
Postoperative pulmonary embolism 18 (0.7%) 14 (1.8%) 3 (0.7%) 16 (1.0%) 0.039
Postoperative sepsis 30 (1.1%) 33 (4.2%) 9 (2.0%) 20 (1.2%) <0.001
Postoperative arrhythmia 50 (1.9%) 13 (1.7%) 13 (2.9%) 37 (2.3%) 0.41
Postoperative renal failure 68 (2.6%) 36 (4.6%) 10 (2.3%) 58 (3.6%) 0.017
Postoperative urinary tract infection 69 (2.6%) 22 (2.8%) 11 (2.5%) 46 (2.8%) 0.097
Postoperative deep vein thrombosis 35 (1.3%) 15 (1.9%) 6 (1.4%) 28 (1.7%) 0.59
Any postoperative complication 270 (10.3%) 131 (16.8%) 52 (11.7%) 183 (11.2%) <0.001
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operations. In this large population-based study, patients who under-
went surgery close to the time of a SARS-CoV-2 infection had
increased risks of developing postoperative pneumonia, respiratory
failure, PE and sepsis. Surgery performed 4 to 8 weeks after SARS-
CoV-2 infection was still associated with an increased risk of postop-
erative pneumonia, whereas surgery performed approximately 8 weeks
after infection was not associated with increased risks of postoperative
complications. Of note, the vast majority of the patients in the study
cohort had mild to moderate Covid-19.

In the coming months, the number of patients who have
recovered from SARS-CoV-2 infection and require major surgery
will continue to increase. Previous studies have shown that patients
with perioperative SARS-CoV-2 infection who undergo surgery have
an increased risk of postoperative complications and 30-day mortal-
ity.3,18,22 However, there are only a few studies assessing the impact
of the timing of elective major surgery relative to SARS-CoV-2
infection on the risk of postoperative complications. Thus far, there
have only been two studies, one performed in Brazil23 and one
multicenter study of mostly European patients evaluating postoper-
ative risk after recovery from Covid-19.20 Baiocchi and colleagues23

assessed the postoperative outcomes of 49 Brazilian patients who
underwent delayed elective surgery after a confirmed preoperative
diagnosis of asymptomatic Covid-19. The authors found that asymp-
tomatic Covid-19 patients who underwent surgery delayed by a
median of 25 days did not have an increased risk of postoperative
complications when compared to patients with a negative preopera-
tive Covid-19 test. The Covid-19 Surg Collaborative evaluated 3127
predominately European patients from 1674 hospitals and 116
countries who had a Covid-19 diagnosis and then underwent surgery
after different timepoints (eg, within 2 weeks of diagnosis, 3 to
4 weeks, 5 to 6 weeks, and � 7 weeks after diagnosis). The authors
found that the pulmonary complication rate and the mortality rate
were the lowest among patients who underwent surgery � 7 weeks
after diagnosis. Our findings, which pertain to elective major oper-
ations in the U.S., are consistent with the results first reported in
these studies.

Of note, Baiocchi et al23 and the Covid-19 Surg Collaborative
included major and minor operations in their analysis, and the
COVID-19 Surg Collaborative also included emergent operations
and trauma surgeries. In the present study, we evaluated only elective
major operations and did not include minor procedures or emergent
operations in the analysis.

The findings from this study have important implications for
surgical care as we begin to recover from the Covid-19 pandemic,
which has caused widespread and numerous delays in surgical care.
At the height of the Covid-19 pandemic, approximately 100,000
 Copyright © 2022 Wolters Kluw
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elective operations were canceled or postponed weekly in the U.S.24

To avoid similar delays and cancellations during the recovery from
the pandemic, evidence-based guidelines to safely restore surgical
activity are greatly needed. In preparation for an increasing number
of patients who have recovered from Covid-19 who subsequently
require surgery, guidelines and preoperative protocols for the evalu-
ation of these patients have been published.25,26 However, due to the
limited data available to inform the timeframe of recovery, recom-
mendations for delaying surgery are based largely on expert opinion
or previous data from other post-viral syndromes.25,26 The findings
from our study could inform future guidelines on the timing of
surgery in patients with recent SARS-CoV-2 infection. Importantly,
our findings suggest that for most patients with confirmed Covid-19,
delaying surgery for approximately 8 weeks may reduce the risk of
developing major postoperative complications. Based on these find-
ings, we recommend delaying surgery, if possible, for at least 8 weeks
after confirmed SARS-CoV-2 infection. However, it is important to
note that for certain cancer patients, delayed surgical treatment
during non-pandemic settings has been shown to be associated with
worse overall survival when compared to timely surgical treatment.27

As such, the balance between the risk of postoperative complications
and the risk of worse overall survival associated with delayed
surgical treatment should be carefully discussed in a multi-disciplin-
ary setting before deciding on whether surgery should be delayed.

There are several limitations to our study. First, because of its
retrospective study design, results are subject to residual confound-
ing. Second, the Covid-19 research database did not have data on
whether a patient with confirmed SARS-CoV2 infection was asymp-
tomatic or symptomatic. Depending on the region in the U.S.,
anywhere from 18% to 45% of individuals with Covid-19 have been
reported to be asymptomatic.28–30 Given that our study includes a
nationally representative sample of Covid-19 cases, we assume the
percentage of asymptomatic Covid-19 cases in our study is similar in
range. The Covid-19 research database did have data on Covid-19
severity [mild/moderate vs severe (eg, requiring supplemental oxy-
gen) vs critical (eg, shock and ARDS)] and we were able to adjust by
Covid-19 severity in our models. Third, we were not able to precisely
determine when the patient developed Covid-19. In the present study,
we used the date of the PCR test to estimate the Covid-19 diagnosis
date; however, the patient could have been infected by SARS-CoV-2
or developed Covid-19 several days before this date. Fourth, the
Covid-19 research database does not include mortality information
and we were unable to assess the risk of 30- or 90-day mortality
associated with surgery at different timepoints with respect to SARS-
CoV-2 infection. Fifth, quality of life measures and long-term
survival data were not captured in the database. Sixth, we were
er Health, Inc. All rights reserved.
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unable to assess preoperative measurements of frailty that may have
been important in determining when a patient would be sufficiently
recovered from Covid-19 to undergo surgery. The association
between measurements of frailty and recovery from Covid-19 should
be further investigated. In addition, future studies should evaluate how
measurements of frailty could be used to inform preoperative assess-
ments of surgical risk among patients recovered from Covid-19.

In conclusion, surgery performed during or near the time of
SARS-CoV-2 infection is associated with an increased risk of devel-
oping postoperative complications, including postoperative pneumo-
nia, respiratory failure, PE and sepsis. Surgery performed 4 to 8 weeks
after confirmed SARS-CoV-2 infection continues to carry an elevated
risk of developing postoperative pneumonia. However, surgery per-
formed 8 weeks or later after confirmed SARS-CoV-2 infection is not
associated with an increased risk of developing postoperative com-
plications. Based on these findings, we recommend that the safe period
for patients with recent SARS-CoV-2 infection in whom elective, non-
emergent surgery is indicated should be at least 8 weeks after the first
date of confirmed SARS-CoV-2 infection.
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