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Abstract

Background: Coronavirus disease 2019 (COVID-19) has been associated with a hypercoagulopathy state; however, the efficacy of
different anticoagulant regimens in preventing thrombotic events is not clear. We aimed to compare therapeutic versus prophylactic
enoxaparin therapy in severe COVID-19 patients.

Methods: In this single-center, open-label, randomized controlled trial, adult patients with severe COVID-19 presentations and an
increased D-dimer level of more than 4 times the normal upper limit were randomly assigned to receive either prophylactic or
therapeutic dose of enoxaparin. All patients were observed for at least 4 months regarding the overall survival as the primary outcome.
Hospitalization duration, the need for intensive care unit (ICU) admission, the need for mechanical ventilation, and major adverse
events (MAEs) were also analyzed as the secondary outcomes. Survival analysis was done via Kaplan-Meier curves and the Log-rank
test. Cox regression was used, adjusting for baseline variables.

Results: Overall, 237 patients (152 men and 85 women) were randomized to either arm (121 to prophylactic and 116 to therapeutic
groups). The mortality rate was 27 (22.3%) and 52 (44.8%) in prophylactic and therapeutic arms, respectively. Prophylactic
enoxaparin was associated with better survival in the log-rank test (P < 0.001; HR, 0.42). Additionally, a significantly lower rate of
ICU admission, a lower rate of MAESs, and shorter hospitalization were observed in the prophylactic arm (P < 0.001, P = 0.009, and P
=0.028, respectively).

Conclusion: The results of the current study were in favor of anticoagulant treatment with prophylactic doses of enoxaparin. Still,
due to the limitations of this paper, we suggest that these findings be treated cautiously.
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Introduction

Coronavirus disease 2019 (COVID-19) is caused by se-  vere acute respiratory syndrome coronavirus 2 (SARS-
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1What is “already known” in this topic:

It is well-known that COVID-19 patients are at a higher
risk for thromboembolic events and that anticoagulant
agents such as low molecular weight heparin and
enoxaparin are commonly used for prophylactic
purposes in hospitalized patients to prevent such events.
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enoxaparin are effective in improving overall survival in
severe COVID-19 patients, as well as reducing the risk
of major adverse events and shortening hospitalization
duration.
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Cov-2) infection (1). The global COVID-19 incidence rate
and the number of deaths are 468 million and 6.07 mil-
lion, respectively, at the time of writing this paper (2).
Several effective vaccinations programs, along with vari-
ous protocols and drug regimens, have been designed to
combat the virus and have yielded certain degrees of suc-
cess. Different clinical presentations have been reported
ranging from fatigue, fever, and dyspnea to acute respira-
tory distress syndrome, thromboembolic events, cardio-
vascular arrest, and death (3-5).

COVID-19 causes immune system disruption and a hy-
percoagulopathy state (6). The disease is related to vascu-
litis and microthrombi formation (7). It has been shown
that thromboembolic events, like deep vein thrombosis,
pulmonary thromboembolism, and venous thromboembo-
lism, are more prevalent in patients with COVID-19 (8).
Anticoagulant agents (eg, low molecular weight heparin,
fondaparinux, and enoxaparin) are commonly used for
prophylactic purposes in hospitalized patients (8). Treat-
ment with low molecular weight heparin has a correlation
with decreased thrombotic complications and lower mor-
tality rates in patients with COVID-19. These effects did
not increase adverse events, especially bleeding in the
treated patients (9).

This study was conducted to fill up the knowledge gaps
regarding the effects of anticoagulants and the correlation
between the hypercoagulopathy condition and a bad prog-
nosis in COVID-19 patients. The aim of the present study
was to investigate the efficacy of treatment with different
doses of an anticoagulant agent in patients with severe
COVID-109.

Methods

Study Design

This randomized, controlled, open-label trial was con-
ducted between May 2022 and September 2022 in Sina
hospital, Tehran, Iran. Patients hospitalized with a
COVID-19 diagnosis, confirmed by reverse transcriptase-
polymerase chain reaction (RT-PCR), were randomized to
receive enoxaparin with either prophylactic or therapeutic
dosage as an anticoagulant therapy. The study protocol
was registered in the Iranian Registry of Clinical Trials
(IRCT20220412054515N1). The study was performed in
accordance with the declaration of Helsinki, and the ethi-
cal board of Tehran University of Medical Sciences ap-
proved this trial
(IR.TUMS.SINAHOSPITAL.REC.1401.013). Patients or
their representatives gave written informed consent before
randomization.

