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Abstract

Background We carried out a meta-analysis since there is not enough evidence to recommend for or against therapeutic-dose
anticoagulation compared with thromboprophylaxis in noncritically ill patients hospitalized with Covid-19.

Methods We performed a systematic literature search using PubMed, Embase, Cochrane Library, and MedRxiv for
randomized trials that included therapeutic-dose with low-molecular-weight heparin (LMW) or thromboprophylaxis with
LMW heparin in noncritically ill patients admitted to the hospital with Covid-19. We identified five open-label studies for
analysis with a total of 3220 patients. Two independent researchers selected, assessed, and extracted the data in duplicate.
The outcomes evaluated were all-cause mortality, progression to invasive mechanical ventilation, incidence of venous
thromboembolism, and major bleeding. The studies did not show risk for selection, detection, attrition, or reporting bias.
Results Therapeutic-dose anticoagulation with LMW heparin compared with thromboprophylaxis with LMW heparin had
no significant effect of all-cause death (risk ratio [RR] 0.85; 95% confidence interval [CI] 0.67-1.07; P =0.16; 12=48%), or
progression to invasive mechanical ventilation (RR 0.89; CI 0.73-1.08; P=0.24; I’: 0%). Therapeutic-dose anticoagulation
significantly reduced the risk of venous thromboembolic disease (RR 0.42; 95% CI 0.28-0.62; P=0.0001; I?=0%) [Number
needed to treat=37]. Major bleeding occurred in 1.79% of the patients receiving therapeutic-dose anticoagulation and in
0.97% of those receiving thromboprophylaxis [Number needed to harm 125].

Conclusion Therapeutic-dose anticoagulation in noncritically ill patients with Covid-19 could be indicated for patients at
high risk of venous thromboembolic disease and low risk of bleeding.
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Introduction

Severe coronavirus disease 2019 (Covid-19) caused by
SARS-CoV-2 causes hypercoagulability and increases the
risk of thromboembolic disease [1, 2].

The autopsy studies in 12 patients with severe Covid-
19 confirmed that venous thrombosis occurred in 58% of
patients, being pulmonary embolism the direct cause of
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death in 33% [3]. D-dimer is a biomarker for coagulation
disorders that, in patients with Covid-19, can predict
severity, mortality, and thromboembolic disease. A D-dimer
level greater than four times the upper limit of the normal
range [UNR] (standard reference laboratory values <0.50
mcg/mL fibrinogen equivalent units) predicted hospital
mortality with fair performance in patients with Covid-19
[4].

Based on these findings, current guidelines endorse low-
molecular-weight prophylaxis for all patients with severe
Covid-19 [5]. Nevertheless, some studies have documented
significant thromboembolic disease in patients with
heparin prophylaxis [6, 7]. Therefore, the optimal dose of
anticoagulation is still a matter of debate. An observational
study with propensity score matching suggested benefits of
full-dose anticoagulation compared with heparin prophylaxis
in terms of lower mortality [8].
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Given the uncertainty of the optimal intensity of
anticoagulation in patients with moderate Covid-19 in
several outcomes, we carried out the present meta-analysis of
randomized controlled trials. We aimed to assess the efficacy
in terms of mortality, progression to invasive mechanical
ventilation, incidence of venous thromboembolism,
and safety regarding major bleeding events of full-dose
anticoagulation compared with prophylaxis with low-
molecular-weight heparin.

Methods
Data sources and searches

We performed a systematic literature search using electronic
datasets (i.e., PubMed, Embase, Cochrane Central,
MedRxiv). The search strategy used was low-molecular-
weight heparin AND Covid-19 AND Clinical Trial—no
language restriction. We also screened for references from
original articles and previous systematic review trials until
May 2022.

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines (PRISMA
Guidelines) [9]. The protocol for this systematic review is
registered with PROSPERO (number CRD42022331950).

Eligibility criteria

We included studies involving patients with Covid-19
hospitalized in noncritically ill areas with random allocation
to receive therapeutic-dose or thromboprophylaxis with low-
molecular-weight heparin. Studies should report outcomes
in terms of death during hospitalization, progression to
invasive mechanical ventilation, incidence of venous
thromboembolism, and development of a major hemorrhagic
complication.

