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Incidence of Venous Thromboembolism in Hospitalized
COVID-19 Patients Receiving Thromboprophylaxis
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Abstract

Background: The purpose of this study was to investigate the as-
sociation between anticoagulant dosing intensity in coronavirus dis-
case 2019 (COVID-19) infected patients and its outcomes on venous
thromboembolism (VTE) and all-cause mortality.

Methods: This is a retrospective observational study that examined dif-
ferent anticoagulation regimens among COVID-19 patients for prophy-
laxis of VTE. Primary outcomes of the study were VTE incidence and
all-cause mortality for patients receiving prophylaxis-intensity (PPX)
and therapeutic-intensity (TX) anticoagulation. Secondary outcomes
were incidence of hemorrhagic events and hospital length of stay.
Patients were matched (1:1) based on age and Charlson comorbidity
score. Sub-group analyses evaluated outcomes within critically ill pa-
tients, between specific anticoagulant agents and comorbid conditions.

Results: The primary outcome of VTE occurred in six patients with-
in the prophylactic dose group and eight patients in the therapeutic-
intensity dose group (risk ratio (RR): 2.02 (95% confidence interval
(CI): 0.7 - 5.2); P = 0.2). Bleeding occurred in 15 (11%) patients
in the prophylactic group and 27 (19%) patients in the therapeutic
group (RR: 0.5 (95% CI: 0.3 - 1.0); P < 0.049). Hospital length
of stay was shorter by 4 days in those treated with prophylactic-
intensity anticoagulation (P = 0.003). Intensive care unit admission
and ventilation were negatively correlated with mortality in a mul-
tivariate analysis.

Conclusions: Among hospitalized COVID-19 patients, the use of
therapeutic-intensity anticoagulation did not show any benefits in re-
ducing the occurrence of VTE. An increase in mortality and in the
incidence of hemorrhagic events was statistically significant in the
therapeutic-intensity group. Future prospective studies are warranted
to evaluate anticoagulation therapy in COVID-19 infected patients.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has infected more than 180 million individuals world-
wide and caused more than 4 million deaths [1]. Hypercoagu-
lability presents as a major complication particularly among
hospitalized coronavirus disease 2019 (COVID-19) patients
and it significantly impacts mortality. From early observation-
al studies, the incidence of venous thromboembolism (VTE)
was reported up to 25% in hospitalized COVID-19 infected
patients, who were not receiving thromboprophylaxis [2]. A
recent multicentered study has shown an incidence of VTE
as high as 31% despite patients being on standard thrombo-
prophylaxis [3]. The prevalence of VTE will vary by severity
of the disease and it is more notable among the critically ill.

While still in early stages of understanding the hemato-
logic manifestations of COVID-19, new therapeutic manage-
ment has emerged from the pandemic due to the observance
of VTE events despite anticoagulation therapy. Low-molecu-
lar-weight heparin (LMWH) is known to reduce the risk of
VTE in hospitalized patients and it may have anti-inflamma-
tory properties. Based on this finding and the understanding
of COVID-19, patients at high risk for VTE (those with high
inflammatory markers), are often treated with higher doses of
anticoagulation. Evidence suggests that higher anticoagulation
targets should be evaluated as critically ill COVID-19 patients
on anticoagulation developed thrombotic complications [4].
The World Health Organization (WHO) and the International
Society of Thrombosis and Hemostasis (ISTH) currently rec-
ommend that all hospital admitted COVID-19 patients receive
standard prophylaxis doses of LMWH or unfractionated hepa-
rin (UFH) unless otherwise contraindicated [5].

COVID-19 infection is associated with several biochemi-
cal abnormalities including leukocytosis, neutrophilia, and el-
evated ferritin, creatinine kinase, and troponin. D-dimer, a fi-
brin degradation product, has become a significant biomarker
in identifying risk of increased morbidity and it is being used
to guide therapy on anticoagulation due to the association with
an increase of thrombin formation [6]. Among other markers,
prothrombin time and platelets are also key monitoring param-
eters in directing anticoagulant management decisions.
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With the lack of robust randomized control trials and
guideline recommendations, there is still much left to uncover
regarding the management of VTE prophylaxis. The utilization
of treatment doses of anticoagulation as empiric prophylaxis
remains controversial as the data lack beneficial outcomes
with the potentially higher risk of bleeding. This study aims
to determine the association between different anticoagulation
level prophylaxis (PPX) and treatment (TX) in COVID-19 in-
fected patients and their outcomes on VTE occurrence and in-
hospital all-cause mortality.

