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Background

Since the onset of the Coronavirus Disease 2019 (COVID-19) 
pandemic, coagulation abnormalities have been a common 
finding in affected patients, possibly presenting as dissemi-
nated intravascular coagulation (DIC) or other thrombotic 
complications such as venous thromboembolism (VTE), both 
with an associated increase in mortality,1-4 COVID-19 
increases the risk of thrombotic complications in the venous 
and arterial vasculature,1 with the incidence of VTE in 
COVID-19 patients estimated to be as high as 25% to 27%,2-4 
with the intensive care setting estimated to reach 69%.5

Coagulopathies among COVID-19 patients are associated 
with elevated levels of fibrinogen, D-dimer, and other acute-
phase reactants,1 and optimal management of anticoagulation 
is important to improve overall outcomes. Anticoagulation 
in COVID-19 has been addressed in various guidelines6-8 
underscoring the importance of appropriate anticoagulation 

strategies in COVID-19 patients. Most of these guidelines 
initially endorsed elevated D-dimer and fibrinogen as key 
objective markers for thrombotic risk due to their strong 
correlation with thrombosis and mortality.3 However, the 
International Society of Thrombosis and Hemostasis (ISTH),9 
the National Institutes of Health, and American College of 
Chest Physicians guidelines now recommend thrombopro-
phylaxis with either unfractionated heparin (UFH) or low-
molecular-weight heparin (LMWH) in all hospitalized 
non-critically ill COVID-19 patients regardless of VTE risk 
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Abstract

Purpose: Heparin-based regimens are recommended for anticoagulation in hospitalized patients with COVID-19 though 
a study reported similar mortality with apixaban in critically ill hospitalized COVID-19 patients. Our pilot study sought to 
determine the differences in all-cause mortality, venous thromboembolism (VTE), and bleeding events between apixaban 
and therapeutic heparin-based regimens in hospitalized non-critically ill COVID-19 patients. Methods: We conducted a 
retrospective analysis of non-critically ill COVID-19 patients aged ≥ 18 years admitted to 3 campuses of Montefiore Medical 
Center during the first (March 2020 to May 2020) and second (January 2021 to February 2021) COVID-19 surges, who 
received within 48 hours of admission and continued for ≥72 hours a therapeutic dose of low-molecular-weight heparin 
(LMWH), unfractionated heparin (UFH), or any apixaban dose for VTE prophylaxis. Outcomes data analyzed included 
mortality, suspected or imaging-confirmed VTE, and bleeding using a defined criteria. Results: Overall, 162 patients met 
eligibility for analysis. Baseline characteristics were similar between the 2 groups except liver and renal functions. Mortality 
occurred in 10 (13.3%) patients on apixaban and 23 (26.4%) patients on a heparin-based regimen (P = .059). Confirmed VTE 
events were not different between the groups (8% vs 13.8%, P = .359), but higher incidence of bleeding occurred in heparin-
based group (4% vs 52.9%, P < .001). Conclusion: There were no differences in mortality or confirmed VTE between 
apixaban and heparin-based regimens except for more bleeding events with the heparins. This study highlights the utility of 
apixaban in COVID-19.
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assessment score unless there are absolute contraindica-
tions.3,6-8,10 These guidelines favor the use of heparins against 
direct oral anticoagulants (DOACs) due to the increased risk of 
drug-drug interactions with DOACs and the potential declining 
patient status may worsen bleeding risk.11 Additionally, 
DOACs are more difficult to reverse and monitor.

Despite these guideline recommendations, anticoagula-
tion protocols for COVID-19 developed by various institu-
tions also incorporated the use of DOACs in addition to UFH 
and LMWH to their thromboprophylaxis management strat-
egy. The addition of DOACs was based primarily on their 
safety and efficacy in other hypercoagulable disease states, 
the convenience of oral administration as well as lack of 
required monitoring and less pharmacokinetic (PK) and 
pharmacodynamic (PD) variability .12,13