Participants

Patients over 18 years with an RT-PCR confirmed
COVID-19 diagnosis and severe clinical presentations that
required hospitalization were eligible for inclusion if they
had increased D-dimer levels >4 times the normal upper
limit. Severe COVID-19 infection was defined as the oc-
currence of 2 of the following factors: (1) respiratory rate
>30 times/minute; (2) Spo2 of <93%; (3) Pao2/Fio2 <300
mmHg; and (4) rapid progression (>50%) on computed
tomography (CT) scan imaging over 24 to 48 hours (10).
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The exclusion criteria included pregnancy, history of cer-
ebrovascular accident (CVA) in the past month, history of
major surgery in the past 2 weeks, history of heparin-
induced thrombocytopenia, other definitive indications for
therapeutic anticoagulant treatment, and enoxaparin con-
traindications—such as active bleeding or severe throm-
bocytopenia.

Sample Size Calculation

The minimum sample size needed for each group to de-
tect whether the stated difference exists between the 2
proportions was calculated to be 79 in each group based
on a previously published (11) randomized trial using a
well-known formula (12) and the calculator website (13)
(https://select-statistics.co.uk/calculators/sample-size-
calculator-population-proportion/)

This calculator uses the following formula for the sam-
ple size:

n=N*X/(X+N-1),

where X = Zy»? *p*(1-p) / MOE?, and Z,, is the critical
value of the normal distribution at a/2 (eg, for a 95% CI, o
is 0.05 and the critical value is 1.96), MOE is the margin
of error, p is the sample proportion, and N is the popula-
tion size. Note that the Finite Population Correction has
been applied to the sample size formula.

We used a power of 90% and an alpha error of 5%. A
previous study have suggested a summation sample size
of 347 in both prophylactic and treatment doses. However,
in light of potential differences in COVID-19 strains, dis-
ease severity, and attrition, we adjusted the sample size
calculation. We also considered that newer strains (14) or
different regions of COVID-19 virus(15) may have been
shown to have lower mortality rates than earlier strains,
which could impact the study results. Therefore, we ar-
rived at a final sample size of 124 per group by consensus.
During the study, we randomized a total of 248 patients to
account for possible missing data or withdrawals of con-
sent.

Randomization and Procedure

Patients were randomized in a 1 to | ratio using block
randomization with a random block size of 4 to 8 using a
computer-generated random allocation algorithm to either
receive a prophylactic or therapeutic dosage of enoxapa-
rin. Patients and researchers were not blinded to the group
assignments after the allocations. Prophylactic treatment
patients received daily subcutaneous doses of 40 mg
enoxaparin, and if they had a body mass index (BMI) >40
kg/m?, the 40 mg doses of enoxaparin were administered 2
daily. Patients in the therapeutic group were subjected to
subcutaneous 1mg/kg enoxaparin twice a day. In cases of
patients with chronic kidney disease (CKD) with a glo-
merular filtration rate >30 mL/min, the administered dos-
age was reduced to Img/kg once daily in the treatment
arm and 30 mg daily in the prophylactic arm. Enoxaparin
treatment in both groups was continued until death or dis-
charge from the hospital.

Outcomes
The primary outcome of this study was all-cause mortal-
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ity and overall survival. All patients were observed for at
least 4 months after discharge. Secondary outcome
measures were hospitalization duration, the need for in-
tensive care unit (ICU) admission, and the need for me-
chanical ventilation. Major adverse events (MAEs) were
analyzed as the safety outcome. MAEs included major
bleedings as defined by International Society on Throm-
bosis and Haemostasias criteria (16).

Statistical Analysis

The data were analyzed using SPSS software. Demo-
graphic and baseline data were collected and compared
between study arms. Categorical variables were reported
as sums and percentages and were compared using the
chi-square test and the Fisher exact test. Normal distribu-
tion of continuous variables was assessed using the
Shapiro-Wilk test. Independent sample t tests and the
Mann-Whitney U test were used for comparison of con-
tinuous variables with normal and nonnormal distribution,
respectively, and they were reported as means and stand-
ard deviations or medians and interquartile ranges.
Kaplan-Meier curves were utilized for survival analysis,
and the Log-rank test was used to test the equality of
treatment groups. The Cox regression analysis was used to
assess the effects of baseline variables. The following
baseline variables were adjusted: age, sex, BMI, underly-
ing conditions (diabetes, hypertension, cardiac disease,
cancer, pulmonary diseases, CKD, CVA, and cirrhosis),

admission variables (SBP, HR, temp, O2 sat, platelet
count, quantitative CRP, D dimer, and onset to admission
time), and finally the associations were reported as hazard
ratio (HR) (Table 1).

Only the patients who completed the study were as-
sessed, and all outcomes were examined according to the
protocol population. For all tests, the significance level
was set at 5%.