Materials and Methods

Study design

This retrospective single-center cohort study reviewed patients
admitted to Mount Sinai Medical Center for COVID-19 be-
tween April 2020 and August of 2020. Patients were included
in this study if they were 18 years of age or older, had a SARS-
CoV-2 infection confirmed by reverse transcriptase-polymer-
ase chain reaction (RT-PCR), were admitted for the inpatient
treatment of COVID-19, and received anticoagulation for the
prevention of VTE. Pertinent data collected for analysis includ-
ed patient demographics (age, gender, race), structured clinical
data (medications administered, vital signs, International Clas-
sification of Diseases, 10th Edition (ICD-10) diagnoses), and
unstructured clinical data (physician notes) from the electronic
health record. Patients were placed into two groups based on
anticoagulation intensity (PPX, TX) and then matched (1:1)
by age and Charlson Comorbidity Index. Patients who were
admitted for less than 48 h or on anticoagulation for less than
48 h were excluded from this study. Datasets were assembled
including key covariates and outcomes measures derived from
structured and unstructured clinical data. This study obtained
approval from Mount Sinai Medical Center’s Institutional Re-
view Board and was conducted in compliance with the ethical
standards of the responsible institution on human subjects.

Study groups

This study compared prophylactic-intensity (PPX) and ther-
apeutic-intensity (TX) doses of anticoagulation. The most
common agents used in the study were UFH and enoxaparin.
The PPX patient group received subcutaneous UFH at a dose
of 5,000 units every 8 h; or enoxaparin at a dose of 40 mg
daily or 30 mg daily if creatinine clearance (CrCl) < 30 mL/
min. The therapeutic-intensity patient group (TX) received
enoxaparin 1 mg/kg twice a day or UFH continuous infusion
to a targeted aPTT goal. The choice of anticoagulant was not
randomized but it was driven by prescriber preference, patient
specific factors, and institutional availability of medications
during the study period. A decision-making tool was available
for practitioners to guide anticoagulation therapy. Therapeu-
tic anticoagulation was suggested to be used among those that
were considered high-risk COVID patients (defined by oxy-
gen saturations less than 90%, respiratory rate greater than 24
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breaths per minute (BPM), increase in supplemental oxygen
requirements, elevated D-dimer, or elevated C-reactive protein
levels), while those that were not high-risk received standard
prophylaxis doses.

Outcomes

The primary outcome of this study was the incidence of VTE
(deep vein thrombosis (DVT), pulmonary emboli (PE), and in-
hospital all-cause mortality. VTE events were confirmed via
imaging studies (ultrasound Dopplers, computed tomography
(CT) pulmonary angiograms). Secondary outcomes were inci-
dence of bleeding events and hospital length of stay. Bleeding
events in this study encompassed both minor and major bleeds
that were confirmed either via physician documentation noted
among diagnostic examinations, overt bleeding events, or a
hemoglobin below 7.0 g/dL requiring multiple transfusions.
Diagnostic tests were not routinely performed and were done
as per the treating physician’s clinical judgement. Length of
stay was defined as time from admission to death or discharge
from hospital.

Statistical analysis

Descriptive statistics were used to analyze general character-
istics of the sample population for categorical and continuous
variables. Chi-squared test was used for dichotomous and cat-
egorical covariates. Primary outcome VTE incidence by study
group and mortality were assessed with restriction at 30 days
and unrestricted at the end of the study. Hospital length of stay
(survival time when the censor is death or discharge) was ana-
lyzed using Kaplan-Meier Survival analysis and restricted mean
survival time (RMST) analysis. The association between the
significant factors from the univariate analysis and the primary
and secondary outcomes was assessed in Cox regression analy-
ses. All statistical tests used an alpha for significance of 0.05.