We excluded observational cohort studies, study
protocols, duplicates, studies without enough data, studies
on critically ill patients, patients” data regarding intermediate
dose of low-molecular-weight heparin.

Data extraction and quality assessment

We assessed the trials' risk of bias using the Cochrane
Handbook for Systematic Reviews of Interventions Tool
[10]. Two independent reviewers appraised all eligible
citations. The data extracted from the original trial report
were first author, publication year, geographic regions, study
design, sample size, participant characteristics, and the
outcomes of interest. We double-checked the data to reduce
typing or entry errors.
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Data synthesis and analysis

We followed the recommendations of the Cochrane
Handbook for Systematic Reviews of Interventions for
data analyses [10]. The I-squared (/%) statistical tests were
used to explore the statistical heterogeneity among studies.
We used the pooled risk ratio (RR) with 95% confidence
interval to estimate (CI) the effect size. When significant
heterogeneity was present (I>>50%) a random-effects
model was used to estimate the pooled risk ratio and
95% CI; otherwise, a fixed-effects model was adopted.
Subgroup analysis according to D-dimer values was also
conducted when related data were available [11]. Egger’s
test was to evaluate the possible publication bias, and a P
value of < 0.05 indicates potential publication bias [12].

Results
Characteristics of the studies

The search strategy carried out on the electronic databases
identified the following potential studies for analysis:
PubMed (N=28), EMBASE (N =200), Cochrane
library (N=38), and MedRxiv (N=330). After applying
eligibility criteria, we identified five complete studies for
analysis (N=3220 patients) [13—17]. The studies were
carried out multicenter in the United States and Canada
(n=2), Spain (n=2), and multicenter in 6 countries
(Brazil, Canada, Ireland, Saudi Arabia, United Arab
Emirates, and the United States) (n=1). All studies were
open-label (Table 1).

All studies included patients admitted to hospital
wards for Covid-19 without the need for ICU-level care
[13-16], except for the study by Spyropoulos et al., where
33% of patients were stratified as ICU-level of care [17].
Patients ‘outcomes were adjudicated in a blinded fashion
or by an independent committee in three studies [13, 16,
17]. Studies carried out in Spain had outcomes objectively
adjudicated by the investigators [14, 15]. All studies
excluded patients with substantial bleeding risk at entry.

The studies showed a weighted average mean age of
61 years of patients. A total of 58% of patients were male.
The control group's weighted average mean incidence of
thromboembolic disease was 7.55% (from 2.1 to 29%).
The weighted average mean of D-dimer was 2.33 (range
from 1.24 to 4.0) times the ULN. There was one study with
data stratified according to patients” D-dimer values (high,
low, unknown) [13], two studies including patients with
low average D-dimer values [D-dimer low] [14, 15], and
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Table 1 (continued)

&

Outcome: major
hemorrhage

Outcome: VTE

progression to IMV

Outcome:

Outcome: all-cause

Intervention
death

D-dimer

Population

Study

Springer

Therapeutic-dose: Therapeutic-dose Therapeutic-dose Therapeutic-dose Therapeutic-dose

D-dimer median (Q1-

D-dimer level greater
than 4 times the

Spyropoulos et al.

group: 4.65%

6/129

group: 10.9%

14/129
Prophylaxis dose

group: 13.07%

17/130

group: 19.37%

25/129

Enoxaparin

Q3) Therapeutic-

[17]

dose: 1451 ng/ 1 mg/kg BID or

upper limit of normal
or a sepsis-induced

Prophylaxis dose

Prophylaxis dose

Prophylaxis dose

0.5 mg/kg BID if

mL (1045-3393)

group: 1.57%

2/127

group: 29%

36/124

group: 16.53%

21/127

group: 25.0%

31/124

Creatinine clearance
15-29 mL/min

Prophylaxis dose:
Prophylaxis dose:

1700 ng/mL

coagulopathy score of
4 or greater. A total

(1072-2942)

of 83 (33%) patients

Enoxaparin

stratified as ICU-level

30-40 mg QD

IL6, interleukin 6; IMV, Invasive mechanical ventilation; LMW, low-molecular-weight; ULN, Upper normal limit of the normal range

two studies, including patients with high average D-dimer
values (D-dimer high] [16, 17].

