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COVID-19: a meta-analysis of randomized clinical trials
Bruno de Matos AQUINO1, Gabriel Tonini PALUDETO1, Alcindo CERCI NETO1,2, Paulo 
Roberto BIGNARDI1

School of Medicine, Pontifi cal Catholic University of Paraná, Londrina, Paraná, Brazil. pbignardi@gmail.com

ABSTRACT
Thromboembolic events are common in hospitalized patients with COVID-19, suggesting that SARS-CoV-2 
infection may be related to a prothrombotic state. Several clinical trials evaluating different anticoagulation 
strategies were developed. Thus, we proposed conducting a meta-analysis of randomized clinical trials that 
evaluated the effi cacy and safety of therapeutic anticoagulation with heparins in hospitalized patients with 
COVID-19. We searched PubMed, Cochrane, and Epistemonikos for studies published until December 22, 
2022. Nine studies compared prophylactic/intermediate anticoagulation versus therapeutic anticoagulation 
with heparins were included. Four effi cacy and one safety endpoints were analyzed: all-cause mortality, 
thromboembolic events, pulmonary embolism, need of intensive care unit or non-invasive ventilation, and 
major bleeding. Compared with prophylactic/intermediate anticoagulation, therapeutic anticoagulation with 
heparins was not associated with a reduction in all-cause mortality and need of intensive care unit or 
non-invasive ventilation in hospitalized patients with COVID-19, but showed a reduction in the number of 
thromboembolic events (RR 0.54, 95% CI 0.41–0.71, I2 = 0 %) and pulmonary embolisms (RR 0.37, 95% 
CI 0.24–0.57, I2 = 0 %), besides an increase in major bleeding (RR 1.67, 95% CI 1.05–2.64, I2 = 0 %). This 
meta-analysis did not show a reduction in all-cause mortality in hospitalized patients with COVID-19 who 
received anticoagulation with heparin at a therapeutic dose compared to those who received a prophylactic/
intermediate dose, as well as no signifi cant differences were found in the need of intensive care unit 
admission or use of non-invasive ventilation. There was, however, a reduction in thromboembolic events, 
pulmonary embolism, and increased bleeding (Tab. 1, Fig. 5, Ref. 31). Te  xt in PDF www.elis.sk
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Introduction

Thromboembolic events are common in hospitalized patients 
with COVID-19. These complications can occur in both small 
and large venous and arterial circulation vessels, suggesting that 
SARS-CoV-2 infection may be related to a prothrombotic state (1). 
The pathophysiological mechanisms predisposing to this condition 
are complex, involving interactions between endothelial lesions, 
excessive infl ammation, and hypercoagulability (2). Since the im-
mune and hemostatic systems are closely related, even immune-
mediated thrombus formation can occur, a condition called im-
munothrombosis, which mainly affects the microvasculature (3).

To reduce these events, a series of clinical trials evaluat-
ing different anticoagulation strategies were developed (4–13). 
These studies generally compared anticoagulation with heparins 
at prophylactic, intermediate and therapeutic doses. Prophylactic 

anticoagulation consists of pharmacological therapies adopted 
to prevent venous thromboembolism in patients at high risk. In 
contrast, therapeutic anticoagulation is used to treat patients with 
ongoing venous thromboembolism, which involves anticoagulants 
in higher doses (14, 15). Intermediate anticoagulation, in turn, is 
a middle ground between these two strategies.

 Throughout the pandemic, much has been discussed regarding 
the best anticoagulation approach for patients hospitalized with 
COVID-19. Several studies showed divergent results, raising some 
doubts about the effi cacy and safety profi le of therapeutic anticoagu-
lation compared to prophylactic or intermediate anticoagulation and 
whether this would change according to the severity of the disease. 

Thus, we proposed carrying out a systematic review and meta-
analysis of randomized clinical trials (RCTs) that evaluated the 
effi cacy and safety of therapeutic anticoagulation with heparins. To 
obtain more accurate results and greater applicability in clinical prac-
tice, we stratifi ed the patients into moderate and severe COVID-19.