Results
Patient baseline characteristics

From the cases reviewed, 282 patients met the inclusion criteria
for this study. The characteristics of the patients at baseline are
described in Table 1. The median age in the study was 65 years
old, and more than half of the sample were males (69%). The
median body mass index (BMI) of patients within the study
was 29 kg/m? (interquartile range (IQR): 26 - 34). A compara-
ble amount of prior anticoagulation use (12% vs 9%) was noted
between both groups for which indications of anticoagulation
was not documented. Most patients had one or more underlying
chronic conditions, hypertension (n = 172, 60%) and diabetes
(n =122, 42%). Other pertinent chronic conditions noted were
chronic obstructive pulmonary disease (COPD) which had a
higher baseline “prevalence” in the TX group (n = 19) com-
pared with the PPX group (n = 10), and end-stage renal disease
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Table 1. Baseline Characteristics

Prophylactic anticoagulation (n = 141)

Therapeutic anticoagulation (n = 141)

Demographic

Age (years), median (IQR)

Male, n (%)

BMI (kg/m?), median (IQR)
Race/ethnicity

Caucasian, n (%)

Hispanic, n (%)

African American, n (%)

Asian, n (%)

Other, n (%)
Comorbidities

Hypertension

Diabetes

Asthma

COPD

Atrial fibrillation

Heart failure

History of VTE

CAD

Chronic kidney disease

ESRD

Liver disease

Cancer

HIV/AIDS

Smoking history

Charlson Comorbidity Index (median)

Hospital interventions
ICU
Intubation/ventilator
Steroids, n (%)
tPA, n (%)

Home medications
ACEI/ARBs, n (%)
Antiplatelet, n (%)
Anticoagulation, n (%)
Statins, n (%)

PPL n (%)

Baseline vitals/labs

Systolic blood pressure (mm Hg), median (IQR)
Diastolic blood pressure (mm Hg), median (IQR)
Respiratory rate (breaths/min), median (IQR)

Oxygen saturation, median (IQR)
D-dimer (ng/mL), median (IQR)
D-dimer > 0.5

Platelet count, median (IQR)

66 (54 - 80)
91 (67.4)
28.8 (26 - 32.7)

87 (61.7)
36 (24.8)
10 (7.1)
1(0.7)
8(5.7)

85 (60.3)
60 (42.6)
12 (8.5)
10 (7.1)
12 (8.5)
12 (8.5)
4(2.8)
38 (27.0)
21 (14.9)
5(3.6)
2(1.4)
12 (8.5)
2(1.4)
4(2.8)
3(1-4)

13 (9.2)
14 (9.9)
112 (79.4)
3(2.1)

58 (41.3)
48 (33.7)
17 (12.1)
63 (44.7)
38 (27.0)

128 (118 - 146)
76 (67 - 85)

18 (17 - 20)

96 (94 - 98)

0.98 (0.61 - 1.82)
88%

199 (160 - 260)

66 (55 - 76)
99 (70.2)
30.8 (25.8 - 33.7)

87 (61.7)
25(17.7)
14 (10.0)
1(0.7)
14 (9.9)

87 (61.7)
62 (44.0)
19 (13.5)
19 (13.5)*
10 (7.1)

9 (6.4)
4(2.8)

36 (26)

10 (7.1)*
0 (0)*
1(0.7)

11 (7.8)
2(1.4)
5(3.6)
3(1-4)

36 (25.5)*
40 (28.4)*
126 (89.4)*
14 (9.9)*

66 (47.1)
48 (34.0)
13 (9.2)

65 (46.1)
49 (35.0)

131 (115 - 142)
79 (68 - 87)

18 (18 - 20)

96 (94 - 98)
1.47 (0.8 - 2.9)
91%

216 (158 - 291)

*P < 0.05, Wald’s test. **P < 0.05, KW ANOVA post-hoc Dunn’s test. IQR: interquartile range; BMI: body mass index; ACEI: angiotensin-converting
enzyme inhibitor; ARB: angiotensin Il receptor blocker; COPD: chronic obstructive pulmonary disease; HIV/AIDS: human immunodeficiency virus/
acquired immunodeficiency syndrome; ICU: intensive care unit; tPA: tissue plasminogen activator; VTE: venous thromboembolism; ESRD: end-stage
renal disease; CAD: coronary artery disease; PPI: proton pump inhibitor.
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Table 2. Primary and Secondary Outcomes

