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Abstract

Purpose We sought to evaluate the synergistic risk of
postoperative thrombosis in patients with a history of
COVID-19 who undergo major surgery. Major surgery and
SARS-CoV-2 infection are independently associated with
an increased risk of thrombosis, but the magnitude of
additional risk beyond surgery conferred by a COVID-19
history on the development of perioperative thrombotic
events has not been clearly elucidated in the literature.
Methods We conducted a retrospective cohort study
among commercially insured adults in the USA from

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s12630-
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March 2020 to June 2021 using the Optum Labs Data
Warehouse (OLDW), a longitudinal, real-world data asset
containing  deidentified administrative claims and
electronic health records. We compared patients with
prior COVID-19 who underwent surgery with control
individuals who underwent surgery without a COVID-19
history and with control individuals who did not undergo
surgery with and without a COVID-19 history. We assessed
the interaction of surgery and previous COVID-19 on
perioperative thrombotic events (venous thromboembolism
and major adverse cardiovascular events) within 90 days
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using multivariable logistic regression and interaction
analysis.

Results Two million and two-hundred thousand eligible
patients were identified from the OLDW. Patients in the
surgical cohorts were older and more medically complex
than nonsurgical population controls. After adjusting for
confounders, only surgical exposure—not COVID-19
history—remained  associated — with  perioperative
thrombotic events (adjusted odds ratio [aOR], 4.07;
95% confidence interval [CI], 3.81 to 4.36). The
multiplicative interaction term (aOR, 1.25; 95% CI,
0.96 to 1.61) and the synergy index (0.76; 95% CI,
0.56 to 1.04) suggest minimal effect modification of prior
COVID-19 on surgery with regards to overall thrombotic risk.
Conclusions We found no evidence of synergistic
thrombotic risk from previous COVID-19 in patients who
underwent selected major surgery relative to the baseline
thrombotic risk from surgery alone.

Résumé
Objectif Nous avons cherche’ a evaluer le risque
synergique de thrombose postoperatoire chez les

patient-es ayant des antecedents de COVID-19 qui
beneficient d’une intervention chirurgicale majeure. La
chirurgie majeure et l'infection par le SRAS-CoV-2 sont
independamment associees d un risque accru de
thrombose, mais [’ampleur du risque supplementaire
d’apparition de complications thrombotiques
perioperatoires, au-deld de la chirurgie et confere par
des antécedents de COVID-19, n’a pas ete clairement
elucidee dans la litterature.

Méthode Nous avons mené une etude de cohorte
retrospective aupres d’adultes assure-es commercialement
aux Etats-Unis de mars 2020 d juin 2021 d 'aide de la
base de donnees Optum Labs Data Warehouse (OLDW), un
actif de donnéees longitudinales du monde reel contenant
des requétes administratives anonymisees et des dossiers
de santé electroniques. Nous avons compare’ les patient-es
ayant deja souffert de COVID-19 et ayant beneficie’ d’une
intervention chirurgicale avec des personnes temoins ayant
beneficie d’une intervention chirurgicale sans antecedents
de COVID-19 et avec des personnes temoins n’ayant pas
beneficie’ de chirurgie, avec et sans antecedents de
COVID-19. Nous avons ¢évalue [interaction de la
chirurgie et des antecedents de COVID-19 avec les
complications thrombotiques perioperatoires (thromboembolie
veineuse et evenements cardiovasculaires indesirables majeurs)
dans les 90 jours a l'aide d’une regression logistique
multivariee et d’'une analyse des interactions.

