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Abstract
Background In patients hospitalised with COVID-19,
an increased incidence of thromboembolic events,
such as pulmonary embolism, deep vein thrombosis
and stroke, has been reported. It is unknown whether
anticoagulation can prevent these complications and
improve outcome.
Methods A systematic literature search was performed
to answer the question: What is the effect of (prophy-
lactic and therapeutic dose) anticoagulation therapy
in COVID-19 patients on cardiovascular and throm-
boembolic complications and clinical outcome? Rel-
evant outcome measures were mortality (crucial),
hospital admission, length of stay, thromboembolic
complications (pulmonary embolism, stroke, tran-
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sient ischaemic attack), need for mechanical venti-
lation, acute kidney injury and use of renal replace-
ment therapy. Medline and Embase databases were
searched with relevant search terms until 17 July 2020.
After systematic analysis, eight studies were included.
Analysis was stratified for the start of anticoagulation
before or during hospital admission.
Results There was insufficient evidence that therapeu-
tic anticoagulation could improve the outcome in pa-
tients hospitalised with COVID-19. None of the stud-
ies demonstrated improved mortality, except for one
very small Italian study. Furthermore, none of the
studies showed a positive effect of anticoagulation on
other outcome measures in COVID-19, such as ICU
admission, length of hospital stay, thromboembolic
complications, need for mechanical ventilation, acute
kidney failure or need for renal replacement therapy,
except for two studies demonstrating an association
between anticoagulation and a lower incidence of pul-
monary embolism. However, the level of evidence of
all studies varied from ‘low’ to ‘very low’, according to
the GRADE methodology.
Conclusion Analysis of the literature showed that
there was insufficient evidence to answer our ob-
jective on the effect of anticoagulation on outcome
in COVID-19 patients, especially due to the low sci-
entific quality of the described studies. Randomised
controlled studies are needed to answer this question.

Keywords COVID-19 · Anticoagulation · Mortality

Clinical question

Should patients with COVID-19 be treated with pro-
phylactic or therapeutic dose anticoagulation to pre-
vent cardiovascular and thromboembolic complica-
tions and improve clinical outcome?
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Introduction

In hospitalised COVID-19 patients an increased in-
cidence of thromboembolic events, pulmonary em-
bolism, deep vein thrombosis and stroke has been re-
ported [1–6]. In an observational study, the use of
heparin was associated with lower mortality [7]. It is
not known whether anticoagulation in all hospitalised
COVID-19 patients improves outcome. Therefore, the
guideline committee decided to perform a review of
the literature to answer this clinically relevant ques-
tion.

Methods

A review of the literature was performed to answer
the following question: What is the effect of (prophy-
lactic and therapeutic dose) anticoagulation therapy
in COVID-19 patients on cardiovascular and throm-
boembolic complications and clinical outcome? This
question was structured in a PICO format.
Population: All proven COVID-19 patients (sub-

groups: home, hospital, intensive
care)

Intervention: Use of vitamin K antagonists, low-
molecular weight heparin, unfrac-
tionated heparin, direct oral antico-
agulants

Comparison: No use of vitamin K antagonists, low-
molecular-weight heparin, unfrac-
tionated heparin, direct oral antico-
agulants

Outcome: Mortality (crucial), hospital admis-
sion, intensive care unit (ICU) ad-
mission, length of stay, thromboem-
bolic complications (pulmonary em-
bolism, stroke, transient ischaemic
attack), need for mechanical ventila-
tion, acute kidney injury, use of renal
replacement therapy

Relevant outcome measures

The relevant outcome measures were mortality (cru-
cial), and hospital admission, length of stay, throm-
boembolic complications (pulmonary embolism,
stroke, transient ischaemic attack), need for me-
chanical ventilation, acute kidney injury and use of
renal replacement therapy (all important).

Search and select

The databases Medline (via Ovid) and Embase (via
Embase.com) were searched with relevant search
terms until 17 July 2020. The systematic literature
search resulted in 567 hits. See the search strategy
for details (Table S1 of the Electronic Supplementary
Material). Thirty-two studies were initially selected
based on title and abstract screening. After reading

the full text, 24 studies were excluded (Table S2 of the
Electronic Supplementary Material), and 8 studies
were included.

Summary of literature

The studies were grouped into three groups (A, B, C).

Group A: Anticoagulant drug use before hospital
admission
Group A described studies in which COVID-19 pa-
tients receiving a therapeutic dose of anticoagulants
before hospital admission were compared with pa-
tients not on anticoagulants or those taking a pro-
phylactic dose.

Group B: Prophylactic anticoagulant drug use started
at hospital admission
Group B described studies in which COVID-19 pa-
tients taking a prophylactic dose of anticoagulants at
hospital admission were compared with patients not
on anticoagulants.

Group C: Mixed or unclear start of anticoagulant
therapy
Group C described studies in which COVID-19 pa-
tients receiving a therapeutic dose of anticoagulants
were compared with patients not on anticoagulants
or taking a prophylactic dose. The patients who re-
ceived a therapeutic dose of anticoagulants formed
a mixed group of patients: those who were already
taking anticoagulants before hospital admission or re-
ceived them during hospital admission. In some stud-
ies the moment of starting anticoagulants was un-
clear; these studies were therefore also included in
group C.

