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Abstract

Patients with COVID-19 are at higher risk of thrombosis due to the inflammatory nature of their disease. A higher-intensity
approach to pharmacologic thromboprophylaxis may be warranted. The objective of this retrospective cohort study was to
determine if a patient specific, targeted-intensity pharmacologic thromboprophylaxis protocol incorporating severity of ill-
ness, weight, and biomarkers decreased incidence of thrombosis in hospitalized patients with COVID-19. Included patients
were hospitalized with COVID-19 and received thromboprophylaxis within 48 h of admission. Exclusion criteria included
receipt of therapeutic anticoagulation prior to or within 24 h of admission, history of heparin-induced thrombocytopenia,
extracorporeal membrane oxygenation, pregnancy, or incarceration. Per-protocol patients received thromboprophylaxis
according to institutional protocol involving escalated doses of anticoagulants based upon severity of illness, total body
weight, and biomarker thresholds. The primary outcome was thrombosis. Secondary outcomes included major bleeding,
mortality, and identification of risk factors for thrombosis. Of 1189 patients screened, 803 were included in the final analysis.
The median age was 54 (42-65) and 446 (55.5%) were male. Patients in the per-protocol group experienced significantly
fewer thrombotic events (4.4% vs. 10.7%, p=0.002), less major bleeding (3.1% vs. 9.6%, p <0.001), and lower mortality
(6.3% vs. 11.8%, p=0.02) when compared to patients treated off-protocol. Significant predictors of thrombosis included
mechanical ventilation and male sex. Post-hoc regression analysis identified mechanical ventilation, major bleeding, and
D-dimer > 1500 ng/mL FEU as significant predictors of mortality. A targeted pharmacologic thromboprophylaxis protocol
incorporating severity of illness, body weight, and biomarkers appears effective and safe for preventing thrombosis in patients
with COVID-19.
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¢ Hospitalized patients with COVID-19 are at an increased
risk of thrombosis due to the inflammatory nature of their
disease.
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Background

Patients infected with Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2), also known as Coronavirus
Disease 2019 (COVID-19), experience a disease-dependent
risk of coagulopathy and thrombosis alongside severe res-
piratory symptoms. This presents as localized thrombosis in
the lung as well as systemic thrombosis [1-10]. Support for
the role of pulmonary microthrombosis in the progression of
disease comes from data showing that pulmonary embolism
(PE) has occurred more often than deep vein thrombosis
(DVT) [1,2,4,9,11, 12].

Given the current understanding of the role of thrombo-
inflammation in the progression of disease, identifying the
optimal dosing approach for prophylactic anticoagulation in
COVID-19 is paramount. Factors used to empirically esca-
late anticoagulant doses include patient weight, as well as
severity of illness. Markers of coagulation and coagulopa-
thy, including D-dimer and thromboelastography (TEG) max
amplitude, may also be useful to guide therapy in patients
with COVID-19 [13-18]. Data on higher-intensity throm-
boprophylaxis regimens are currently sparse with mixed
results. An escalated approach (e.g., enoxaparin 40-60 mg
twice daily, enoxaparin 0.5 mg/kg twice daily, unfraction-
ated heparin (UFH) 7500 units three times daily) was asso-
ciated with decreased mortality in two recent retrospective
studies [14, 19]. The only randomized controlled trial to
date demonstrated no benefit in thrombosis or mortality with
enoxaparin 1 mg/kg daily versus enoxaparin 40 mg daily
[20]. Additionally, empiric full strength or high-intensity
anticoagulation may decrease mortality [9, 21, 22]. Guide-
lines and consensus statements currently recommend the use
of chemoprophylaxis in patients with COVID-19 [23-28],
although the ideal regimen remains unclear. The purpose
of this study was to evaluate the effectiveness and safety
of a patient specific, targeted-intensity thromboprophylaxis
protocol in hospitalized patients with COVID-19.

Methods

This retrospective, single center, cohort study was conducted
at the University of Colorado Hospital, a large academic
medical center, in accordance with the Colorado Multiple
Institutional Review Board.

