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ARTICLE INFO ABSTRACT

Keywords: Background: The reported incidence of venous thromboembolism (VTE) in COVID-19 patients varies widely
SARS-CoV-2 depending on patient populations sampled and has been predominately studied in hospitalized patients. The goal
COVID-19

of this study was to assess the evolving burden of COVID-19 and the timing of associated VTE events in a systems-
wide cohort.

Methods: COVID-19 PCR positive hospitalized and non-hospitalized patients >18 years of age tested between 1/
1/2020 through 12/31/2020 were retrospectively analyzed using electronic medical records from multiple states
across the Mayo Clinic enterprise.

Radiology reports within 90 days before and after confirmed COVID-19 diagnosis were examined for VTE out-
comes using validated Natural Language Processing (NLP) algorithms.

Results: A 29-fold increased rate of VTE compared to the pre-COVID-19 period was noted during the first week
following the first positive COVID-19 test (RR: 29.39; 95% CI 21.77-40.03). The rate of VTE steadily decreased
and returned to baseline by the 6th week. Among 366 VTE events, most occurred during (n = 243, 66.3%) or
after (n = 111, 30.3%) initial hospitalization. Only 11 VTE events were identified in patients who did not require
hospitalization (3.0% of total VTE events). VTE and mortality increased with advancing age with a pronounced
increased each decade in older patients.

Conclusion: We observed a profoundly increased risk of VTE within the first week after positive testing for COVID-
19 that returned to baseline levels after 6 weeks. VTE events occurred almost exclusively in patients who were
hospitalized, with the majority of VTE events identified within the first days of hospitalization.

Venous thromboembolism
Deep vein thrombosis
Pulmonary embolism

1. Introduction

Severe acute respiratory syndrome (SARS) Coronavirus 2 (SARS-
CoV-2), also known as COVID-19, has spread around the world causing
significant morbidity and mortality [1] and has created significant
challenges for health care systems and staff [2,3]. COVID-19 daily
mortality rates have exceeded those from cardiovascular disease and
cancer [4] with a unique and alarming association with thrombosis [5].
Hematologic derangements that constitute a form of coagulopathy often

manifest in the form of venous thromboembolism (VTE) [6-8].
Numerous reports from various countries have demonstrated a high
incidence of VTE in COVID-19 patients [9-11], however, there is a lot of
heterogeneity reported in the risk of VTE [12]. Furthermore, the precise
timing of VTE events as they relate to the diagnosis of COVID-19 has not
been well studied. Much of the published data shows a high incidence of
VTE in critically ill hospitalized patients, the group with the most severe
presentations and most comorbidities. While managing VTE risk in
hospitalized patients is essential, an exclusive focus on this setting limits
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the scope of the exploration of the relationship between COVID-19 and
thrombosis.

The combination of referral bias of sicker individuals to tertiary
referral centers, screening regimens to assess for asymptomatic VTE,
examination of only hospitalized or intensive care patients, and
nonstandard VTE definitions (including fistula thrombosis and superfi-
cial vein thrombosis) has led to some very high reported rates of venous
thrombosis that may not be reflective of the population of patients more
broadly who acquire COVID-19. VTE estimates in hospitalized patients
range from 4.5-85% with pooled estimates from observational studies in
meta-analyses estimating VTE incidence between 17 and 26% with
noted concerns of heterogeneity and bias [13,14]. One meta-analysis of
pulmonary emboli in hospitalized COVID-19 patients found the inci-
dence to be much lower than others had reported (3.0%) when exam-
ining studies larger than 400 patients [15] and importantly, some
studies have not demonstrated an overall increased thrombotic risk in
COIVD-19 patients compared to other hospitalized patients [16].

In this study, we evaluate VTE outcomes in COVID-19 infections
across all patients (inpatients and outpatients) in the Mayo Clinic en-
terprise representing geographically diverse locations and different care
settings (tertiary referral and regional hospitals). We further sought to
evaluate the relative magnitude of risk in relation to baseline VTE rates
as well as specifically examining timing of VTE and mortality as it relates
to COVID-19 testing and hospitalization.