Methods

This systematic review and meta-analysis were performed fol-
lowing the Preferred Reporting Items for Systematic Review and 
Meta-analysis (PRISMA) (16). This study has not been registered.
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Search strategy
Two authors identifi ed RCTs through a comprehensive and 

systematic search of the following databases: PubMed, Cochrane, 
and Epistemonikos. Disagreements were solved through discus-
sion among all authors. The non-peer-reviewed sources and grey 
literature were used to access studies that met the inclusion and 
exclusion criteria but were not indexed in these databases. There 
were no restrictions on the language of the studies, and December 
22, 2022, was determined as the deadline 
for including studies in the search results. 
Detailed search strategies for databases, 
non-peer-reviewed sources, and grey lit-
erature are provided in the Supplementary 
Appendix.

PICOT
The central question of the research 

was established following the anagram PI-
COT (population, intervention, control, out-
comes, and time). RCTs that met the fol-
lowing inclusion criteria were considered 
eligible: (P) adult hospitalized patients with 
laboratory-confi rmed SARS-CoV-2 infec-
tion; (I) administration of therapeutic an-
ticoagulation with heparins; (C) adminis-
tration of prophylactic and/or intermediate 
anticoagulation with heparins; (O) all-cause 
mortality, thromboembolic events, deep 
vein thrombosis, pulmonary embolism, 
need of intensive care unit or non-invasive 

ventilation, and major bleeding; (T) follow-up of approximately 
30 days, with slightly shorter or longer intervals being allowed. 
Randomized clinical trials using new oral anticoagulants (NOACs) 
were considered ineligible.

The patients were divided into two groups: moderate and se-
vere COVID-19. Any patient hospitalized with COVID-19 was 
considered to have a moderate form of the disease, as long as 
oxygen therapy was not required or only using oxygen by mask 

Fig. 1. Flow chart of study selection.

Fig. 2. Forest plot of the effect of therapeutic anticoagulation on all-cause mortality.
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or nasal prongs was necessary. COVID-19 
was considered severe when the patient also 
met at least one of the following criteria: 
(1) requiring intensive care unit admission; 
(2) undergoing respiratory organ support 
(high-fl ow nasal cannula, non-invasive ven-
tilation, invasive mechanical ventilation, 
or extracorporeal life support); (3) under-
going cardiovascular organ support (vaso-
pressors, inotropes, or extracorporeal life 
support). These defi nitions for moderate 
and severe COVID-19 agree with those es-
tablished by the WHO clinical progression 
scale  (17–19).

Data extraction
In order to extract the main data from 

each article, two researchers independently 
transcribed the main information from the 
randomized clinical trials using a standard-
ized form with the following points: (1) 
name of the fi rst author and year of publica-
tion; (2) region in which the study was per-
formed (country of origin or international, 
in the case of multicenter studies); (3) type 
of study; (4) data on the clinical trial popu-
lation, like details on the inclusion factors 
for each article; (5) the number of patients 
and anticoagulation regimen in the control 
group; (6) the number of patients and antico-
agulation regimen in the intervention group; 
(7) the outcomes and their events; and (8) 
the follow-up time of each trial.

Outcomes
Four efficacy and one safety end-

points were used to evaluate the interven-
tion with therapeutic anticoagulation: (1) 
all-cause mortality; (2) thromboembolic 
events, whether venous (upper extremity 
deep vein thrombosis, lower extremity deep 
vein thrombosis, pulmonary embolism, 
splanchnic vein thrombosis, and cerebral 
sinus thrombosis) or arterial (acute myocar-
dial infarction, acute ischemic stroke, acute 
limb ischemia, peripheral arterial thrombo-
embolism, and systemic arterial thrombo-
embolism); (3) pulmonary embolism; (4) 
need of intensive care unit or non-invasive 
ventilation; and (5) major bleeding (those 
that result in death, are life-threatening, 
cause chronic sequelae or consume major 
health-care resources). Additionally, we also 
evaluated the composite endpoint of deaths 
and thromboembolic events in patients with 

Fig. 3. Forest plot of the effect of therapeutic anticoagulation on thromboembolic events.

Fig. 4. Effect of therapeutic anticoagulation on pulmonary embolism.