Patient inclusion and exclusion

Patients admitted with a positive SARS-CoV-2 PCR
between March 1, 2020 and October 31, 2020 were evalu-
ated for inclusion. Included patients additionally had to be

initiated on thromboprophylaxis within 48 h of admission.
Exclusion criteria included a history of heparin-induced
thrombocytopenia (HIT), extracorporeal membrane oxy-
genation (ECMO), pregnancy or breastfeeding, and incar-
ceration. Patients were also excluded if they received
therapeutic anticoagulation prior to admission or within
24 h of admission in order to limit alternative indications
(i.e., atrial fibrillation) or probability that patients had an
existing thrombus on admission.

Data collection and definitions

All data were extracted through manual chart review from
the electronic health record at the University of Colorado
Hospital. The following data points were collected from
admission information and laboratory values: age, sex,
weight, body mass index, creatinine clearance, serum
creatinine, hemoglobin, platelets, D-dimer, max ampli-
tude on TEG, and admission unit. Comorbidities were a
known component of the patient’s past medical history.
In-hospital problems as well as anti-platelet use included
an event or administration that may have occurred at any-
time and for any duration during the patient’s admission.
Of the patients receiving a P2Y12 inhibitor, 1 received
prasugrel and 17 received clopidogrel. Acute kidney injury
was classified by the AKIN criteria [29]. Renal replace-
ment therapy included both intermittent hemodialysis and/
or continuous renal replacement therapy. The PaO,:FiO,
ratio documented was the lowest value recorded during
admission.

Intervention

A pharmacologic prophylaxis protocol was implemented for
all patients admitted to the University of Colorado Hospital
with a diagnosis of COVID-19 (Supplementary Table 1).
This protocol was developed through an iterative consensus
process involving institutional practitioners and anticoagula-
tion specialists, incorporating severity of illness, total body
weight, biomarker data, and available anti-factor Xa meas-
urements from hospitalized COVID-19 patients admitted
primarily to the ICU. For this study, patients were stratified
into a per-protocol study group if initiated on the appropri-
ate prophylactic regimen within 4 days of admission or an
off-protocol study group if initiated on a regimen alterna-
tive to the protocol. Briefly, the protocol included a patient
specific approach to thromboprophylaxis. Standard doses of
prophylaxis could be recommended initially, but dosing was
escalated based on patient-specific factors. The institutional
protocol dosing recommendations were unchanged through-
out the entirety of this evaluation.
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Outcomes

The primary outcome was incidence of thrombosis, includ-
ing both venous and arterial clot formation. Key second-
ary outcomes included major bleeding per the International
Society on Thrombosis and Haemostasis (ISTH) criteria
[30], all-cause mortality, and identification of risk factors
for thrombosis. Additional secondary outcomes included
interruption in thromboprophylaxis, change or escalation of
thromboprophylaxis, and time from initiation of prophylaxis
to thrombosis. Pre-specified subgroup analyses for the pri-
mary outcome were also performed. Deep vein thrombosis
and acute peripheral arterial thrombosis were identified via
duplex ultrasound imaging. Pulmonary embolism was iden-
tified via computed topography angiogram. Ischemic stroke
was diagnosed via signs and symptoms of stroke according
to the NIH stroke scale [31, 32] and supported by computed
topography imaging of the head. Myocardial infarction was
identified via percutaneous coronary intervention in the
catheterization laboratory.

Statistical analysis

A sample size of 800 was required to achieve 90% power at a
significance of 0.05 to detect a 32% relative risk reduction in
thrombosis based on an estimated 31% thrombosis rate [1].
Descriptive statistics were used to analyze demographic and
outcomes data. Categorical data were compared using Chi-
square or Fisher’s exact test, as appropriate. Continuous data
were analyzed using Wilcoxon Rank Sum. A backward step-
wise logistic regression was used to determine significant
risk factors for thrombosis, and a similar post-hoc regres-
sion analysis was used to identify risk factors for mortal-
ity. Variables with p-value <0.2 on univariate analysis were

Fig. 1 Patient screening and
inclusion

considered for inclusion in each model. A p-value of <0.05
was used to define statistical significance for all analyses.
JMP® Pro version 15.0 was used for all statistical tests.

