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Abstract

Background: Coronavirus disease 2019 (COVID-19) is character-
ized by coagulopathy and thrombotic events. We examined factors
associated with development of venous thromboembolism (VTE) in
COVID-19 and to discern if higher dose of anticoagulation was ben-
eficial in these patients.

Methods: This study involves an observational study of prospec-
tively collected data in the setting of a large community hospital in
a rural setting in Northeast Georgia with COVID-19 between March
1,2020 and February 5, 2021. Anticoagulation dose (none, standard,
intermediate, and therapeutic dosages) was studied in adult patients
(> 18 years). We constructed multivariable logistic regression model
to examine the association of clinical characteristics with VTE. To
examine the effect of dose of anticoagulation in preventing VTE, we
used inverse probability weighted regression adjustment.

Results: Of the 4,645 patients with COVID-19, 251 (5.4%) patients
were found to have VTE. Of these, 91 had pulmonary embolism, 148
had deep venous thrombosis (DVT) and 12 had both. A total of 129
of VTE cases were diagnosed at admission. Of all admissions, 12.9%
did not receive any DVT prophylaxis, 70.4% received prophylactic
dose, 1.3% received intermediate dose and 15.5% received therapeu-
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tic dose. Male gender (odds ratio (OR): 1.55, 95% confidence interval
(CD: 1.0 - 2.4, P=0.04) and Black race (OR: 2.0, 95% CI: 1.2 - 3.4,
P =0.01), along with higher levels of lactate dehydrogenase (LDH)
and D-dimer were associated with higher odds of developing VTE.
Patients receiving steroids had lower rates of VTE (3.9% vs. 8.3%, P
< 0.001). Use of intermediate or therapeutic anticoagulation was not
associated with lower odds of developing VTE. However, patients on
therapeutic anticoagulation had lower odds of in hospital mortality
when compared to standard dose (OR: 0.47, 95% CI: 0.27 - 0.80, P
=0.000).

Conclusions: In COVID-19, D-dimer and LDH can be useful in pre-
dicting VTE. Steroids appear to have some protective role in devel-
opment of VTE. Therapeutic anticoagulation did not result in lower
rates of VTE but was associated with in-hospital mortality.
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Introduction

Infection with severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) may lead to dysfunction in the coagulation
cascade resulting in arterial and venous thromboembolism
(VTE) [1]. Coronavirus disecase 19 (COVID-19) associated
coagulopathy is multifactorial; possible mechanisms include
imbalances in pro- and anticoagulant pathways, increased vis-
cosity, and endothelial injury [2-4]. Jimenez et al reported a
17% pooled incidence of VTE (including distal deep venous
thrombosis (DVT) and sub-segmental pulmonary embolism
(PE)), although rates were higher if routine screening was used

[5].

Plasma fibrinogen and D-dimer concentrations are often
elevated in patient with COVID-19 [6, 7]. Though not sup-
ported by randomized control trial (RCT) evidence, in clini-
cal practice elevated D-dimer levels have been incorporated
into protocols to initiate intermediate and therapeutic dose
anticoagulation in efforts to prevent VTE [8]. Whether this
practice prevents VTE or has any clinical benefit is currently
unknown. Data, mostly from observational cohorts are con-
flicting: studies have demonstrated benefit, harm and no effect
of higher-dose anticoagulation as compared to standard VTE
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prophylaxis [9-13]. While a Cochrane meta-analysis found a
reduction in all-cause mortality with therapeutic anticoagula-
tion as compared to standard VTE prophylaxis, another found
no differences in outcomes [14]. An expert panel from Ameri-
can College of Chest Physicians (ACCP) suggests using stand-
ard dose of anticoagulation over intermediate or therapeutic
doses [15]. Our healthcare system followed anticoagulation
for COVID-19 guidelines proposed by the Emory healthcare
system, which stratified the use of anticoagulation according
to levels of D-dimer [16].

The objectives of this retrospective study were to deter-
mine the risk factors associated with development of VTE in
hospitalized COVID-19 patients and the association of antico-
agulation strategies on outcomes. We tested the hypothesis that
therapeutic dose anticoagulation as compared to intermediate
or prophylactic doses would result in lower mortality in hospi-
talized COVID-19 patients.

Materials and Methods

Study design and data source

We performed a retrospective analysis of adult COVID-19
patients (age > 18 years) admitted to a large community hos-
pital in a rural setting in Northeast Georgia between March
1, 2020 to February 5, 2021. COVID-19 patients were identi-
fied from our Epic® electronic medical record (EMR) using
International Classification of Disease, 10th Revision, Clinical
Modification (ICD-10-CM) and/or Current Procedural Termi-
nology (CPT) codes for COVID-19 infection and/or positive
COVID-19 testing. We obtained clinical and demographical
details of patients from Epic® Caboodle data warehouse and
Cerner Acute Physiology and Chronic Health Enquiry Score
(APACHE®) Outcomes. Systems integration was provided by
IPC Global, and we leveraged their in-process data factory in-
novation running on an Amazon Web Services (AWS®) VPC.
Readmissions of the patients with COVID-19 patients were
excluded. The study was reviewed and found exempt by the
Institutional Review Board (IRB) of the Northeast Georgia
Health System; and this study was conducted in compliance
with the ethical standards of the responsible institution on hu-
man subjects as well as with the Helsinki Declaration.