Résultats Deux millions deux cent mille personnes
admissibles ont ete’ identifiees da partir du registre
OLDW. Les patient-es des cohortes chirurgicales etaient
plus dgé-es et presentaient une plus grande complexite’
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medicale que les personnes temoins de la population non
chirurgicale. Apres ajustement pour tenir compte des
facteurs de confusion, seule I’exposition chirurgicale — et
non les antecédents de COVID-19 — est restee associee aux
complications thrombotiques perioperatoires (rapport de
cotes ajuste’ [RCa], 4,07; intervalle de confiance [IC] a
95 %, 3,81 a 4,36). Le terme d’interaction multiplicative
(RCa, 1,25; IC 95 %, 0,96 a 1,61) et ’indice de synergie
(0,76, IC 95 %, 0,56 a 1,04) suggerent une modification
minimale de effet d’un diagnostic anterieur de COVID-19
sur la chirurgie en matiere de risque thrombotique global.
Conclusion Nous n’avons trouve aucune preuve de risque
thrombotique synergique lie’ d une COVID-19 anterieure
chez les patient-es ayant beneficie' d’une intervention
chirurgicale par rapport au risque thrombotique de base
lie'a la chirurgie seule.

Keywords perioperative complications - SARS-CoV-2 -
COVID-19 - thrombosis

In December 2019, a novel coronavirus identified as
SARS-CoV-2 precipitated a global pandemic of COVID-
19. Patients presenting with COVID-19 are at increased
risk of developing arterial and venous thrombosis arising
from endothelial dysfunction and hypercoagulability,'™
which can culminate in adverse clinical outcomes from
pulmonary emboli, critical limb ischemia, stroke,
myocardial infarction, and ultimately multiorgan
failure."”™' Prior studies have suggested that patients
who undergo surgery with active or recent COVID-19
infection have a higher risk of developing complications,
including postoperative pneumonia, respiratory failure,
pulmonary embolism, sepsis, and death compared with
patients who undergo surgery without a COVID-19
history.'' ™" Due to this increased risk of perioperative
adverse events reported in patients who underwent surgery
with recent COVID-19 infection, the American Society of
Anesthesiologists (ASA) and the Anesthesia Patient Safety
Foundation (APSF) recommend waiting seven weeks after
SARS-CoV-2 infection in unvaccinated patients prior to
selected major surgery.”*>?

Major adverse cardiovascular events (MACE) and
venous thromboembolic events (VTE) have long been
recognized as postoperative complications associated with
major surgery, independent of COVID-19 history.”>~>
Nevertheless, the additional risk conferred by a history of
COVID-19 beyond the risk of surgery alone on the
development of perioperative thrombotic events has not
been clearly described. Most of the original studies
exploring the impact of COVID-19 on surgical outcomes
lack contemporary nonsurgical control groups to serve as a
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reference for the frequency of thrombotic events in a
general population of nonsurgical patients both with and
without a COVID-19 history.

Therefore, using an administrative claims dataset
representing commercially insured adult patients in the
USA, we conducted a retrospective observational cohort
study to evaluate the risk of thrombotic events occurring in
patients with a recent history of COVID-19 undergoing
major surgery compared with patients who underwent
surgery without a COVID-19 history as well as control
individuals who did not undergo surgery with and without
a COVID-19 history. We hypothesized that the risk of
MACE and VTE after major surgery would be amplified by
residual hypercoagulability from SARS-CoV-2 infection,
leading to higher rates of arterial and venous thrombosis
in surgical patients with prior COVID-19. We assessed the
incidence of postoperative arterial and venous thrombotic
events, including ischemic stroke (cerebrovascular accident
[CVA]) and myocardial infarction (MI)—composited as
MACE—as well as deep vein thrombosis (DVT) and
pulmonary embolism (PE)—composited as VTE. We then
evaluated the additive and multiplicative interactions
between surgical and COVID-19 exposures on these
outcomes to explore a possible synergistic effect of
COVID-19 history on postoperative thrombotic events.

Methods
Study oversight and data source

We studied a cohort of commercially insured enrollees from the
Optum Labs Data Warehouse (OLDW), a longitudinal, real-
world data asset composed of deidentified claims and clinical
information from over 200 million covered patients across the
USA.?® The claims dataset includes inpatient and outpatient
claims as well as pharmacy claims dating from 1993 to
the present. The University of California, San Francisco
(San Francisco, CA, USA), and OLDW jointly deemed this
study exempt from approval by the Institutional Review Board.
This study abides by the Reporting of Studies Conducted Using
Observational Routinely-collected Data extension of the
Strengthening the Reporting of Observational Studies
in  Epidemiology  reporting  guidelines  (Electronic
Supplementary Material [ESM] eTable 1).