Prophylactic antico-
agulation (n = 141)

Therapeutic antico-

3 o,
apulition)(1=141) Odds ratio (95% CI) P value

30-day primary outcomes (n = 266)

VTE, n (%) 3(2.2)

Mortality, n (%) 7(5.2)
Unrestricted primary outcomes

VTE, n (%) 6(2.9)

Mortality, n (%) 8(3.8)
30-day secondary outcomes (n = 266)

Hemorrhagic events n (%) 14 (10)

Hospital LOS, median days (IQR) 6(4-11)
Unrestricted secondary outcomes

Hemorrhagic events n (%) 15 (11)

Hospital LOS, median days (IQR) 6(3-9)

5(3.9) 0.56 (0.2 - 2.0) 0.5
33(25.4) 0.16 (0.08 - 0.39) <0.0001*
8(5.7) 2.02(0.7-5.2) 0.2

38 (27.0) 9.2 (4.0-17.7) <0.0001*
21 (16) 0.6 (0.3 -1.22) 0.2
8(5-15) NA 0.02*

27 (19) 0.5(0.3-1.0) 0.049%
9(6-18) NA 0.003*

*Statistically significant. Cl: confidence interval; VTE: venous thromboembolism; LOS: length of stay; NA: not available.

(ESRD) which was higher in the PPX group (n = 5) compared
to the TX group (n = 0). Median D-dimer was 50% higher in
the TX group.

Study outcomes

Primary

This study compared the incidence of VTE and all-cause mortal-
ity in 282 hospitalized COVID-19 patients who received phar-
macological anticoagulation. The data were analyzed using a 30-
day cut-off and unrestricted length of stay for all-cause mortality
and occurrence of DVT. Regardless of length of stay restriction,
no significant difference in the incidence of VTE was observed
between the two study groups (Table 2). At 30 days, three of
141 (2.2%) patients in the PPX group experienced a VTE, while
five of 141 (3.9%) occurred in the TX group (odds ratio (OR):
0.56 (95% confidence interval (CI): 0.2 - 2.0); P = 0.5). At 30
days, all-cause mortality was 13.5% overall (36/266). All-cause
mortality was not impacted by length of stay. A significant dif-
ference was found for all-cause mortality; seven (5.0%) patients
in the PPX group and 33 (23.4%) patients in the TX group ex-
pired. The odds ratio showed the risk of mortality was 0.16 (0.08
-0.39; P<0.0001) less in the PPX group.

Time to VTE and death were assessed with Kaplan-Meier
survival analysis. Figure 1 displays the occurrences of VTE as
a function of a length of stay up to 30 days by treatment group.
Figure 2 demonstrates the corresponding KM curves for unre-
stricted length of stay. Overall, no significant differences were
noted between PPX and TX anticoagulation in the time to VTE
events. This conclusion is supported by the restricted mean sur-
vival analysis presented in Table 3. Time to death is explored in
Figures 3 and 4. In Figure 3, the 30-day survival plot indicates a
50% survival at 22 days in the TX group, 50% survival was not
reached in the PPX group. When the 30-day time restriction is
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removed, the RMST analysis reveals a significantly shorter (27
vs. 35 days, P = 0.009) time to death in the TX group.

Cox regression analysis was performed to identify param-
eters associated with occurrence of VTE. Baseline and in-hos-
pital interventions that were statistically significant (P < 0.05)
in univariate Chi-square analysis were entered into a hierarchi-
cal forward stepping multivariate Cox regression algorithm.
Additional indicators evaluated consisted of antiplatelet drugs,
intensity of anticoagulation, and anticoagulant used. COPD,
ESRD, and the use of heparin regardless of dose were removed
from the analysis as no episodes of VTE occurred in patients
with these interventions or disease states. When tested in this
multivariate manner, the analysis did not find any significant
associations with VTE.

Cox regression analysis was performed to identify param-
eters associated with occurrence of bleeding (Table 4). When
tested in this multivariate manner, the analysis did not find any
significant associations with bleeding.