Definitions

We defined VTE if DVT was confirmed using Doppler ul-
trasound of the extremities, or acute PE was confirmed using
computed tomography (CT) angiogram of chest. We collected
clinical and demographic data including comorbidities, home
anticoagulation, antiplatelet use, laboratory values, inflam-
matory markers (ferritin, C-reactive protein (CRP), lactate
dehydrogenase (LDH), fibrinogen and D-dimer), presence of
central venous catheters and medications given for COVID-19
infection (remdesivir, steroids, tocilizumab, convalescent plas-
ma and hydroxychloroquine). We ascertained anticoagulation
status prior to the diagnosis of acute VTE. We adjudicated that
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patients presenting with VTE on admission were not on an-
ticoagulation unless they were on therapeutic anticoagulation
at home. We classified the anticoagulation status of patients
who developed VTE after in-hospital admission as follows:
1) standard prophylactic dose (heparin 5,000 U twice a day
(BID)/three times a day (TID) or enoxaparin 0.5 mg/kg/day);
2) intermediate dosing (enoxaparin 1 mg/kg/day); and 3) ther-
apeutic dosing (either one of enoxaparin 1 mg/kg/BID, hepa-
rin drip, direct oral anticoagulant agents, or warfarin) (Supple-
mental Material 1, www.thejh.org).

Definition of variables

Our primary dependent variable was the occurrence of VTE.
The primary independent variable was the use of anticoagu-
lation. Other adjustment variables included demographics,
pertinent clinical characteristics, and laboratory values, use of
medications for COVID-19, receipt of mechanical ventilation,
vasopressor agents, renal replacement therapy and severity of
illness scores. Secondary outcomes included bleeding compli-
cations. We used blood transfusions and intra cranial hemor-
rhage as markers of bleeding complications.

Inclusion criteria

All patients with a diagnosis of COVID-19 and with an age >
18 years were included.

Exclusion criteria

Patients without COVID-19 and below 18 years of age were
excluded from the study.

Statistical methods

We describe the categorical data using frequency count and
percentages. We report means and standard deviation or me-
dians and inter quartile ranges for continuous variables as ap-
propriate for their distribution. For all analyses, we deemed P
value < 0.05 to be of statistical significance.

We constructed multivariable logistic regression model
to determine the independent association of variables re-
sulting in VTE. We used the backward elimination method
to finalize variables for our models, keeping variables that
were significant at a P value of < 0.1. Variables previously
known to be associated with development of VTE were kept
in the model regardless of their significance. We log trans-
formed (natural logs) markers of inflammation as they were
not normally distributed. For D-dimer we used quartiles as
we were unable to normalize its distribution. We imputed
missing values of inflammatory markers using median val-
ues. We bootstrapped the final model using 2,000 bootstrap
replicates and case resampling with replacement from the
original dataset.
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Model to examine treatment effect of therapeutic antico-
agulation

To compare the three regimens of anticoagulation (prophylac-
tic, intermediate and therapeutic), we used inverse probability
weighted regression adjustment (IPRWA) to correct for poten-
tial bias brought about by higher dose of anticoagulation in
sicker patients. We calculated the probability of receiving anti-
coagulation (propensity score model) by fitting a multivariable
logistic regression model with anticoagulation dosing as the de-
pendent variable and patient demographics, comorbidities, use
of anticoagulants and antiplatelet agents prior to hospitalization,
Sequential Organ Failure Assessment (SOFA) score on admis-
sion, invasive mechanical ventilation, intensive care unit (ICU)
transfer before development of DVT, medications related to
COVID-19 and initial inflammatory markers (ferritin, D-dimer,
fibrinogen, LDH and CRP). These predictors were chosen based
on clinical judgement and model fit. Inverse probability weights
were obtained by using inverse of the predicted probability of
anticoagulation from the propensity score model. Next, we fit-
ted our outcome model using the inverse probability weights
and adjusted this regression model for patient demographics,
comorbidities, use of anticoagulants and antiplatelet agents prior
to hospitalization, invasive mechanical ventilation, COVID-19
medications received before development of VTE and initial
inflammatory markers (ferritin, D-dimer, fibrinogen, LDH and
CRP). We made four comparisons: any dose to none, therapeutic
dose to standard and intermediate dose to standard dose, and
any intermediate/therapeutic dose to standard dose. We calcu-
lated the odds of developing acute VTE and death for each of
these comparisons using the same multivariate techniques. We
performed all statistical analysis using STATA MP 16.0 (Stata-
Corp, College Station, TX).

Results

There were 4,645 COVID-19 admissions during the study pe-
riod. A total of 1,072 venous Doppler ultrasounds and 1,345
pulmonary CT angiograms were performed. Overall, 251
(5.4%) patients had VTE, of which, 91 had PE, 148 had DVT
and 12 had both. Of the 251 diagnosed with VTE, 129 patients
were diagnosed within first 24 h of admission (on home an-
ticoagulation (n = 12), and not on home anticoagulation (n =
117)), and 122 were diagnosed after 24 h of hospitalization
(not on anticoagulation (n = 3), on standard dose (n = 103),
intermediate dose (n = 3) and therapeutic dose (n = 13)). After
hospitalization, 12.9% did not receive any DVT prophylaxis,
70.4% received prophylactic dose, 1.3% received intermediate
dose and 15.5% received therapeutic dose.