Study participants

Our primary study cohort included adult patients aged
18 yr or older who were previously diagnosed with
COVID-19 at any time and who subsequently underwent
selected major surgery between 1 March 2020 and 1 June
2021. Selected major surgery was defined using similar

Current Procedural Terminology (CPT) codes specified in
previous related studies'® (ESM eTable 2). COVID-19
diagnosis was defined using codes from the International
Classification of Diseases, 10™ revision (ICD-10) (ESM
eTable 3).

Control groups

We identified three control cohorts: a surgical control
composed of adult patients without a prior COVID-19
diagnosis undergoing the same selected major surgical
procedures as the study cohort (“surgical controls”) and
two nonsurgical controls drawn from a general population
of patients with and without a COVID-19 history
(“population controls”). The population controls with a
COVID-19 history were defined using the same ICD-10
codes as in the study cohort. The population controls
without a COVID-19 history included all patients who
underwent an annual physical exam during the study period
without any documented COVID-19 history, as defined by
CPT codes (ESM eTable 3). Patients were excluded from
the nonsurgical population cohorts based on the presence
of anesthesia CPT codes denoting surgical exposure (ESM
eTable 4).

Index date

For the two surgical cohorts, the index date was defined as
the date of surgery. For the COVID-19 population control
cohorts, the index date was defined as the date of
COVID-19 diagnosis plus 57 days (the median time in
days between the date of COVID-19 diagnosis and the date
of surgery in the primary study cohort). For the population
controls without a COVID-19 history, the index date was
defined as the earliest date of a documented annual
physical exam occurring within the study period.

Inclusion and exclusion criteria

The inclusion and exclusion criteria are fully described
in ESM eTable 3. All patients in our study required
six months of continuous enrollment before and three
months of continuous enrollment after their index date for
both insurance and pharmacy claims. Patients were
excluded if they had pharmacy claims for anticoagulation
or antithrombotic medical therapy within six months to
30 days preceding the index date. New anticoagulant or
antithrombotic prescriptions within 30 days of surgery
were assumed to be pre-emptive prophylactic measures
intended for the postoperative period and were not grounds
for exclusion. Patients who experienced a thrombotic event
within the six months preceding the index date or whose
COVID-19 diagnosis occurred after the surgery date were
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also excluded. Anticoagulant or antithrombotic
medications  were  defined using the AHFS
Pharmacologic-Therapeutic Classification System codes,
while historical thrombotic events were defined using
ICD-10 codes. Since many patients having selected major
surgery take acetylsalicylic acid and/or platelet inhibitor
therapy at baseline, patients with these prescriptions were
not excluded.

Outcomes

Our primary outcome of interest was the composite
endpoint of all VTE (DVT, PE) and MACE (MI, CVA)
events. Our secondary outcomes included the incidence of
VTE and MACE separately during the same timeframe.
We used ICD-10 diagnosis codes to define these events as
positive outcomes if they occurred within 90 days
following the index date (ESM eTable 5).

Covariates

Demographic covariates included age, sex, race, tobacco
use, and geographic region in the USA (West, South,
Midwest, or Northeast). Medical covariates included a
history of MI, CVA, peripheral vascular disease, and
malignancy. All covariates were defined either by direct
reporting from the OLDW database or by means of
documented ICD-10 codes (ESM eTable 6).

Missing data

The Optum Labs Data Warehouse performs internal data
validation and quality checks prior to releasing data to
research partners. Any data designated by OLDW as
“unknown” (i.e., geographic region, race, etc.) were
included in the final analysis and designated accordingly.
Due to cell size reporting restrictions in the OLDW Data
Use Agreement, whereby authors are instructed not to
report counts less than 11, we note that fewer than
11 patients from the nonsurgical SARS-CoV-2-exposed
population were removed from the respective control group
due to documentation of nonphysiologic ages. The dataset
was otherwise essentially complete.

