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Abstract
Introduction: The Coronavirus Disease 2019 (COVID-19) is associated with severe hypercoagulability. There is currently
limited evidence supporting the routine use of therapeutic anticoagulation in the setting of COVID-19.Objectives: The primary
objective was to compare the incidence of thromboembolic events in adult patients with COVID-19 treated with an unfrac-
tionated heparin (UFH) infusion versus prophylactic dose anticoagulation. Secondary objectives included exploration of the
efficacy and safety of an UFH infusion through the evaluation of organ function and incidence of minor and major bleeding.
Methods: Retrospective observational cohort study with propensity score matching of COVID-19 patients who received an
UFH infusion targeting an aPTT between 40 and 60 seconds. Results: Fifty-six patients were included in this study. There was no
difference in the composite of thromboembolic events comprised of venous thromboembolism, arterial thrombosis, and
catheter-related thrombosis between the UFH and control group (17.9% vs. 3.6%, P ¼ 0.19). There was a significant increase in
median D-dimer concentrations from day 1 to day 7 in the control group (475 ng/mL [291-999] vs. 10820 ng/mL [606-21033],
P¼ 0.04). Patients treated with UFH had a higher incidence of minor bleeding (35.7% vs. 0%, P < 0.005) and required more units of
packed red blood cell transfusion (0.8 units + 1.6 vs. 0 units, P ¼ 0.01). Conclusion: Continuous infusion of UFH for patients
with COVID-19 infection did not decrease the overall incidence of thromboembolic complications. UFH was associated with
stabilization of D-dimer concentrations and increased rates of minor bleeding and transfusions.
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Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic

caused by severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) has led to over 9 million confirmed cases

worldwide with an estimated mortality rate of 5%.1 Mortality

of COVID-19 patients is often associated with multiple organ

failure and pathological changes indicative of profound inflam-

mation and hypercoagulation as opposed to respiratory distress

alone.2-4 The severe hypercoagulability induced by COVID-19

often manifests with elevated D-dimer concentrations and for-

mation of microthrombi resulting in multi-organ dysfunc-

tion.4,5 Venous and arterial thromboembolic events are

estimated to occur up to 25% in hospitalized COVID-19

patients, with the incidence increasing up to 59% in critically

ill patients.6

There is limited clinical data or guideline recommendations

supporting the routine use of therapeutic anticoagulation in the

setting of COVID-19 hypercoagulability.3 According to the

American Society of Hematology, therapeutic anticoagulation

should not be given without an alternative indication such as

documented atrial fibrillation or venous thromboembolism

(VTE).7 Despite this, patients with severe COVID-19 disease

are at high risk for thrombosis and many institutions

have anecdotally initiated various doses of therapeutic

anticoagulation.
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differences were found regarding PF ratio, serum creatinine,

alanine transaminase (ALT), INR, absolute lymphocyte count,

or LDH.

There was no significant difference in the composite of

thromboembolic complications between the UFH and control

groups (17.9% vs. 3.6%, P ¼ 0.19) (Table 3). Patients in the

UFH group required more renal replacement therapy (35.7%
vs. 3.6%, P ¼ 0.005), more mechanical ventilation (75% vs.

25%, P < 0.005), longer durations of mechanical ventilation

(13.7 days+ 7.4 vs. 1.7 days+ 3.8, P < 0.005), and ICU length

of stay (12 days + 9.2 vs. 1 day + 7.4 2.9, P < 0.005) as

compared to the control group. Patients treated with UFH had

a higher incidence of minor bleeding (35.7% vs. 0%, P < 0.005)

and required significantly more units of packed red blood cell

transfusion (0.8 units+ 1.6 vs. 0 units, P¼ 0.01). There was no

difference in the incidence of major bleeding (7.1% vs. 0%,

P ¼ 0.49). In addition, there were no documented cases of pos-

itive heparin induced platelet antibodies and positive serotonin

release assays in either group.

Discussion

In an observational cohort study of patients treated with

low-dose continuous infusion UFH for management of

COVID-19 hypercoagulability, we found that there was no

difference in the primary composite of thromboembolic events.

Early anticoagulation may be needed for COVID-19

patients as organ failure is likely secondary to COVID-19 dis-

ease may be caused by hypercoagulation leading to systemic

microthrombi.12,13 In a case series of 4 critically ill patients

with COVID-19, patients presented with markedly elevated

D-dimers and respiratory failure which responded to systemic

tissue plasminogen activator.12 If therapeutic anticoagulation is

initiated early in the disease course of COVID-19 patients,

thrombotic complications may be prevented and thrombolysis

would not be needed, potentially decreasing the risk for major

bleeding complications and reducing cost of therapy.

