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Background: There is a known correlation between coronavirus disease 2019 (COVID-19)
infection and the creation of a prothrombotic state. However, there is a paucity of literature
assessing the influence of COVID-19 on deep venous thrombosis following surgery. This
study evaluated the incidence of and risk factors for deep venous thrombosis among
COVID-19-positive patients undergoing foot and ankle surgery.

Methods: A retrospective review was performed at a single institution to extract all patients
who had a COVID-19-positive diagnosis and foot or ankle surgery. A total of 472 patients met
the inclusion criteria. A total of 321 patients had a COVID-19-positive diagnosis within the
established perioperative period and the remaining 151 comprised the no COVID-19 group.

Results: Overall, there were ten cases of deep venous thrombosis in the COVID-19-positive
population; this was not significantly increased compared with the no COVID-19 group (3.12%
versus 1.99%; P = .463). No demographic or medical history variables, such as previous deep
venous thrombosis, history of tobacco use, venous insufficiency, peripheral vascular disease,
chronic kidney disease, coronary artery disease, diabetes, or clotting disorders, were found to
have a statistically significant influence on the rate of deep venous thrombosis in COVID-19-
positive patients following foot and ankle surgery. Furthermore, vaccination status, timing of
COVID-19 diagnosis in relation to surgery, trauma, anatomical location of surgery, and use of
chemical prophylaxis did not demonstrate any statistical significance.

Conclusions: This study did not find COVID-19 to increase the risk of deep venous thrombosis
following foot and ankle surgery, and no specific variables were found to influence this risk. This
study stands as a preliminary investigation on deep venous thrombosis rates in COVID-19
patients who have undergone foot and ankle surgery. Larger population studies would be of
great benefitin the future. (J Am Podiatr Med Assoc 115(6), 2025; doi: 10.7547/24-022)

The coronavirus disease 2019 (COVID-19) pandemic
caused by severe acute respiratory syndrome coronavi-
rus 2 has had a profound impact on global health.
Initially recognized as a respiratory illness, COVID-19
has now been found to have multisystem organ
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involvement. There is a known correlation between
the virus and the creation of a hypercoagulable and
prothrombotic state that increases the risk of throm-
botic events.! Confirming this, Chang et al®> demon-
strated a greater incidence of deep venous thrombosis
in COVID-19 patients versus non-COVID-19 patients.
Reviewing 1,157 COVID-19 patients in a meta-analysis,
Di Minno et al® found the weighted mean prevalence of
deep venous thrombosis to be 19.8%.

The underlying mechanism linking COVID-19 to
deep venous thrombosis is complex and multifacto-
rial. The hallmark of COVID-19 is a cytokine storm
that is characterized by high levels of inflammatory
markers, which activate platelets and monocytes,
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cause endothelial inflammation, and activate the tis-
sue factor VIIa pathway, leading to the formation of
immunologically mediated thrombi.*® D-dimer, a
marker of high fibrin turnover and thrombotic
states, has been shown to have a direct positive
relationship with the COVID-19 disease process,
with higher levels producing more severe disease
and increased risk of death.>® Additionally, the
immobility associated with severe illness and hospi-
talization exacerbates the risk of deep venous
thrombosis development.

There is limited research evaluating the incidence
of deep venous thrombosis in patients undergoing
operative intervention with a perioperative COVID-
19 diagnosis. Specifically, foot and ankle surgery
patients are at an increased risk of deep venous
thrombosis because of anesthesia, tourniquet use
and duration, anatomical insults during dissection,
and periods of prolonged nonweightbearing. Factors
such as a history of previous deep venous thrombosis,
polytrauma, obesity, and malignancy also increase
the risk of deep venous thrombosis.”

