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Abstract
Patients with acute venous thromboembolism (VTE) require anticoagulant therapy to 
prevent recurrent VTE and death, which exposes them to an inherent increased risk of 
bleeding. Identification of patients at high risk of bleeding, and mitigating this risk, is 
an essential component of the immediate and long-term therapeutic management of 
VTE. The bleeding risk can be estimated by either implicit judgment, weighing individ-
ual predictors (clinical variables or biomarkers), or by risk prediction tools developed 
for this purpose. Management of bleeding risk in clinical practice is, however, far from 
standardized. International guidelines are contradictory and lack clear and consist-
ent guidance on the optimal management of bleeding risk. This report of the ISTH 
subcommittee on Predictive and Diagnostic Variables in Thrombotic Disease summa-
rizes the evidence on the prediction of bleeding in VTE patients. We systematically 
searched the literature and identified 34 original studies evaluating either predictors 
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1  |  INTRODUC TION

Venous thromboembolism (VTE), including deep vein thrombosis 
(DVT) and pulmonary embolism (PE), represents a common cardio-
vascular disease, affecting 1–2 per 1000 individuals per year world-
wide.1,2 Timely diagnosis and initiation of anticoagulant treatment is 
critical as historical studies have reported mortality rates up to 30% 
when acute VTE is left untreated.3 To prevent thrombus progres-
sion and early recurrences once a diagnosis of VTE is established, 
anticoagulant treatment begins with an initiation phase that lasts 
for 5–21 days, depending on the anticoagulant regimen selected, 
and is continued for at least 3 months (i.e., the treatment phase).4 
After completion of the treatment phase, the decision to continue 
anticoagulation is driven mainly by the estimated risk of recurrent 
VTE. Current guidelines advise to consider continuation of anticoag-
ulant therapy among patients with major persistent risk factors (e.g., 
cancer or antiphospholipid syndrome) or when VTE occurs in the 
absence of transient risk factors (i.e., unprovoked VTE).4–6

Although anticoagulant therapy is highly effective at reducing the 
risk of recurrent VTE, this comes at the expense of an increased risk of 
bleeding complications. The risk of major bleeding is greatest during 
the initial 3 months of treatment with an estimated incidence of 2%, 
and a case fatality rate of 11.3%, comparable to the case fatality rate 
of recurrent VTE.7–10 For patients who receive anticoagulant drugs 
for more than 3 months, the reported risk of major bleeding is 1.3–2.2 
per 100 patient-years (reaching a 5-year cumulative risk of 6.3%) with 
a case fatality rate of 5.1%–12% in patients treated with vitamin K 
antagonists (VKAs).7,11 This risk is considerably lower when patients 
are treated with a direct oral anticoagulant (DOAC) approximating 
0.72–1.6 events/100 patient years, while evidence on cumulative 
risks beyond 24 months are still sparse.11–13 These numbers highlight 
the importance of harm-to-benefit assessment of long-term antico-
agulant treatment, for which the risk of VTE recurrence is weighed 
against the risk of bleeding. In addition, identification of potentially 
modifiable bleeding predictors may provide physicians tools to dimin-
ish an individual patient's bleeding risk during follow-up.9

Although current clinical guidelines on the management of 
VTE advocate the assessment of bleeding risk during treatment 
decisions,4,5 specific guidance on how to assess bleeding risk is 
not standardized, and guidance to assess bleeding risk at least an-
nually is based upon expert consensus.4 In this communication 
by the Standardization Subcommittee (SSC) on Predictive and 
Diagnostic Variables of the International Society on Thrombosis and 

Haemostasis (ISTH), we aimed to summarize the published evidence 
on currently identified predictors and prediction tools for bleeding 
risk assessment in VTE patients using anticoagulant therapy, and 
propose recommendations for standardization of the management 
of risk of bleeding in VTE patients in clinical practice.

2  |  METHODS

2.1  |  Search strategy

A systematic PubMed search was performed including combinations 
of Medical Subject Headings terms and title/abstract terms which 
included Medline records, PubMed Central records, and the NCBI 
Bookshelf for studies in all languages until March 18, 2021. The 
complete search string is available in the Appendix S1 in supporting 
information.

2.2  |  Study selection

Studies were eligible for inclusion if they fulfilled the following crite-
ria: (1) any retrospective or prospective cohort study or clinical trial; 
(2) inclusion of adult patients with objectively confirmed acute lower 
or upper extremity DVT or acute PE,14 treated with any anticoagu-
lant at therapeutic dose (unfractionated heparin, low molecular 
weight heparin, VKA, or DOAC) or reduced dose DOAC; (3) included 
unselected patients or targeting a specific population (e.g., cancer 
patients, elderly patients, unprovoked VTE); (4) evaluation of predic-
tors or risk prediction models for major bleeding, either with short 
or long term follow-up; and (5) written in English language. Studies 
were excluded from this analysis in case they did not involve a VTE 
population (e.g., atrial fibrillation [AF]); included pediatric patients; 
did not primarily assess predictors or scoring systems for prediction 
of major bleeding; were review articles or meta-analyses; or involved 
case series (<50 patients) or case reports.