Results

Patients

Participants were enrolled between May 2022 and Sep-
tember 2022 from Sina hospital. Overall, 237 patients
(152 men and 85 women), with a mean age of 60.5 +
15.85 years met the inclusion criteria and were accounted
for in the final analysis. A total of 121 patients were as-
signed to receive prophylactic enoxaparin doses, while the
other 116 patients received therapeutic dosages—38 and 3
patients withdrew their consent, respectively, and no other
patients dropped out of the study. The details of patient
selection and randomization is demonstrated in Figure 1.
The baseline characteristics of study groups were com-
pared and summarized in Table 1, and no significant dif-
ference was observed in this regard.

Outcomes
At the end of the follow-up, a sum of 79 patients had
died in both treatment arms. The Kaplan-Meier curve for
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Table 1. Baseline characteristics of study groups

Characteristic Prophylactic dose (n=121) Therapeutic dose (n=116) P value HR
Age: mean (SD) 60.0 (15.2) 61.1(16.4) <0.001 1.03 (1.02 - 1.05)
Gender: no. (%)
Female 38 (32%) 47 (41%) 0.860 1.04 (0.66 — 1.64)
Male 83 (68%) 69 (59%)
BMI: median (IQR) 26.6 (5.5) 26.5 (6.1) 0.290 0.96 (0.90 - 1.03)
Underlying conditions: no. (%)
Diabetes 48 (39%) 38 (32%) 0.280 1.27 (0.81 —2.00)
Hypertension 56 (46%) 65 (56%) 0.230 1.31(0.83 —2.05)
Cardiac disease 34 (28%) 38 (32%) 0.630 1.12 (0.70 — 1.78)
Cancer 6 (5%) 9 (7%) 0.000 3.30(1.74 - 6.25)
Pulmonary diseases 8 (6%) 11 (9%) 0.280 1.45(0.72-2.92)
CKD 9 (7%) 7 (6%) 0.340 1.45 (0.66 —3.15)
CVA 4 (3%) 6 (5%) 0.050 2.27(0.98 -5.22)
Cirrhosis 1(<1%) 0 (0%) 0.020 9.67 (1.29-72.31)
Admission variables
SBP: mean (SD) 126.5 (23.4) 130.8 (25.9) 0.010 0.98 (0.97 - 0.99)
HR: mean (SD) 89.3 (15.4) 91.2 (16.7) 0.810 1.00 (0.98 —1.01)
Temp: mean (SD) 37.2 (0.85) 37.2 (0.88) 0.550 0.91 (0.66 — 1.22)
02 sat: mean (SD) 88.1(8.2) 87.8 (9.3) 0.000 0.96 (0.95 - 0.98)
Platelet count (10°/L): median (IQR) 194.0 (127.2) 206.5 (153.0) 0.260 0.99 (0.99 - 1.00)
Quantitative CRP: median (IQR) 53.0 (67.5) 89.5 (58.4) <0.001 1.00 (1.00 - 1.01)
D dimer: median (IQR) 1907 (4261) 2056 (4084) <0.001 1.00 (1.00 — 1.00)
Onset to admission time: median 7(7) 6(5.5) 0.350 0.95 (0.82 - 1.05)
(IQR)
SD: standard deviation, IQR: interquartile range, CKD: chronic kidney disease, CVA: cerebrovascular accident, SBP: systolic blood pressure, HR: heart rate, Temp:
temperature
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Figure 2. Kaplan-Meier curve of overall survival for prophylactic and therapeutic groups

overall survival in Figure 2 shows that prophylactic
enoxaparin was linked to improved outcomes—mean sur-
vival days, 99.12 + 3.89 vs 75.65 £ 5.08 for prophylactic
and therapeutic dose, respectively. In the log-rank test, a
significant difference between groups was observed
(x?=13.94, P = 0.005). The HR calculated by the Cox re-
gression model is demonstrated in Tables. In addition, the
baseline variables reported in Table 1 were assessed for
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any predictive value for overall survival using Cox regres-
sion. Systolic blood pressure, D dimer level, and presence
of underlying cirrhosis proved significant in this regard (P
=0.010, P <0.001 and P = 0.020, respectively). However,
it is noteworthy to mention that only one of the patients
had concurrent cirrhosis. The analysis demonstrated a
mortality HR of 0.98 (0.97-0.99) for each unit increase in
systolic blood pressure, an HR of 1 for each unit increase
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Table 2. Outcomes measures