Fig. 5. Effect of therapeutic anticoagulation on the need of intensive care unit or non-invasive 
ventilation.
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moderate COVID-19 with D-dimer levels less and greater than 
1000 ng/ml.

Quality of the selected studies
Two independent authors assessed the quality of studies ac-

cording to the Cochrane guidelines (20). Any disagreements were 
resolved through discussion with a third author. Five domains were 
assessed: (1) bias arising from the randomization process; (2) bias 
due to deviations from the intended interventions; (3) bias due to 
missing outcome data; (4) bias in the measurement of the outcome; 
(5) bias in the selection of the reported results.

Statistical analysis
Pooled RR and 95% confi dence interval (CI) were calculated. 

The p ≤ 0.05 for the Q test represented a signifi cant difference 
between the groups, and an I2 ≥ 50 % statistic revealed substan-
tial heterogeneity. If the heterogeneity test was not statistically 
signifi cant, the analyses were performed using a fi xed-effects 
model; otherwise, a random-effects model was used. Finally, 
the publication bias was examined by the Egger test and funnel 
plot. All analyses were performed with Stata/SE v.16.1 software 
(StataCorpLP, USA).

Results

Characteristics of included studies
Based on the search strategies previously described, we found 

a total of 7,844 studies potentially relevant to the research objec-
tives. The use of automation tools and the exclusion of duplicate 
studies shortened this number to 867 studies. After screening and 
applying the eligibility criteria, nine studies remained and were 
included in the meta-analysis, totaling a population of 4,562 pa-
tients (4–12). The main data from each study can be found in Table 
1. Detailed studies selection is provided in Figure 1.

Effect of therapeutic anticoagulation on all-cause mortality
Nine studies were included in the analysis of all-cause mortality 

in hospitalized patients with COVID-19 (4–12). Compared with pro-
phylactic/intermediate anticoagulation, therapeutic anticoagulation 
was not associated with all-cause mortality in hospitalized patients 
with COVID-19 (RR 0.89, 95% CI 0.72–1.11, I2 = 2 5%) (Fig. 2).

Nine studies were included in the subgroup analysis accord-
ing to the COVID-19 stage. Therapeutic anticoagulation did not 
reduce all-cause mortality in patients with moderate (RR 0.71, 95% 
CI 0.33–1.55, I2 = 54 %) or severe COVID-19 (RR 1.01, 95% CI 
0.88–1.17, I2 = 0 %) compared to prophylactic/intermediate an-
ticoagulation (Fig. 2).

Effect of therapeutic anticoagulation on thromboembolic events
Nine studies were included in analysing thromboembolic 

events in hospitalized patients with COVID-19. Compared with 
prophylactic/intermediate anticoagulation, therapeutic anticoagu-
lation was associated with a reduction in thromboembolic events 
in hospitalized patients with COVID-19 (RR 0.54, 95% CI 0.41–
0.71, I2 = 0%) (Fig. 3).

Subgroup analysis included four studies of patients with mod-
erate COVID-19 and fi ve trials of patients with severe COVID-19. 
Therapeutic anticoagulation reduced thromboembolic events in 
patients with moderate (RR 0.48, 95% CI 0.27-0.85, I2 = 0 %) 
and severe COVID-19 (RR 0.56, 95% CI 0.41–0.76, I2 = 0 %) 
compared to prophylactic/intermediate anticoagulation (Fig. 3).

Effect of therapeutic anticoagulation on pulmonary embolism
Four studies were included in analysing pulmonary embolism 

events in hospitalized patients with COVID-19 (4, 5, 9, 10). Com-
pared with prophylactic/intermediate anticoagulation, therapeutic 
anticoagulation was associated with reduced pulmonary embo-
lism in hospitalized patients with COVID-19 (RR 0.37, 95% CI 
0.24–0.57, I2 = 0 %) (Fig. 4). 

Subgroup analysis revealed that treatment reduced pulmo-
nary embolism events regardless of the stage of COVID-19 when 
compared with the control group: moderate COVID-19, RR 0.43, 
95% CI 0.21–0.87, I2=0 %; severe COVID = 19, RR 0.34, 95% 
CI 0.20–0.58, I2  = 0 % (Fig. 4).