2. Methods
2.1. Population and setting

An electronic search of a unified data platform of laboratory records
was performed from 1/1,/2020 through 12/31/2020 to identify all Mayo
Clinic enterprise patients at least 18 years or older with a COVID-19
positive PCR test. Mayo Clinic enterprise consists of numerous outpa-
tient and inpatient locations utilizing a common medical record system,
including three tertiary referral centers (Rochester Minnesota, Phoenix
Arizona, and Jacksonville Florida) and many regional Mayo Clinic
Health System sites in Minnesota, Wisconsin, and Iowa. The date of the
first positive COVID-19 PCR test recorded (collected date) was used as
the initial diagnosis date for the cohort. Prophylactically dosed anti-
coagulation is recommended for all COVID-19 positive patients
admitted to the hospital without contraindications with official
enterprise-wide anticoagulation guidelines released in May of 2020 [5].
Patients with contraindications for anticoagulant prophylaxis are rec-
ommended to use sequential compression devices when feasible. Over
time, patients with COVID-19 were treated with evolving regimens
during the study period based on most recent clinical trials and guidance
statements [17]. This study was approved by the Mayo Clinic Institu-
tional Review Board in Rochester, MN, and patients without Minnesota
research authorization were excluded.

2.2. Data collection

Basic demographic variables including age at positive COVID-19
testing, sex, race, zip code, and death date were extracted from elec-
tronic records. Using the cohort of positive COVID-19 patients, elec-
tronic medical records were searched to identify all hospital admissions
from 1/1/2020 through 1/31/2021. A population of COVID-19 positive
hospitalized patients was created by including all admissions that
occurred within a 90-day window before and after positive testing. For
patients with multiple admissions after the COVID-19 positive test, only
initial admission was analyzed. This admission was selected by identi-
fying the numerically smallest difference between the admission date
and COVID-19 testing date. All radiology text reports of computed to-
mography (CT) scans that included the chest and contained IV contrast
(including CT angiograms), and all venous Duplex ultrasounds of the
upper or lower extremity were compiled within 90 days before and after
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the COVID-19 testing date. Due to the nature of COVID-19 pneumonia
and because it is now an infrequent diagnostic tool for PE, ventilation/
perfusion scans were not included.

2.3. Natural language processing

VTE was defined as upper or lower extremity deep vein thrombosis
(DVT) (proximal and distal) and pulmonary embolism (PE) and were
identified by analyzing the text from radiology reports. The VTE out-
comes did not include atypical sites of venous thrombosis (e.g.
splanchnic vein thrombosis) or superficial thrombophlebitis. Natural
language algorithms (NLP) to identify new/acute, or progressive PE and
new/acute, or progressive DVT were created, validated, and applied to
the text from the radiology report using the “simple NLP” program [18].
A separate database of imaging reports (not this cohort) was initially
used for algorithm development (PE and DVT). Radiology imaging re-
ports from the derivation and testing database were reviewed and
interpreted as positive or negative by a physician. Upper extremity DVTs
were designated in this category if the NLP algorithm was positive on
Duplex ultrasound studies with a special designation for the upper ex-
tremities. For the DVT algorithm, 1752 lower extremity Duplex ultra-
sound reports and 787 upper extremity Duplex ultrasound reports were
ultimately reviewed and interpreted to create the testing database. The
NLP algorithm for DVT in the lower extremity reports had a 98.2%
sensitivity and a 99.6% specificity and for the upper extremity had a
97.8% sensitivity and a 99.2% specificity. The NLP algorithm for PE
correctly identified 325 of 327 reports with PE (as defined above;
sensitivity of 99.4%) and 672 out of 673 reports without PE (specificity
of 99.9%).