Cox regression analysis was performed to identify param-
eters associated with mortality. Cox regression can provide some
insight into the confounding by physician choice present in this
study. We included variables in the Cox model that are not sig-
nificant by themselves, but when combined with another variable
became significant. This is hierarchical forward stepping. The
impact of ventilation and intensive care unit (ICU) admission
was one such case. Admission to ICU and mechanical ventilation
(regardless of patient care area) raised the risk of mortality when
considered independently. However, if a patient was in the ICU
while ventilated, the risk of death was decreased by 50%. COPD
and age > 65 were also significant predictors of mortality but
within the treatment group it was not significant in this model.

Secondary

Bleeding episodes occurred in 35/282 (12.4%) patients (Table
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Figure 1. Kaplan-Meier plot of 30-day VTE by TX or PPX group. VTE: venous thromboembolism; PPX: prophylaxis-intensity;

TX: therapeutic-intensity.

2). Secondary outcomes were assessed at 30 days and during
unrestricted length of stay. There was a statistically significant
difference in hemorrhagic events between the two groups, re-
gardless of length of stay restriction. Fifteen (11.0%) patients
in the prophylactic group and 27 (19.1%) patients in the thera-

peutic group (OR: 0.5 (95% ci: 0.3-1.0); P=0.049) had a docu-
mented case of a bleeding. The breakdown of bleeding cases of
the overall population is as followed: 29 gastrointestinal (GI)
bleeds, four hematomas, two intracranial hemorrhages, one
epistaxis, one pulmonary hemorrhage, one wound bleeding, and
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Figure 2. Kaplan-Meier plot of VTE by TX or PPX group with no truncation at 30 days. Fifty percent to VTE time for PPX group
is 39 days vs. undefined for the TX group. VTE: venous thromboembolism; PPX: prophylaxis-intensity; TX: therapeutic-intensity.
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Table 3. Restricted Mean Survival Time (RMST) Analysis

Group Failed Total T RMST (1)? Standard error Lower 95% CI Upper 95% CI
PPX 8 141 42.0 349 2.370 30.2 39.5
X 38 141 42.0 27.4 1.712 24.0 30.7

a. Estimates are based on an interval upper limit of T = 42.0, the smallest maximum observed time among all groups. Cl: confidence interval; PPX:

prophylaxis-intensity; TX: therapeutic-intensity.

one vaginal bleed. One case of intracranial hemorrhage was ob-
served in the prophylaxis dosed group whereas most cases (20)
involved GI bleedings. Of the 20 patients with GI bleeding, five
were on heparin, 13 were on enoxaparin, one on argatroban, and
one on fondaparinux. Six of the 20 patients with GI bleeding
received prophylactic dose of anticoagulation (AC) (three UFH,
three enoxaparin), and 14 were on therapeutic doses (two UFH,
10 enoxaparin, one argatroban, one fondaparinux).

The median length of stay was 8 days with an IQR of 5
to 15 days. However, as expected with COVID-19 infection,
there were outliers leading to a length of stay from 2 days to 87
days. The median length of stay in the PPX group was 6 days
and 9 days in the TX group (P < 0.01). Table 3 contains the
results of RMST analysis which are consistent with the median
analysis of length of stay.

Subgroup

ICU

Subgroup analysis of mortality between the non-ICU group

and ICU group were undertaken to further probe the mechani-
cal ventilation and ICU intervention noted above. Regardless
of study group, mortality was 5.6% in the non-ICU patients vs.
67.4% in the ICU patients. A similar pattern of excess death in
the TX group was observed; 78% of patients in the TX group
admitted to the ICU expired, compared to 38% of patients in
the PPX group admitted to the ICU.