Effect of therapeutic anticoagulation on need of intensive care 
unit or non-invasive ventilation

The data was extracted and pooled from three studies  (5–7). 
Compared with prophylactic/intermediate anticoagulation, thera-
peutic anticoagulation was not associated with a reduction in the 
need of intensive care unit or non-invasive ventilation in hos-
pitalized patients with moderate COVID-19 (RR 0.90, 95% CI 
0.34–2.36, I2 = 84 %) (Fig. 5).

Effect of therapeutic anticoagulation on major bleeding
Five studies were included in the analysis of major bleeding in 

hospitalized patients with COVID-19 (4, 5, 9, 10, 11). Compared 
with prophylactic/intermediate anticoagulation, therapeutic antico-
agulation was associated with increased major bleeding in hospital-
ized patients with COVID-19 (RR 1.67, 95% CI 1.05–2.64, I2 = 0 %).

Subgroup analysis revealed that therapeutic anticoagulation 
showed no difference in major bleeding in patients with moder-
ate (RR 1.30, 95% CI 0.34–4.98, I2 = 56 %) and severe (RR 1.65, 
95% CI 0.90–3.04, I2 = 0 %) COVID-19 compared to prophylactic/
intermediate anticoagulation.

Thromboembolic events or death by D-dimer level
The data was extracted and pooled from three studies (4, 5, 7) 

for analysis of thromboembolic events or death in patients with 
moderate COVID-19 by D-dimer level (< 1000 ng/ml and > 1000 
ng/ml). No signifi cant difference in thromboembolic events or 
death was found in either of the two groups.

Incidence of outcomes
In Table S1, we present the incidence of all analyzed outcomes.

Numbers needed to treat (NNT) and numbers needed to harm 
(NNH)

The numbers needed to treat (NNT) calculations refl ect the 
number of treated patients needed to prevent an outcome, while 



Bratisl Med J 2023; 124 (11)

848 – 855

852

A
ut

ho
r

Re
gi

on
Ty

pe
Po

pu
la

tio
n

Co
nt

ro
l g

ro
up

In
te

rv
en

tio
n 

gr
ou

p
M

ai
n 

ou
tc

om
es

 an
d 

re
su

lts
Lo

ng
es

t
fo

llo
w

-u
p

n
D

ru
gs

n
D

ru
gs

La
w

le
r e

t a
l

(2
02

1)
In

te
rn

at
io

na
l

O
pe

n-
la

be
l, 

m
ul

tic
en

te
r, 

m
ul

tip
la

tfo
rm

 R
CT

.

H
os

pi
ta

lis
ed

 p
at

ie
nt

s w
ith

 m
od

er
at

e 
CO

V
ID

-1
9 

(n
ot

 re
qu

iri
ng

 in
te

ns
iv

e c
ar

e 
un

it 
ad

m
iss

io
n)

10
50

Pr
op

hy
la

ct
ic

 o
r i

nt
er

m
ed

ia
te

 
an

tic
oa

gu
la

tio
n

(a
cc

or
di

ng
 to

 lo
ca

l s
ite

 p
ro

to
co

ls)

11
81

Th
er

ap
eu

tic
 

an
tic

oa
gu

la
tio

n

(a
cc

or
di

ng
 to

 lo
ca

l s
ite

 
pr

ot
oc

ol
s)

A
ll-

ca
us

e m
or

ta
lit

y:
 8

6/
10

46
 o

r 8
.2

%
 (P

A
)

vs
 8

6/
11

80
 o

r 7
.3

%
 (T

A
)

Th
ro

m
bo

tic
 ev

en
ts:

 2
2/

10
46

 o
r 2

.1
%

 (P
A

)
vs

 1
3/

11
80

 o
r 1

.1
%

 (T
A

)

M
aj

or
 b

le
ed

in
g:

 9
/1

04
7 

or
 0

.9
%

 (P
A

)
vs

 2
2/

11
80

 o
r 1

.9
%

 (T
A

)