2.4. Analysis

The primary outcome of interest was the first incident VTE after the
first COVID-19 positive testing. The precise date of thrombus confir-
mation by imaging was determined by using the date of the first positive
PE/DVT on CT/ultrasound (if multiple were positive). All radiology
reports within 90 days before and after positive COVID-19 testing were
examined. The VTE percentage and mortality rates were stratified and
tabulated into age groups (rounded to the nearest decade). A histogram
of events with COVID-19 testing date was created and no large spike in
VTE diagnoses was observed in the 2 weeks before COVID-19 testing.
Therefore, first VTE events occurring in a 90-day window before COVID-
19 testing was used to calculate a baseline incident rate of VTE that
reflected the inherent risk of the population based on age, gender, and
other defined and undefined comorbidities. This baseline incidence rate
of VTE was then compared to the incidence rate of VTE in weekly in-
tervals after COVID-19 testing until rates returned to baseline levels. The
relative increase in risk for VTE that could be attributed to COVID-19
infection and its sequelae was then determined. Person-time follow-up
for each weekly interval was readjusted to account for patients who died
during that period. An incidence rate ratio (IRR) was calculated for each
comparison with 95% confidence intervals. Based on the increase in the
frequency of both VTE and death observed with increasing age, inci-
dence rates and IRR were recalculated after stratifying age at 65 years.

To evaluate the cohort for possible biases associated with loss to
follow-up, a subgroup analysis was performed evaluating VTE outcomes
and death in a subset of patients residing only in counties contained
within the Rochester Epidemiology Project. Patients residing in these
counties were identified using the patient-provided mailing address zip
code. Residents of these counties with COVID-19 testing represent a
local population of Mayo Clinic primary care patients where outcomes of
VTE and death would, as a rule, be mostly uniformly captured and any
escalation of care from a regional hospital to a tertiary hospital contain
complete information.
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3. Results

A total of 54,354 patients with COVID-19 positive PCR were iden-
tified from March 01, 2020, to December 31, 2020. The age of the cohort
ranged from 18 to 101 years with a mean age of 44 + 18 years with a
similar proportion of males and females. Most patients with COVID-19
were Caucasians (82.5%). Consistent with national trends, the number
of COVID-19 positive cases demonstrated a bimodal curve with
increasing cases from March 2020 to July 2020, with a brief reduction in
August before cases again escalated. Cases peaked in November with
19,677 patients, more than doubled compared to October (Fig. 1).

A total of 426 VTE were identified in the 90 days before and after
COVID-19 PCR testing, among which 366 occurred in the 90 days after
testing. Among the 366 patients with VTE after COVID-19 testing, 131
(35.8%) were DVT (upper or lower extremity), 192 (52.5%) were PE,
and 43 (11.7%) had PE and DVT. A significant increase in the frequency
of VTE (within 90 days) and death (within 30 days) was observed with
advancing age in COVID-19 patients and was most pronounced after the
6th decade of life (Table 1). Data in the subgroup of patients (n =
34,785) from Rochester Epidemiology Project (REP) counties were
consistent with the overall findings and trends for both VTE and death.

Most VTE events were identified within three weeks after positive
testing for COVID-19. The number of VTE events returned to baseline
approximately 40 days after the COVID-19 testing (Fig. 2). A 29-fold
increased rate of VTE (131.7 per 1000 person-years; Table 2) was
noted during the first week following the COVID-19 testing (RR: 29.39;
95% CI 21.77 to 40.03) compared to the pre-COVID timeframe. The rate
progressively decreased until returning to near basal values by the 6th
week (7.80 per 1000 person-years). The baseline rate of VTE during the
pre-COVID timeframe for all patients was 4.5 (per 1000 person-years)
and varied by age. In both age groups, the rate of VTE in the first
week after COVID-19 infection was the highest and with each successive
week, it continued to decrease. The timeframe of VTE and death in
relation to COVID-19 testing date plotted by age (Fig. 3) shows the
overall pattern of events. Among hospitalized COVID-19 patients, the
pattern of VTE during and after hospital admission is demonstrated in
Fig. 4.