Billett et al14 observed in their study that the DOAC, apix-
aban, was associated with a reduction in mortality in hospital-
ized COVID-19 patients when compared to no anticoagulation. 
Paranjpe et al15 also suggested that systemic anticoagulation 
confers a survival benefit in COVID-19 patients regardless of 
the anticoagulant used, though this study had significant limi-
tations. This conclusion was similar to Kabir16 who showed 
early, high-dose anticoagulation in non-critically ill COVID-
19 patients improved survival, including with apixaban. 
Some notable clinical trials on anticoagulation in COVID-19 
such as REMAP-CAP,17 ACTIV4,18 and ATTACC19 com-
pared therapeutic heparin-based regimens to the usual care 
thromboprophylaxis in hospitalized COVID-19 patients 
without including DOACs as a study arm. Combined results 
from these trials reported that in non-critically ill patients 
therapeutic anticoagulation with heparin increased survival to 
discharge.20 This leaves the question of the impact of DOACs 
in non-critically ill COVID-19 patients still unanswered. To 
build on previous literature and address confounders in previ-
ous studies, we examined the safety and efficacy of apixaban 
compared to therapeutic heparin-based regimens on outcomes 
in non-critically ill patients hospitalized with COVID-19.

Methods

Study Design

This pilot study was a retrospective cohort study of adult 
inpatients admitted to the 3 main campuses of Montefiore 
Medical Center, all located in the Bronx, New York. Data 
were collected at 2 time periods: the first COVID-19 surge 
from March 2020 to May 2020, and the second COVID-19 
surge from January 2021 to February 2021. Approval for the 
study was obtained through the institutional review board 
(IRB #2020-12313).

Patients

Patients ≥18 years of age were included in this study if they 
were admitted to a general medical floor, if they tested 

positive for COVID-19 within 72 hours of floor admission, 
and if they were initiated on either apixaban or a therapeu-
tic heparin-based regimen for at least 72 hours within 
48 hours of admission. We excluded patients who within 
48 hours of floor admission were either intubated or  
transferred to the intensive care unit (ICU), identified as 
palliative care, or had a code status of “do-not-resuscitate/
do-not-intubate.” Patients were also excluded if they did 
not continue their outpatient anticoagulation regimen upon 
admission or presented with confirmed VTE upon admis-
sion. Apixaban was dosed either 5 mg by mouth twice daily 
or 2.5 mg twice daily based on renal function (Scr > 2.5 mg/
dL or CrCl < 30 mL/min) per institutional guideline. The 
heparin-based regimens were dosed as either low-molecu-
lar-weight heparin (LMWH) enoxaparin 1 mg/kg SQ every 
12 hours (daily for CrCl < 30 mL/min) or enoxaparin 
1.5 mg/kg SQ. Any intravenous infusion of unfractionated 
heparin (UFH) was administered to a therapeutic aPTT of 
46 to 70 following institutional protocol for VTE of 80 units/
kg bolus followed by 18 units/kg/h infusion.

Data Sources

All patients eligible for the study were identified in our elec-
tronic medical record using Business Universe (SAP 
BusinessObjects®). Data obtained included index date of 
admission as well as the type and duration of anticoagulation 
used. Patients’ baseline demographics, pertinent laboratory 
markers relevant to coagulopathy, occurrence of bleeding 
and/or venous thromboembolic (VTE) event, and mortality 
were obtained through our electronic medical record.

Outcomes

The primary outcome of this study was the difference in 
all-cause mortality between an apixaban and therapeutic 
heparin-based regimens from the index date to event occur-
rence, discharge, or transfer to the ICU. Secondary outcomes 
assessed were the incidence of venous thromboembolism 
(VTE) and the incidence of major bleeding between apixa-
ban and heparin-based regimens in hospitalized non-criti-
cally ill COVID-19 patients. VTE was determined through 
either diagnostic imaging (ultrasound and/or CT scan) or by 
a surrogate indicator (D-dimer and/or fibrinogen elevation) 
with clinical symptomatology of VTE. Bleeding was deter-
mined if the patient was only initiated on pantoprazole IV 
drip or IV push every 12 hours because of signs and symp-
toms of gastrointestinal bleeding after anticoagulant initia-
tion, or bleeding defined by the ISTH21,22 criteria as: Fatal 
bleeding, and/or symptomatic bleeding in a critical area or 
organ, such as intracranial, intraspinal, intraocular, retro-
peritoneal, intraarticular, or pericardial, or intramuscular 
with compartment syndrome, and/or bleeding causing a fall 
in hemoglobin level ≥2 g/dL (1.24 mmol/L) or leading to 
transfusion of ≥2 units of whole blood or red cells.
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Statistical Analysis

Collected data were coded and analyzed using OpenEpi® 
version 3.01. Baseline data on study participants were 
reported as mean with standard deviation and median with 
interquartile range for continuous variables, and frequen-
cies and percentages for categorical variables. Differences 
in continuous variables were assessed using the student 
t-test and for categorical variables chi-square test or fish-
er’s exact test.