21
 d

ay
s

Sh
ol

zb
er

g 
et

 al
(2

02
1)

In
te

rn
at

io
na

l
O

pe
n-

la
be

l, 
m

ul
tic

en
te

r, 
RC

T.
H

os
pi

ta
lis

ed
 p

at
ie

nt
s w

ith
 m

od
er

at
e 

CO
V

ID
-1

9 
(re

qu
iri

ng
 co

nv
en

tio
na

l 
ho

sp
ita

l w
ar

d 
ad

m
iss

io
n)

23
7

Pr
op

hy
la

ct
ic

 an
tic

oa
gu

la
tio

n

(fi 
rs

t l
in

e:
 h

ep
ar

in
s)

22
8

Th
er

ap
eu

tic
 

an
tic

oa
gu

la
tio

n

(fi 
rs

t l
in

e:
 h

ep
ar

in
s)

A
ll-

ca
us

e m
or

ta
lit

y:
 1

8/
23

7 
or

 7
.6

%
 (P

A
)

vs
 4

/2
28

 o
r 1

.8
%

 (T
A

)

Th
ro

m
bo

tic
 ev

en
ts:

 7
/2

37
 o

r 2
.6

%
 (P

A
)

vs
 2

/2
28

 o
r 0

.9
%

 (T
A

)
 M

aj
or

 b
le

ed
in

g:
 4

/2
37

 o
r 1

.7
%

 (P
A

)
vs

 2
/2

28
 o

r 0
.9

%
 (T

A
)

28
 d

ay
s

M
ar

co
s-J

ub
ila

r 
et 

al
(2

02
1)

Sp
ai

n
O

pe
n-

la
be

l, 
m

ul
tic

en
te

r, 
RC

T.
H

os
pi

ta
lis

ed
 p

at
ie

nt
s w

ith
 m

od
er

at
e 

CO
V

ID
-1

9 
(n

on
 se

ve
re

 p
ne

um
on

ia
 

w
ith

 b
as

el
in

e D
-d

im
er

 >
 5

00
 n

g/
m

L)

33
Pr

op
hy

la
ct

ic
 an

tic
oa

gu
la

tio
n

(fi 
rs

t l
in

e:
 b

em
ip

ar
in

, 3
50

0 
IU

 
SC

 d
ai

ly
)

32
Th

er
ap

eu
tic

 
A

nt
ic

oa
gu

la
tio

n

(fi 
rs

t l
in

e:
 b

em
ip

ar
in

, 
11

5 
IU

/k
g 

SC
 d

ai
ly

)

A
ll-

ca
us

e m
or

ta
lit

y:
 1

/3
3 

or
 3

.0
%

 (P
A

)
vs

 2
/3

2 
or

 6
.3

%
 (T

A
)

Th
ro

m
bo

tic
 ev

en
ts:

 2
/3

3 
or

 6
.1

%
 (P

A
)

vs
 0

/3
2 

or
 0

.0
%

 (T
A

)

M
aj

or
 b

le
ed

in
g:

 0
/3

3 
or

 0
.0

%
 (P

A
)

vs
 0

/3
2 

or
 0

.0
%

 (T
A

)

30
 d

ay
s

M
uñ

oz
-R

iv
az

 
et

 al
(2

02
2)

Sp
ai

n
O

pe
n-

la
be

l, 
m

ul
tic

en
te

r, 
RC

T.
H

os
pi

ta
lis

ed
 p

at
ie

nt
s w

ith
 m

od
er

at
e 

CO
V

ID
-1

9 
(re

qu
iri

ng
 co

nv
en

tio
na

l 
ho

sp
ita

l w
ar

d 
ad

m
iss

io
n)

10
6

91

Pr
op

hy
la

ct
ic

 an
tic

oa
gu

la
tio

n

(fi 
rs

t l
in

e:
 ti

nz
ap

ar
in

, 4
50

0 
IU

 
SC

 d
ai

ly
)

In
te

rm
ed

ia
te

 an
tic

oa
gu

la
tio

n

(fi 
rs

t l
in

e:
 ti

nz
ap

ar
in

 1
00

 IU
/k

g 
SC

 d
ai

ly
)