The 17.9% incidence of thrombotic complications in this

study was lower than the 20-30% described in earlier

Figure 1. Patient identification and inclusion. PSM: propensity score match; UFH: unfractionated heparin.

Table 1. Baseline Characteristics.

Characteristic
UFH

(N ¼ 28)
Control
(N ¼ 28)

P
Value

Mean age, years 63.8 + 13.6 65.3 + 12.7 0.69
Sex, % male 18 (64%) 20 (71%) 0.78

Mean body mass index (kg/m2) 32.9 + 9.2 27.1 + 4.6 0.005
Asthma 2 (7%) 2 (7%) 1.0

Cancer 3 (11%) 3 (11%) 1.0
Chronic obstructive pulmonary

disease

0 (0%) 1 (4%) 0.49

Coronary artery disease 3 (11%) 4 (14%) 1.0

Diabetes mellitus 18 (64%) 15 (54%) 0.80
End stage renal disease on

dialysis

1 (4%) 3 (11%) 0.35

Hypertension 19 (68%) 23 (82%) 0.36

Mean baseline hemoglobin (g/dL)
+ SD

12.9 + 2.6 12.2 + 2.1 0.28

Mean SOFA score 5.8 + 3.8 3.2 + 2.7 0.007
Concomitant antiplatelet therapy 2 (7%) 3 (11%) 0.67

Intensive care unit management 16 (57%) 8 (29%) 0.06

Abbreviations: SOFA: sequential organ failure assessment; UFH: unfractionated
heparin.
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Unfractionated heparin (UFH) is a commonly used antic-

oagulant that has proven clinical efficacy in a variety of throm-

botic disorders as well as immunomodulatory effects in-vitro.8

In order to mitigate the systemic insult of the hypercoagulable

state while ensuring frequent and reliable monitoring,

COVID-19 patients presenting to our institution with elevated

D-dimer concentrations were started on a low dose UFH infu-

sion at 8 units/kg/hour with subsequent titration every 6 hours

to a goal activated partial thromboplastin time (aPTT) between

40 to 60 seconds as opposed to our normal therapeutic range of

53 to 98 seconds. Due to the clinical urgency at the time of

implementation, our practice was to initiate the UFH infusion

for patients with a D-dimer concentration above 1500 ng/mL

with daily monitoring of D-dimer concentrations for the dura-

tion of therapy despite the lack of concrete clinical guidance.9

A lower aPTT range of 40 to 60 seconds was targeted based on

expert opinion at our institution given the uncertain tolerability

of full-dose therapeutic anticoagulation in these patients.

The primary goal of our study was to compare the incidence

of thromboembolic events in patients treated with the low-dose

UFH infusion versus those with routine prophylactic dosing.

Further, we sought to explore the efficacy and safety of the

UFH infusion through the evaluation of organ function, inci-

dence of minor and major bleeding, length of stay, and

mortality.

Materials and Methods

Patients

The study was determined to be exempt human research and

received approval from the Icahn School of Medicine at Mount

Sinai institutional review board. Adult patients 18 years and

older with confirmed COVID-19 infection treated with an UFH

infusion between March 1, 2020 and April 14, 2020 in a com-

munity teaching hospital in New York City were retrospec-

tively identified through our institution’s electronic health

record and included in this study. Subjects were excluded if

they were pregnant or incarcerated, had an ICU length of stay

of less than 48 hours, UFH duration of less than 48 hours,

transferred to another institution, or had an alternative indica-

tion for therapeutic anticoagulation. The decision to initiate the

UFH infusion as opposed to standard prophylaxis dosing was

left up to the treatment team as this clinical guidance was not

mandated by our institution.