The primary and secondary outcomes were analyzed 
using the chi-square test or the Fisher exact test where appro-
priate. The results of all statistical tests were reported as 
P-values and odds ratios with confidence intervals as appro-
priate. A 2-tailed P-value of less than .05 was considered sta-
tistically significant.

Results

Baseline Characteristics

During the study period, 162 participants met eligibility cri-
teria and were included in the analysis. This comprised 75 

patients on apixaban and 87 on heparin-based regimens. The 
mean duration of follow up was 42 days. The mean age of the 
population was 67.9 ( ± 13.8) years with half being male. 
Rate of acute kidney injury (AKI), AST or ALT> 3 times 
upper limit of normal, and fibrinogen levels were signifi-
cantly different among baseline groups. AKI was defined as 
an increase in serum creatinine by >0.3 mg/dL within 48 
hours or an increase by at least 1.5 times from baseline prior 
to the initiation of anticoagulation in patients. Remdesivir 
use, steroid use and exposure were not statistically different 
between the groups (Table 1).

Primary Outcome

Overall, 33 (20.4%) patients died from the index day of 
admission till the end of the study. They were made up of 
13.3% in the apixaban group and 26.4% in the heparin-based 
group. Though there was a lower incidence of death in the 
apixaban group, it was not statistically significant (OR = 0.43, 
95% CI: 0.17-1.03, P = .059) (Figure 1). A subgroup analysis 
comparing the incidence of death among 2.5 mg apixaban, 
5 mg apixaban, UFH, and LMWH found no statistically 

Table 1.  Characteristics of Patients at Baseline.

Characteristic Apixaban regimena (n = 75) Heparin-based regimenb (n = 87) P-value

Age, mean (SD), years 68.4 (13.9) 67.5 (13.7) .678
Male, n (%) 31 (41.3) 50 (57.5) .058
Weight (SD), kg 82.7 (21.5) 84 (23.3) .732
Race/ethnicity, n (%)
  White 7 (9.3) 19 (21.8) .114
  Black 29 (38.7) 23 (26.4)
  Hispanic 25 (33.3) 27(31)
  Others 14 (18.7) 18 (20.6)
Comorbidities, n (%)
  History of VTE 5 (6.7) 13 (14.9) .076
  Atrial fibrillation 7 (9.3) 14 (16.1)
  Hypertension 60 (80) 68 (78.2)
  Cancer 15 (20) 8 (9.2)
  T2DM 47 (62.7) 38 (43.7)
  Asthma/COPD 15 (20) 14 (16.1)
  Immunosuppression 9 (12) 5 (5.7)
  AKI, n (%) 21 (28) 40 (46) .028
  AST or ALT >3 ULN, n (%) 2 (2.7) 11 (12.6) .036
D-dimers, μg/mL, n (%)
  ≤3 43 (57.3) 29 (44.8) .174
  >3 29 (38) 45 (51.7)
  Fibrinogen, mean (SD), mg/dL 675 (203.9) 604 (189) .034
  Remdesivir use, n (%) 10 (13.3) 4 (4.6) .090
  Steroid use, n (%) 35 (46.7) 35 (40.2) .506
  Steroid exposure, mean (SD), days 7 (2.9) 6 (4) .068
  Anticoagulant use, median (IQR), days 6 (4,9) 6 (4,10) –

Note. AST = aspartate aminotransferase; ALT = alanine aminotransferase; COPD = chronic obstructive pulmonary disease; IQR = interquartile range; 
SD = standard deviation; T2DM = type 2 diabetes mellitus; ULN = upper limit of normal; VTE = venous thromboembolism.
aApixaban: Low dose (n = 36), high dose (n = 39).
bHeparin-based regimen: UFH (n = 42), LMWH (n = 45).
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significant difference among the subgroups (χ2 = 4.778, 
P = .189) (Supplemental Table 2).

Secondary Outcomes

The incidence of confirmed VTE was 8% in the apixaban 
group compared to 13.8% in the heparin-based group 
(P = .359). Suspected VTE was 8% in the apixaban group 
compared to 24.1% in the heparin-based group (P = .001) 
(Figure 2).