Major hemorrhage was defined according to the
International Society on Thrombosis and Hemostasis
(ISTH)/Scientific and Standardization Committee (SSC)
definitions and bleeding assessment tool in non-surgical
patients as in all studies [18]. Major hemorrhage included
fatal bleeding; and/or symptomatic bleeding in a critical
area or organ, such as intracranial, intraspinal, intraocular,
retroperitoneal, intraarticular or pericardial, or intramuscular
with compartment syndrome; and/or bleeding causing a fall
in hemoglobin level of > 20 g/L, or leading to transfusion of
2 or more units of whole blood or red cells.

The quality of trials assessed by the Cochrane Handbook
for Systematic Reviews of Interventions did not show risk
for selection, detection, attrition, or reporting bias. Since all
trials were open-label, there was a risk of performance bias.
The funnel plot did not show evidence of small-study bias.

Efficacy of therapeutic-dose low-molecular-weight
heparin

For the efficacy outcome, the fixed effects model showed
a trend for lower all-cause death during hospitalization in
patients with therapeutic-dose anticoagulation compared
with thromboprophylaxis (RR 0.85; 95% confidence
interval [CI] 0.67-1.07; P=0.16; I>’=48%) (Fig. 1).
In studies including patients with high D-dimer values
(N =1348 patients), therapeutic-dose anticoagulation
showed a trend for benefit on all-cause death compared with
thromboprophylaxis, although with significant heterogeneity
(RR 0.66; 95% C10.37-1.19: P=0.17, P= 65%). However,
in studies including patients with low D-dimer values
(N=1349 patients), therapeutic-dose anticoagulation was
associated with an increased risk of all-cause death (RR
2.05;95% CI 1.28-3.27; P=0.003; *=0%).

Regarding progression to invasive mechanical
ventilation, the meta-analysis showed not significant
benefit of therapeutic-dose anticoagulation compared with
thromboprophylaxis (RR 0.89; CI 0.73-1.08; P=0.24;
I? 0%). (Fig. 2) In studies including patients with high
D-dimer values (RR 0.82; 95% CI 0.62-1.09; P=0.18;
P=0%), or patients with low D-dimer values (RR 1.05;
95% CI 0.76-1.47; P=0.75; I’=0%) therapeutic-dose
anticoagulation had no significant effect compared with
thromboprophylaxis for progression to mechanical
ventilation.

Therapeutic-dose anticoagulation reduced the incidence of
venous thromboembolism compared with thromboprophylaxis
(RR 0.42; 95% CI 0.28-0.62; P=0.0001; I*=0%) [Number
needed to treat=37] (Fig. 3). These figures translated into
a number needed to treat of 37. Since the study ATTAC,
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Therapeutic dose  Prophylaxis dose Risk Ratio Risk Ratio
Study or Subgroup Events Total  Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
ATTACC, ACTIV-4a, REMAP-CAP 2021 86 1180 86 1048 63.6%  0.89([0.67,1.18) E
Marcos-Jubilar M 2022 2 32 1 33 07% 2.06(0.20, 21.64]
Murioz-Rivas N 2022 3 103 2 106 1.4%  1.54(0.26,9.05)
Sholzberg, 2021 4 228 18 237 126%  0.23(0.08, 0.67)
Spyropoulos AC 2021 25 129 3 124 226%  0.78(0.49,1.23) —T
Total (95% CI) 1577 1548 100.0%  0.85[0.67,1.07] &
Total events 120 138

Heterogeneity: Chi*= 7.63, df=4 (P = 0.11), F= 48%

Test for overall effect: Z=1.42 (P=0.16)