Hospital admission occurred in a total of 4340 patients (8.0%) within
90 days of COVID-19 testing. Among these patients, 2049 had their first
positive PCR test on the day of admission. Eighteen admissions were
ongoing at the time of data analysis. The median length of stay (LOS)

Thrombosis Research 207 (2021) 150-157

was 2 days with a range from 0 to 209 (mean 5.0, SD 8.92). The mean
LOS peaked in May (10.1 days) and has down trended to approximately
4 days in each month from September through December. Among hos-
pitalized patients, 1 had VTE after COVID-19 testing but before hospital
admission, 5.6% (n = 243) had VTE during the admission, and 2.6% (n
= 111) had VTE after discharge and within 90 days after COVID-19
testing. For patients not requiring admission (n = 50,013), 0.02% (n
= 11) had VTE diagnosed within 90 days after COVID-19 testing. For
patients with a VTE occurring while admitted and after COVID-19
testing, the median length of stay was 9 days (mean 14.5 days) with a
range from O to 119 days. In patients with VTE occurring after initial
admission, the median LOS was 1 day (mean 3.5 days) and the median
days to VTE post-discharge was 14.5 (IQR 7-28). Of 366 total VTE
events, 243 (66.3%) were diagnosed during initial hospitalization
whereas 111 occurred after discharge from initial hospitalization. Only
11 patients had VTE (3.0%) but never required hospitalization and 1
patient had VTE prior to admission. Only 11 patients with VTE (3.0%)
did not require hospitalization. Among VTE events occurring in the
hospital (n = 243), the majority (64%) were identified on the day of
hospitalization (n = 116) or the next day (n = 40). Among these 156 VTE
events, 113 (72%) were initially identified as PE and 43 as DVT. Most (n
= 109) were identified on typical CT angiography of the chest (PE
protocol study) rather than as an incidental finding. A total of 51 pa-
tients were diagnosed with COVID-19, hospitalized, and found to have
VTE on the same day. When excluding VTE events identified during the
first 2 days of hospitalization, 87 “hospital-acquired” VTE events
occurred of which the pertinent imaging study performed identified
DVT in 53 patients and PE in 34. Of the 53 patients with DVTs, 17 (32%)
were upper extremity DVTs and 36 were lower extremity DVTs.

To evaluate for changing mortality and VTE rates throughout 2020,
possibly due to different strains of the virus or improved medical
treatments, we performed a rolling analysis evaluating 30-day outcomes
by month of first positive PCR testing. Monthly frequencies of VTE
varied between 0.40 and 1.1% and death varied between 0.56 and 2.0%
(Sup Fig. 1). The risk of hospitalization, death, and VTE increased with
age (Sup Fig. 2). Although hospitalization for COVID-19 decreased
(especially in older adults), frequencies of VTE and death remained
largely similar since June and did not significantly worsen with the
surge in cases in the last quarter of 2020.
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Fig. 1. Monthly number of patients with positive COVID-19 testing.
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Table 1
First venous thromboembolism or death after COVID-19 diagnosis by age group.

Thrombosis Research 207 (2021) 150-157

VTE before COVID-19" ALL patients

REP county patients

% § .
n (%) Age group” N VTE® Death’ N VTE® Death
n (%) n (%) n (%) n (%)
60 (0.11) Total 54,353 366 (0.67) 429 (0.79) 34,785 181 (0.52) 261 (0.75)
1 (0.01) 20 9598 4(0.09) 3(0.03) 6415 2(0.03) 3(0.05)
1 (0.01) 30 10,039 13 (0.13) 1(0.01) 6896 1(0.01) 1 (0.02)
8 (0.09) 40 9137 24 (0.26) 5(0.05) 6131 9(0.15) 3(0.05)
12 (0.14) 50 8810 30 (0.34) 8(0.09) 5406 13 (0.24) 4(0.07)
9(0.11) 60 8516 91 (1.07) 45 (0.53) 5104 43 (0.84) 24 (0.47)
14 (0.29) 70 4858 92 (1.89) 83 (1.71) 2808 53 (1.89) 45 (1.60)
8(0.32) 80 2514 75 (2.98) 151 (6.01) 1469 41 (2.79) 86 (5.85)
6 (0.75) 90 800 34 (4.25) 108 (13.5) 505 18 (3.56) 76 (15.1)
1(1.23) 100 81 3(3.70) 25 (30.9) 51 1(1.96) 19 (37.3)
P value® <0.001 <0.001 <0.001 <0.001
Abbreviations: REP = Rochester Epidemiology Project, VTE = venous thromboembolism.
# VTE events within 90 days before COVID-19 positive testing.
b Age rounded to the nearest decade and grouped.
¢ First VTE event within 90 days after COVID-19 positive testing.
4 Death within 30 days.
¢ Pearson Chi-squared.
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Fig. 2. Histogram of timing of venous thromboembolism diagnosis in relationship to COVID-19 positive PCR (day 0) testing.