10
3

Th
er

ap
eu

tic
 

an
tic

oa
gu

la
tio

n

(fi 
rs

t l
in

e:
 ti

nz
ap

ar
in

 
17

5 
IU

/k
g 

SC
 d

ai
ly

)

A
ll-

ca
us

e m
or

ta
lit

y:
 2

/1
06

 o
r 1

.9
%

 (P
A

)
vs

 3
/9

1 
or

 3
.3

%
 (I

A
) v

s 3
/1

03
 o

r 1
.9

%
 (T

A
)

Th
ro

m
bo

tic
 ev

en
ts:

 4
/1

06
 o

r 3
.8

%
 (P

A
)

vs
 2

/9
1 

or
 2

.2
%

 (I
A

) v
s 2

/1
03

 o
r 1

.9
%

 (T
A

)

M
aj

or
 b

le
ed

in
g:

 0
/1

06
 o

r 0
.0

%
 (P

A
)

vs
 0

/9
1 

or
 0

.0
%

 (I
A

) v
s 0

/1
03

 o
r 0

.0
%

 (T
A

)

30
 d

ay
s

Le
m

os
 et

 al
(2

02
0)

Br
az

il
O

pe
n-

la
be

l, 
sin

gl
e c

en
te

r 
RC

T.
H

os
pi

ta
lis

ed
 p

at
ie

nt
s w

ith
 se

ve
re

 
CO

V
ID

-1
9 

(u
nd

er
go

in
g 

m
ec

ha
ni

ca
l 

ve
nt

ila
tio

n;
 an

d 
D

-d
im

er
 le

ve
ls 

gr
ea

te
r t

ha
n 

10
00

 μ
g/

L)

10
Pr

op
hy

la
ct

ic
 an

tic
oa

gu
la

tio
n

(fi 
rs

t l
in

e:
 en

ox
ap

ar
in

, 4
0 

m
g 

SC
 

da
ily

)

10
Th

er
ap

eu
tic

 
an

tic
oa

gu
la

tio
n

(fi 
rs

t l
in

e:
 en

ox
ap

ar
in

, 
1 

m
g/

kg
 S

C 
tw

ic
e d

ai
ly

)

A
ll-

ca
us

e m
or

ta
lit

y:
 3

/1
0 

or
 3

0.
0%

 (P
A

)
vs

 1
/1

0 
or

 1
0.

0%
 (T

A
)

Th
ro

m
bo

tic
 ev

en
ts:

 2
/1

0 
or

 2
0.

0%
 (P

A
)

vs
 2

/1
0 

or
 2

0.
0%

 (T
A

)

M
aj

or
 b

le
ed

in
g:

 0
/1

0 
or

 0
.0

%
 (P

A
)

vs
 0

/1
0 

or
 0

.0
%

 (T
A

)

28
 d

ay
s

G
ol

ig
he

r e
t a

l
(2

02
1)

In
te

rn
at

io
na

l
O

pe
n-

la
be

l, 
m

ul
tic

en
te

r, 
m

ul
tip

la
tfo

rm
 R

CT
.

H
os

pi
ta

lis
ed

 p
at

ie
nt

s w
ith

 se
ve

re
CO

V
ID

-1
9 

(re
qu

iri
ng

 in
te

ns
iv

e c
ar

e u
ni

t 
ad

m
iss

io
n;

 an
d 

un
de

rg
oi

ng
 re

sp
ira

to
ry

 o
r 

ca
rd

io
va

sc
ul

ar
 o

rg
an

 su
pp

or
t)

56
7

Pr
op

hy
la

ct
ic

 o
r i

nt
er

m
ed

ia
te

 
an

tic
oa

gu
la

tio
n

(a
cc

or
di

ng
 to

 lo
ca

l s
ite

 p
ro

to
co

ls)

53
6

Th
er

ap
eu

tic
 

an
tic

oa
gu

la
tio

n

(a
cc

or
di

ng
 to

 lo
ca

l s
ite

 
pr

ot
oc

ol
s)

D
ea

th
 in

 h
os

pi
ta

l: 
20

0/
56

4 
or

 3
5.