Numerous studies have suggested that the deep
venous thrombosis rate in foot and ankle surgery is
relatively low in comparison with other larger ortho-
pedic procedures. Griffiths et al® reported a deep ve-
nous thrombosis rate of 0.42% following foot and
ankle surgery. In a large multicenter study, Mizel
et al’ reported a deep venous thrombosis rate of
0.22%. When assessing traumatic foot and ankle sur-
gery, Shibuya et al'® reported a deep venous throm-
bosis rate of 0.28%. Solis and Saxby'! reported a
noticeably higher rate of postoperative deep venous
thrombosis (3.5%); however, routine venous duplex
ultrasounds were performed at the first postopera-
tive visit regardless of whether the patient was
symptomatic or asymptomatic for deep venous
thrombosis. Thus, this provides a truer rate of deep
venous thrombosis, but it must be understood that
this does not correlate with the number of cases of
symptomatic deep venous thrombosis in postopera-
tive patients.

To the best of our knowledge, there is no study
investigating the incidence and risk factors sur-
rounding deep venous thrombosis in COVID-19-posi-
tive patients following foot and ankle surgery. The
purpose of this study was to provide a preliminary
report of that information. Specifically, the timing of
a COVID-19 diagnosis in relation to operative inter-
vention, trauma, anatomical location of surgery, vac-
cination status, medical comorbidities, demographic
variables, and use of postoperative chemical deep
venous thrombosis prophylaxis were investigated to
track any influence of COVID-19 on deep venous

thrombosis rates. We hypothesized that patients who
underwent foot and ankle surgical intervention
would not be at an increased risk of symptomatic
deep venous thrombosis based on recent, current, or
postoperative COVID-19 diagnosis.

Materials and Methods

A retrospective chart review was performed, which
included all OhioHealth hospitals. Prior to any data
collection, institutional review board approval was
obtained. Potential study participants were identi-
fied by a query of the institution’s electronic medi-
cal records database. This query pulled any patients
who had had foot or ankle surgery from March 23,
2020, to July 31, 2022. The date of March 23, 2020,
was used, as this date correlated with the stay-at-
home order issued in our geographic region at the
beginning of the COVID-19 pandemic. With the
query, an attempt was made to obtain all patients
with a positive COVID-19 diagnosis who also under-
went foot and ankle surgery during the aforemen-
tioned time frame. This preliminary patient list was
then reviewed and validated by the lead investigator
and subinvestigators (N.J., A.B., M.R., and S.J.) to
ensure an accurate data pull.

Data extraction was performed for patients who
met the inclusion and exclusion criteria. Patients
must have been 18 years of age or older at the time of
surgical intervention and must have had foot or ankle
surgery during the aforementioned time frame.
Patients in the COVID-19-positive group must have
had a positive diagnosis at some point during the per-
ioperative period. The perioperative period was
defined as recent (10-120 days before surgery), cur-
rent (<10 days before surgery), and postoperative
(<30 days after surgery). All other patients were clas-
sified as no COVID-19 for the perioperative period.
Notably, the no COVID-19 group included those who
had a positive COVID-19 test outside of the perioper-
ative period as previously defined. Patients were
excluded if they had surgery to any other anatomical
location outside of the foot and ankle concomitantly
or during the perioperative period.

Data were extracted from the electronic medical
record (Epic CareConnect) and securely stored in
REDCap, which is a secure web application for
building and managing online surveys and databases.
Patient demographics, medical history including
comorbidities, surgery type and date, any positive
deep venous thrombosis examinations, and other
pertinent perioperative factors were recorded in
REDCap.
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Statistical Analysis

All data were analyzed using JASP 0.17.1 and jamovi
2.3.21.0. Descriptive statistics were calculated for all
variables. Mean and SD were used to describe con-
tinuous variables and count and percentage were
used to describe categorical variables. Comparisons
between groups were made using independent sam-
ples ¢ tests for continuous variables and y* tests for
categorical variables. Statistical significance was set
at P = .050 a priori.

Results

The initial data pull included 524 patients. After review
of the inclusion and exclusion criteria, 472 patients
were included in the final data set. A total of 321
patients had a perioperative COVID-19-positive diagno-
sis and 151 patients fell in the no COVID-19 group.

Overall, the rate of symptomatic deep venous
thrombosis among the cohort of patients who had
foot or ankle surgery and had an associated COVID-
19 diagnosis within the perioperative period was
3.12% (ten of 321). The rate among the no COVID-19
group was 1.99% (three of 151). This difference was
not statistically significant (P = .463).