Description of studies

Group A: Anticoagulant drug use before hospital
admission

Klok [2] performed an updated analysis of the in-
cidence of the composite outcome of symptomatic
acute pulmonary embolism, deep vein thrombosis,
ischaemic stroke, myocardial infarction and/or sys-
temic arterial embolism in all COVID-19 patients ad-
mitted to the ICUs of two Dutch university hospitals
and one Dutch teaching hospital from ICU admission
to death, ICU discharge or 22 April 2020, whichever
came first. A total of 184 ICU patients were included
in the report. The median follow-up duration ranged
from 7 to 14 days. All patients received pharmacologi-
cal thromboprophylaxis and some full-dose anticoag-
ulation. This study was published as a research paper
update.

Tremblay [8] performed a retrospective analysis of
patients with confirmed COVID-19, comparing out-
comes among those who were and were not receiving
anticoagulants for unrelated indications at the time
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of COVID-19 diagnosis. To adjust for bias due to
non-random allocation of potential covariates among
COVID-19 patients, propensity score matching was
performed. Propensity scores were calculated using
a logistic regression model, adjusting for age, sex,
race, Charlson Comorbidity Index and obesity. A total
of 3772 patients were included of which 241 received
anticoagulants, 672 received antiplatelet therapy and
2859 patients were not taking anticoagulant or anti-
platelet therapy at the time of COVID-19 diagnosis.
This study was published as a letter to the editor.

Russo [9] aimed to evaluate the prevalence of anti-
thrombotic therapies at admission in patients with
COVID-19 and the potential association between anti-
thrombotic therapy and acute respiratory distress syn-
drome (ARDS), as disease clinical presentation, or in-
hospital mortality. Altogether 192 consecutive pa-
tients with laboratory-confirmed COVID-19 admitted
to the emergency department of five Italian hospitals
were included in the study. The study population
was divided into two groups according to the evi-
dence of ARDS on chest computed tomography at
admission. Propensity score weighting adjusted re-
gression analysis was performed to assess the risk
of ARDS at admission and death during hospitalisa-
tion in patients treated or not with antiplatelet and
anticoagulant agents.

Sivaloganathan [10] studied the association be-
tween pre-admission antiplatelet/anticoagulant use
and COVID-19 mortality. The study population com-
prised those patients with confirmed COVID-19 ad-
mitted as inpatients in Brighton and Sussex University
Hospitals NHS Trust between the 7 March and 9 April
2020. The case-control group was constructed at a ra-
tio of 1:2 cases to controls, matching for age and sex,
selecting from this overall population. A case was
defined as being on an anticoagulant or antiplatelet
agent before admission. Controls were then selected
from the study population with a limited propensity
matching by age and sex to two controls who were
not taking the medication of interest using a ‘nearest
neighbour’ method. Thirty-one cases and 62 controls
were included. Data on patients’ drug history were
obtained using the Patient Administration System,
which was also used to identify patient deaths up to
11 May 2020. This study was published as correspon-
dence.

Rossi [11] aimed to assess whether pharmacologi-
cal cardio-active treatment reduced mortality risk in
the setting of COVID-19 interstitial pneumonia. Rossi
retrospectively enrolled 70 elderly patients affected by
COVID-19 interstitial pneumonia between 25 Febru-
ary and 20 April 2020. All patients were affected by
chronic heart disease and they were followed in the di-
visional outpatient clinic of the Cardiology Unit of the
Policlinico of Modena Hospital. The follow-up ended
on 5 May 2020. A total of 26/70 patients (37.1%) were
treated with direct oral anticoagulants, the underlying
indication being pulmonary embolism (n=7, 26.9%),

deep vein thrombosis (n=6, 23%) or atrial fibrillation
(n= 13, 50%). The endpoint of the study was all-cause
mortality. A multivariate analysis was performed to
assess the relation between age, gender, direct anti-
coagulant intake and mortality. This study was pub-
lished as a letter to the editor.

Group B: Prophylactic anticoagulant drug use started
at hospital admission
Tang [7] aimed to validate the usefulness of the Sepsis-
Induced Coagulopathy (SIC) score and other coagu-
lation parameters, in screening out patients who can
benefit from anticoagulation through retrospective
analysis. Consecutive patients with severe COVID-19
admitted to Tongji Hospital of Huazhong University
of Science and Technology in Wuhan from 1 January
to 13 February 2020 were retrospectively enrolled.
Exclusion criteria were a bleeding diathesis, hospital
stay <7 days, lack of information about coagula-
tion parameters and medications, and age <18 years.
A retrospective review of the characteristics of these
patients was performed through the electronic med-
ical record system of the hospital; the medications
and outcomes (28-day mortality) were monitored up
to 13 March 2020. A total of 449 patients (181 females
and 268 males) classified as severe COVID-19 were
enrolled into the study. Two hundred and seventy-two
(60.6%) patients had one or more chronic underly-
ing diseases, mainly including hypertension (n=177,
39.4%), diabetes (n=93, 20.7%) and heart disease
(n= 41, 9.1%). Ninety-nine (22.0%) patients received
heparin treatment for at least 7 days. A multivariate
analysis was performed to assess the relation between
anticoagulant intake and mortality.

