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Introduction

Patients hospitalized with novel coronavirus disease 2019
(COVID-19) have increased risk of venous thromboembo-
lism (VTE) [1, 2].Traditionally, diagnosis of VTE is radio-
graphically confirmed with ultrasound or computed tomog-
raphy. Due to the large number of patients with suspected
VTE and the need to protect staff and conserve personal
protective equipment, many hospitals were forced to develop
guidelines to prioritize diagnostic imaging for the highest
risk patients. This clinical reality led to circumstances in
which empiric therapeutic anticoagulation may be consid-
ered without radiographic confirmation [3, 4].
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Drawing on our clinical experiences, we hypothesized
that many patients with COVID-19 were treated for VTE
without a confirmatory diagnostic test, changing the cer-
tainty of the diagnosis, potentially misclassifying patients
as having VTE who did not. This fact will cause important
new challenges for researchers using national registries and
databases to investigate VTE in patients with COVID-19.
For example, many studies of VTE in patients with COVID-
19 require VTE confirmation by duplex or CT scan [5, 6].
This study sought to determine the proportion of patients
with COVID-19 empirically treated for VTE without diag-
nostic imaging.
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Methods

We retrospectively identified patients hospitalized for
COVID-19 at The Johns Hopkins Hospital from 3/1/2020
to 5/21/2020. We used our electronic health record to iden-
tify patients diagnosed with VTE and grouped them by (1)
received standard treatment for VTE after imaging confir-
mation, or (2) received empiric treatment for VTE without
diagnostic imaging. We collected patient demographics,
clinical characteristics, and outcomes via a combination
of automated database extraction and manual chart review.
We defined major bleeding according to the International
Society of Thrombosis and Hemostasis [7]. We compared
outcomes between patients with and without VTE using
Fisher’s exact or Chi-square tests, as appropriate. This
study was approved by the Johns Hopkins Institutional
Review Board.

Results

Of 338 COVID-19 patients not anticoagulated before
admission, 36 (10.7%) received therapeutic anticoagula-
tion for VTE. Twenty-one (58.3%) were initiated thera-
peutic anticoagulation after confirmation of VTE by
imaging, and 15 (41.7%) were empirically treated before
imaging. Of 15 patients treated empirically, 11 (73.3%)
subsequently underwent diagnostic imaging (mean and
median times between initiation of anticoagulation and
confirmatory imaging was 5.5 days +4.5 days SD and
5 days (1-7 IQR), respectively. VTE was identified in 7
patients (63.6%, Fig. 1). The 4 patients without confirmed
VTE were exposed to potential harm from anticoagulation,
without any clinical benefit. In this group, the mean time
between initiation of anticoagulation and imaging was
5 days (3.7 days SD). Bleeding complications occurred
in 6 patients (16.7%), including 2 (n=21, 9.5%) with con-
firmed VTE before anticoagulation and 4 (n=15, 26.7%)
empirically treated for VTE (Table 1).

Discussion

Over 10% of patients hospitalized for COVID-19 treat-
ment were treated for acute VTE during their hospitaliza-
tion. Empiric anticoagulation for VTE was initiated before
diagnostic imaging in over 40% of these patients. This
dramatic practice shift from treating a VTE after diagnos-
tic imaging to empiric anticoagulation adds substantial
uncertainty and potential misclassification to the diagnosis

of VTE. Once anticoagulation treatment begins, imaging
is less useful. Even if a thrombus were present initially, it
may not be detected after a few days of anticoagulation [4].

This discrepancy between practice and existing research
on VTE in the setting of COVID-19 is alarming. This
misclassification may underestimate the true incidence
of VTE events in patients with COVID-19. Moreover,
exclusion of patients from COVID-19/VTE research who
are empirically anticoagulated before confirmatory VTE
testing and ultimately test negative for VTE, may lead
authors to underestimate bleeding complications associ-
ated with anticoagulation [8]. As expected, patients who
were empirically treated for VTE were more likely to be
critically ill at the time of initiation of anticoagulation.
More than half of patients who were empirically treated
were intubated at the time of treatment, compared to 38%
of patients who were treated after diagnostic imaging.

One recent study suggested a more liberal use of
therapeutic anticoagulation based on its association with
increased in-hospital survival for patients with COVID-
19 [9]. However, therapeutic anticoagulation is not with-
out risks. We found over 25% of those treated empirically
experienced major bleeding.