Enoxaparin vs. UFH

Most patients in this study (282) received either enoxaparin or
UFH. Enoxaparin was dosed therapeutically in 128 (55%) of
231 patients on enoxaparin, and heparin was dosed therapeuti-
cally in seven (24%) of the 29 patients on heparin. Twenty-eight
(22%) of patients on therapeutic dose of enoxaparin expired,
while only five (5%) of patients on prophylactic enoxaparin
dose expired. Six patients (6/7, 86%) dosed therapeutically in
the heparin group expired, while three (3/22, 14%) patients
dosed prophylactically in the heparin group expired. Dose-de-
pendent bleeding was significant for patients receiving enoxa-
parin (7.8% PPX vs. 17.2% therapeutic, P = 0.03). A similar
dose-dependent bleed response was also observed for heparin,
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Figure 3. Kaplan-Meier plot of 30-day all-cause mortality by TX or PPX group. Fifty percent survival time for the TX group is 22
days vs. undefined for the PPX group. PPX: prophylaxis-intensity; TX: therapeutic-intensity.
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Figure 4. Kaplan-Meier plot of mortality by TX or PPX group with no truncation at 30 days. Median time to death for TX group is
27 days vs. undefined for the PPX group. PPX: prophylaxis-intensity; TX: therapeutic-intensity.

although the sample size in this group was much smaller than
in the enoxaparin group. This finding was not statistically sig-
nificant (19% vs. 43%, P = 0.18).

Discussion

From this retrospective observational study of hospitalized
COVID-19 patients receiving pharmacological thrombo-
prophylaxis, therapeutic-intensity anticoagulation did not
provide any benefit on reducing the occurrences of VTE and
mortality. VTE prevalence may be under detected due to insti-
tutional limitations and lowered use of computed tomography
angiography (CTA)/ultrasound (US) during the peak of the
pandemic. From the study of Mumoli et al [7], VTE preva-

Table 4. Cox Regression of Factors Related to Mortality

Independent variable Risk ratio P
ICU(1-0) 2.1(14-3.1) 0.0002*
COPD (1 -0) 1.75 (1.1 - 2.7) 0.01*
Age (=65 - <65) 1.56 (1.1-2.3) 0.02*
TX group (TX - PPX) 1.34 (0.9 - 2.0) 0.16
Ventilator 1.1 (0.7-1.7) 0.7

ICU (1 - 0)* ventilator (1 - 0)*  0.46 (0.31-0.69)  0.0002*

aMeans the P value is referring to patients in the ICU (1) vs. patients
not in the ICU (0), likewise for ventilator status. *Statistically significant.
COPD: chronic obstructive pulmonary disease; ICU: intensive care
unit; PPX: prophylaxis-intensity; TX: therapeutic-intensity.
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lence was notably higher among their second COVID wave
compared to the first wave (18.1% to 13.9%). While there may
be several factors that affect VTE incidences, the higher use
of imaging diagnostics during their second wave may attrib-
ute to increased incidences. Among the patients given PPX-
intensity dosed anticoagulation, lower mortality rates were
observed when compared to the TX-intensity anticoagulation
group and experienced shorter hospital length of stay. The non-
randomized observational design of this study means there is
possible prescriber bias in the assignment of anticoagulation
intensity. Although an “order set” with prescribed patient char-
acteristics exists (Supplementary Material 1, www.thejh.org),
ultimately the physician determined the intensity of antico-
agulation and therefore the treatment groups in this study. We
matched patients based on ICU admission and age; however,
we could not match all previous existing conditions, and dis-
crepancy between groups still exists. The optimization of anti-
coagulation management among COVID-19 patients remains
a pressing issue due to increased rates of both microvascular
and macrovascular thrombosis [8]. The anticipated number of
higher bleeding events was expected in the therapeutic antico-
agulation group due to higher doses. Most cases of bleeding
episodes in the study were documented as GI bleeds. When
patient factors were examined those treated with therapeutic
anticoagulation in this study had a more severe presentation of
COVID-19 and higher D-dimer levels at baseline. However,
even in the setting of more complex patients, therapeutic doses
of anticoagulation should be used with caution.

Cox regression analysis was used to look for predictors
of incidence of VTE, mortality, and bleeding events. No pre-
dictors of VTE were found in our cohort; and no predictors
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of bleeding were found in our cohort. Predictors of mortality
include ICU admission, COPD, age > 65, ventilator use and
dose intensity; however, ICU admission and ventilator use are
confounded as the interaction term containing both of them in
the Cox regression model has an odds ratio of 0.46.