Group C: Mixed or unclear start of anticoagulant
therapy
Paranjpe [12] assessed the association between ad-
ministration of in-hospital anticoagulation and sur-
vival in a large cohort of hospitalised patients with
COVID-19 and described this in a letter to the editor.
Between 14 March and 11 April 2020, 2773 patients
were hospitalised with laboratory-confirmed COVID-
19 within the Mount Sinai Health System in New York
City. The authors used a Cox proportional-hazards
model to evaluate the effect of systemic therapeu-
tic anticoagulation (including oral, subcutaneous or
intravenous forms) on in-hospital mortality. The mo-
ment of starting the anticoagulation is not described
in the paper. The authors adjusted for age, sex, eth-
nicity, body mass index, history of hypertension, heart
failure, atrial fibrillation, type 2 diabetes, anticoagula-
tion use prior to hospitalisation and admission date.
To adjust for differential length of stay and initiation
of treatment, the duration of anticoagulation treat-
ment was used as a covariate while intubation was
treated as a time-dependent variable. Among 2773
hospitalised patients with COVID-19, 786 (28%) re-
ceived systemic therapeutic anticoagulation during

Effect of anticoagulant therapy in COVID-19 patients S37



Guideline
Ta

b
le

1
O
ve

rv
ie
w

of
th
e
id
en

tifi
ed

st
ud

ie
s

Gr
ou
p

Au
th
or
,y
ea
r

Co
m
pa
ris
on

St
ar
ta
nt
ic
oa
gu
-

la
nt
s

Se
tti
ng

Co
un
try

St
ud
y
de
si
gn

Ou
tc
om

es
Pu
bl
ic
at
io
n

ty
pe

A.
An
tic
oa
gu
la
nt

dr
ug

us
e
be
fo
re

ho
sp
ita
la
dm

is
si
on

Tr
em

bl
ay
,

20
20

[8
]

An
tic
oa
gu
la
nt
us
e
at
m
om

en
to
f

in
fe
ct
io
n
(th
er
ap
eu
tic

do
se
)v
s

pa
tie
nt
s
no
tu
si
ng

an
tic
oa
gu
la
nt
s
at

m
om

en
to
fi
nf
ec
tio
n

Pr
e-
ad
m
is
si
on

Ho
sp
ita
lis
ed

an
d
am

bu
la
to
ry

CO
VI
D-
19

pa
tie
nt
s

US
Re
tro

sp
ec
tiv
e,

ob
se
rv
at
io
na
l
M
or
ta
lit
y,
ho
sp
ita
la
dm

is
si
on
,m

ec
ha
ni
ca
lv
en
til
at
io
n

Pr
op
en
si
ty
m
at
ch
ed

an
al
ys
is

To
th
e

ed
ito
r

A.
An
tic
oa
gu
la
nt

dr
ug

us
e
be
fo
re

ho
sp
ita
la
dm

is
si
on

Kl
ok
,2
02
0

[2
]

Us
e
of
lo
ng
-t
er
m
th
er
ap
eu
tic

an
ti-

co
ag
ul
at
io
n
vs

pr
op
hy
la
ct
ic
do
se

Pr
e-
ad
m
is
si
on

Pa
tie
nt
s
w
ith

pr
ov
en

CO
VI
D-
19

pn
eu
m
on
ia
ad
-

m
itt
ed

to
th
e
IC
U

Ne
th
er
-

la
nd
s

Ob
se
rv
at
io
na
l
M
or
ta
lit
y
(H
R)
,a

co
m
po
si
te
ou
tc
om

e
(s
ym

pt
om

at
ic
ac
ut
e

pu
lm
on
ar
y
em

bo
lis
m
,d
ee
p
ve
in
th
ro
m
bo
si
s,
is
ch
ae
m
ic

st
ro
ke
,m

yo
ca
rd
ia
li
nf
ar
ct
io
n
an
d/
or
sy
st
em

ic
ar
te
ria
l

em
bo
lis
m
)(
co
rr
ec
te
d
fo
rc
om

pe
tin
g
ris
k
of
de
at
h)

Re
se
ar
ch

pa
pe
ru
p-

da
te

A.
An
tic
oa
gu
la
nt

dr
ug

us
e
be
fo
re

ho
sp
ita
la
dm

is
si
on

Ru
ss
o,
20
20

[9
]

Pr
e-
ad
m
is
si
on

an
tic
oa
gu
la
nt
us
er
s

vs
no
n-
us
er
s

Pr
e-
ad
m
is
si
on

Em
er
ge
nc
y
de
pa
rtm

en
t

Ita
ly

Re
tro

sp
ec
tiv
e,

ob
se
rv
at
io
na
l
M
or
ta
lit
y

Pr
op
en
si
ty
sc
or
e
m
od
el

Re
se
ar
ch

pa
pe
r

A.
An
tic
oa
gu
la
nt

dr
ug

us
e
be
fo
re

ho
sp
ita
la
dm

is
si
on

Si
va
lo
ga
na
th
an
,

20
20

[1
0]