Statistical analysis

Categorical variables were described using counts and
percentages, while continuous variables were reported as
median and interquartile range [IQR] given nonnormal
distributions. We wused the Chi square test to
compare categorical variables and the nonparametric
Kruskal-Wallis test to compare continuous variables
across the four cohorts. To assess whether interaction
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exists between COVID-19 history and surgery on the risk
of developing thrombosis postoperatively, we combined
our four cohorts into a single cohort for analysis. We tested
the multiplicative interaction between surgery and COVID-
19 history using multivariable logistic regression with an
interaction term and calculated the synergy index to test for
additive interaction between COVID-19 history and
surgical exposure on our primary outcome after adjusting
for the key demographic and medical characteristics
described above. Estimation of confidence intervals (Cls)
for measures of additive interaction was performed using
the delta method described by Hosmer and Lemeshow.?’
We conducted all statistical analyses using R version 4.1.0
(R Foundation for Statistical Computing, Vienna, Austria)
and employed the interactionR package to return estimates
for effect modification and interaction analyses as
described by Knol and VanderWeele.”®** These analyses
were then repeated for both secondary outcomes.

Results
Patients

The final cohort extraction yielded 2,091 patients with a
history of COVID-19 who underwent selected major
surgery, 44,095 patients who underwent selected major
surgery without a history of COVID-19, 357,545
nonsurgical population controls with a history of
COVID-19, and 1,812,704 nonsurgical population
controls without a history of COVID-19 (Fig. 1). The
patients in the two surgical cohorts were generally older
and featured a higher Quan—Charlson comorbidity index, a
higher rate of tobacco use, and a more frequent history of
MI, CVA, peripheral vascular disease, and malignancy
compared with the two nonsurgical population controls.
Nonsurgical controls with a history of COVID-19 were
more likely to be male than individuals in the other cohorts
(Table).

Incidence of thrombotic events

Overall, patients who underwent surgery experienced more
thrombotic events than the nonsurgical population controls
(Fig. 2). Additionally, patients who underwent surgery with
a history of COVID-19 featured a higher incidence of
thrombotic events compared with patients who underwent
surgery without a history of COVID-19 (5.5% vs 4.5%).
Although the overall incidence of thrombosis was lower
within the two population controls, patients who did not
undergo surgery with a history of COVID-19 similarly had
a slightly higher incidence of thrombotic events than
patients who did not undergo surgery without a history of
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Surgical / No COVID-19 history

Optum Labs Data
Warehouse

March 2020 - June 2021

y4 Y

fors

Surgical / COVID-19 history

Non-surgical / COVID-19 history

Non-surgical / No COVID-19 history:

59,193 2,736

INCLUSION | |
46,732 2,250

ExCLUSION | |
44,005 2,001

534,840 2,375,994
l v
365,572 1,831,561
357,545 1,812,704

Fig. 1 Cohort extraction. This flowchart depicts the stepwise cohort extraction from Optum Labs Data Warehouse.
CPT = current procedural terminology; CVA = cerebrovascular accident; Dx = diagnosis; ICD-10 = International Classification of Disease

(10lh Revision); MI = myocardial infarction

COVID-19 (0.4% vs 0.3%). The incidence of MACE was
higher than the incidence of VTE across all four cohorts
(MACE: 3.1%, 2.7%, 0.3%, and 0.2% vs VTE: 2.8%,
2.1%, 0.1%, and 0.1%, respectively).

Association between surgery, previous COVID-19,
and outcomes

In univariable analysis, both surgery and COVID-19
history were associated with thrombosis (surgery: odds
ratio [OR], 14.25; 95% CI, 13.53 to 15.00; COVID-19
history: OR, 1.19; 95% CI, 1.12 to 1.26), but there did not
appear to be any interaction between the two variables
(1.04; 95% CI, 0.85 to 1.27). After adjusting for key
confounders, only surgery remained associated with the
primary outcome (aOR, 4.07; 95% CI, 3.81 to 4.36).
The multiplicative interaction term (aOR, 1.25; 95% CI,
0.96 to 1.61) and the synergy index (0.76; 95% CI,
0.56 to 1.04) did not show evidence of interaction between
surgery and COVID-19 history on the composite outcome
of VTE plus MACE.