Parenteral anticoagulants such as heparin and enoxapa-
rin are widely used for COVID-19-associated coagulopathy
though differences between the two agents have yet to be thor-
oughly studied in this population. From our cohort, patients
who were treated with enoxaparin displayed a dose dependent
bleeding relationship. This association was also noted among
those treated with heparin, but a significant difference was not
detected due to a smaller sample size. This was an interesting
finding when considering the results of the study of Pawlowski
et al [9], which directly compared patients who received ex-
clusively one anticoagulant (enoxaparin or UFH). The cohort
who was only administered UFH had a higher 28-day mortal-
ity with a risk ratio of 4.3 [9].

In a recent meta-analysis that pooled safety and efficacy
data from several studies irrespective to critical illness of hos-
pitalized COVID patients, mortality benefits were not found
with an escalated anticoagulation dose over standard prophy-
laxis doses [10]. Overall, with the findings of increased bleeds
aligned with our study, the risks may outweigh benefits with
therapeutic anticoagulation doses.

The Surviving Sepsis Campaign COVID-19 Guidelines has
already conveyed their preference for enoxaparin over UFH due
to less bleeding risk in non-COVID-19 patients [11]. The IN-
SPIRATION trial evaluated intermediate enoxaparin dosing in
the critically ill COVID-19 infected patients [12]. Main find-
ings support the results as the escalated dosing did not improve
the composite outcome of thrombosis, extracorporeal mem-
brane oxygenation (ECMO), or mortality. Among other perti-
nent findings in the INSPIRATION trial, the rates of VTE in the
study were low (3.3% in intermediate and 3.5% in standard);
and there was a trend towards increased bleeding with the in-
termediate dose that was not statistically significant. In the re-
cent ACTIV-4a randomized trial, a benefit was shown with full
anticoagulation compared to prophylaxis dosed anticoagulation
in non-critically ill COVID-19 patients; but within critically il
patients, full anticoagulation showed no benefits [13]. In this
open labeled, randomized controlled clinical trial of 1,098 criti-
cally ill COVID-19 patients, patients were randomly assigned to
receive therapeutic anticoagulation or pharmacological throm-
boprophylaxis. No statistical differences were observed among
the results, in which percentage of patients who survived to hos-
pital discharge was similar between the two groups (adjusted
OR: 0.84, 95% CI: 0.64 - 1.11) [14]. In addition, from the mul-
tiplatform trials of REMMAP-CAP, ACTIV-4a, and ATTACC,
the randomized control trial with the noncritically ill population
(defined by the authors as absence of critical care-level organ
support), discovered that an increased in therapeutic-dose anti-
coagulation increased was clinically beneficial in increasing the
increased probability of survival until hospital discharge with
reduced use of ICU-level organ support [15].

It should be acknowledged that there were several po-
tential limitations from this study. First, The single-center
retrospective study design of this study allows for inherent
selection bias for the treatment groups. Also, the institution
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does not routinely screen patients for VTE which may result
in unidentified cases. With any chart review study, the data
collection is dependent on accurate documentation by the
members of the healthcare team. Critically ill COVID-19 pa-
tients may only have documentation of clinically overt bleed-
ing due to difficulties in conducting imaging studies. Another
limitation includes changes in therapy throughout the course
of the study. The time frame of the study was noteworthy as
COVID-19 cases were at a peak in this region. Many insti-
tutions encountered national shortages on medications that
were used in the management of COVID-19. It may also be
possible that nonpharmacological patient care changes were
made for patients as practitioners learned more about the dis-
ease over that time.

Conclusions

COVID-19 remains an ongoing, international public health
crisis with thrombotic complications secondary to the infection
being a significant concern on the spectrum of disease man-
agement. This single-centered retrospective study observed
that the use of therapeutic anticoagulation for prophylaxis may
be associated with negative outcomes among COVID-19 pa-
tients. Due to increased risk of bleeding with therapeutic in-
tensity doses, the risk of thrombotic events may not justify the
use of higher doses. Larger prospective trials are warranted to
evaluate the efficacy and safety of therapeutic anticoagulant
therapy.

Supplementary Material

Suppl 1. Institutional anticoagulation protocol for inpatient
COVID-19 patients.
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