Characteristics of patients with VTE

In unadjusted analysis, patients with DVT were more likely
to be men, of Black race and have blood group O as com-
pared to blood group A (Table 1). Patients experiencing VTE
more often received therapies for COVID-19 (vitamin C, zinc,
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steroids, convalescent plasma, remdesivir, steroids, ivermec-
tin and tocilizumab). In the cohort that developed VTE, both
acute kidney injury (AKI) and AKI requiring hemodialysis
were more common than in the cohort without VTE (Table 1,
Supplemental Materials 2, 3, www.thejh.org).

Admission pulse and respiratory rates were higher in pa-
tients developing VTE. Patients who developed VTE had high-
er admission troponin, lactate, creatinine, bilirubin, and white
blood cell (WBC) counts (Table 2). Use of blood transfusion
was significantly higher in patients who received higher doses
of anticoagulation (therapeutic 14.6%; intermediate 13.6% vs.
standard 7.8%, P =0.001, Table 3).

Patient who developed VTE were sicker than counterparts
who did not develop VTE as adjudicated by higher rates of I[CU
admissions (53% vs. 23%, P <0.001), ventilator use (62.4% vs.
46.9%, P =0.001) and norepinephrine requirements (14.7% vs.
9%, P =0.003) (Supplemental Material 4, www.thejh.org).

Unadjusted in hospital mortality was higher in patients
who developed VTE (28.7% vs. 15%, P =10.001). Rate of dis-
charges to home (65.7% vs. 44.1%) and skilled nursing facility
(SNF)/long-term acute care (LTAC, 12.5% vs. 24%) were sig-
nificantly different in patients who developed VTE. Readmis-
sion rates (13.5% vs. 11.2%, P = 0.37) were not significantly
different in patients with or without VTE (Table 1).

Inflammatory markers

Patients with VTE on average had higher levels of admission
ferritin, CRP, LDH and D-dimer (Table 2). The rates of VTE
rose significantly when D-dimer level was > 4 pg/mL FEU,
LDH level was > 400 U/L, CRP levels > 20 mg/L and ferritin
> 2,400 pg/L (Supplemental Material 5, www.thejh.org).

Results of multivariable analysis

After adjustment for potential confounders, male gender (OR
1.55,95%CI 1.0-2.4, p=0.04) and Black race (odds ratio (OR):
2.0, 95% confidence interval (CI): 1.2 - 3.4, P=0.01) were as-
sociated with higher odds of developing VTE in COVID-19.
Among inflammatory markers, higher levels of LDH and D-
dimer were associated with higher odds of developing VTE
(Table 4). Convalescent plasma use was associated with higher
odds of VTE (OR: 2.52, 95% CI: 1.58 - 4.01, P <0.001). Other
COVID-19 medications (remdesivir, tocilizumab and steroids)
and inflammatory markers (ferritin, CRP and fibrinogen) were
not associated with VTE. Use of antiplatelet agents such as
aspirin or Plavix was not associated with lower odds of VTE.

Standard dose vs. high dose heparin (rates of VTE and
in-hospital mortality)

Use of any form of anticoagulation was associated with lower
odds of developing VTE (OR: 0.05; 95% CI: 0.03 - 0.08, P <
0.001). However, there was no difference in odds for develop-
ing VTE when higher or intermediate dose was compared to
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Table 1. Demographical, Clinical Characteristics and Outcomes of COVID-19 Patients With and Without Venous Thromboembolism

(VTE)
No VTE VTE P value
Total 4,394 251
Age, median (IQR)* 66 (52 -77) 64 (52 -75) 0.81
Male (%) 51.9 61.4 0.003
Race (%)* 0.08
White 71 67.7
Blacks 8.2 12.8
Hispanic 16.7 14.7
Asian 1.5 2.4
Not disclosed 2.7 2.4
BMI 30 (25.7 - 35.6) 31.3 (26.5 - 37.5) 0.81
Comorbidities (%)
Hypertension 71.7 73.3 0.57
Congestive heart failure 29.4 33.5 0.17
Diabetes mellitus 44 47.4 0.28
Chronic obstructive pulmonary disease 35.7 29.4 0.22
End-stage renal disease 3.5 4.8 0.28
Cirrhosis 12.4 13.2 0.72
Cancer 13.1 11.6 0.47
History of VTE 5.6 10.0 0.004
COVID-19 medications (%)
Tocilizumab 5.6 14.3 <0.001
Steroids 66.5 47.0 <0.001
Remdesivir 57.1 61.7 0.017
Died (%) 15.0 28.7 <0.001
LOS in survivors, median (IQR) 503-8) 8(4-27) <0.001
Time to death, median (IQR) 10 (5-18) 14.5 (9 - 24) <0.001
Disposition (%) <0.001
Home 65.7 44.1
Home with health 17.6 224
SNF/LTAC/rehab 12.5 24.0
Others 4.1 9.5
Readmissions 13.5 11.2 0.37

*Median (inter quartile range), number of observations. COVID-19: coronavirus disease 2019; SNF: skilled nursing facility; LTAC: long-term acute

care; LOS: length of stay; IQR: interquartile range.

standard dose (Table 5).