Results

A total of 1189 patients were screened for inclusion over
an 8 month time period. Of these patients, 803 were
included in the final analysis (Fig. 1). The median age was
54 (42-65), 446 (55.5%) were male, and 561 (69.9%) were
admitted after protocol implementation. In addition, 63.1%
of patients included were initiated on standard doses of
thromboprophylaxis for medically ill patients (enoxaparin
40 mg daily, UFH 5000 units three times daily). Patients in
the off-protocol group were more often male and had larger
total body weight, decreased creatinine clearance, and higher
D-dimer on admission. The off-protocol patients were also
more likely to be admitted prior to protocol implementa-
tion, admitted to the intensive care unit (ICU), require renal
replacement therapy (RRT), mechanical ventilation and
vasopressor support, and be initiated on UFH (Table 1).
The overall incidence of thrombotic events in this cohort
was 6.6% (DVT 3.7%, PE 1.8%, arterial 1.1%); patients
admitted to the ICU experienced a thrombosis rate of 12.4%
and floor patients experienced a thrombosis rate of 3.7%.
The per-protocol group experienced significantly fewer
thrombotic events than the off-protocol group (4.4% vs
10.7%, p=0.002). Incidence of DVT and PE was signifi-
cantly lower in the per-protocol group as well, but no dif-
ference in arterial thrombosis was evident (Table 2). Major
bleeding was significantly lower in the per-protocol group
(3.1% vs 9.6%, p<0.001) with bleeding at a critical site or
a fall in hemoglobin requiring >2 units pRBCs driving this

Screened (N = 1189)

Excluded (N = 386)

48 hours = 88
History of HIT =1

ECMO =13

Thromboprophylaxis not initiated within

Therapeutic anticoagulation within 24
hours or prior to admission = 111

Pregnant or breastfeeding = 25
Never admitted as inpatient = 148

| Included (N = 803) |

!

l

Per-protocol (N = 616)

Off-protocol (N = 187)
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Table 1 Patient demographics Variable Per-protocol (n=616)  Off-protocol (n=187)  p-value
Age (years) 54 (42-65) 56 (44-66) 0.12
Male 324 (52.6) 122 (65.2) 0.003
Weight (kg) 81.5 (69.9-95.3) 84.8 (72.6-107.9) <0.001
BMI (kg/m?) 29.3 (25.4-33.9) 31.1 (26.6-37.3) 0.006
Laboratory values
CrCl (mL/min) 98.4 (68.7-127.3) 83.1 (54.2-115.2) <0.001
Serum creatinine (g/dL) 0.81 (0.66-1.01) 0.99 (0.76-1.29) <0.001
Hemoglobin (g/dL) 14.1 (12.7-15.2) 13.9 (12.5-15.2) 0.52
Platelets (10°/L) 206 (164-266) 199 (158-250) 0.13
D-dimer (ng/mL FEU) 790 (513-1398) 1540 (760-2500) <0.001
D-dimer > 1500 ng/mL FEU on admission 141 (23.0) 89 (51.7) <0.001
Max amplitude (mm) 71.7 (69.0-77.1) 63.9 (50.5-70.9) 0.03
Comorbidities
Active cancer 27 (4.4) 14 (7.5) 0.13
Previous VTE 152.4) 5@2.7) 0.79
Atrial fibrillation 5(0.8) 2 (1.1) 0.67
ASCVD 53 (8.6) 19 (10.2) 0.56
Known thrombophilia 5(0.8) 4(2.1) 0.22
Trauma/surgery 6 (1.0) 7@(3.7) 0.02
Hypertension 245 (39.8) 89 (47.6) 0.06
Chronic kidney disease 20 (3.3) 19 (10.2) <0.001
Diabetes 199 (32.3) 64 (34.2) 0.66
COPD 25 (4.1) 8(4.3) 0.84
Asthma 77 (12.5) 25 (13.4) 0.80
Pulmonary hypertension 8(1.3) 2(1.1) 0.99
Obstructive sleep apnea 30 (4.9) 21 (11.2) 0.003
Other chronic lung disease 13 (2.1) 3(1.6) 0.99
In-hospital problems
Acute kidney injury 217 (35.2) 112 (59.9) <0.001
Renal replacement therapy 27 (4.4) 18 (9.6) 0.01
P:F ratio 108 (81-136) 100 (80-148) 0.74
Mechanical ventilation 87 (14.1) 75 (40.1) <0.001
Requiring pressors 90 (14.8) 71 (38.0) <0.001
Room air 51 (8.3) 16 (8.6) 0.88
Supplemental oxygen 379 (61.5) 74 (39.6) <0.001
NIV or high-flow nasal cannula 82 (13.3) 18 (9.6) 0.21
Prophylactic initiation regimen
Enoxaparin 40 mg daily 359 (58.3) 87 (46.5) 0.006
Enoxaparin 30 mg BID 162 (26.3) 17 (9.1) <0.001
Enoxaparin 40 mg BID 54 (8.8) 14 (7.5) 0.65
Enoxaparin 0.5 mg/kg BID 3(0.5) 1(0.5) 0.99
UFH 5000 units TID 20 (3.3) 41 (21.9) <0.001
UFH 7500 units TID 18 (2.9) 8(4.3) 0.35
Enoxaparin 30 mg daily 0(0) 1(0.5) 0.23
UFH 5000 units BID 0 (0) 15 (8.0) <0.001
Dalteparin 5000 units daily 0(0) 2(1.1) 0.05
UFH 10,000 units TID 0(0) 1(0.5) 0.23
Anti-platelets
Aspirin 90 (14.8) 33 (17.7) 0.35
P2Y12 inhibitor 13 (2.1) 527 0.58
DAPT 11(1.8) 4(2.1) 0.76
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Table 1 (continued)