When inspecting the timing of COVID-19 diagnosis
in relation to surgery (recent, current, postoperative,
no COVID-19), there was no statistically significant
difference in deep venous thrombosis incidence.
Similarly, there was no difference when patients
with a recent COVID-19 diagnosis were subdivided
into 1-month increments (Table 1).

All patient demographic factors and medical his-
tory were assessed in two groups: a no deep venous
thrombosis group and a positive deep venous throm-
bosis group. Previous deep venous thrombosis and
coronary artery disease led to a significant increase
in the rate of deep venous thrombosis among the
total patient population. However, when these varia-
bles were considered in the setting of a positive
COVID-19 diagnosis versus those in the no COVID-19
group, there was no statistically significant increase
in the rate of deep venous thrombosis. Thus, the
influence of COVID-19 did not lead to an increase in
deep venous thrombosis among patients who had
previous deep venous thrombosis or coronary artery
disease. All other evaluated risk factors did not dem-
onstrate a statistically significant influence on the
rate of deep venous thrombosis (Table 2).

There was no statistically significant difference
in deep venous thrombosis rate between patients
with COVID-19 undergoing foot and ankle surgery
who were not vaccinated, partially vaccinated, or

Table 1. Timing of Coronavirus Disease 2019 Diagnosis
and Rate of Deep Venous Thrombosis Following Foot and
Ankle Surgery

Patients With
Deep Venous
Variable Patients Thrombosis P Value
Recent COVID-19 (No.) 165 5 .897
1 mo prior 65 3
2 mo prior 35 1
3 mo prior 45 1
4 mo prior 20 0
Current COVID-19 (No.) 121 4
Postoperative COVID-19 35 1
(No.)
No COVID-19 (No.) 151 3
Perioperative COVID-19 321 (100) 10 (3.12) 463
(No. [%])
No COVID-19 (No. [%)]) 151 (100) 3(1.99)

Abbreviation: COVID-19, coronavirus disease 2019.

completely vaccinated. Similarly, there was also
no increased deep venous thrombosis rate among
patients who underwent forefoot surgery versus
rearfoot surgery or those who underwent opera-
tive intervention for traumatic injury versus elec-
tive surgery (Table 3).

Discussion

The overall symptomatic deep venous thrombosis rate
in our cohort of patients who had foot and ankle surgery
with a perioperative COVID-19 diagnosis was 3.12%. As
discussed, this rate of symptomatic deep venous throm-
bosis is higher compared with previous studies but was
not found to be significantly increased compared with
patients who were COVID-19-negative. With varying
numbers in the literature, the true rate of deep venous
thrombosis in foot and ankle surgery continues to be
debated. The study by Solis and Saxby'! demonstrated
the highest deep venous thrombosis rate in foot and
ankle surgery, but routine venous duplex ultrasounds
were performed on these patients, which could exag-
gerate the true rate of deep venous thrombosis, espe-
cially in asymptomatic patients. To the best of our
knowledge, there were no routine deep venous duplex
ultrasounds performed on asymptomatic individuals in
the present study.

There is limited research available on the incidence
of deep venous thrombosis in patients with a recent
COVID-19 diagnosis undergoing any surgical interven-
tion. Our data demonstrated that there was no statisti-
cally significant difference regarding the risk of
symptomatic deep venous thrombosis in relation to a
recent, current, postoperative, or negative COVID-19
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Table 2. Influence of Demographic and Medical History on Deep Venous Thrombosis in Total and Coronavirus Disease

2019-Positive Patient Populations

No Deep Deep Venous
Venous Deep Venous Thrombosis and
Total Patient Thrombosis Thrombosis COVID-19-

Variable Population Group Group P Value Positive Group P Value
Sex (No.) .094

Male 218 209 9

Female 254 250 4
Age (mean *+ SD) 56.09 = 15.80 55.98 + 15.86 58.15 * 14.11 .625
BMI (mean *+ SD [kg/m?]) 3194799 3190 +8.02 3242+7.17 .819
Previous deep venous thrombosis (No.) 50 .008 >.99