5%
 (P

A 
or

 IA
)

vs
 1

99
/5

34
 o

r 3
7.

3%
 (T

A
)

Th
ro

m
bo

tic
 ev

en
ts:

 6
2/

55
9 

or
 11

.1
%

 (P
A 

or
 IA

)
vs

 3
8/

53
0 

or
 7

.2
%

 (T
A

)

M
aj

or
 b

le
ed

in
g:

 1
3/

56
2 

or
 2

.3
%

 (P
A 

or
 IA

)
vs

 2
0/

52
9 

or
 3

.8
%

 (T
A

)

28
 d

ay
s

Ta
b.

 1
. C

ha
ra

ct
er

is
tic

s o
f i

nc
lu

de
d 

cl
in

ic
al

 tr
ia

ls
.



Bruno de Matos AQUINO et al. Anticoagulation therapy in hospitalized patients with COVID-19… 

xx

853

the numbers needed to harm (NNH) calcu-
lations refl ect the number of treated patients 
needed to cause an outcome. In table S2 we 
present the NNT and NNH of all analyzed 
outcomes. Both NNT and NNH values are 
presented, considering intervention with 
therapeutic anticoagulation.

Analysing the NNT of thromboembolic 
events and the NNH of major bleeding, we 
found that for hospitalized patients with 
COVID-19 on therapeutic anticoagulation, 
one major bleeding is caused for every 3.4 
thromboembolic event prevented. This ratio 
is 1.9 and 4.6 for patients with moderate and 
severe COVID-19, respectively.

Quality assessment of selected studies and 
risk of bias

Among the 9 studies selected for the 
meta-analyses, four trials were considered 
to have a high risk of bias, one as some 
concerns, and four as a low risk of bias. 
Eight trials were randomized, open-label, 
controlled studies, and one randomized, 
pseudo-blinded controlled trial. The qual-
ity assessments of the studies included in 
the meta-analysis are shown in Figure S3. 
The estimated bias coeffi cient results ranged 
from 0.235 to 1.078, giving a p > 0.05 for 
all analyses. Therefore, the tests provide 
weak evidence for the presence of publica-
tion bias. A funnel plot was performed for 
the 3 outcomes but failed to detect possible 
small study effects.

Discussion

This meta-analysis found no difference 
in all-cause mortality between prophylactic/
intermediate and therapeutic anticoagula-
tion use in hospitalized patients with moder-
ate and severe COVID-19. However, there 
was a reduction in thromboembolic events 
and increased major bleeding among pa-
tients who used the therapeutic dose. The re-
duction in thromboembolic events occurred 
in hospitalized patients and subgroups of 
moderate or severe COVID-19. The in-
crease in major bleeding was observed in 
hospitalized patients but not in the sub-
groups, that could explain the low number 
of events in these samples. These results 
are in alignment with those found by other 
meta-analyses (21, 22).A
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There are a few possible approaches to explaining the lack 
of effi cacy of therapeutic anticoagulation in reducing all-cause 
mortality. The fi rst is the simplest: there are no benefi ts in using 
a higher dose of heparins in the anticoagulation of patients with 
COVID-19. This may occur because the thrombo-infl ammatory 
state is already well-established in certain patients. Even if hepa-
rins have some anti-infl ammatory effect, they may not be enough 
to change the natural course of the disease in the same way that 
corticosteroids do (23). Furthermore, the benefi ts of reducing 
thromboembolic events may be nullifi ed by the increase in major 
bleeding, leaving all-cause mortality unchanged.

A second approach is based on the premise that therapeutic 
anticoagulation can reduce mortality. However, it would be neces-
sary to better stratify patients according to D-dimer and determine 
an anticoagulation strategy by the length of hospital stay (24, 25). 
D-dimer is a marker of endogenous fi brinolysis widely used as 
an initial test to screen for venous thromboembolism in patients 
with signs and symptoms suggestive of the disease since it has a 
high negative predictive value. In the context of COVID-19, it 
has also been adopted as a marker associated with a worse disease 
prognosis (26, 27).