4. Discussion

The central findings of our analysis are 1) an overall 29-fold increase
in VTE events was noted during the first week after COVID-19 testing 2)
VTE incidence and death increased with age with a pronounced increase
each decade in older patients; 3) the frequency of VTE was much higher
for hospitalized patients compared to non-hospitalized patients (5.6% vs
0.02%); 4) patients 65 years of age or older had a near 40-fold increased
VTE rate in the first week; 5) VTE rate decreased to baseline pre-COVID-
19 levels 6-7 weeks afterward.

Apart from hospitalized patients, the burden of thromboembolic
disease in COVID-19 patients is not well established. For hospitalized
patients, the frequency of VTE in this study was similar to some studies
[19-22] but significantly lower than others [23-25]. Patients not
requiring hospital admission had a very low incidence of VTE (0.02%)
which should be reassuring to providers and patients. This confirms the
prevailing hypothesis that thromboembolic risk in COVID-19 closely
mirrors the severity of illness. These patients presumably had low
severity of COVID-19 infection, minimal cytokine storm, were more
ambulatory, would be less likely to have co-morbidities, and were

younger. The results of the current study are consistent with the study of
Piazza et al., where 715 COVID-19 patients managed as outpatients did
not experience a VTE event. In a study from Denmark using a nationwide
population-based registry of COVID-19 patients, the overall 30 day
incidence of VTE was 0.4% (9460 patients) [26], which is similar to the
90 day incidence of VTE of 0.67% in this study (54,354 patients). In a
research letter, 26,104 adult members of the Kaiser Permanente health
plan with COVID-19 reported a 30 day VTE incidence of 0.8% [27].

It is evident from the current study that most VTE events are diag-
nosed within the first three weeks of COVID-19 testing and with each
passing week, the rate decreases. The rate of VTE was highest in the first
week after testing, particularly in older patients. The rate then steadily
decreases reaching almost pre-COVID-19 baseline rate by the 6th week.
By the end of the first two weeks, the rate is reduced by half. This finding
has not been reported previously in patients with COVID-19 infection.
The baseline, pre-COVID, rate of VTE was expectedly higher than
population-based epidemiology studies [28], consistent with data that
shows that the population most susceptible to COVID-19 infection has
more comorbidities and are “primed” for thromboembolic events.
Recent data suggest a role for extended post-hospital prophylaxis in
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Table 2
Risk of VTE by week after positive COVID-19 testing.
Time interval # VTE At risk # VTE IRR 95% CI
events Deaths Rate
All patients
90 days 60 54,353 4.5 ref
before
diagnosis
Week 1 137 54,293 103 131.7 29.39  21.77,
40.03
Week 2 94 54,053 132 90.7 20.25 14.68,
28.12
Week 3 51 53,827 117 49.4 11.04 7.57,
16.04
Week 4 22 53,659 57 21.4 4.78 2.88,
7.71
Week 5 19 53,580 35 18.5 4.13 2.41,
6.83
Week 6 8 53,526 30 7.8 1.74 0.78,
3.50
Age < 65 Mean age 40.0, SD 13.85
90 days 31 46,100 2.7 ref
before
diagnosis
Week 1 48 46,069 17 54.4 19.92  12.71,
31.58
Week 2 48 46,004 12 54.4 19.95 12.73,
31.62
Week 3 24 45,944 14 27.3 9.99 5.80,
17.04
Week 4 14 45,906 12 15.9 5.83 3.01,
10.85
Week 5 10 45,880 12 11.4 4.17 1.95,
8.32
Week 6 1 45,858 6 1.1 0.42 0.02,
2.19
Age > 65 Mean age 74.1, SD 7.42
90 days 29 8253 14.3 ref
before
diagnosis
Week 1 89 8224 86 564.7 39.60 26.27,
61.06
Week 2 46 8049 120 298.2 20.91 13.17,
33.61
Week 3 27 7883 103 178.7 12,53  7.37,
21.25
Week 4 8 7753 45 53.8 3.78 1.62,
8.02
Week 5 9 7700 23 61.0 4.28 1.92,
8.82
Week 6 7 7668 24 47.6 3.34 1.36,
7.36
Week 7 1 7637 7 6.8 0.48 0.02,
2.52