Therapeutic dose anticoagulation as compared to prophy-
lactic doses was associated with improved survival (OR: 0.47,
95% CI: 0.27 - 0.80, P = 0.006, Table 5).

Discussion

The most important finding of our study is the low incidence
of VTE in hospitalized patients with COVID-19. When we ex-
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cluded patients, who were diagnosed with VTE on admission
(129/251), just 2.7% (122/4,516) developed VTE during hos-
pitalization. This is remarkable because most patients (83%)
either received prophylactic dose anticoagulation or did re-
ceive any anticoagulation through the hospital stay. Addition-
ally, we found no effect of anticoagulation dosing strategies
on VTE occurrence; however therapeutic dose anticoagulation
was associated with reduced likelihood of mortality compared
to prophylactic dose.

Our rates of VTE are much lower than reported in literature
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Table 2. Initial Labs and Inflammatory Markers of COVID-19 Patients With and Without Venous Thromboembolism (VTE)

No VTE VTE P value
Initial clinical characteristics®
SOFA score at admission 1(0-2),4,394 1(0-2),251 <0.001
Mean arterial pressure (mm Hg) 90 (80 - 100), 4,383 92 (81 -102), 249 0.25
Pulse 90 (78 - 104), 4,363 93 (80 - 110), 244 0.007
Respiratory rate 20 (18 - 24), 4,347 23 (19 - 26), 237 0.001
White blood cell count (x 10%) 7.7 (5.6 - 10.8), 4,375 9.6 (6.8 - 13.4), 250 0.001
Lymphocyte count (x 103) 0.96 (0.66 - 1.41), 4,206 0.93 (0.61 - 1.33), 249 0.28
Hemoglobin (g/dL) 13.1 (11.6 - 14.4), 4,377 13.5(12.4 - 14.9), 250 0.007
Platelets (x 103) 205 (158 - 265), 4,367 221 (161 -291), 250 0.02
Lactate (mmol/L) 1.1 (0.8 - 1.6), 2,449 1.3 (0.9 - 2.0), 200 0.001
Troponin (ng/mL) 0.02 (0.02 - 0.02), 2,216 0.02 (0.02-0.12), 138 <0.001
aPTT 28.8 (26.3 - 31.9), 2,658 28 (25.2 - 31.5), 200 0.05
INR 1.17 (1.09 - 1.29), 3,877 1.21 (1.12 - 1.34), 246 0.02
BUN (mg/dL) 18 (12 - 27), 4,259 21 (15 - 32), 247 <0.001
Creatinine (mg/dL) 1.08 (0.85 - 1.44), 4,257 1.21 (091 - 1.7), 246 <0.001
ALT (IU/L) 32 (21 - 50), 4,220 37 (25 - 58), 248 <0.001
Bilirubin (mg/dL) 0.5(0.4-0.8),4,150 0.6 (0.5-0.8),248 <0.001
ECHO findings?
Lowest LVEF 60 (53 - 66), 1,297 60 (53 - 66), 163 0.89
Lowest TAPSE 2 (1.6 - 2.3), 1,460 2(1.7-2.3),176 0.72
Highest RVSP 35(27 - 46), 954 36 (26 - 46), 116 0.87
Initial inflammatory markers during hospitalization®
Ferritin (pg/L) 427 (200 - 874), 3,458 638 (311 - 1197), 232 <0.001
CRP (mg/L) 7.4(3.2-12.9),3,474 11 (4.3-17.2),234 <0.001
LDH (U/L) 311 (238 -407), 3,129 418 (310 - 582), 206 <0.001
Fibrinogen (mg/dL) 540 (426 - 673), 3,188 564 (423 - 712), 221 0.46
D-dimer (ug/mL FEU) 0.8(0.5-1.5),3,433 1.97 (0.9 - 4), 237 <0.001

aMedian (inter quartile range), number of observations. COVID-19: coronavirus disease 2019; aPTT: activated partial thromboplastin time; SOFA:
Sequential Organ Failure Assessment; INR: international normalized ratio; BUN: blood urea nitrogen; ALT: alanine transaminase; ECHO: echocar-
diogram; LVEF: left ventricular ejection fraction; TAPSE: tricuspid annular plane systolic excursion; RVSP: right ventricular systolic pressure; CRP:
C-reactive protein; LDH: lactate dehydrogenase.