Variable Per-protocol (n=616)  Off-protocol (n=187)  p-value

Admission
Admitted to ward 487 (79.0) 116 (62.0) <0.001
Admitted to ICU 129 (21.0) 71 (38.0) <0.001
Admitted or transferred to ICU 231 (37.5) 107 (57.2) <0.001
Length of stay 5 (3-10) 8 (4-20) <0.001
Admitted before protocol 128 (20.8) 114 (61.0) <0.001
Admitted after protocol 488 (79.2) 73 (39.0) <0.001

All continuous data presented as median (IQR) and all nominal data presented as n (%)

BMI body mass index; CrCl creatinine clearance; FEU fibrinogen equivalent unit; VTE venous thrombo-
embolism; ASCVD atherosclerotic cardiovascular disease; COPD chronic obstructive pulmonary disease;
P:F Pa0O, to FiO, ratio; NIV non-invasive ventilation; BID twice daily; TID three times daily; DAPT dual

antiplatelet therapy
Table2 Primary and secondary Variable Per-protocol (n=616)  Off-protocol (n=187)  p-value
outcomes
Thrombosis 27 (4.4) 20 (10.7) 0.002
Deep vein thrombosis? 18 (2.9) 12 (6.4) 0.04
Pulmonary embolism* 6(1.0) 8 (4.3) 0.006
Ischemic stroke® 2(0.3) 2(1.1) 0.23
Myocardial infarction 2(0.3) 0(0) 0.99
Peripheral arterial clot 2(0.3) 1(0.5) 0.55
Major bleeding 19 (3.1) 18 (9.6) <0.001
Fatal bleeding 2(0.3) 0(0) 0.99
Major organ site 14 (2.3) 13 (7.0) 0.004
Hgb fall >2 g/dL. 14 (2.3) 15 (8.0) 0.001
Requiring >?2 units pRBCs 13/14 (92.9) 13/15 (86.7) 0.99
Mortality 39 (6.3) 22 (11.8) 0.02
Interruption in prophylaxis 14 (2.3) 12 (6.4) 0.009
Any escalation of prophylaxis 105 (17.1) 75 (40.1) <0.001
Escalation according to protocol 51(8.3) 16 (8.6) 0.88
Any change of prophylaxis 124 (20.1) 79 (42.3) <0.001
Time from prophylaxis to thrombosis (days) 8 (5-17) 11 (7-16.5) 0.32