Studies were screened for eligibility using Covidence software. 
Titles were directly imported into Covidence from the search data-
bases and duplicates were removed. Eight authors (PLE, SCW, CM, 
PEM, JBH, KW, FAK, and HRE) independently screened the titles 
and abstracts in duplicate of all citations identified by the search 
strategy. Disagreements were resolved by a third reviewer. Three 
authors (PLE, FAK, and HRE) subsequently independently assessed 

or risk prediction models for prediction of bleeding risk on anticoagulation in VTE 
patients. Based on this evidence, we provide recommendations for the standardized 
management of bleeding risk in VTE patients.

K E Y W O R D S
anticoagulant treatment, major bleeding, prediction model, risk assessment, venous 
thromboembolism
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1912  |    DEN EXTER et al.

full texts of the selected articles following screening and determined 
the final list of included studies. All disagreements were resolved by 
discussion and consensus during several online meetings.

2.3  |  Data extraction

Included studies underwent systematic data extraction into a prede-
fined standardized data capture tool by two authors (PLE and FAK). 
Data extraction included first author name, year of publication, and 
predictors studied or prediction model studied. If a bleeding predic-
tion model was studied we captured: the number of variables included 
in the model, time period in which the model was evaluated (catego-
rized as within the initial 3 months or beyond 3 months of anticoagu-
lant treatment), type of anticoagulant used, and patient subgroups 
in which the models were evaluated. For individual predictors, the 
strength of the association with major bleeding was graded as: limited 
(odds ratio [OR] 1–2), moderate (OR 1–5), or strong (OR >5). Individual 
predictors were classified as modifiable, potential modifiable, or non-
modifiable. For the definition of major bleeding, we adopted and ex-
tracted the definition provided in the individual studies.

2.4  |  Recommendations

Based on the evidence identified by data extraction, recommenda-
tions were formed using best available evidence and discussed dur-
ing several panel meetings. During the online SSC session at the 2021 

ISTH Congress, the 392 participants were surveyed about these rec-
ommendations (Appendix S2 in supporting information). A final con-
sensus meeting was organized in which all panel members voted on 
formulation and level of the recommendations. Recommendations 
vary in strength given they are based on best available evidence and 
consensus formation. The wording “we recommend” indicates a strong 
guidance statement, whereby we advise that the practice should be 
adopted in most cases. The wording “we suggest” reflects a weak guid-
ance statement, whereby we advise that the practice may be adopted.

3  |  SUMMARY OF E VIDENCE

3.1  |  Study selection

The search strategy yielded 740 references after removal of dupli-
cates; 705 were excluded after review of titles and abstracts, leaving 
35 references that were assessed for eligibility by full text review. Of 
those, 10 studies were excluded for reasons shown in Figure 1. Using 
citation searching, another nine references were identified that ful-
filled the inclusion criteria. Therefore, a total of 34 studies were used 
for data extraction.

3.2  |  Studies assessing individual predictors

A total of 17 studies were eligible to evaluate the association be-
tween 14 individual predictors and major bleeding (Table 1). Of these 

F I G U R E  1  Flowchart of included studies. VTE, venous thromboembolism. http://www.prism​a-state​ment.org/
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    |  1913DEN EXTER et al.

predictors, two predictors were defined as modifiable (use of plate-
let inhibitors or non-steroidal anti-inflammatory drugs [NSAIDs] and 
hypertension), eight were defined as potentially modifiable (renal in-
sufficiency, cancer, anemia, frequent falls, liver disease, thrombocy-
topenia, labile international normalized ratio [INR], and diabetes) and 
four were non-modifiable (prior bleeding, advanced age, sex, and 
prior stroke). Of all predictors, prior bleeding, renal insufficiency, 
cancer, anemia, and advanced age were most consistently associated 
with limited to moderately increased risk of bleeding across studies.

3.3  |  Risk prediction models

In total, 17 bleeding risk prediction models were identified (Table 2). 
Of these models, ten were originally derived in VTE patients, and 
seven in patients with non-valvular AF. The studies evaluating these 
models differed considerably in design (prospective data collection, 
retrospective data collection, registry, clinical trial), case mix, follow-
up duration, and definitions of predictors and major bleeding. There 
were no studies designed to prospectively assess and compare two 
or more prognostic models, let alone to use a prognostic model to 
guide decision making.

Predictors that were most frequently included in the predic-
tion models were age, previous bleeding, active cancer, renal in-
sufficiency, anemia, and history of hypertension. Most scores were 
evaluated in studies with a follow-up duration of 3–6 months. The 
VTE-BLEED (Venous Thromboembolic Disease & Bleeding) score,15 
HAS-BLED (Hypertension/Abnormal liver or renal function/Stroke/
Bleeding/Labile INR/Elderly/Drugs or Alcohol) score,16 ACCP 

(American College of Chest Physicians) risk table,17 RIETE (Registro 
Informatizado de Enfermedad Tromboembolico) score,18 and the 
Kuijer score19 are the most extensively studied. Details on the val-
idation of these scores are provided in Table 3. Until now, none of 
these models has been applied in a prospective outcome study.