Bleeding occurred in 4% and 52.9% of apixaban and hep-
arin-based regimens respectively (P < .001). Hemoglobin 
drop ≥2 g/dL in 24 hours after anticoagulant initiation was 
significantly higher in patients on heparin-based regimen 
compared to apixaban (P ≤ .001) (Table 2). Hemoglobin 
drop was then major contributor to overall bleeding rates 
especially in the heparin-based regimen.

Discussion

Early in the COVID-19 pandemic, DOACs were included as 
an anticoagulant option in our institution’s COVID-19 man-
agement protocols. Apixaban was chosen as the agent of 
choice in this class because of its better safety profile in 
patients with impaired renal function and its availability on 
the hospital formulary.

The primary outcome from this study showed that there 
was no significant difference in mortality between patients 
on apixaban and a heparin-based regimen. These results are 

similar to that of Billet et al14 which also demonstrated simi-
lar in mortality between apixaban and enoxaparin anticoagu-
lation . Our data from Table 1 shows baseline characteristics 
were similar between the groups except for those admitted 
with acute kidney injury or AST/ALT ≥ 3 ULN. Significant 
differences in the agents used in these patients with organ 
dysfunction reflects their real-world use as the heparins espe-
cially UFH as opposed to apixaban are more likely to be 
selected for therapeutic anticoagulation in patients with renal 
or hepatic impairment due to risk for excessive anticoagula-
tion with DOACs in these populations and the difficulty of 
anticoagulant reversal.

Despite the fact that most patients in the apixaban 
group received remdesivir (Table 1), this agent has been 
found not to have any impact on overall mortality in 
COVID-19 patients23 and as such less likely to affect the 
results of our primary outcome. Although steroids have 
been found to reduce overall mortality in COVID-19,24 
steroid use and their exposure time were similar between 
the groups (Table 1). Thus, the impact of steroids on over-
all mortality is expected to be similar in both groups. 
Additionally, data collection was performed at 2 different 
time periods during the pandemic, during the first COVID 
surge when standard of care was still evolving with lots of 
experimental agents being used in COVID-19 manage-
ment and during the second COVID-19 surge where 
greater evidence was available to guide care. This ensured 
that the results of the primary outcome were unduly 
impacted by standard of care practices in these eras.

Figure 1.  All-cause mortality between apixaban and heparin-based regimen.
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For VTE measurement, we chose to report both diagnos-
tic confirmed VTE and clinically suspected VTE to reflect 
clinical practice. Even though the baseline levels of fibrino-
gen, a risk factor for developing blood clots, were signifi-
cantly higher in the apixaban group compared to the 
heparin-based group (Table 1), confirmed VTE was lower 
in the apixaban group, though not statistically significant. 
However, suspected VTE was observed at a significantly 
higher rate in the heparin-based group than in the apixaban 
group. Though baseline d-dimer levels were not statisti-
cally different between the groups (Table 1), d-dimers 
greater than 3 μg/mL were seen more often in the patients 
on heparin-based regimen at baseline underscoring a pos-
sible ongoing clotting cascade in the heparin-based group. 
Additionally, d-dimers and fibrinogen levels were still high 
at the time of suspected VTE in the heparin-based group 
(Supplemental Table 3). The aPPT at time of VTE event 

showed 4 out of 6 on UFH having therapeutic aPPT with 
the remaining 2 subtherapeutic underscoring the unreliabil-
ity of aPPT measurements in COVID-19 for UFH. Despite 
DOACs not currently being recommended as a preferred 
anticoagulant for the prevention or management of COVID-
19 coagulopathy in hospitalized patients, our results did not 
show any increased risk of VTE with the use of apixaban in 
non-critically ill hospitalized patients.

Bleeding events were also significantly lower in the apix-
aban group compared to the heparin-based group, with more 
significant bleeding in those patients on unfractionated hepa-
rin (Supplemental Table 4). A hemoglobin drop greater than 
2 mg/dL within 24 hours was significantly higher in the hep-
arin-based regimen group compared to the apixaban group. 
Blood transfusion ≥2 units or the use of pantoprazole for 
gastrointestinal bleeding from anticoagulant use were all 
higher in the heparin-based group. This implied a higher 

Figure 2.  Confirmed and suspected VTE events between apixaban and heparin-based regimen.

Table 2.  Bleeding Incidence Between Apixaban and Heparin-Based Regimen.