VTE rate per 1000 person-years.
Abbreviations: CI = confidence interval, IRR = incidence rate ratio, SD =
standard deviation, VTE = venous thromboembolism.

patients for about 4-6 weeks with a prophylactic dose of low molecular
weight heparin or a direct oral anticoagulant (DOAC) for vulnerable
patients [29]. However, in our study, the rate drops rapidly in the first
few weeks following testing for COVID-19, suggesting 4-6 weeks of
prophylaxis from time of diagnosis, rather than the time of hospital
discharge might be more appropriate. Some institutions have imple-
mented various doses of DVT prophylaxis for hospitalized COVID-19
patients [5] whereas others have instituted therapeutic anti-
coagulation over standard DVT prophylaxis [30,31]. We identified that
a sizable proportion of diagnosed VTE events (n = 156) occurred either
on admission or the next day. We find it extremely unlikely that any
hospital anticoagulation strategy would reduce VTE events identified on
the first or second day after hospitalization. These events almost
certainly were “present on admission” and may not have been imaged
promptly or imaging may not have been immediately available in the
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case of Duplex ultrasound. Standard pharmacologic DVT prophylaxis is
not currently recommended in non-hospitalized patients [32] but these
results highlight the importance of studies evaluating prophylactic
anticoagulation strategies in high risk outpatients.

The frequency of VTE in COVID-19 patients following initial hospi-
talization in this study was 2.6% which is higher than others have re-
ported [33,34]. In the study by Ayra et al., 9 patients (0.48%) out of
1877 after hospital discharges were diagnosed with VTE within 42 days.
When this VTE rate was compared to hospital discharges in the pre-
COVID-19 era in 2019, the rate of VTE was not significantly different
between both patient populations (OR 1.6; 95% CI 0.77-3.1; P = 0.2).
The higher frequency of VTE in the current study can in part be
explained by the longer follow-up (90 days). Also, the subsequent VTE
events post initial hospitalization, which may have occurred during
possible second hospitalization were also included if they fell within the
study period. Data from this study also demonstrate overall shorter
hospital length of stays in the last 4 months of 2020, possibly reflecting
the increasing ability for some locations to finish remdesivir infusions as
an outpatient when appropriate. This reduction in hospital length of
stay, at a time we have identified as particularly high risk, would tran-
sition more events to the post-discharge setting that might have been
inpatient events earlier in the pandemic as reported by other studies.
This further reflects that the thrombotic risk in COVID-19 patients is
high during acute illness [33] regardless of the need to remain in the
hospital. Hence, merely a diagnosis of COVID-19 should not influence
the decision for post-discharge extended prophylaxis. That decision
needs to be individualized depending upon the patient's co-morbid
conditions, additional VTE risk factors, and risk of bleeding, the way it
is implemented following hospital discharge for any other medical
illness [35].