Study Outcomes

The primary study outcome was a composite of documented

thromboembolic events comprised of VTE, arterial thrombosis,

and catheter-related thrombosis confirmed by imaging. In addi-

tion to the primary study outcome, we collected the following

surrogates of organ function and data points as secondary

outcomes: D-dimer, PaO2: FiO2 (PF) ratio, serum creatinine,

daily urine output, hepatic transaminases, fibrinogen, interna-

tional normalized ratio (INR), aPTT, absolute lymphocyte

count, lactate dehydrogenase (LDH), duration of mechanical

ventilation, intensive care unit (ICU) length of stay, and

seven-day mortality. For our safety analysis, we collected

the incidence of minor bleeding, major bleeding, and

heparin-induced thrombocytopenia. Definitions of minor and

major bleeding were based on the International Society of

Thrombosis recommendations.10,11

Statistical Analysis

Statistical analysis was performed with SAS Studio (SAS Cor-

poration, Cary, NC, USA) and GraphPad Prism 8.0 (GraphPad

Software, San Diego, CA, USA). A propensity score calculation

was performed where treatment with an UFH infusion was the

dependent variable and patient sex, age, and past medical history

of diabetes mellitus, hypertension, and coronary artery disease

were the independent variables. After propensity score calcula-

tion, global optimal matching was used to create a propensity

score matched cohort. Dichotomous study outcomes were com-

pared using the Fisher’s Exact Test and continuous outcomes

were compared using Student’s T Test. Associations of changes

in the secondary outcomes previously described and the use of

UFH infusions were assessed with the use of linear regression.

Results

A total of 71 COVID-19 confirmed patients treated with an

UFH infusion were identified through our electronic health

record. Figure 1 shows patients that were excluded and the

eventual number of cases that were included in the propensity

score matched cohort, 28 patients in the UFH group and

28 patients in the control group. Baseline characteristics for

both groups are shown in Table 1. Severity of illness as

assessed by the Sequential Organ Failure Assessment (SOFA)

score was significantly higher in the UFH group as compared to

the control group (5.8 + 3.8 vs. 3.2 + 2.7, P ¼ 0.007).

The mean lowest UFH infusion rate was 8.4+ 2.1 units/kg/

hour and the mean highest UFH infusion rate was 15.1 + 4

units/kg/hour. In the control group, 14 (50%) patients received

standard prophylaxis with subcutaneous UFH 5000 units every

8 or 12 hours, 12 (42.9%) received standard prophylaxis with

enoxaparin 40 mg every 24 hours, and 2 (7.1%) patients did not

receive any pharmacologic prophylaxis. There was no statisti-

cally significant difference in the use of concomitant antiplate-

let therapy and no patients received systemic thrombolytic

agents. A comparison of laboratory values over time between

the UFH group and control group is shown in Table 2. The

median maximum aPTT values in the UFH group during the

treatment duration were all considered to be within our insti-

tution’s therapeutic range of 40-60 seconds (Figure 2). Patients

in the control group had a statistically significant increase in

daily median D-dimer concentrations whereas the UFH group’s

trend was not statistically significant (Figure 2). The UFH

group’s decrease in daily median aspartate transaminase (AST)

level and increase in urine output was statistically significant.

There was a statistically significant increase in daily median

fibrinogen concentration in the UFH group. No significant
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differences were found regarding PF ratio, serum creatinine,

alanine transaminase (ALT), INR, absolute lymphocyte count,

or LDH.

There was no significant difference in the composite of

thromboembolic complications between the UFH and control

groups (17.9% vs. 3.6%, P ¼ 0.19) (Table 3). Patients in the

UFH group required more renal replacement therapy (35.7%
vs. 3.6%, P ¼ 0.005), more mechanical ventilation (75% vs.

25%, P < 0.005), longer durations of mechanical ventilation

(13.7 days+ 7.4 vs. 1.7 days+ 3.8, P < 0.005), and ICU length

of stay (12 days + 9.2 vs. 1 day + 7.4 2.9, P < 0.005) as

compared to the control group. Patients treated with UFH had

a higher incidence of minor bleeding (35.7% vs. 0%, P < 0.005)

and required significantly more units of packed red blood cell

transfusion (0.8 units+ 1.6 vs. 0 units, P¼ 0.01). There was no

difference in the incidence of major bleeding (7.1% vs. 0%,

P ¼ 0.49). In addition, there were no documented cases of pos-

itive heparin induced platelet antibodies and positive serotonin

release assays in either group.

Discussion

In an observational cohort study of patients treated with

low-dose continuous infusion UFH for management of

COVID-19 hypercoagulability, we found that there was no

difference in the primary composite of thromboembolic events.