All continuous data presented as median (IQR) and all nominal data presented as n (%)
4One patient had both DVT and PE, and two patients had both DVT and stroke
Hgb hemoglobin; pRBC packed red blood cells

outcome (Table 2). Thirty-seven patients experienced major
bleeding in this cohort, and 59.5% of those patients were
receiving therapeutic anticoagulation at the time of bleed
(Supplementary Table 2). Mortality was also significantly
lower in the per-protocol group (6.3% vs 11.8%, p=0.02).
Patients in the off-protocol group were more likely to require
an interruption in thromboprophylaxis due to suspected
or confirmed bleeding. Off-protocol patients more often
required an escalation to either a higher intensity prophy-
lactic dose or therapeutic anticoagulation as well. There was
no difference in the time from prophylaxis initiation to clot
formation (Table 2). Details regarding prophylactic regimen
use and regimen adjustments are found in Supplementary
Tables 2-5.
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Multivariable logistic regression analysis demonstrated
mechanical ventilation and male sex to be significant pre-
dictors of thrombosis, while a D-dimer > 1500 ng/Ml FEU
increased risk but did not reach significance (Table 3a). Post-
hoc regression analysis of predictors for mortality found
mechanical ventilation, major bleeding, D-dimer > 1500 ng/
Ml FEU, and RRT to significantly increase risk (Table 3b).
Results of pre-specified subgroup analyses can be found in
Supplementary Tables 6 and 7.
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Table 3 Multivariable logistic
regression analysis of (a)

thrombosis and (b) mortality

Variable Odds Ratio (95% CI) P-value
(a) Thrombosis
Required mechanical ventilation 11.62 (5.72-23.63) <0.001
Male sex 2.45 (1.18-5.07) 0.02
D-dimer > 1500 ng/mL FEU on admission 1.73 (0.91-3.32) 0.09
Admitted prior to protocol implementation 1.66 (0.86-3.21) 0.13
(b) Mortality
Required mechanical ventilation 4.64 (2.37-9.10) <0.001
Major bleeding 5.25(2.23-12.31) <0.001
D-dimer > 1500 ng/mL FEU on admission 2.50 (1.36-4.56) 0.003
Required renal replacement therapy 2.42 (1.02-5.74) 0.04

Discussion

Among patients hospitalized with COVID-19, thrombo-
prophylaxis with a protocolized severity of illness, weight,
and biomarker-based anticoagulation strategy was associ-
ated with an overall decreased incidence of thrombosis.
Decreases in DVT and PE drove this outcome without an
excess increase in major bleeding. Our protocol appeared
to be protective against major bleeding, and mortality was
significantly lower in the per-protocol group.

We assessed the effectiveness of a pragmatic, patient
specific, targeted-intensity thromboprophylaxis strategy
in patients with COVID-19 at risk for venous and arterial
thrombosis. The overall incidence of thrombotic events
in our cohort was lower than reported in previous studies
[1-8, 10]. This may be due to the early implementation of
the thromboprophylaxis protocol, initiation of prophylaxis
within 48 h of admission, symptom-driven screening for
thrombosis, or improved supportive strategies in the treat-
ment of patients with COVID-19 over time. The relative
risk reduction of thrombosis with receipt of a per-protocol
regimen was 58.9%, which proved to be significant, with
a number needed to treat of 16. Inclusion of severity of
illness, weight, and relevant biomarkers in the protocol
allowed for identification of higher risk patients that likely
required increased doses of either enoxaparin or UFH to
prevent clot formation. Current data is lacking in criti-
cally ill patients specifically, but no difference in mortality,
advancement to ECMO, and thrombosis was observed in
one recent randomized controlled trial comparing inter-
mediate and standard prophylactic dosing strategies [20].
The median duration of hospitalization to randomization
was 4 days in the aforementioned trial, which could have
contributed to futility [20]. We observed non-statistically
significant decreases in thrombosis in both per-protocol
subgroups admitted to ICUs (9.3% vs 18.1%, p=0.08)
and wards (3.1% vs 6.0%, p=0.16). A targeted protocol
may therefore be beneficial to both critically ill and non-
critically ill patients in future studies with early initiation

of prophylaxis, but requires appropriately powered cohorts
to confirm these initial findings.