Pr
e-
ad
m
is
si
on

an
tip
la
te
le
t/

an
tic
oa
gu
la
nt
us
e
vs

no
n-
us
er
s

Pr
e-
ad
m
is
si
on

Ho
sp
ita
lis
ed

CO
VI
D-
19

pa
tie
nt
s

UK
Re
tro

sp
ec
tiv
e,

ca
se

co
nt
ro
l

M
or
ta
lit
y
(lo
g
ra
nk
,n
o
co
rr
ec
tio
n
fo
rc
on
fo
un
de
rs
)

IC
U
ad
m
is
si
on

Co
rr
es
po
n-

de
nc
e

A.
An
tic
oa
gu
la
nt

dr
ug

us
e
be
fo
re

ho
sp
ita
la
dm

is
si
on

Ro
ss
i,
20
20

[1
1]

Ch
ro
ni
c
an
tic
oa
gu
la
nt
us
er
s
vs

no
n-
us
er
s

Pr
e-
ad
m
is
si
on

El
de
rly

CO
VI
D-
19

pa
tie
nt
s

w
ith

co
ro
na
ry
he
ar
td
is
ea
se

fo
llo
w
ed

in
th
e
ou
tp
at
ie
nt

cl
in
ic

Ita
ly

Re
tro

sp
ec
tiv
e

ob
se
rv
at
io
na
l
M
or
ta
lit
y
(c
or
re
ct
ed

fo
ra
ge

an
d
ge
nd
er
)

Le
tte
rt
o
th
e

ed
ito
r

B.
Pr
op
hy
la
ct
ic

an
tic
oa
gu
la
nt

dr
ug

us
e
st
ar
ta
t

ho
sp
ita
la
dm

is
si
on

Ta
ng
,2
02
0

[7
]

Pr
op
hy
la
ct
ic
he
pa
rin

vs
no
n-
us
er
s

Ho
sp
ita
la
dm

is
si
on

Ho
sp
ita
lis
ed

se
ve
re

CO
VI
D-
19

pa
tie
nt
s

Ch
in
a

Re
tro

sp
ec
tiv
e,

ob
se
rv
at
io
na
l
28
-d
ay

m
or
ta
lit
y
(a
dj
us
te
d
fo
ra
ge
,s
ex
,u
nd
er
ly
in
g
di
s-

ea
se
,p
la
te
le
tc
ou
nt
,D

-d
im
er
)

Re
se
ar
ch

pa
pe
r

C.
M
ix
ed

or
un
-

cl
ea
rs
ta
rt
of
an
ti-

co
ag
ul
an
t

Pa
ra
nj
pe
,

20
20

[1
2]

Th
er
ap
eu
tic

do
se

vs
(p
ro
ph
yl
ac
tic

do
se

or
no
n-
us
er
s)

Un
cl
ea
r

Ho
sp
ita
lis
ed

CO
VI
D-
19

pa
tie
nt
s

US
Re
tro

sp
ec
tiv
e,

ob
se
rv
at
io
na
l
In
va
si
ve

m
ec
ha
ni
ca
lv
en
til
at
io
n
(n
o
co
rr
ec
tio
n
fo
rc
on
-

fo
un
de
rs
),
m
or
ta
lit
y
(n
o
co
rr
ec
tio
n
fo
rc
on
fo
un
de
rs
)

Le
tte
r

C.
M
ix
ed

or
un
-

cl
ea
rs
ta
rt
of
an
ti-

co
ag
ul
an
t

Ll
itj
os
,2
02
0

[1
3]

Pa
tie
nt
s
us
in
g
a
th
er
ap
eu
tic

do
se

of
an
tic
oa
gu
la
nt
vs

pa
tie
nt
s
us
in
g

a
pr
op
hy
la
ct
ic
do
se

of
an
tic
oa
gu
la
nt

7
pa
tie
nt
s
pr
e-
ad
-

m
is
si
on
,1
1
pa
-

tie
nt
s
at
ad
m
is
si
on

CO
VI
D-
19

pa
tie
nt
s
ad
m
itt
ed

to
th
e
IC
U

Fr
an
ce

Re
tro

sp
ec
tiv
e,

ob
se
rv
at
io
na
l
M
or
ta
lit
y,
pu
lm
on
ar
y
em

bo
lis
m
,a
cu
te
ki
dn
ey

in
ju
ry
,(
co
m
-

pa
ris
on

be
tw
ee
n
2
gr
ou
ps
,n
o
co
rr
ec
tio
n
fo
rc
on
fo
un
de
rs
),

re
na
lr
ep
la
ce
m
en
tt
he
ra
py
,V
TE

(in
cl
ud
in
g
no
n-
sy
m
p-

to
m
at
ic
VT
E)

Br
ie
fr
ep
or
t

S38 Effect of anticoagulant therapy in COVID-19 patients



Guideline

their hospital course. This study was published as
a letter to the editor.