While this study was limited by small sample size from
a single center, these data are consistent with reports from
other institutions during the pandemic and underscore the
potential harm of empiric anticoagulation. Furthermore,
our experience emphasizes the importance of obtaining
diagnostic imaging whenever possible. Imaging should be
prioritized for patients with a high pre-test probability for
VTE and for those with high risk of bleeding on antico-
agulation [10].

Conclusions

We have submitted this small, single center retrospective
study, not to provide clinical guidance on the complex
issue of empiric anticoagulation for suspected VTE in the
setting of COVID-19, but rather, to highlight the role of
empiric anticoagulation for suspected (but not confirmed)
VTE in patients with COVID-19.

A significant proportion (40%) of patients with
COVID19 at our institution were treated empirically for
VTE without imaging confirmation, which illustrates a
significant change in practice with important implications
for quality improvement, research, and regulatory affairs.
VTE empirically treated without confirmatory testing
should be clearly, but differentially, reported in databases
and registries to facilitate research and quality improve-
ment efforts, particularly in the COVID-19 era.
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Fig. 1 Flowchart for VTE data abstraction
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Table 1 Demographic and clinical characteristics of COVID-19 population at the johns hopkins hospital from March 1 to May 21, 2020

Characteristics COVID-19 patients  COVID-19 patients with VTE COVID-19 patients empiri- P value®
without VTE treated after imaging confirmation®  cally treated for VTE

Patients meeting criteria*, n 302 21 15

Mean age (SD), years 54.2 (18.0) 53.6 (18.7) 58.7 (14.9) 0.63

Female, n (%) 140 (46.4) 8 (38.1) 7 (46.7) 0.77

Race, n (%)

Black 124 (41.1) 11 (52.4) 4(26.6) 0.15

Caucasian 71 (23.5) 7(33.3) 3(20.0)

Other 107 (34.4) 3(14.3) 8(53.3)

Hispanic Ethnicity, n (%) 81 (26.8) 29.5) 5(33.3) 0.15

Median body mass index (IQR), kg/m? 29.1 (24.6, 34.0) 26.5 (24.9,32.9) 32.2(25.6,37.8) 0.17

Median length of stay (IQR), days 6(3,11) 16 (4, 22) 12 (4, 24) <0.001

Intubated, n (%) 47 (15.6) 8 (38.1) 8(53.3) <0.001

Alive at discharge, n (%) 276 (91.4) 19 (90.5) 10 (66.7) 0.02

Major bleeding®, n (%) 2(0.7) 2(9.5) 4(26.7) <0.001

Fatal bleeding® 1(0.3) 0(0) 00 1.00

Symptomatic bleeding in critical aread 0(0) 1(4.8) 2(13.3) 0.001

Bleeding causing fall in hgb>2 g/dL 1(0.3) 1(4.8) 2(13.3) 0.002

Type of therapeutic anticoagulation, n (%)

IV Heparin Infusion 9(3.0) 13 (61.9) 12 (80.0) <0.001

LMWH 3(1.0) 6 (28.6) 3(20.0)

Other 1(0.3) 29.5) 0(0)

4P value obtained by Fisher’s exact, significance set at <0.05

bMajor bleeding event as defined by ISTH (2005): (1) Fatal bleeding; (2) Symptomatic bleeding in a critical area or organ such as intracranial,
intraspinal, intraocular, retroperitoneal, intraarticular, pericardial, or intramuscular with compartment syndrome; (3) Bleeding causing a fall in
hemoglobin (hgb) level of 2 g/dL or more or leading to transfusion of two or more units of whole blood or red blood cells

“Patient anticoagulated for ECMO and died of bleeding complications while on central ECMO
YIncluded one patient with SAH after initiation of AC, one patient with retroperitoneal hematoma, and one patient with a thigh hematoma

°CT scan was less available than portable duplex ultrasound to patients in this study since many were too unstable to travel to CT. Therefore,
VTE was not subdivided into PE and DVT as we did not feel we could rule out PE in patients with identified DVT and many clinicians suspect-
ing PE used ultrasound to look for DVT instead as surrogate for PE

*Inclusion criteria: (1) Patients admitted to the hospital for management of COVID-19 who are not on preexisting anticoagulation
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