Table 3. Rate of Venous Thromboembolism (VTE) and Bleeding Complications of Anticoagulation According to Dose

None (n=598) Standard (n =3,269) Intermediate (n=59) High (n="719) P

VTE at admission (%) 19.6 - - 1.7 <0.001
VTE during admission (%) 0.5 32 5.1 1.8 0.001
Acute intracranial hemorrhage (%) 2.3 1.0 1.7 1.7 0.03
Gastrointestinal bleeding 11.6 4.8 4.2 10.4 <0.001
Blood transfusion (%) 11.0 7.8 13.6 14.6 <0.001
Average units of blood transfusions 1.6 0.8 0.4 1.1 <0.001
Fresh frozen plasma transfusion (%) 1.2 1.5 5.1 4.2 <0.001
Cryoprecipitate transfusion (%) 1.2 0.5 0 0.6 0.21
Platelets transfusion (%) 2.0 1.1 0 1.4 0.26
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Table 4. Factors Associated With Venous Thromboembolism in COVID-19 Patients

Odds ratio 95% confidence interval P

Age 0.83 0.55-1.25 0.37
Gender (male vs. female) 1.55 1.01-2.39 0.04*
Race (black vs. others) 2.00 1.19-3.35 0.01%*
Diabetes mellitus 1.45 0.96 - 2.19 0.07
End-stage renal disease 1.30 0.50 - 3.37 0.58
Congestive heart failure 1.04 0.66 - 1.65 0.83
Cancer 0.54 0.23-1.29 0.16
Cirrhosis 1.07 0.56 -2.02 0.84
Anticoagulants at home 0.52 0.12-2.27 0.39
NSAIDs 0.70 0.37 - 1.31 0.27
P2Y 12 inhibitors 0.68 0.23-1.99 0.48
Steroid use 0.58 0.30-1.11 0.10
Convalescent plasma 2.52 1.58 -4.01 <0.001*
Remdesivir 1.22 0.67-2.20 0.51
LDH 2.53 1.70 - 3.78 <0.001*
CRP 1.30 0.99 - 1.72 0.06
D-dimer 1.15 1.06 - 1.24 <0.001*
SOFA score on admission 1.52 0.82-2.80 0.18

*P < 0.05. COVID-19: coronavirus disease 2019; NSAIDs: nonsteroidal anti-inflammatory drugs; CRP: C-reactive protein; LDH: lactate dehydroge-

nase; SOFA: Sequential Organ Failure Assessment.

despite similar rates of therapeutic anticoagulation. It is pos-
sible that selection bias leads to over-representation of VTE.
Moreover, rates of VTE are likely dependent on frequency of
screening. Routine periodic screening will increase the like-
lihood of discovering VTE, including clinically insignificant
ones. For example, Jimenez et al reported pooled rates of VTE
to be 17% which included distal DVT and sub-segmental PE
[5]. However, rates were 33% if patients were screened rou-
tinely and 9.8% if based on clinical diagnosis. We screened for
DVT only if clinically indicated. Further, 17% of our patients
on therapeutic anticoagulation received it empirically and for
presumed PE without undergoing definitive testing; this may
have lowered the precision of our estimates of VTE (Supple-
mental Material 6, www.thejh.org). Our rates of VTE are com-
parable to the study of Cohen et al, who also reported overall
VTE rate to be 2.9% in 9,407 patients in New York area [17].

Anticoagulation strategies especially in severe COVID-19
have generated considerable controversy. Rates of pulmonary
micro-thrombi on autopsy appear to be significantly higher in
COVID-19 illness as compared to equally severe influenza in-
fection [18]. However, report of therapeutic anticoagulation to
treat presumed hypercoagulable state has yielded conflicting re-
sults [19]. Nadkarni et al found that any form of anticoagulation
(prophylactic or therapeutic) was associated with lower mortal-
ity and rates of intubation; however, they could not demonstrate
improvements in mortality when using higher doses of antico-
agulation [10]. Jonmarker et al reported lower death and VTE
risk with high dose prophylaxis in critically ill patients [20].
In a multicenter study of 3,239 patients, Al-Samkari et al were
unable to find improved mortality with early therapeutic anti-
coagulation [21]. Conversely, Meizlish et al reported lower in-
hospital death with intermediate dose heparin and aspirin [22].

Table 5. Odds of Developing Venous Thromboembolism (VTE) and Odds of In-Hospital Mortality in COVID-19 Patients According

to Anticoagulation (AC) Status

e For developing VTE For in-hospital mortality
Odds ratio (95% CI) P Odds ratio (95% CI) P

No AC vs. any 0.05 (0.03 - 0.08) <0.001 0.81(0.49 - 1.32) 0.41

Standard vs. intermediate 1.15 (0.30 - 4.38) 0.83 1.62 (0.65 - 4.05) 0.29

Standard vs. therapeutic 1.30 (0.57 - 2.95) 0.52 0.47 (0.27 - 0.80) 0.006

Standard vs. intermediate/therapeutic 1.26 (0.60 - 2.63) 0.53 0.61 (0.34-1.07) 0.08