Early anticoagulation may be needed for COVID-19

patients as organ failure is likely secondary to COVID-19 dis-

ease may be caused by hypercoagulation leading to systemic

microthrombi.12,13 In a case series of 4 critically ill patients

with COVID-19, patients presented with markedly elevated

D-dimers and respiratory failure which responded to systemic

tissue plasminogen activator.12 If therapeutic anticoagulation is

initiated early in the disease course of COVID-19 patients,

thrombotic complications may be prevented and thrombolysis

would not be needed, potentially decreasing the risk for major

bleeding complications and reducing cost of therapy.

The 17.9% incidence of thrombotic complications in this

study was lower than the 20-30% described in earlier

Figure 1. Patient identification and inclusion. PSM: propensity score match; UFH: unfractionated heparin.

Table 1. Baseline Characteristics.

Characteristic
UFH

(N ¼ 28)
Control
(N ¼ 28)

P
Value

Mean age, years 63.8 + 13.6 65.3 + 12.7 0.69
Sex, % male 18 (64%) 20 (71%) 0.78

Mean body mass index (kg/m2) 32.9 + 9.2 27.1 + 4.6 0.005
Asthma 2 (7%) 2 (7%) 1.0

Cancer 3 (11%) 3 (11%) 1.0
Chronic obstructive pulmonary

disease

0 (0%) 1 (4%) 0.49

Coronary artery disease 3 (11%) 4 (14%) 1.0

Diabetes mellitus 18 (64%) 15 (54%) 0.80
End stage renal disease on

dialysis

1 (4%) 3 (11%) 0.35

Hypertension 19 (68%) 23 (82%) 0.36

Mean baseline hemoglobin (g/dL)
+ SD

12.9 + 2.6 12.2 + 2.1 0.28

Mean SOFA score 5.8 + 3.8 3.2 + 2.7 0.007
Concomitant antiplatelet therapy 2 (7%) 3 (11%) 0.67

Intensive care unit management 16 (57%) 8 (29%) 0.06

Abbreviations: SOFA: sequential organ failure assessment; UFH: unfractionated
heparin.
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reports.9,14 This difference in this observation may be attribu-

table to the use of higher doses anticoagulants with an UFH

infusion as opposed to routine prophylactic doses with UFH or

a low molecular weight derivative. Although our study did not

evaluate trends in inflammatory biomarkers, the use of UFH

specifically as opposed to alternative agents may have its own

set of benefits that may have affected our results such as inhi-

bition of inflammatory mediators and cytokines which are

implicated in the regulation of coagulation and fibrinolysis.8,15

The provider team-driven practice of initiating a low-dose

UFH infusion with a target aPTT of 40 to 60 seconds began

after we noticed many patients were experiencing

catheter-related thromboses despite being on routine prophy-

lactic regimens. UFH was chosen in preference to other antic-

oagulants because of in-vitro data demonstrating direct binding

of the SARS-CoV-2 Spike protein to heparin causing signifi-

cant structural changes as well as the direct downregulation of

proinflammatory cytokines such as inteleukin-6.16,17 The deci-

sion to target a lower aPTT range instead of full therapeutic

doses with a higher aPTT range was made balancing the benefit

of anticoagulation with the risk of bleeding and tolerability in

critically ill patients. Even with a lower aPTT target of 40 to 60

seconds, patients the UFH group had significantly more cases

of minor bleeding and transfusion requirements than the con-

trol group. Interestingly, unlike disseminated intravascular coa-

gulation, the fibrinogen levels in our cohort were significantly

elevated as compared to baseline, which may indicate normal

or increased coagulation activity.

D-dimer concentration has been reported as a strong single

predictor of venous thromboembolic disease in patients with

severe COVID-19 infection.9 The increase in daily D-dimer

concentrations seen in the control group despite prophylactic

anticoagulation contrasted to stable D-dimer concentrations in

the UFH group signifies that prophylaxis may not be enough

for these patients. The absence of a statistically significant

decrease in D-dimer concentrations in the UFH group is likely

multifactorial. The first consideration that needs to be made as

alluded to previously is the therapeutic target for anticoagula-

tion and the potential benefit from increasing the dose to

achieve higher aPTTs in established therapeutic ranges. The

second consideration are the various factors that have been

associated with increased D-dimer levels throughout the course

of treatment such as age, concomitant infection, liver disease,

and renal disease.18,19

The statistically significant differences in AST and urine

output is hypothesis generating as they serve as surrogates for

hepatic and renal function, respectively. It is plausible that

organ function would improve with the initiation of UFH via

prevention of microthrombi formation. However, the lack of

statistical significance in other laboratory values and indices of

organ function such as serum creatinine, ALT, and PF ratio

suggest that these findings may not be clinically significant.