Ljitos [13] performed a systematic assessment of
venous thromboembolism (VTE) using complete du-
plex ultrasound in anticoagulated COVID-19 patients
and described this in a ‘brief report’. The authors
performed a retrospective study in two French ICUs
where complete duplex ultrasound is performed as
a standard of care. From 19 March to 11 April 2020,
26 consecutive patients with severe COVID-19 were
screened for VTE. Seven patients were taking antico-
agulants before hospital admission, 11 started anti-
coagulant use at hospital admission. Eight patients
(31%) were treated with prophylactic anticoagulation,
whereas 18 patients (69%) were treated with therapeu-
tic anticoagulation. The overall rate of VTE in patients
was 69%. All patients underwent mechanical ventila-
tion, with prone positioning in 16 patients (62%). This
study was published as a brief report.

The characteristics of the included studies are sum-
marised in Tab. 1.

Results

Mortality

Group A: Anticoagulant drug use before hospital
admission

Klok [2] studied 184 patients admitted to the ICU and
compared patients on long-term therapeutic antico-
agulation with patients who received pharmacological
thromboprophylaxis. The use of long-term therapeu-
tic anticoagulation was not associated with all-cause
death (hazard ratio (HR) 0.79, 95% confidence interval
(CI) 0.35–1.8).

Tremblay [8] performed two types of analysis for
mortality, a time-to-event analysis and event analysis.
Overall, 15.0% of the patients died. Of the patients re-
ceiving anticoagulation, 81 (33.6%) died, of the non-
users 317 (11.1%) died. The time-to-event analysis
(Kaplan-Meier) showed that there was no statistically
significant difference in survival (p= 0.367). Event
analysis also showed no difference in mortality be-
tween the two groups: HR 1.208, 95% CI 0.750–1.946.

Russo [9] studied 192 COVID-19 patients, 35
(18.5%) died during hospitalisation. Russo found
no statistically significant difference (p=0.678) be-
tween hospitalised COVID-19 patients on anticoag-
ulant therapy with regard to survival (n= 20, 12.7%)
or non-survival (n= 6, 17.1%). In a propensity score
regression model, the unadjusted relative risk (RR) for
the risk of death was 1.42, 95% CI 0.53–2.47, p= 0.493.
In the adjusted model (adjusted for age, smoking,
chronic obstructive pulmonary disease, hyperten-
sion, diabetes, coronary artery disease, heart failure,
obesity, dyslipidaemia) the RR for the risk of death
was 1.15, 95% CI 0.29–2.57, p= 0.995. Antithrombotic
therapy before admission did not influence the clin-

ical presentation of COVID-19 in terms in-hospital
mortality.

Sivaloganathan [10] found that taking an antico-
agulant agent before admission did not have a sta-
tistically significant effect on mortality in 31 patients
with COVID-19 (p=0.614) using the log-rank test,
suggesting no protective effect. No correction for
confounders was applied. However, the evident con-
founder in this analysis is the comorbidity of car-
diovascular disease, itself an established risk factor
for increased mortality in COVID-19 and thrombotic
disorders.

Rossi [11] studied 70 elderly patients affected by
COVID-19 interstitial pneumonia. All patients were af-
fected by chronic heart disease. In a multivariate anal-
ysis (adjusted for age andmale gender) Rossi found an
adjusted HR of 0.38, 95% CI 0.17–0.58, p= 0.01 indicat-
ing that chronic use of direct oral anticoagulants is an
independent parameter associated with a decreased
mortality risk for this patient group.

Group B: Prophylactic anticoagulant drug use started
at hospital admission
Tang [7] found no statistically significant difference
on the 28-day mortality between prophylactic heparin
users (n=30, 30.3%) and non-users (n=104, 29.7%)
(p= 0.910) with severe COVID-19. The heparin treat-
ment was associated with lower mortality in COVID-
19 patients with a Sepsis-Induced Coagulopathy (SIC)
score ≥4 (40.0% vs 64.2%, p= 0.029), but not in those
with a SIC score <4 (29.0% vs 22.6%, p=0.419). In
a multivariate analysis (adjusted for age, sex ratio, un-
derlying disease, prothrombin time, platelet count,
D-dimer) the adjusted odds ratio for mortality was
1.647 (95% CI 0.929–2.921, p= 0.088).

Group C: Mixed or unclear start of anticoagulant
therapy
Paranjpe [12] studied 2773 hospitalised COVID-19 pa-
tients of which 786 received anticoagulants. In-hospi-
tal mortality for patients treated with anticoagulants
was 22.5% (median survival 21 days). Of the patients
who received a prophylactic dose or no anticoagula-
tion, 22.8% died (median survival 14 days). In a multi-
variate proportional-hazards model (adjusted for age,
sex, ethnicity, body mass index, history of hyperten-
sion, heart failure, atrial fibrillation, type 2 diabetes,
anticoagulant use prior to hospitalisation and admis-
sion date), longer duration of anticoagulation treat-
ment was associated with a reduced risk of mortal-
ity (adjusted HR of 0.86 per day, 95% CI 0.82–0.89,
p< 0.001).