COVID-19: coronavirus disease 2019; Cl: confidence interval.
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In a small RCT with 10 patients in each arm, Lemos et al found
that therapeutic as compared to prophylactic dose anticoagu-
lation resulted in improved gas exchange and decreased need
for mechanical ventilation in severe COVID-19 [12]. Recently,
enrollment for National Institutes of Health (NIH) ACTIV trial
of blood thinners in critically ill COVID-19 patients was halted
as it did not reduce the need for organ support [23]. However,
in another report by NIH, full dose anticoagulation was found
superior to usual care prophylactic dose anticoagulation (pro-
portional OR: 1.5; 1.1 - 2.2) in reducing the need for organ sup-
port, but not mortality in moderately ill hospitalized COVID-19
patients who did not require ICU level care [24]. Conflicting
results are likely due to variable inclusion criteria, severity of ill-
ness, timing of anticoagulation and confounding from selection
bias and other factors. Although therapeutic doses of anticoagu-
lation as compared to prophylactic doses were associated with
improved survival in our study, findings should be interpreted
as hypothesis generating. Therapeutic doses of anticoagulation
were predominantly used in the sicker cohort of COVID-19
patients. Discerning true effect of a therapy from observational
data especially when sicker patients are targeted for treatment is
challenging as other aspects of clinical care are not standardized.
We observed higher rates of blood transfusion in patients receiv-
ing high dose heparin which has been reported in literature [25].
Use of escalating dose of anticoagulation in critically ill patients
may be used after assessing risk and benefits [26, 27].

While we did not find any association of anticoagulation
strategies with the occurrence of VTE, escalating levels of D-
dimer, LDH and CRP were associated with higher likelihood of
developing VTE. Previously, elevated D-dimer and fibrinogen
levels have been demonstrated in VTE [28, 29]. It is possible
that these known markers of inflammation and endothelial in-
jury are reflective of a milieu that predisposes to VTE. Whether
following these markers serially to either target sub-cohorts for
screening for VTE and/or therapeutic anticoagulation are impor-
tant questions that should be the focus of future investigations.

Steroid use was associated with significantly lower rates
of VTE on univariate analysis, though it did not reach sig-
nificance on multivariate analysis. Steroids have been used in
COVID-19 to decrease the hyperinflammatory response. They
have shown to improve mortality in sicker cohort of patients
[30]. Their role in prevention of VTE in COVID-19 has not
been studied. Steroids being protective for VTE may seem rea-
sonable as inflammation is central to development of VTE.

We also found men and Black patients were more likely to
develop VTE. Black population has shown to be more likely
to develop thrombotic complications due to their biologic and
environmental factors [31]. We found higher concentrations of
inflammatory markers in Black population. Similarly, males
have shown to have higher rates of proximal DVT [32].

The strength of our study is its large size; however, we ac-
knowledge important limitations. First, its single center, obser-
vational and retrospective nature makes it susceptible to selec-
tion bias and prevents us from assigning causation. We attempted
to mitigate this bias by including all hospitalized patients with
COVID-19. Though we have attempted to minimize confound-
ers in treatment outcomes through IPRWA modeling, residual
confounding may still prevent capture of important unknown
factors that affect differences in outcomes. There were about
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25% missing values with respect to the inflammatory markers.
These may have affected the precision of our estimates. Many
of the sicker patients on the ventilator did not undergo CT an-
giogram for evaluation of PE, thus it is possible that VTE in our
study is underrepresented. We could not ascertain whether the
anticoagulation regimen changed during hospitalization depend-
ing on other indications such as atrial fibrillation, non-ST-eleva-
tion myocardial infarction (NSTEMI), bleeding issues, changing
severity of illness, and changing inflammatory markers.

Conclusions

The incidence of VTE in COVID-19 appears to be low and
therapeutic anticoagulation may be associated with improved
mortality. Results of large RCTs are required to reliably pro-
vide guidance on timing and dosing and anticoagulation in
COVID-19.

Supplementary Material

Suppl 1. Study design and definitions of VTE while on differ-
ent anticoagulation dose.

Suppl 2. Demographical, clinical characteristics and outcomes
of COVID-19 patients, with and without venous thromboem-
bolism.

Suppl 3. Rates of VTE during admission according to demo-
graphical and clinical characteristics of COVID-19 patients.

Suppl 4. ICU characteristics in COVID 19 patients with and
without venous thromboembolism.

Suppl 5. Rates of venous thromboembolism (%) at different
levels of inflammatory markers on presentation.

Suppl 6. Reasons for therapeutic anticoagulation.
Acknowledgments

None to declare.

Financial Disclosure

The authors declare that there was no funding for this study.
Conflict of Interest

None to declare.

Informed Consent

The IRB had reviewed this retrospective study and have
waived the requirement of an informed consent. It was based
on the following criteria: no patient identifying data is being

www.thejh.org



Kumar et al

| Hematol. 2021;10(4):162-170

published, no patient interaction was involved and no patient
intervention was done during the course of this retrospective
study.

Author Contributions

Gagan Kumar, Rahul Nanchal, and Achuta Kumar Guddati:
conception and design of study, acquisition, analysis, inter-
pretation, drafting of manuscript, final approval of manuscript
and agreement to be accountable for all aspects of the work.
Dhaval Patel, Tariq Odeh, Erine Rojas, and Ankit Sakhuja:
analysis, interpretation, drafting of manuscript, final approval
of manuscript and agreement to be accountable for all aspects
of the work. Mark Meersman and Drew Dalton: acquisition,
analysis, interpretation, drafting of manuscript, final approval
of manuscript and agreement to be accountable for all aspects
of the work.

Data Availability

Any inquiries regarding supporting data availability of this
study should be directed to the corresponding author.