Yes 45 5 4

No 414 8 6
History of tobacco use (No.) 201 402

Yes 194 7

No 265 6
Venous insufficiency (No.) 9 .609

Yes 9 0

No 450 13
Peripheral vascular disease (No.) 65 .074

Yes 61 4

No 398 9
Chronic kidney disease (No.) 68 .489

Yes 67 1

No 392 12
Coronary artery disease (No.) 99 .025 >.99

Yes 93 6 5

No 366 7 5
Diabetes mellitus (No.) 195 .341

Yes 188 7

No 271 6
Clotting disorder (No.) 14 .313

Yes 13 1

No 446 12
Postoperative chemical deep venous 309 127

thrombosis prophylaxis (No.)
Yes 299 10
No 160 3

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease 2019.

diagnosis within the perioperative period. Rosas
et al'? looked at the incidence of deep venous throm-
bosis in patients with a recent COVID-19 diagnosis
undergoing total hip arthroplasty and found no statis-
tically significant increase in the rate of venous throm-
boembolism (VTE) following total hip arthroplasty,
which is similar to our findings. Lee et al'® compared
90-day postoperative complications after total hip and
knee arthroplasties in patients with a COVID-19 diag-
nosis within 6 months of surgery versus a COVID-19-
negative cohort and found significantly higher rates of
pulmonary complications, readmissions, and deep ve-
nous thrombosis in the COVID-19 cohort compared
with the control group. In contrast to these studies,
Vosburg et al'* evaluated 53 patients undergoing bari-
atric surgery who had recovered from a recent
COVID-19 diagnosis and found no cardiovascular,

VTE, or respiratory events over a 30-day postoperative
period. Clearly, there are inconsistent findings regard-
ing COVID-19’s influence on deep venous thrombosis
in postoperative patients, with studies providing con-
flicting results.

In our study, coronary artery disease and previous
history of deep venous thrombosis were found to
increase the risk of deep venous thrombosis in the
total population following foot and ankle surgery.
However, when considering patients who were
COVID-19-positive in the perioperative period versus
those who were negative, there was no statistically
significant increase in the incidence of deep venous
thrombosis due to either of these medical conditions.
This could suggest that any previous or perioperative
diagnosis of COVID-19 regardless of timing may lead
to an increase in deep venous thrombosis when
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Table 3. Vaccination Status, Anatomical Location of
Surgery, and Influence of Trauma on Deep Venous
Thrombosis in Coronavirus Disease 2019-Positive Patient
Population

Deep Venous
COVID-19- Thrombosis in

Positive COVID-19-

Variable Patients  Positive Group P Value
Complete vaccination 123 6 .106

(No.)
Partial vaccination (No.) 10 1
No vaccination (No.) 188 3
Forefoot surgery (No.) 170 7 .257
Rearfoot/ankle surgery 151 3

(No.)
Trauma (No.) 116 4 764
Elective (No.) 205 6

Abbreviation: COVID-19, coronavirus disease 2019.

patients have coronary artery disease or a previous
history of deep venous thrombosis; however, these
findings would need further investigation.

The present study also examined the effect of
COVID-19 vaccination and whether there was any
potential correlation with an increase in deep venous
thrombosis formation. The COVID-19 vaccination as
well as its potential influence on deep venous thrombo-
sis formation has come under scrutiny since its incep-
tion. However, the current literature suggests that
vaccination status does not increase the risk of deep
venous thrombosis. Our study confirmed these find-
ings, suggesting that there is no difference in deep ve-
nous thrombosis rate based on COVID-19 vaccination
status. Only six of 123 patients were diagnosed with
deep venous thrombosis while simultaneously being
fully vaccinated, and this was not statistically different
from the partially vaccinated and unvaccinated
patients. Houghton et al'® looked at 382,527 patients
who had had at least one COVID-19 vaccination, and
the overall rate of deep venous thrombosis was 1.86%.
There was no statistically significant difference in
deep venous thrombosis rate before and after vaccina-
tion and there was no difference between the Pfizer,
Moderna, and Janssen vaccines.