Although the statistically significant differences in duration of

mechanical ventilation, requirement for renal replacement ther-

apy, and ICU length of stay are likely indicative of a higher

severity of illness in the treatment group, it may also represent

longer hospital survival.

Since the completion of this study, additional guidance rec-

ommendations have been released regarding the management

of hypercoagulability associated with COVID-19. The
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Figure 2. Comparison of aPTT and D-dimer over time.

Table 3. Subject Outcomes.

Outcome
UFH

(N ¼ 28)
Control
(N ¼ 28)

P
Value

Thromboembolic complication 5 (17.9%) 1 (3.6%) 0.19

Arterial thromboembolism 2 1 –
Catheter-related

thromboembolism

1 0 –

Venous thromboembolism 2 0 –
Patients requiring mechanical

ventilation

21 (75%) 7 (25%) <0.005

Duration of mechanical

ventilation, days

13.7 + 7.4 1.7 + 3.8 <0.005

New renal replacement therapy

requirement

10 (35.7%) 1 (3.6%) 0.005

Mean PRBC transfused, units 0.8 + 1.6 0 0.01

Patients requiring PRBC
transfusion

10 (35.7%) 0 <0.005

Major bleed 2 (7.1%) 0 0.49
Minor bleed 10 (35.7%) 0 <0.005

ICU length of stay, days 12 + 9.2 1 + 2.9 <0.005
Seven-day mortality 5 (17.9%) 9 (32.1%) 0.36

Abbreviations: PRBC: packed red blood cell; UFH: unfractionated heparin.
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reports.9,14 This difference in this observation may be attribu-

table to the use of higher doses anticoagulants with an UFH

infusion as opposed to routine prophylactic doses with UFH or

a low molecular weight derivative. Although our study did not

evaluate trends in inflammatory biomarkers, the use of UFH

specifically as opposed to alternative agents may have its own

set of benefits that may have affected our results such as inhi-

bition of inflammatory mediators and cytokines which are

implicated in the regulation of coagulation and fibrinolysis.8,15

The provider team-driven practice of initiating a low-dose

UFH infusion with a target aPTT of 40 to 60 seconds began

after we noticed many patients were experiencing

catheter-related thromboses despite being on routine prophy-

lactic regimens. UFH was chosen in preference to other antic-

oagulants because of in-vitro data demonstrating direct binding

of the SARS-CoV-2 Spike protein to heparin causing signifi-

cant structural changes as well as the direct downregulation of

proinflammatory cytokines such as inteleukin-6.16,17 The deci-

sion to target a lower aPTT range instead of full therapeutic

doses with a higher aPTT range was made balancing the benefit

of anticoagulation with the risk of bleeding and tolerability in

critically ill patients. Even with a lower aPTT target of 40 to 60

seconds, patients the UFH group had significantly more cases

of minor bleeding and transfusion requirements than the con-

trol group. Interestingly, unlike disseminated intravascular coa-

gulation, the fibrinogen levels in our cohort were significantly

elevated as compared to baseline, which may indicate normal

or increased coagulation activity.

D-dimer concentration has been reported as a strong single

predictor of venous thromboembolic disease in patients with

severe COVID-19 infection.9 The increase in daily D-dimer

concentrations seen in the control group despite prophylactic

anticoagulation contrasted to stable D-dimer concentrations in

the UFH group signifies that prophylaxis may not be enough

for these patients. The absence of a statistically significant

decrease in D-dimer concentrations in the UFH group is likely

multifactorial. The first consideration that needs to be made as

alluded to previously is the therapeutic target for anticoagula-

tion and the potential benefit from increasing the dose to

achieve higher aPTTs in established therapeutic ranges. The

second consideration are the various factors that have been

associated with increased D-dimer levels throughout the course

of treatment such as age, concomitant infection, liver disease,

and renal disease.18,19

The statistically significant differences in AST and urine

output is hypothesis generating as they serve as surrogates for

hepatic and renal function, respectively. It is plausible that

organ function would improve with the initiation of UFH via

prevention of microthrombi formation. However, the lack of

statistical significance in other laboratory values and indices of

organ function such as serum creatinine, ALT, and PF ratio

suggest that these findings may not be clinically significant.

Although the statistically significant differences in duration of

mechanical ventilation, requirement for renal replacement ther-

apy, and ICU length of stay are likely indicative of a higher

severity of illness in the treatment group, it may also represent

longer hospital survival.