Abbreviations

PE: pulmonary embolism; DVT: deep venous thrombosis;
VTE: venous thromboembolism; CI: confidence interval,
OR: odds ratio; IPRWA: inverse probability weighted regres-
sion adjustment; AWS: Amazon Web Services; ICD-10-CM:
International Classification of Disease, 10th Revision, Clini-
cal Modification; CPT: Current Procedural Terminology; SIC:
sepsis induced coagulopathy; ICU: intensive care unit; AKI:
acute kidney injury; HD: hemodialysis; LDH: lactate dehydro-
genase; CRP: C-reactive protein; DOACs: direct oral antico-
agulants; SNF: skilled nursing facility; LTAC: long-term acute
care; LOS: length of stay; SOFA: Sequential Organ Failure
Assessment

References

1.  Wichmann D, Sperhake JP, Lutgehetmann M, Steurer
S, Edler C, Heinemann A, Heinrich F, et al. Autopsy
findings and venous thromboembolism in patients with
COVID-19: a prospective cohort study. Ann Intern Med.
2020;173(4):268-277.

2. Maier CL, Truong AD, Auld SC, Polly DM, Tanksley
CL, Duncan A. COVID-19-associated hyperviscosity: a
link between inflammation and thrombophilia? Lancet.
2020;395(10239):1758-1759.

3.  Truong AD, Auld SC, Barker NA, Friend S, Wynn AT,
Cobb J, Sniecinski RM, et al. Therapeutic plasma ex-
change for COVID-19-associated hyperviscosity. Trans-
fusion. 2021;61(4):1029-1034.

4. Varga Z, Flammer AJ, Steiger P, Haberecker M, Ander-

Articles © The authors | Journal compilation © ] Hematol and Elmer Press Inc™

10.

I1.

12.

13.

14.

15.

16.

17.

matt R, Zinkernagel AS, Mechra MR, et al. Endothelial
cell infection and endotheliitis in COVID-19. Lancet.
2020;395(10234):1417-1418.

Jimenez D, Garcia-Sanchez A, Rali P, Muriel A, Bikdeli
B, Ruiz-Artacho P, Le Mao R, et al. Incidence of VTE
and bleeding among hospitalized patients with coronavi-
rus disease 2019: a systematic review and meta-analysis.
Chest. 2021;159(3):1182-1196.

Zhang L, Yan X, Fan Q, Liu H, Liu X, Liu Z, Zhang Z.
D-dimer levels on admission to predict in-hospital mor-
tality in patients with Covid-19. J Thromb Haemost.
2020;18(6):1324-1329.

Liu Y, Cai J, Wang C, Jin J, Qu L. Incidence, prognosis,
and laboratory indicators of venous thromboembolism
in hospitalized patients with coronavirus disease 2019: a
systematic review and meta-analysis. J Vasc Surg Venous
Lymphat Disord. 2021.

Tacquard C, Mansour A, Godon A, Godet J, Poissy J, Gar-
rigue D, Kipnis E, et al. Impact of high-dose prophylactic
anticoagulation in critically ill patients with COVID-19
pneumonia. Chest. 2021;159(6):2417-2427.

Salah HM, Naser JA, Calcaterra G, Bassareo PP, Mehta
JL. The Effect of Anticoagulation Use on Mortality in
COVID-19 Infection. Am J Cardiol. 2020;134:155-157.
Nadkarni GN, Lala A, Bagiella E, Chang HL, Moreno
PR, Pujadas E, Arvind V, et al. Anticoagulation, bleed-
ing, mortality, and pathology in hospitalized patients with
COVID-19. J Am Coll Cardiol. 2020;76(16):1815-1826.
Helms J, Severac F, Merdji H, Schenck M, Clere-Jehl R,
Baldacini M, Ohana M, et al. Higher anticoagulation tar-
gets and risk of thrombotic events in severe COVID-19
patients: bi-center cohort study. Ann Intensive Care.
2021;11(1):14.

Lemos ACB, do Espirito Santo DA, Salvetti MC, Gilio
RN, Agra LB, Pazin-Filho A, Miranda CH. Therapeutic
versus prophylactic anticoagulation for severe COV-
ID-19: A randomized phase II clinical trial (HESACOV-
ID). Thromb Res. 2020;196:359-366.

Taccone FS, Gevenois PA, Peluso L, Pletchette Z,
Lheureux O, Brasseur A, Garufi A, et al. Higher intensity
thromboprophylaxis regimens and pulmonary embolism
in critically ill coronavirus disease 2019 patients. Crit
Care Med. 2020;48(11):e1087-e1090.

Flumignan RL, Tinoco JDS, Pascoal PI, Areias LL,
Cossi MS, Fernandes MI, Costa IK, et al. Prophylactic
anticoagulants for people hospitalised with COVID-19.
Cochrane Database Syst Rev. 2020;10:CD013739.
Moores LK, Tritschler T, Brosnahan S, Carrier M, Collen
JF, Doerschug K, Holley AB, et al. Prevention, diagnosis,
and treatment of VTE in patients with coronavirus disease
2019: CHEST guideline and expert panel report. Chest.
2020;158(3):1143-1163.