Characteristics Apixabana (N = 75) Heparin-based regimenb (N = 87) P-value

Bleeding, n (%) 3 (4) 46 (52.9) <.001
Hemoglobin drop ≥2 g/dL in 24 h, n (%) 2 (2.7) 39 (44.8) <.001
Blood transfusion ≥2 units, n (%) 0 (0) 3 (3.4) .304
Intravenous pantoprazole, n (%) 1 (1.3) 4 (4.6) >.999

aApixaban: Low dose (n = 36), high dose (n = 39).
bHeparin-based regimen: UFH (n = 42), LMWH (n = 45).
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incidence of hemorrhage in the heparin-based group could be 
due excessive anticoagulation. We also confirmed aPPT at 
the time of a bleeding event for unfractionated heparin (1/3 
therapeutic aPPT, 2/3 supratherapeutic aPPT).

The randomized control trial ACTION compared therapeu-
tic anticoagulation of rivaroxaban or a heparin transitioned to 
rivaroxaban, versus thromboprophylaxis with a heparin. They 
found no improvement in clinical outcomes or reduction in 
death with the therapeutic strategy (0.86 [95% CI: 0.59-1.22], 
P = .40).25 Additionally, because the ACTION trial assessed 2 
anticoagulation strategies rather than comparing anticoagu-
lants, a crossover was only considered if a patient changed 
from prophylactic to therapeutic dose (or vice versa) and not 
between different drugs within the same study group per study 
protocol. In our study, no patients receiving heparin thrombo-
prophylaxis were included, based on results of prior litera-
ture.15,17,18 Also in contrast to our study, compared to 
rivaroxaban, apixaban has been found to have a lower overall 
risk of bleeding26,27 and a more recent single-arm study of 
apixaban use in COVID-19 patients admitted to the ICU found 
apixaban to be safe and efficacious with no major bleeding 
events or thrombotic events.28 As the most preferred antico-
agulation approach during hospitalization is still unclear and 
many off-label and non-evidence-based strategies have been 
used in institutions to date, our results may provide evidence 
for further investigation in this clinical setting.

Most similar to our study, Billett et al used logistic regres-
sion to show a decrease in mortality with prophylactic use of 
apixaban (OR = 0.46, P < .001) and enoxaparin (OR = 0.49, 
P < .001) compared to other anticoagulant strategies. 
Additionally, therapeutic apixaban was associated with 
decreased mortality (OR = 0.57, P < .006), similar to the pro-
phylactic regimens. However, these results were taken from 
the entire cohort including both general medicine and inten-
sive care patients.14

Our study has several limitations. First being a retrospec-
tive study, treatment groups were not allocated randomly 
creating a selection bias. This bias is seen in the twice as 
many patients in the heparin group having AKI. Patients with 
transaminitis were also mostly found in the heparin-based 
group. Also, as the study took place during 2 different surges 
of COVID-19, standard treatments and the variants likely 
changed. We did not have an advantage to monitor the hepa-
rin effect with anti-Xa, a more predictable marker of heparin 
response in COVID-19 patients as aPPT values may be 
altered from the normal baseline in COVID-19. Some of the 
patients had comorbidities that required anticoagulation, and 
this could have an effect on the outcome. We did not account 
for other medications used by the participants which may 
have pharmacokinetically or dynamically interacted with the 
oral anticoagulant or increased the risk of bleeding. This 
could have impacted the bleeding or VTE incidence in our 
patients. Additionally, suspected VTE may have been con-
founded by observation bias from providers. Participants 
who received various anticoagulants through substitution 
throughout the hospital stay were also excluded. Therefore, 

the true impact of anticoagulants when extrapolated to this 
patient population should be done with caution. Lastly, 
patients were only followed for the duration of their inpatient 
stay, limiting our ability to assess any outcomes that occurred 
post-discharge.

Conclusion

Our study adds to the existing but limited literature in a 
racially and ethnically diverse population, evaluating opti-
mal anticoagulation strategies in patients with COVID-19 
induced coagulopathy. Mortality and VTE events between 
apixaban and therapeutic heparin-based regimens are not 
significantly different when used in non-critically ill hospi-
talized patients. Apixaban, however, appears to have a lower 
incidence of bleeding compared to heparin-based regimens. 
More data are needed to better determine this benefit-to-risk 
profile of apixaban with respect to noncritically ill COVID-
19 patients requiring hospitalization.
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