Since the completion of this study, additional guidance rec-

ommendations have been released regarding the management

of hypercoagulability associated with COVID-19. The
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Figure 2. Comparison of aPTT and D-dimer over time.

Table 3. Subject Outcomes.

Outcome
UFH

(N ¼ 28)
Control
(N ¼ 28)

P
Value

Thromboembolic complication 5 (17.9%) 1 (3.6%) 0.19

Arterial thromboembolism 2 1 –
Catheter-related

thromboembolism

1 0 –

Venous thromboembolism 2 0 –
Patients requiring mechanical

ventilation

21 (75%) 7 (25%) <0.005

Duration of mechanical

ventilation, days

13.7 + 7.4 1.7 + 3.8 <0.005

New renal replacement therapy

requirement

10 (35.7%) 1 (3.6%) 0.005

Mean PRBC transfused, units 0.8 + 1.6 0 0.01

Patients requiring PRBC
transfusion

10 (35.7%) 0 <0.005

Major bleed 2 (7.1%) 0 0.49
Minor bleed 10 (35.7%) 0 <0.005

ICU length of stay, days 12 + 9.2 1 + 2.9 <0.005
Seven-day mortality 5 (17.9%) 9 (32.1%) 0.36

Abbreviations: PRBC: packed red blood cell; UFH: unfractionated heparin.
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International Society of Thrombosis and Haemostasis recom-

mends monitoring of D-dimer concentrations as well as initia-

tion of prophylactic dose low molecular weight heparin

(LMWH) for all patients with COVID-19 infection in the

absence of contraindications.20 A literature review performed

by Bikdeli and colleagues acknowledged the need for further

investigation before routinely utilizing therapeutic anticoagu-

lation in patients with COVID-19, although a minority of panel

members considered intermediate-dose or therapeutic dose to

be reasonable.21 The National Institutes of Health COVID-19

treatment guidelines did not make recommendations for or

against monitoring of D-dimer concentrations or initiation of

therapeutic anticoagulation due to insufficient evidence.22 The

CHEST guideline and expert panel recommended standard pro-

phylaxis dosing over full therapeutic dosing based on lack of

evidence and use of LMWH over UFH to limit staff expo-

sure.23 The Anticoagulation Forum suggested against using

biomarkers such as D-dimer to guide intensification of antic-

oagulation and recommended the use of standard dose VTE

prophylaxis for non-critically ill patients and increased doses

of VTE prophylaxis (subcutaneous heparin 7500 units 3 times

daily, enoxaparin 40 mg twice daily, or low-intensity heparin

infusion) for critically ill patients, recommendations based

largely on expert opinion.24 In addition to the above recom-

mendations, there are currently a number of ongoing studies

evaluating the effects of anticoagulation with alternative agents

such as enoxaparin and rivaroxaban or different therapeutic

targets such as anti-Xa levels or higher aPTT ranges in patients

with COVID-19.25-29

Our study has several limitations that we acknowledge.

First, given its retrospective design, we were unable to achieve

a study with a large sample size with balanced severity of

illness or account for missing data values in the electronic

medical record. Although patient comorbidities were well

matched, there was a significant difference in the SOFA scores

between the 2 groups and potential for selection bias which

were unable to be accounted for due to limitations in overall

sample size and the retrospective nature of this study. Second,

we were unable to report the trends of laboratory values and

clinical endpoints over a longer period given logistical restric-

tions. The lack of statistical significance in our primary out-

come may be attributed to the limited use of diagnostic

ultrasonography and radiology; these procedures were limited

at the time in an effort to minimize staff exposure performing

unnecessary tests. Moreover, imaging studies were challenging

in select patients with severe ARDS who required prone posi-

tioning. Furthermore, the diagnostic yield of those tests would

have likely been low given the high incidence of microvascular

as opposed to macrovascular thrombosis.

Conclusion

In summary, the use of continuous infusion UFH targeting an

aPTT of 40 to 60 seconds for patients with confirmed

COVID-19 infection was not associated with a lower rate of

thromboembolic complications. The use of an UFH infusion

may prevent increases in D-dimer concentrations but may also

increase the risk of minor bleeding. Additional studies are

needed to determine the precise indications for initiation of

therapy, the optimal anticoagulant, and the therapeutic target

for the management of hypercoagulability associated with

COVID-19 infection.
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