Guidelines for the prevention and treatment of VTE in
critically ill patients with COVID-19. 2020. [cited Feb
22, 2021] Available from: https://www.emoryhealthcare.
org/ui/pdfs/covid/medical-professionals/COVID%20
Emory%20VTE%20Guidelines%2021May2020.pdf.
Cohen SL, Gianos E, Barish MA, Chatterjee S, Kohn N,
Lesser M, Giannis D, et al. Prevalence and predictors of

www.thejh.org 169



VTE in COVID Patients

| Hematol. 2021;10(4):162-170

18.

19.

20.

21.

22.

23.

24.

170

venous thromboembolism or mortality in hospitalized
COVID-19 patients. Thromb Haemost. 2021.
Ackermann M, Verleden SE, Kuehnel M, Haverich A,
Welte T, Laenger F, Vanstapel A, et al. Pulmonary vas-
cular endothelialitis, thrombosis, and angiogenesis in
Covid-19. N Engl J Med. 2020;383(2):120-128.
Ferguson J, Volk S, Vondracek T, Flanigan J, Chernaik
A. Empiric therapeutic anticoagulation and mortality in
critically ill patients with respiratory failure from SARS-
CoV-2: a retrospective cohort study. J Clin Pharmacol.
2020;60(11):1411-1415.

Jonmarker S, Hollenberg J, Dahlberg M, Stackelberg O,
Litorell J, Everhov AH, Jarnbert-Pettersson H, et al. Dos-
ing of thromboprophylaxis and mortality in critically ill
COVID-19 patients. Crit Care. 2020;24(1):653.
Al-Samkari H, Gupta S, Leaf RK, Wang W, Rosovsky RP,
Brenner SK, Hayek SS, et al. Thrombosis, bleeding, and
the observational effect of early therapeutic anticoagula-
tion on survival in critically ill patients with COVID-19.
Ann Intern Med. 2021;174(5):622-632.

NIH. NIH ACTIV Trial of blood thinners pauses enroll-
ment of critically ill COVID-19 patients. 2020. [cited
February 4th, 2021]. Available from: https:/www.nih.
gov/news-events/news-releases/nih-activ-trial-blood-
thinners-pauses-enrollment-critically-ill-covid-19-pa-
tients.

Full-dose blood thinners decreased need for life sup-
port and improved outcome in hospitalized COVID-19
patients. 2021. [cited February 18th, 2021]. Available
from: https://www.nih.gov/news-events/news-releases/
full-dose-blood-thinners-decreased-need-life-support-
improved-outcome-hospitalized-covid-19-patients.
Rustgi SD, Yang JY, Luther S, David Y, Dixon RE, Si-
moes PK, Kumta NA. Anticoagulation does not increase
risk of mortality or ICU admission in hospitalized COV-
ID-19 patients with gastrointestinal bleeding: Results

Articles © The authors | Journal compilation © ] Hematol and Elmer Press Inc™

25.

26.

27.

28.

29.

30.

31.

32.

from a New York health system. Clin Res Hepatol Gas-
troenterol. 2021;45(3):101602.

Musoke N, Lo KB, Albano J, Peterson E, Bhargav R, Gul
F, DeJoy R, 3rd, et al. Anticoagulation and bleeding risk
in patients with COVID-19. Thromb Res. 2020;196:227-
230.

Barnes GD, Burnett A, Allen A, Blumenstein M, Clark
NP, Cuker A, Dager WE, et al. Thromboembolism and
anticoagulant therapy during the COVID-19 pandemic:
interim clinical guidance from the anticoagulation forum.
J Thromb Thrombolysis. 2020;50(1):72-81.

Berkman SA, Tapson VF. Methodological issues and con-
troversies in COVID-19 coagulopathy: atale of two storms.
Clin Appl Thromb Hemost. 2020;26:1076029620945398.
Mouhat B, Besutti M, Bouiller K, Grillet F, Monnin C,
Ecarnot F, Behr J, et al. Elevated D-dimers and lack of
anticoagulation predict PE in severe COVID-19 patients.
Eur Respir J. 2020;56(4):2001811.

Nopp S, Moik F, Jilma B, Pabinger I, Ay C. Risk of ve-
nous thromboembolism in patients with COVID-19: A
systematic review and meta-analysis. Res Pract Thromb
Haemost. 2020.

Recovery Collaborative Group, Horby P, Lim WS, Em-
berson JR, Maftham M, Bell JL, Linsell L, et al. Dexa-
methasone in Hospitalized Patients with Covid-19.
N Engl J Med. 2021;384(8):693-704.

Frydman GH, Boyer EW, Nazarian RM, Van Cott
EM, Piazza G. Coagulation status and venous throm-
boembolism risk in African Americans: a potential
risk factor in COVID-19. Clin Appl Thromb Hemost.
2020;26:1076029620943671.

Barco S, Klok FA, Mahe I, Marchena PJ, Ballaz A, Rubio
CM, Adarraga MD, et al. Impact of sex, age, and risk fac-
tors for venous thromboembolism on the initial presenta-
tion of first isolated symptomatic acute deep vein throm-
bosis. Thromb Res. 2019;173:166-171.

www.thejh.org