0.05

0.2

t

5
Favours Therapeutic dose Favours Prophylaxis dose

20

Fig.1 Efficacy of therapeutic-dose of low-molecular-weight heparin compared with heparin thromboprophylaxis on all-cause death during

hospitalization
Therapeutic dose  Prophyalaxis dose Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
ATTACC, ACTIV-4a, REMAP-CAP 2021 128 1180 127 1046 746%  0.89(0.71,1.13]
Marcos-Jubilar M 2022 9 32 8 32 44%  1.13(0.50,2.55) e
Mufioz-Rivas N 2022 3 103 1 106 05% 3.09(0.33,29.20
Sholzberg, 2021 1 228 16 237 87%  0.71[0.34,1.51) E—
Spyropoulos AC 2021 17 130 21 127 11.8%  0.79(0.44,1.43) —
Total (95% CI) 1673 1548 100.0% 0.89 [0.73,1.08] &
Total events 168 173

Heterogeneity: Chi*=1.98, df=4 (P=0.74), F=0%

Test for overall effect: Z=1.17 (P=0.24)

0.01

01

10 100

Favours therapeutic dose Favours prophylaxis dose

Fig.2 Efficacy of therapeutic-dose of low-molecular-weight heparin compared with heparin thromboprophylaxis to reduce progression to

invasive mechanical ventilation

Therapeutic dose  Prophylaxis dose Risk Ratio Risk Ratio
Study or Subgroup Events Total _ Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
ATTACC, ACTIV-4a, REMAP-CAP 2021 13 1180 22 1046 31.8% 0.52[0.27,1.03] ——
Marcos-Jubilar M 2022 0 32 3 33 47% 0.15[0.01,2.74] ¢
Mufioz-Rivas N 2022 2 103 4 106 5.4% 0.51 [0.10, 2.75) —_—
Sholzherg, 2021 2 228 6 237 8.0% 0.35[0.07,1.70) —r
Spyropoulos AC 2021 14 129 36 124 501% 0.37 [0.21, 0.66) ——
Total (95% CI) 1672 1546 100.0%  0.42[0.28,0.62] <
Total events 31 7
Heterogeneity: Chi*=1.17, df= 4 (P = 0.88), F=0% o 0 10 100

Test for overall effect: Z= 4.28 (P < 0.0001)

Favours Therapeutic dose Favours Prophylaxis dose

Fig.3 Efficacy of therapeutic-dose of low-molecular-weight heparin compared with heparin thromboprophylaxis to reduce the incidence of

venous thromboembolism

ACTIV-4a, REMAP-CAP did not provide data for subgroup
analysis on this outcome, it was not possible to assess
differences in the incidence of venous thromboembolism
between patients with high and low D-dimer values according

to the anticoagulation dose.

Safety of therapeutic-dose low-molecular-weight

heparin

Major bleeding occurred in 1.79% of the patients receiving
therapeutic-dose anticoagulation and in 0.97% of those
receiving thromboprophylaxis. (Fig. 4). These figures
translated into a number needed to harm of 125.

@ Springer
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Therapeutic dose  Prophylaxis dose Risk Ratio Risk Ratio
Study or Subgroup Events Total  Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
ATTACC, ACTIV-4a, REMAP-CAP 2021 22 1180 9 1046 61.6% 2.17[1.00, 4.68] —i—
Marcos-Jubilar M 2022 0 32 0 33 Not estimable
Mufioz-Rivas N 2022 0 103 0 106 Not estimable
Sholzberg, 2021 2 228 4 237 253% 0.52[0.10, 2.81] S E—
Spyropoulos AC 2021 6 129 2 127 13.0% 2.95(0.61,14.36) —r——
Total (95% CI) 1672 1549 100.0% 1.85[1.00, 3.44] i
Total events 30 15
Heterogeneity: Chi*= 2.67, df= 2 (P = 0.26); F= 25% o1 oh 10 100

Test for overall effect: Z=1.95 (P = 0.05)

Favours therapeutic dose Favours prophylaxis dose

Fig.4 Major bleeding with therapeutic-dose of low-molecular-weight heparin compared with heparin thromboprophylaxis

Discussion

Our meta-analysis shows that in noncritically ill patients
hospitalized with Covid-19 and high D-dimer values,
therapeutic-dose anticoagulation with low-molecular-
weight heparin had no significant effect on all-cause
death at 30 days or progression to mechanical ventilation.
However, therapeutic-dose anticoagulation significantly
reduced the risk of venous thromboembolism but it was
associated with an increased risk of major hemorrhage
compared with thromboprophylaxis.