Llitjos [13] studied 26 patients admitted to the ICU
and compared patients on a therapeutic dose of anti-
coagulants with patients who received a prophylactic
dose or no anticoagulation. Three patients died, two
of which received a therapeutic dose (11%) and one
received a prophylactic dose (12%). The authors did
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not report whether this was a statistically significant
difference.

ICU admission

Group A: Anticoagulant drug use before hospital
admission

Sivaloganathan [10] studied the relation between
therapeutic anticoagulant use before hospital admis-
sion and ICU admission. Of the patients receiving
therapeutic anticoagulant drugs, 5 (16.7%) required
ICU admission, for the control group this was 7
(11.3%). The chi-square test showed this was not
a statistically significant difference (p=0.472). Cor-
rection for confounders was not applied.

Group B: Prophylactic anticoagulant drug use started
at hospital admission
Not reported.

Group C: Mixed or unclear start of anticoagulant
therapy
Not reported.

Length of stay

Group A–C
Not reported.

Thromboembolic complications

Group A: Anticoagulant drug use before hospital
admission

Klok [2] developed a composite outcome of symp-
tomatic acute pulmonary embolism, deep vein throm-
bosis, ischaemic stroke, myocardial infarction and/or
systemic arterial embolism. The majority of throm-
botic events were pulmonary embolisms (65/75, 87%).
The crude cumulative incidence of the composite out-
come was 57% (95% CI 47–67%), and after adjustment
for competing risk of death 49% (95% CI 41–57%). The
incidence rate was 13/patient-year (95% CI 6.1–27). In
a competing risk model, chronic anticoagulation ther-
apy at admission was associated with a lower risk of
the composite outcome (HR 0.29, 95% CI 0.091–0.92).

Group B: Prophylactic anticoagulant drug use started
at hospital admission
Not reported.

Group C: Mixed or unclear start of anticoagulant
therapy
Llitjos [13] found that the overall rate of VTE was 69%
of the 26 patients admitted to the ICU in their study.
Pulmonary embolism was diagnosed in six patients
(23%). The proportion of VTE events was significantly
higher in patients treated with prophylactic antico-
agulation when compared with the therapeutic anti-
coagulation group (100% vs 56%, respectively, p=0.03).

However, a high rate of thromboembolic events was
found in COVID-19 patients treated with therapeutic
anticoagulation, with 56% of venous thromboembolic
events and six pulmonary embolisms.

Ventilation

Group A: Anticoagulant drug use before hospital
admission

Tremblay [8] performed two types of analysis for ven-
tilation, a time-to-event analysis and event analysis.
Overall, 13.8% of the patients required mechani-
cal ventilation. The time-to-event analysis (Kaplan-
Meier) showed that there was no statistically signif-
icant difference in ventilation (p=0.742). The event
analysis also showed no difference in ventilation be-
tween the two groups (HR 0.905, 95% CI 0.571–1.435).

Group B: Prophylactic anticoagulant drug use started
at hospital admission
Not reported.

Group C: Mixed or unclear start of anticoagulant
therapy
Paranjpe [12] found that patients who received ther-
apeutic dose anticoagulants were more likely to re-
quire invasive mechanical ventilation (29.8% vs 8.1%,
p< 0.001) as compared with those who received a pro-
phylactic dose or did not receive anticoagulation.

Llitjos [13] reported that all included patients in
both groups neededmechanical ventilation. However,
all patients included in this study were admitted to the
ICU.

Acute kidney injury therapy

Group A–B
Not reported.

Group C: Mixed or unclear start of anticoagulant
therapy
Llitjos [13] found that of the eight patients receiving
prophylactic anticoagulation, 2 (25%) developed acute
kidney injury. Of the 18 patients on therapeutic anti-
coagulation, 7 (39%) developed acute kidney injury.
The authors did not report whether this was a statis-
tically significant difference.

Renal replacement therapy

Group A: Anticoagulant drug use before hospital
admission

Tremblay [8] found that of the patients who under-
went renal replacement therapy, 7 (2.9%) were on anti-
coagulant drugs versus 91 (3.2%) not on anticoagulant
drugs or antiplatelet therapy (p= 0.051).
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Group B: Prophylactic anticoagulant drug use started
at hospital admission

Not reported.

Group C: Mixed or unclear start of anticoagulant
therapy
Llitjos [13] found that of the patients who received
a therapeutic dose of anticoagulation, 4 (22%) under-
went renal replacement therapy. Of the patients on
a prophylactic dose of anticoagulation, none (0%) un-
derwent renal replacement therapy. The authors did
not report whether this was a statistically significant
difference.

Level of evidence of the literature

The level of evidence was assessed according to the
GRADE methodology (GRADE: Grading Recommen-
dations Assessment, Development and Evaluation,
http://www.gradeworkinggroup.org/). The level of
evidence and risk of bias is shown in Tables S3 and S4
of the Electronic Supplementary Material.