Outcome Prophylactic dose Therapeutic dose Hazard ratio (HR) / Relative Risk / P value
(n=121) (n=116) Mean difference (MD)
Primary outcome
Overall mortality: no. (%) 27 (22.3%) 52 (44.8%) HR 0.42 (0.26 — 0.67) <0.001
Secondary outcomes
Hospitalization duration: mean 6.43 (5.98) 8.19 (6.26) MD -1.76 (-3.32 - -0.19) 0.028
(SD)
ICU admission: no. (%) 20 (16.5%) 44 (37.9%) RR 0.43 (0.27 - 0.69) <0.001
Mechanical ventilation: no. (%) 16 (13.2%) 25 (21.6%) RR 0.61 (0.34 - 1.08) 0.090
MAE:s: no. (%) 85 (70.2%) 98 (84.5%) RR 0.83 (0.72 - 0.95) 0.009

in D dimer level, and an HR of 19.75 (2.55-153.03) for
underlying cirrhosis.

Hospitalization duration was compared between the
groups, which was significantly higher in the therapeutic
enoxaparin group with a mean difference of 1.76 (P =
0.028). The need for ICU admission was also significantly
higher in the therapeutic dosage group (P < 0.001). How-
ever, the need for mechanical ventilation was comparable
between both groups (P = 0.090). In addition, analysis of
MAEs demonstrated that prophylactic enoxaparin dosage
was associated with better safety with a relative risk of
0.83 (P =0.009) (Table 2).

Discussion

In this controlled, open-label trial, we randomly divided
the hospitalized patients with COVID-19 into 2 groups.
One group received enoxaparin with therapeutic dosages,
and the other group was assigned to take enoxaparin with
prophylactic doses. We found that prophylactic enoxapa-
rin was related to better overall survival results. Further-
more, higher hospitalization duration and a higher need
for ICU admission were seen in the therapeutic group.
Prophylactic doses of enoxaparin were safer than thera-
peutic doses regarding MAEs. The present study rejected
the hypothesis that the treatment with therapeutic dosages
of anticoagulant could yield better outcomes in patients
with COVID-19.

There are several articles assessing clinical outcomes of
anticoagulant with therapeutic doses in hospitalized pa-
tients with COVID-19. Nevertheless, to the best of our
knowledge, this is the first trial showing prophylactic reg-
imen’s superiority. Canoglu et al conducted a retrospec-
tive cohort study and evaluated 154 patients with moder-
ate COVID-19 treated with either prophylactic or thera-
peutic doses of enoxaparin. They showed that the thera-
peutic dosage of enoxaparin reduces the mortality rate
(17). A total of 278 consecutive patients with mild
COVID-19 were included in another cohort research con-
ducted by Martinelli et al. Likewise, their study showed
that the mortality rate, clinical deterioration, and venous
thromboembolism were lower in those who were treated
with therapeutic enoxaparin dosages (18). Trinh et al in-
vestigated severe cases of COVID-19 in a cohort manner.
Their results also proposed the effectiveness of therapeutic
doses of anticoagulation in reducing the mortality rate.
They found that bleeding was comparable between the 2
groups (19). There are also other surveys on the effects of
anticoagulants other than enoxaparin, which yielded vari-
ous results (20-22). In a systematic review and meta-

analysis performed by Yasuda et al, it was shown that the
anticoagulant treatment with prophylactic doses and ther-
apeutic doses both decrease the risk of short-term mortali-
ty and venous thromboembolism compared with no anti-
coagulant treatment. They also concluded that the mortali-
ty rate was similar in both groups. In addition, therapeutic
dosages declined venous thromboembolism rates but in-
duced bleeding (23). The results of the present study were
against this review and showed that the prophylactic dos-
ages of anticoagulant treatment are superior to therapeutic
dosages regarding survival. This discrepancy might be
explained considering that, as opposed to our study, mul-
tiple anticoagulant drugs were analyzed in the mentioned
systematic review and no COVID-19 severity limit was
implemented.

Limitations

This study encountered some drawbacks. The study was
not double-blind, which could negatively affect our re-
sults. In addition, the study has a relatively small sample
size, which decreases the power of the research and the
generalizability of the data. We only assessed the effects
of enoxaparin; therefore, it was not possible for us to dis-
cuss other anticoagulants. We suggest performing further
trials to overcome these limitations before reaching a firm
conclusion.

Conclusion

The results of the present study were in favor of antico-
agulant treatment with prophylactic doses of enoxaparin.
However, given the limitations of this study, we advise
that these results be interpreted with caution. Before mak-
ing a solid decision, we also advise conducting more tri-
als. Our study rigorously evaluated treatment effectiveness
using the per protocol population, aligning with real-world
conditions of treatment adherence. Given the significance
of sensitivity analysis in certain contexts, we suggest that
future studies or particular cases call for taking the inten-
tion-to-treat population into account for a more compre-
hensive assessment, strengthening the validity of our re-
sults.
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