We did not evaluate the efficacy of intermediate doses
of low-molecular-weight heparin since subgroup analyses
in published trials showed a neutral effect compared
with thromboprophylaxis [15, 17-20]. We excluded
trials in critically ill patients admitted to intensive care
since therapeutic anticoagulation did not improve major
thrombotic events or deaths; we included for analysis one
trial in which 33% (N =83 patients) of the population
was admitted to ICU-level care [17]. It might be that the
overwhelming inflammatory reaction and accompanying
thrombotic complications in critically ill patients are too
pronounced to be restored [21].

Five previously published meta-analyses studied the
effect of anticoagulant regimens with low-molecular-weight
heparin in hospitalized patients with Covid-19 [22-26].
Neither of the meta-analysis demonstrated benefits in terms
of mortality in patients receiving full-dose anticoagulation
compared with thromboprophylaxis. All of them showed that
therapeutic dose of low-molecular-weight heparin reduced
around 50% the risk of thrombotic events compared with
thromboprophylaxis. Three of the meta-analysis concluded
that full-dose anticoagulation was associated with an
increased risk of bleeding [22-24]. Expert consensus and
guidance suggest therapeutic intensity anticoagulation
for moderately ill hospitalized patients at risk of disease
progression defined by supplemental oxygen requirement
and an elevated D-dimer (>2-4 times the upper limit of
normal range) who are not at risk for anticoagulant-related
bleeding [27, 28].

@ Springer

Our meta-analysis including five randomized clinical
trials analyzed the importance of D-dimer values as a
surrogate marker of disease severity in Covid-19. Subgroup
analyses based on a D-dimer cut-off value > 2 times the
upper limit normal failed to discriminate patients in whom
therapeutic-dose anticoagulation could show a benefit
on survival, or progression to mechanical ventilation.
Nevertheless, in accordance with other meta-analysis
we also found that therapeutic-dose anticoagulation
reduced the risk of thrombotic events compared with
thromboprophylaxis with a number needed to treat of
37, and a number needed to harm of 125. Understanding
of pathophysiologic mechanisms of thrombosis in
COVID-19 has evolved, with recognition that patients
may be at risk for both macrothrombotic events (e.g.,
deep venous thrombosis, pulmonary embolism) and
immunothrombosis in situ) [29]. However, biomarkers of
coagulation (e.g., d-dimer, fibrinogen level, and activated
partial thromboplastin time) or inflammation (Leukocyte
count, C-reactive protein) failed to discriminate between
patients with or without thrombotic complications [30].
Therapeutic-dose anticoagulation should be reserved
for patients with a documented venous thrombotic event
or those showing high probability of thromboembolism
defined by a Wells score of 3 in suspected deep vein
thrombosis and a Wells score of 4 in suspected pulmonary
embolism and D-dimers of 500 ng/mL and above [31].

The strength of the present meta-analysis is that we
included its conduct and analysis according to PRISMA
guidelines. We only analyzed randomized controlled trials
to reduce the risk of bias. The search of the literature was
complete, including non-published information. Two studies
showed potential for performance bias due to not using
independent end-point adjudication committee. However,
the outcomes were objective and predefined minimizing
the possibility of bias. Also, there could be a potential for
ascertainment bias due to different criteria for screening for
venous thromboembolism or major hemorrhage across the
studies.

In conclusion, therapeutic-dose anticoagulation
with low-molecular-weight heparin compared with
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thromboprophylaxis reduced the risk of venous
thromboembolism in non-critically ill patients with Covid-
19 albeit with an increased risk of major hemorrhagic
events. Therapeutic-dose anticoagulation had no effect on
overall mortality or progression to mechanical ventilation.
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