Mortality (crucial)

Group A: Anticoagulant drug use before hospital
admission

Starting with a high level of evidence for observational
studies (prognostic question), the level of evidence re-
garding the outcome of mortality was downgraded by
two levels because of risk of bias (not all studies cor-
rect for confounders, one study had a very specific
patient group, studies described in correspondence
or letters to the editor so very little information on
methodology, patient characteristics and outcomes)
to ‘low’.

Group B: Prophylactic anticoagulant drug use started
at hospital admission
Starting with a high level of evidence for observational
studies (prognostic question), the level of evidence
regarding the outcome of mortality was downgraded
by one level because of risk of bias (patient charac-
teristics of the two groups not described) and two
levels because of imprecision (only one study avail-
able, small number of patients and very low number
of events) to ‘very low’.

Group C: Mixed or unclear start of anticoagulant
therapy
Starting with a high level of evidence for observational
studies (prognostic question), the level of evidence re-
garding the outcome of mortality was downgraded by
two levels because of risk of bias (patient groups not
well described, follow-up not complete, one study de-
scribed in a letter so very little information on pa-
tients, methods and results available), and one level
because of imprecision (small number of patients and
low number of events) to ‘very low’.

ICU admission

Group A: Anticoagulant drug use before hospital
admission

Starting with a high level of evidence for observa-
tional studies (prognostic question), the level of ev-
idence regarding the outcome of ICU admission was
downgraded by two levels because of risk of bias (no
information on patient characteristics, no correction
for important confounders) and one level because of
imprecision (small study population) to ‘very low’.

Length of stay

Not reported.

Thromboembolic complications

Group A: Anticoagulant drug use before hospital
admission

Starting with a high level of evidence for observational
studies (prognostic question), the level of evidence
regarding the outcome measure of thromboembolic
complications was downgraded by one level because
of risk of bias (absolute number of thromboembolic
complication events unknown) and one level because
of imprecision (low number of events) to ‘low’.

Group C: Mixed or unclear start of anticoagulant
therapy
Starting with a high level of evidence for observational
studies (prognostic question), the level of evidence
regarding the outcome measure of thromboembolic
complications was downgraded by one level because
of risk of bias (no correction for confounders), one
level for indirectness (the study only included severe
COVID-19 patients admitted to the ICU) and one level
for imprecision (very small sample size) to ‘very low’.

Ventilation

Group A: Anticoagulant drug use before hospital
admission

Starting with a high level of evidence for observational
studies (prognostic question), the level of evidence re-
garding the outcome of ventilation was downgraded
by one level because of risk of bias (no correction for
confounders) and one level for imprecision (very few
events) to ‘low’.

Group C: Mixed or unclear start of anticoagulant
therapy
Starting with a high level of evidence for observational
studies (prognostic question), the level of evidence re-
garding the outcome of ventilation was downgraded
by one level because of risk of bias (no correction for
confounders), one level because of imprecision (the
two studies reported different results), and one level
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because of indirectness (specific patient group in one
study) to ‘very low’.

Acute kidney injury

Group C: Mixed or unclear start of anticoagulant
therapy

Starting with a high level of evidence for observational
studies (prognostic question), the level of evidence re-
garding the outcome of acute kidney injury was down-
graded by one level because of risk of bias (no correc-
tion for confounders) and two levels because of im-
precision (very small sample size of only one study)
to ‘very low’.

Renal replacement therapy

Group A: Anticoagulant drug use before hospital
admission

Starting with a high level of evidence for observational
studies (prognostic question), the level of evidence re-
garding the outcome of acute kidney injury was down-
graded by one level because of risk of bias (no correc-
tion for confounders) and two levels because of im-
precision (only one study available, low number of
events) to ‘very low’.

Group C: Mixed or unclear start of anticoagulant
therapy
Starting with a high level of evidence for observational
studies (prognostic question), the level of evidence re-
garding the outcome of acute kidney injury was down-
graded by one level because of risk of bias (no correc-
tion for confounders) and two levels because of im-
precision (very small sample size of only one study)
to ‘very low’.

Conclusion

Mortality

Group A: Anticoagulant drug use before hospital
admission

The evidence suggests that anticoagulation therapy
does not affect mortality. Sources: Klok, Tremblay,
Russo, Sivaloganathan, Rossi (low GRADE level).

Group B: Anticoagulant drug use started at hospital
admission
Prophylactic anticoagulation therapy may have little
to no effect on mortality but the evidence is very un-
certain. Source: Tang (very low GRADE level).

Group C: Mixed or unclear start of anticoagulant
therapy
Anticoagulation therapy may have little to no effect on
mortality but the evidence is very uncertain. Sources:
Llitjos, Paranjpe (very low GRADE level).

ICU admission

Anticoagulation therapy (before hospital admission)
may have little to no effect on ICU admission but the
evidence is very uncertain. Source: Sivaloganathan
(very low GRADE level).

Length of stay

Not reported.

Thromboembolic complications

Group A: Anticoagulant drug use before hospital
admission

Anticoagulant drug use may result in a slight reduc-
tion in thromboembolic complications. Source: Klok
(low GRADE level).

Group C: Mixed or unclear start of anticoagulant
therapy
Anticoagulation therapy may reduce thromboembolic
complications but the evidence is very uncertain.
Source: Llitjos (very low GRADE level).