When reviewing secondary outcomes, we again found
surgery to be much more strongly associated with an
increased risk of VTE and MACE than COVID-19 history
alone (i.e., in the absence of surgical exposure).
Nevertheless, there were important differences when
considered alongside our primary analysis, namely that
COVID-19 history was associated with greater odds of VTE
(aOR, 1.14; 95% CI, 1.04 to 1.26), and yet it appeared
slightly protective against MACE (aOR, 0.88; 95% CI,
0.81 to 0.95). Finally, while the interaction terms in the

multivariable logistic regression were again not
significant for VTE or MACE (aOR, 1.19; 95% CI,
0.89 to 1.57 and 1.17; 95% CI, 0.79 to 1.69, respectively),
the synergy index showed an additive interaction between
surgical exposure and COVID-19 history for the outcome of
VTE only (1.38; 95% CI, 1.03 to 1.85). A forest plot of the
primary predictors of interest and interaction terms for all
outcomes is presented in Fig. 3. The fully adjusted regression
analysis and synergy indices are available in ESM eTable 7.

Discussion

In this study, we sought to estimate the association and
possible effect modification posed by a history of COVID-19
disease and selected major surgery on postoperative
thrombotic events. Specifically, we explored the possible
synergistic risk of thrombosis shared between COVID-19
history and routine postoperative recovery, which remains
a subject of ongoing debate in the literature. In a cohort of
commercially enrolled beneficiaries undergoing selected
major surgical procedures, our study did not find evidence
of increased risk of composite thrombotic events resulting
from the interaction between COVID-19 history and
surgery. The risk of thrombotic events in patients who
underwent surgery with prior COVID-19 disease was
primarily attributable to the patient’s exposure to surgery
alone. Together, these findings suggest that the
conventional thrombotic risk of selected major surgery
may dramatically outweigh any additional risk posed by a
history of COVID-19.
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Table Baseline characteristics