To our knowledge, this study represents the largest sample of COVID-
19 patients evaluated for VTE events and contains a systems-wide cohort
of hospitalized and non-hospitalized patients. The precise timing of VTE
was known by utilizing a highly accurate NLP algorithm analyzing the
imaging reports of each patient. While we would anticipate this would
correlate with the timing of onset of the thrombotic event itself, the
precise timing of symptoms of the thrombotic event cannot be ascer-
tained from this study. Compared to traditional methods of VTE ascer-
tainment, [International Classification of Disease (ICD) codes] our
approach represents a significant improvement, bypassing the well-
described inaccuracies known to occur with coding definitions and al-
lows for a much more precise estimate of the timing of thrombosis. In
general, upper extremity DVT is less well studied than “traditional” (i.e.
lower extremity) DVT and may be even less well captured by ICD codes.
Our study demonstrates the significant burden of upper extremity DVT
in hospital-acquired events (32%). This finding is likely largely a result
of central venous catheters in critically ill patients and is similar to what
has been described in non-COVID-19 related hospitalized patients pre-
viously [36]. It is possible that this study missed VTE events that were
diagnosed on a clinical basis alone due to concern for sending COVID-19
patients for imaging studies.

Unlike health care institutions that received an overwhelming influx
of COVID-19 patients early in the pandemic leading unfortunately to
rationing of healthcare resources, this was not the case among the in-
stitutions included in this study. Furthermore, our previous studies have
suggested that COVID-19 patients received at least an equal number of
imaging studies compared to non-COVID-19 patients suggesting no
hesitancy to order appropriate imaging tests [16]. Another strength of
this study was the use of pre and post COVID-19 VTE rates within the
same population. The calculated rate ratio is, therefore “self-adjusted”
and does not require multivariable adjustment. The calculated rate ratio
captures the entirety of VTE risk associated with COVID-19, encom-
passing the associated sequela from severe illness (hospitalization, organ
failure, etc.). An inherent limitation to our analysis is the retrospective
nature of this study and possible loss to follow-up. The population
selected reflected a cohort of patients who would seek their follow-up
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Fig. 3. Timing of venous thromboembolism and death in relationship to COVID-19 diagnosis. Legend: (dot) VTE event, (star) Death. Ellipse (shades 50% of events).
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Fig. 4. Timing of venous thromboembolism events among hospitalized patients occurring after confirmed positive COVID-19 testing. Legend: (triangle) VTE before
admission, (star) VTE during admission, (diamond) VTE after admission. Circle (shades 50% of VTE events).

within the same interconnected healthcare system. This determination
was verified by examining a subset of patients within a specific
geographic region that demonstrated a similar outcome ascertainment.
Inclusion of only patients with PCR confirmed positive cases is both a
strength and limitation, as some symptomatic patients who elected not

155

to seek medical care could have been missed. Since symptoms of COVID-
19 mimic many other viral presentations, utilizing only PCR confirmed
cases ensures an accurate cohort. Another limitation was the inability to
identify atypical site thrombosis, arterial thromboembolic events, and
bleeding events. Using our NLP algorithm, we were not able to
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differentiate proximal from distal lower extremity DVT, which might
alter the management. All VTE were identified by imaging in this study,
therefore higher utilization of chest imaging for other purposes in hos-
pitalized patients may have inflated the number of incidental pulmonary
emboli as compared to the outpatient only population. Anticoagulation
strategies (prophylactic or therapeutic) before and after COVID-19
testing could not be assessed in this study. However, the observed VTE
rates should be concerning in light of the use of standard of care anti-
coagulant prophylaxis in hospitalized patients. Among hospitalized pa-
tients, the division between ICU and general ward could not be made
reliably, and due to the inclusion of community and tertiary care hos-
pitals, the heterogeneity between these patients would have likely
significantly varied anyway.

5. Conclusions

In this large observational study, we found that there is a profoundly
increased rate of VTE within the first week following positive COVID-19
testing, with the highest rate in patients 65 years and older. The rate
then declined and returned to baseline by the 6th week. The number of
VTE events identified on initial admission and after COVID-19 PCR
confirmation highlight the challenges for prevention in these patients.
Further prospective studies are needed to understand the safety and
efficacy of increased intensity or individualized anticoagulation strate-
gies to mitigate the risk of VTE in hospitalized patients and the utility of
post-hospital discharge prophylaxis.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.thromres.2021.09.021.
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