Ventilation

Group A: Anticoagulant drug use before hospital
admission

Anticoagulation therapy may have little to no effect on
ventilation but the evidence is very uncertain. Source:
Tremblay (very low GRADE level).

Group C: Mixed or unclear start of anticoagulant
therapy
The evidence is very uncertain about the effect of anti-
coagulation therapy on ventilation. Sources: Paranjpe,
Llitjos (very low GRADE level).

Acute kidney injury

Group C: Mixed or unclear start of anticoagulant
therapy

The evidence is very uncertain about the effect of anti-
coagulation therapy on acute kidney injury. Source:
Llitjos (very low GRADE level).

Renal replacement therapy

Group A: Anticoagulant drug use before hospital
admission

The evidence is very uncertain about the effect of anti-
coagulation therapy on renal replacement therapy.
Source: Tremblay (very low GRADE level).

S42 Effect of anticoagulant therapy in COVID-19 patients



Guideline

Group C: Mixed or unclear start of anticoagulant
therapy

The evidence is very uncertain about the effect of an-
ticoagulation therapy on renal replacement therapy.
Source: Llitjos (very low GRADE level).

Although it is clear that COVID-19 is associated
with an increased prevalence of thromboembolic
complications, there is insufficient evidence that
therapeutic anticoagulation can improve outcome
in these patients. None of the studies demonstrated
improved mortality, except for one very small Italian
study. Furthermore, none of the studies demon-
strated a positive effect of anticoagulation on other
outcome measures in COVID-19, such as ICU ad-
mission, length of hospital stay, thromboembolic
complications, need for mechanical ventilation, acute
kidney failure or need for renal replacement therapy,
except for two studies demonstrating an association
between anticoagulation and a lower incidence of
pulmonary embolism. However, the level of evidence
of all studies varied from ‘low’ to ‘very low’, according
to the GRADE methodology.

Discussion

This analysis of the literature, up until 17 July 2020,
demonstrated that there was insufficient evidence to
answer our objective on the effect of anticoagulation
on outcome in COVID-19 patients, especially due
to the low scientific quality of the described studies.
Multiple randomised controlled trials examining ther-
apeutic anticoagulation in COVID-19 are expected to
present their results in 2021. Once these become
available, they can be added to this review of the
literature.

CAPACITY registry

The same research question was studied in the
CAPACITY registry, an international initiative to eval-
uate the role of cardiovascular disease in patients
hospitalised with COVID-19 [14]. In August 2020,
61 hospitals from 13 countries contributed to the
data collection and 40% of the hospitalised Dutch
patients were entered into the database. In this reg-
istry, 694 out of 4921 hospitalised COVID-19 patients
received either vitamin K antagonists or direct oral an-
ticoagulants (OAC) because of pre-existing conditions
before admission. OAC patients were older and more
often had comorbidities than patients without OAC.
Cardiovascular risk factors, such as hypertension and
diabetes mellitus, pre-existing cardiac disease, such
as atrial fibrillation and heart failure, and chronic ob-
structive pulmonary disease were more prevalent in
the OAC patients. The primary outcome of in-hospital
mortality was higher among patients receiving OAC
than those without OAC (HR 1.83, 95% CI 1.57–2.12).
However, after multivariable Cox regression analysis

Box 1 Recommendations

� Administer prophylactic dose anticoagulation to
all patients admitted with COVID-19.

� Administer double standard prophylactic dose
anticoagulation to COVID-19 patients admitted
to the ICU.

� There is no indication for therapeutic dose an-
ticoagulation in COVID-19, in the absence of
pre-existing indications.

� When convincing evidence becomes available
to change these recommendations, the multi-
disciplinary guideline will be updated. (https://
richtlijnendatabase.nl/richtlijn/antitrombotisch_
beleid/antitrombotisch_beleid_-_korte_
beschrijving.html).

(adjusting for age, chronic obstructive pulmonary dis-
ease, hypertension and heart failure) the hazard ratio
was 1.05 (95% CI 0.90–1.23), indicating no difference
in mortality, similar to the studies described in the lit-
erature search. We did, however, find an association
between anticoagulation use before admission and
a 67% lower incidence of pulmonary embolism. The
CAPACITY study is currently under peer-review. If
there is an update of the literature search on the topic
of anticoagulation in the future, this recommendation
will be updated accordingly.

Recommendations

Based on the present literature search and the results
from the CAPACITY registry, there is no reason to
change the current recommendations on anticoagula-
tion in COVID-19 patients (Leidraad COVID-19 Coag-
ulopathie: https://www.demedischspecialist.nl/sites/
default/files/Leidraad%20COVID-19%20coagulopa
thie.pdf). It is expected that results from randomised
controlled trials will soon become available. Until
then, the recommendations remain unchanged (See
Box 1).

Gaps in evidence

The initial research question remains unanswered:
Should patients with COVID-19 be treated with pro-
phylactic or therapeutic dose anticoagulation to pre-
vent cardiovascular and thromboembolic complica-
tions and improve clinical outcome?
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