Characteristic Surgical patients Surgical patients Nonsurgical Nonsurgical patients P value
nftotal N (%) or with without patients with without
median [IQR] history of history of history of COVID-19 history of COVID-19
COVID-19 COVID-19 N = 357,545 N = 1,812,704
N = 2,091 N = 44,095
Sex - - - - < 0.001
Male 808/2,091 (38.6%) 16,880/44,095 (38.3%) 173,996/357,545 (48.7%) 651,167/1,812,704 (35.9%) -
Age (yr) 53 [45-60] 54 [45-61] 41 [30-53] 45 [34-55] < 0.001
Race - - - - < 0.001
Asian, Pacific Islander 41/2,091 (2%) 1,015/44,095 (2.3%)  12,982/357,545 (3.6%)  103,618/1,812,704 (5.7%) -
Black 195/2,091 (9.3%) 3,952/44,095 (9%) 33,503/357,545 (9.4%)  160,215/1,812,704 (8.8%) -
Hispanic 258/2,091 (12.3%) 3,652/44,095 (8.3%)  64,291/357,545 (18%) 192,372/1,812,704 (10.6%) -
White 1,479/2,091 (70.7%)  33,527/44,095 (76%)  218,402/357,545 (61.1%) 1,243,997/1,812,704 (68.6%) —
Unknown 118/2,091 (5.6%) 1,949/44,095 (4.4%)  28,367/357,545 (1.9%)  112,502/1,812,704 (6.2%) -
Geographic region - - - - < 0.001
South > 870/2,091 (> 41%)* 19,830/44,095 (45%)  171,359/357,545 (47.9%) 791,587/1,812,704 (43.7%) -
Midwest 668/2,091 (31.9%) 13,485/44,095 (30.6%) 93,299/357,545 (26.1%) 523,348/1,812,704 (28.9%) —
Northeast 213/2,091 (10.2%) 3,183/44,095 (7.2%)  38,732/357,545 (10.8%) 210,817/1,812,704 (11.6%) -
West 329/2,091 (15.7%) 7,485/44,095 (17%) 53,574/357,545 (15%) 284,071/1,812,704 (15.7%) -
Unknown < 11/2,091 (< 0.5%)* 112/44,095 (0.3%) 574/357,545 (0.2%) 2,857/1,812,704 (0.2%) -
Preoperative medical - - - - -
history
Quan—Charlson < 0.001
comorbidity index
0 1,231/2,091 (58.9%)  26,974/44,095 (61.2%) 311,043/357,545 (87.0%) 1,618,264/1,812,704 (89.3%) —
1 316/2,091 (15.1%) 6,022/44,095 (13.7%) 28,744/357,545 (8.0%)  120,919/1,812,704 (6.7%) -
2 283/2,091 (13.5%) 6,048/44,095 (13.7%) 11,695/357,545 3.3%)  56,979/1,812,704 (3.1%) -
>3 261/2,091 (12.5%) 5,051/44,095 (11.5%) 6,063/357,545 (1.7%) 16,542/1,812,704 (0.9%) -
Preexisting medical - - - - -
conditions
History of tobacco use 357/2,091 (17.1%) 8,035/44,095 (18.2%) 18,116/357,545 (5.1%)  48,006/1,812,704 (2.6%) < 0.001
History of myocardial ~ 89/2,091 (4.3%) 1,628/44,095 (3.7%)  1,642/357,545 (0.5%) 4,167/1,812,704 (0.2%) < 0.001
infarction
History of stroke 94/2,091 (4.5%) 1,832/44,095 (4.2%)  2,607/357,545 (0.7%) 10,450/1,812,704 (0.6%) < 0.001
History of peripheral 101/2,091 (4.8%) 1,628/44,095 (3.7%)  3,118/357,545 (0.9%) 11,328/1,812,704 (0.6%) < 0.001
vascular disease
History of malignancy 94/2,091 (4.5%) 6,864/44,095 (15.6%) 5,172/357,545 (1.4%) 32,939/1,812,704 (1.8%) < 0.001

This table compares demographic, geographic, and medical characteristics across four cohorts

Asterisk (*) denotes analysis derived from group with n < 11 patients, which must remain masked in accordance with the OLDW data use policy

IQR = interquartile range; OLDW = Optum Labs Data Warehouse

Although there was no multiplicative interaction when
considering the secondary outcome of VTE, there did appear to
be a small additive interaction between COVID-19 history and
surgery as originally hypothesized. Nevertheless, while this
result is intriguing and offers reasonable biological plausibility,
it should be considered exploratory and subject to the important
statistical limitations enumerated below. Several putative
mechanisms have been described, including dysregulation of
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the renin-angiotensin-aldosterone system, increased mitogen-
activated protein kinase signaling, proinflammatory sequelae of
cytokine and complement activation, neutrophil extracellular
trapping, and increased oxidative stress, all of which may
synergistically predispose to endothelial dysfunction and
subsequent hypercoagulability.'™ Other recent studies have
also highlighted the increased perioperative risk of morbidity
and mortality in patients with a history of COVID-19,
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Fig. 2 Incidence of outcomes.
This graph compares the
incidence of VTE—including
PE and DVT—and MACE—
including MI and CVA—across
“Surgical / COVID-19
History,” “Surgical / No
COVID-19 History,” “Non-
Surgical / COVID-19 History,”
and “Non-Surgical / No
COVID-19 History” groups.
CVA = cerebrovascular
accident; DVT = deep venous
thrombosis; Hx = history;
MACE = major adverse
cardiovascular events;

MI = myocardial infarction;
PE = pulmonary embolism;
VTE = venous
thromboembolism