Fewer patients experienced major bleeding in the per-pro-
tocol group. Initiation on a per-protocol regimen decreased
need for escalation to therapeutic anticoagulation, which
likely decreased overall risk as a majority of patients who
bled were receiving full anticoagulation at the time. This
may also indicate that intensified prophylactic dosing was
more protective against thrombotic events. A growing body
of evidence supports the use of empiric therapeutic antico-
agulation in patients with COVID-19 [9, 21, 22]. However,
questions regarding the balance between efficacy and safety
of full therapeutic anticoagulation compared to a targeted
strategy remain unanswered.

Mortality differed significantly between groups. Two
recently published studies found significant reductions in
mortality in patients receiving intermediate-intensity throm-
boprophylaxis regimens, which were consistent with our
findings [14, 19]. Predictors of mortality have included male
sex, age> 60, and increasing D-dimer [14]. This prompted
our study group to perform a post-hoc regression analysis to
identify other contributing factors. We found that mechani-
cal ventilation, major bleeding, and RRT increased the risk
of death significantly, indicating that the patients with high-
est severity of illness expectedly had the highest risk. While
we did not see any significant difference in fatality directly
attributable to major bleeding between our study groups,
there was an associated risk of death with any major bleed-
ing. In addition, an elevated D-dimer on admission was asso-
ciated with an increased risk of mortality while thrombosis
was not. Per-protocol thromboprophylaxis was not indepen-
dently associated with a decrease in mortality, signaling that
robust studies are needed to evaluate the effects of a targeted
thromboprophylaxis regimen on mortality, especially in the
critically ill.

Multivariable logistic regression analysis demonstrated
that mechanical ventilation and male sex significantly
increased the risk of thrombosis. Similarly to the outcome
of mortality, receipt of per-protocol thromboprophylaxis was
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not independently associated with a decrease in thrombo-
sis which may limit the broad applicability of this study.
Patients with highest severity of illness likely experienced
highest risk of thrombosis secondary to the systemic inflam-
matory response known to affect patients with COVID-19
[33, 34]. It was therefore unsurprising to see that mechanical
ventilation increased the odds of thrombosis by more than
11-fold. The risk conferred by male sex was consistent with
current literature, but warrants further investigation [14, 16].
Elevated D-dimer on admission demonstrated a non-signifi-
cant associated risk for thrombosis. This calls into question
whether a higher threshold than 1500 ng/MI FEU should be
incorporated into a protocol to prevent thrombosis. Elevated
D-dimer proved to be important in the prediction of both
thrombosis and mortality, but further studies are needed to
determine at what D-dimer value the risk for each of these
outcomes is the highest.

This study had several limitations. Patients receiving
therapeutic anticoagulation within 24 h were excluded,
which prevented inclusion of patients receiving therapeu-
tic anticoagulation empirically or as a form of off-protocol
prophylaxis. This may have affected outcomes related to
bleeding or mortality. Additionally, off-protocol patients
were not always treated with a prophylactic regimen that
might be considered the standard of care (e.g., UFH 10,000
units three times daily or enoxaparin 30 mg once daily).
This population may not as accurately represent patients at
highest risk of complications from COVID-19, including
very young, elderly, and morbidly obese patients. We also
did not collect information on concomitant medication use
which may have affected thrombosis rate or mortality, such
as known pro-coagulants or dexamethasone.

Conclusion

A patient-specific, targeted-intensity pharmacologic throm-
boprophylaxis protocol incorporating severity of illness,
total body weight, and biomarkers was associated with a
decrease in thrombosis in patients with COVID-19 on uni-
variate analysis. This seemed consistent for patients admit-
ted to the ICU or ward, but further studies in each of these
populations are needed. Elevated D-dimer signaled an
increased risk of thrombosis, but additional evaluation of a
specific threshold for initiating prophylaxis at a higher inten-
sity is warranted. A targeted protocol may prevent excess
bleeding associated with therapeutic anticoagulation, but
ongoing investigations can provide more definitive outcomes
surrounding this strategy.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11239-021-02552-x.
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