For this reason, we decided to perform a subgroup analysis 
(with the cutoff present in the studies < 1,000 ng/ml and > 1,000 
ng/ml – equivalent to 2x ULN). Although the analysis revealed 
a tendency to reduce death and thromboembolic events in the > 
1,000 ng/ml group, the analysis showed no difference between 
the two treatments.

This fi nding may have been caused by the low number of 
events and/or by the cutoff adopted in the selected studies. Be-
cause although all studies in this meta-analysis included patients 
with D-dimer above the upper limit of the normal range (ULN), 
they may not have been high enough to justify and benefi t from 
therapeutic anticoagulation in the mortality endpoint. This hy-
pothesis is supported by data from a retrospective cohort, in 
which prophylactic anticoagulation was compared with antico-
agulation based on D-dimer levels; that is, the higher the baseline 
D-dimer presented by the patient, the higher the dose of heparin 
administered (24).

Tassiopoulos et al observed a reduction in mortality when pa-
tients hospitalized with COVID-19 received prophylactic (if D-
dimer < 4 times the ULN), intermediate (if D-dimer between 4-11 
times the ULN) or therapeutic (if D-dimer ≥ 12 times the ULN) 
according to D-dimer rather than marker-independent prophylactic 
anticoagulation. It is important to note that patients who received 
therapeutic doses had a much higher D-dimer than patients in the 
clinical trials included in this meta-analysis, in which eight studies 
had patients with a mean D-dimer between 2-8 times the ULN and 
only one (10) with mean D-dimer ≥ 12 times the ULN.

In addition to the D-dimer anticoagulation strategy, another 
aspect that may be important for reducing mortality is the time to 
start therapeutic anticoagulation (25). Tacquard et al pointed out 
that most thromboembolic events occur seven days after hospitali-
sation, while most haemorrhages occur eleven days after hospi-
talisation – considering a 35-day follow-up. Thus, in patients with 
a very high D-dimer, it may be interesting to adopt therapeutic 

anticoagulation at fi rst and then gradually de-escalate the doses 
until prophylactic anticoagulation is achieved.

Taken together, these measures may result in an even lower 
NNT for thromboembolic events and an even higher NNH for 
major bleeding than those exposed in this meta-analysis, which 
was 33 and 111 for hospitalized COVID-19 patients, respectively. 
These data show that, on average, one major bleeding is caused 
for every three thromboembolic events prevented using therapeu-
tic anticoagulation. Thus, even without a reduction in mortality, 
therapeutic doses can potentially promote some clinical benefi t, 
which must be analyzed individually according to each patient’s 
risks for thrombosis and haemorrhage.

A fi nal point that deserves attention is heparin resistance, which 
can be understood as a failure to achieve a desired level of antico-
agulation even with an adequate drug dose (28). This phenomenon 
has been observed in patients with critical COVID-19 and, despite 
not being well understood, it is known that it is more relevant in the 
case of unfractionated heparin than low molecular weight heparins 
– both used in clinical trials (28–30). In these cases, monitoring 
the anticoagulant effect of heparin does not fractionate essential, 
as high doses may not play the expected therapeutic role and even 
cause more bleeding (31).

This study has several strengths. To our knowledge, this is 
the meta-analysis that assessed therapeutic anticoagulation in 
COVID-19 patients with the largest number of patients involved. 
This study informs physicians regarding the effi cacy and safety 
of therapeutic anticoagulation doses for COVID-19. Some limi-
tations of our study were the small number of randomized trials, 
trials without D-dimer cutoff stratifi cation, studies performed 
without blinding, and substantial heterogeneity. Differences in 
population characteristics and sample sizes may have contributed 
to heterogeneity.

Conclusion

This meta-analysis did not show a reduction in all-cause mor-
tality when using therapeutic versus prophylactic/intermediate 
doses. However, it showed a reduction in the number of throm-
boembolic events and increased major bleeding. More random-
ized controlled trials that separate COVID-19 patients in terms of 
disease severity and risk of thromboembolic events by D-dimer 
levels are needed to investigate the role of anticoagulant therapy 
in the mortality of COVID-19 patients.
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