Surgical
COVID-19 Hx

3.0%-

N

S

S
1

Percent of Cases

1.0% -
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particularly in the postacute phase 1-6 weeks after SARS-CoV-
2 infection.'®'? A Swedish registry revealed history of COVID-
19 to be an independent risk factor for venous thrombotic events
three to six months after infection in all-comers,® and studies of
nonoperative hospitalized patients revealed substantially
increased risk of VTE in the first 30 days after COVID-19
diagnosis compared with uninfected patients, although the
incidence of hypercoagulability did not differ dramatically
from matched controls with non-SARS-CoV-2 respiratory viral
illness.*>?! The occurrence of both venous and arterial
thrombotic events in COVID-19 patients was strongly
associated with mortality in a recent European network
cohort study.'® Given these observational findings as well as
compelling international prospective data published by the UK-
based COVIDSurg Collaborative, the ASA and APSF currently
recommend waiting seven weeks after COVID-19 diagnosis
before elective surgery.”*>>*> More recent recommendations
suggest postponing elective surgery in patients with COVID-19
who are still exhibiting residual pulmonary symptoms of viral
infection and recommend accounting for individual risk factors
when assessing the optimal timeline for surgery, although
individualized thrombotic risk is not specifically emphasized.*

In our study, we found that composite thrombotic events
among patients with a history of COVID-19 undergoing
major surgery were mostly attributable to the surgical
exposure itself, while the effect of a COVID-19 history was
not statistically significant. This finding has been replicated
across several retrospective single- and multicentre studies
in the USA, which failed to show a significant difference in
rates of postoperative VTE among elective surgical
populations based on COVID-19 history.”*>® These

Surgical
No COVID-19 Hx

MACE VTE

Non-Surgical
COVID-19 Hx

Non-Surgical
No COVID-19 Hx

CVA
CVA + Ml

|

DVT
DVT + PE

T
m

MACE VTE

MACE VTE

observational studies convey some degree of ambiguity,
however, as related sequelae are indeed associated with
COVID-19 history, including postoperative pneumonia and
greater length of hospital stay.***® A substudy analysis of
an international prospective cohort study found
significantly increased rates of postoperative VTE among
patients undergoing surgery with active or recent infections
(within one to six weeks of diagnosis), contrary to
comparable rates of VTE reported observationally among
postoperative patients stratified by COVID-19 history as
described elsewhere in the literature.'

To date, no major consensus guidelines have delineated
the course of persistent hypercoagulability in the
COVID-19 recovery period or considered how this may
exacerbate the risk of perioperative thromboembolic
phenomena.”’38 The Anticoagulation Forum, American
College of Chest Physicians, and the Scientific and
Standardization Committee of the International Society of
Thrombosis and Hemostasis have empirically recommended
three-month courses of anticoagulation therapy in the setting
of provoked venous thromboembolism from COVID-19, but
subsequent recommendations are nonspecific, thereafter
relying on standard anticoagulation guidelines and risk
stratification.’® The American College of Surgeons has
offered guidelines for triaging surgical care in the
COVID-19 population, but there is minimal if any dedicated
focus on the subacute and long-term risk stratification of
thromboembolic events perioperatively. Conventional
perioperative risk scoring systems, such as Padua and
Caprini systems, fail to account for the major prognostic
features of COVID-19.°** Our study suggests that
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Fig. 3 Multivariable logistic regression outcomes. This forest plot depicts the aORs with 95% Cls from multivariable logistic regression for
primary and secondary outcomes. The model adjusts for age, sex, race, tobacco use, and geographic region in the USA (West, South, Midwest, or
Northeast), as well as for histories of myocardial infarction, cerebrovascular accident, peripheral vascular disease, and/or malignancy. X axis

reports aORs along a logarithmic scale.

aOR = adjusted odds ratio; CI = confidence interval; MACE = major adverse cardiovascular events; VTE = venous thromboembolism

thrombotic risk alone may not be a compelling rationale for
postponing major surgery in this population. Future
prospective studies are urgently needed to inform current
recommendations and ultimately curate guidelines for elective
surgical scheduling in the COVID-19 recovery period.