It is well understood that there is an increased risk
for the development of deep venous thrombosis in
trauma patients owing to the long periods of venosta-
sis, vascular insult, and periods of hypercoagulabil-
ity.' Our study demonstrated that four of 116 patients
who were COVID-19-positive developed deep venous
thrombosis when undergoing trauma surgery. By con-
trast, six of 205 patients who underwent elective sur-
gery developed deep venous thrombosis with a
COVID-19-positive diagnosis. There was no statistical

significance with regard to deep venous thrombosis
rate in patients with a positive COVID-19 diagnosis
who underwent traumatic versus elective foot and
ankle surgery. A study by Pitts et al'’ reviewing
patients with ankle fractures and a COVID-19 diagno-
sis found no statistically significant increase in deep
venous thrombosis compared with a control group of
patients with ankle fractures who were negative for
COVID-19, and our study confirmed these findings.

The current literature also suggests that there may
be an increased risk of deep venous thrombosis in
hindfoot procedures compared with forefoot proce-
dures. Solis and Saxby'' demonstrated a higher inci-
dence of deep venous thrombosis in patients who
underwent hindfoot surgery compared with those who
underwent forefoot and midfoot surgery. However, in
the setting of COVID-19, our study found no statistical
significance when comparing the rate of deep venous
thrombosis in those who underwent forefoot surgery
and those who underwent hindfoot surgery. In our
cohort, three of 151 patients undergoing a rearfoot/
ankle procedure with a COVID-19-positive diagnosis
and seven of 170 patients undergoing a forefoot proce-
dure with a COVID-19-positive diagnosis developed
deep venous thrombosis.

Finally, the current consensus on the use of rou-
tine anticoagulation prophylaxis for deep venous
thrombosis in foot and ankle surgery is nondefini-
tive. In a recent American College of Foot and Ankle
Surgeons clinical consensus statement, the authors
noted that the use of VTE prophylaxis should ulti-
mately be based on a patient’s unique risk factors.'®
In general, routine chemical prophylaxis is not war-
ranted in foot and ankle surgery given the low risk
of developing VTE postoperatively. Providers are
instead advised to stratify independent risk factors
for each individual patient to determine if thrombo-
prophylaxis is necessary. Our study found no differ-
ence in the rate of deep venous thrombosis between
patients who did and those who did not receive
chemical deep venous thrombosis prophylaxis. This
suggests that deep venous thrombosis prophylaxis
prescribing habits need not be altered when a patient
has a perioperative COVID-19 diagnosis.

We acknowledge the limitations of our study.
Data collection and patient chart review were per-
formed manually by the authors, leading to an in-
herent risk of human error. Additionally, it is
possible that patients may have been diagnosed
with deep venous thrombosis at outside institu-
tions, which would not have been accessible in the
electronic medical record, skewing the obtainable
data. Regarding positive COVID-19 diagnoses,
there is variation in the sensitivity and specificity
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of various testing modalities. This may have led to
false-positive or false-negative COVID-19 results.
Finally, we were able to extract all patients who
underwent foot and ankle surgery at our large insti-
tution following a COVID-19 diagnosis since the
start of the global pandemic. This was only 472
patients, which was likely low because of the halt-
ing of surgery and patient selection for surgery dur-
ing the pandemic period. Of note, we also excluded
any patients who had concomitant surgery to any
other location of the body, which also contributed
to a low volume of patients. Thus, the strength of
our findings is decreased given the limited popula-
tion of the study. Multicenter studies or studies
with larger patient populations would be of great
benefit to this topic.

Conclusions

The purpose of our study was to measure the inci-
dence of symptomatic deep venous thrombosis
among COVID-19-positive patients following foot
and ankle surgery and assess pertinent risk factors
in this population. Overall, there was no increase in
deep venous thrombosis rate in patients with a posi-
tive COVID-19 diagnosis in the perioperative period.
There was no statistically significant influence
regarding the timing of a positive COVID-19 diagno-
sis in relation to surgery, vaccination status, trauma,
anatomical location of surgery, or chemical prophy-
laxis. No other demographic or medical history fac-
tors reached statistical significance. This study will
serve to educate foot and ankle surgeons on the
safety profile associated with operating on a patient
with COVID-19.
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