Previous retrospective studies have reported increased
risk of adverse events when selected major surgeries
proceed within seven weeks immediately after infection,
but they did not distinguish between the risk of COVID-19
exposure and the risk of the surgical procedure itself.
While our study is unique in its comparison of COVID-19
surgical cases with both surgical and nonsurgical controls
derived from commercially insured patients, it remains
limited by the nature of its observational design. Although
efforts were made to adjust for important confounders in
multivariable regression, residual confounding is likely to
persist—especially given the younger age and healthier
status of nonsurgical population controls—complicating
the interpretation and extrapolation of these findings. By
design, high-risk patients were excluded based on previous
thrombotic events and pre-existing anticoagulation therapy.
Signals with statistical significance should therefore be
interpreted cautiously, particularly when the lower CI
bound approximates the null value of 1.

Other important limitations include the claims-based
nature of the database, the lack of information regarding
the severity of symptoms in patients with COVID-19, the
heterogeneity of procedures included in our definition of
major surgery, and the inability to identify and control for
thromboprophylactic =~ measures undertaken in the
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perioperative period. Furthermore, older adults who are
more likely to require major surgery and experience the
sequelae of COVID-19 compared with younger patients
were underrepresented in our study since commercially
insured patients are generally of working age given the
employer-based health insurance system in the USA, and
this may have resulted in a lower rate of postoperative
thrombotic events overall. Therefore, the incidence of
thrombotic events after COVID-19 and the combined risk
of COVID-19 history and surgery may not be generalizable
to older adults. In addition, misclassification bias in the
nonsurgical cohorts may be present in our definition of
COVID-19 diagnosis given that many patients may have
been self-diagnosed using home antigen testing Kkits
without formally presenting to the health care system.
This would spuriously elevate thrombotic risk in the
population controls presumed to be without COVID-19 and
bias the effect size of COVID-19 on our outcomes of
interest toward the null. There may also be a degree of
detection or measurement bias in that events of interest in
nonsurgical population controls may go unrecognized
without the clinical surveillance of inpatient
hospitalization or postoperative follow-up appointments,
and this discrepancy may be further exaggerated in the
controls without COVID-19 for whom screening by
providers of thrombotic events is likely not as
scrupulous. As a corollary, events that are defined by
ICD-10 codes are more likely to be detected in hospitalized
populations compared with the largely nonhospitalized
COVID-19 controls, which may inflate the incidence of
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outcome detection among hospitalized cohorts, biasing
signal away from the null in surgical groups. Furthermore,
some studies have shown limited sensitivity in capturing
outcomes by ICD-10 codes compared with other
nonclaims-based data registries—as low as 20% and
32% sensitivity for VTE and MACE, respectively,
compared with the National Surgical Quality
Improvement Program, for example*>—which may also
engender misclassification of the outcome. Finally, there is
also a risk of misclassification bias in patients who were
found to have MACE postoperatively, since patients with
prior MI or CVA were not excluded from our study cohort.
This may have contributed to the apparent protective effect
of COVID-19 on the risk of developing MACE observed in
secondary  analysis. These important limitations
notwithstanding, the inclusion of both surgical and
COVID-19 population controls increases the rigor of our
retrospective approach and offers new insights into elective
surgical scheduling in the pandemic era. As we did not
study long-term thrombotic outcomes, we cannot comment
on the impact of continued endothelial dysfunction
that has been reported in patients with chronic post—
COVID-19 syndromes.** Future studies should compare
thrombotic risk across vaccinated and unvaccinated
populations, and prospective or enhanced observational
designs may be applied to a narrowed population of
interest—perhaps excluding patients with underlying
malignancy or limiting surgical exposure to a more
focused panel of procedures—to mitigate indication bias.

Conclusion

Our analysis did not show evidence for an increased
thrombotic risk from recent COVID-19 exposure in
perioperative patients compared with the baseline
perioperative risk, which suggests that thrombotic risk
alone may not be a compelling rationale for postponing
major surgery in this population. Based on this
retrospective analysis, thrombotic phenomena following
selected major surgery in patients with a history of
COVID-19 appear unlikely to directly contribute to
increased perioperative morbidity and mortality, and
future prospective studies should aim to better understand
the drivers of poor outcomes in this population.
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