To date, no prospective outcome studies have been performed 
directly comparing the performance of bleeding risk models in the 
VTE population. Consequently, the SSC panel was unable to com-
pare the discriminative performance between models.

4  |  DISCUSSION

Bleeding risk assessment is an essential part of clinical decision-
making in the management of anticoagulation for VTE. Despite 
accumulating evidence for bleeding risk prediction, current VTE 
management guidelines lack specific recommendations on the man-
agement of bleeding predictors. Therefore, this SSC summarized the 
evidence and developed guidance on this topic.

When considering predictors associated with anticoagulant-
associated bleeding, an important step is to differentiate modifiable 
from non-modifiable predictors. Given that the risk of bleeding is 
highest during the initiation and treatment phases of anticoagulant 
therapy, identifying modifiable predictors to decrease the bleeding 
risk is most relevant when VTE is diagnosed.10,20 We therefore rec-
ommend that a first bleeding risk assessment should take place upon 
diagnosis of VTE and before introduction of anticoagulant treatment 
for newly diagnosed VTE regardless of where the diagnosis occurs. 
Of the (potentially) modifiable predictors, hypertension, use of 

TA B L E  1  Overview of individual predictors of major bleeding identified in VTE studies

Variable Relevant studies

Strength of association (univariate)

No association Limited (OR 1–2) Moderate (OR 2–5) Strong (OR >5)

Prior bleeding 15,18,30–42 IIIII IIIIIIIIII

Renal insufficiency 15,18,30–41,43 I IIIIIII IIIII II

Cancer 15,18,19,31–35,39–41,43 IIII II IIIIII

Anemia 15,32,33,35–38,40,41,43 II III IIIIII

Elderly 15,18,19,30,32,33,35–37,39–41 II IIIIII IIII

Use of platelet inhibitors or non-
steroidal anti-inflammatory drugs

15,18,30–34,37,38,40 III IIIII II

Hypertension 15,30,31,34,37,38,40,41 III IIII I

Frequent falls 32,34,37 III

Liver disease 31,33,36,37,41 II III

Sex 18,19,31,33,36–41 IIIII IIII

Prior stroke 31–34,36–38,40,41 IIIII III

Thrombocytopenia 32,37,41 I I I

Labile INR 30,32,34 II I

Diabetes 32–34,37,38,40,41 IIIII II

Note: Predictors are ranked on strength of association. Modifiable (green), potentially modifiable (gray), and non-modifiable (white) predictors are 
color coded.
Abbreviations: INR, international normalized ratio; OR, odds ratio; VTE, venous thromboembolism.
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concomitant antiplatelet therapy or NSAIDs, anemia, and renal in-
sufficiency were most consistently associated with higher bleeding 
risk. Although the association between antiplatelet agents and major 
bleeding in VTE patients was classified as limited in most studies, 
as patients using antiplatelet therapy were often excluded from the 
original studies, a recent meta-analysis provides further support for 
this association, demonstrating that the combination of antiplatelet 
therapy with VKA or DOACs in VTE patients increases the risk of 
major bleeding (OR 1.79; 95% confidence interval [CI]: 1.22–1.63).21 
Furthermore, in the AF population, both dual and triple anticoagu-
lant therapy have been found to be associated with a substantially 
increased bleeding risk.22 As this predictor is easily identifiable and 
avoidable, we recommend reviewing the indication for dual or tri-
ple anticoagulant therapy in any VTE patients, both at initiation of 
anticoagulant therapy and during follow-up. Although anemia is a 
symptom of bleeding rather than usually directly related to bleed-
ing, and blood transfusion is unlikely to mitigate the bleeding risk, 
identifying and treating the cause of anemia may prevent bleeding 
complications. Identification of non-modifiable predictors is helpful 
to inform patients and physicians about the absolute risk of events 
and determine net clinical benefit of treatment, which is particularly 
relevant for extended treatment. Furthermore, in AF patients, it has 
been shown that successful targeting of modifiable risk factors can 
be achieved by relatively simple interventions and can lead to reclas-
sification of bleeding risk.9,23–25 Particularly, changes in risk factors 
over time were found to be more predictive for major bleeding than 
risk factors measured at baseline.23,24 Uncontrolled hypertension 
during follow-up of anticoagulant therapy has been associated with 
an increased risk for intracranial hemorrhage.26 Also, a decline in 
renal function has been associated with an increased bleeding risk,27 
whereas improvement in renal function has been demonstrated to 
reduce the risk of anticoagulant related bleeding.28 Of note, VTE M

od
el

N
um

be
r o

f 
va

ria
bl

es
O

ut
co

m
e

Ex
te

rn
al

 e
va

lu
at

io
n

Ev
al

ua
tio

n 
in

 s
ub

gr
ou

ps
Ti

m
e 

pe
rio

d
A

nt
ic

oa
gu

la
nt

s

D
ef

in
iti

on
 o

f m
aj

or
 b

le
ed

in
g

Re
tr

os
pe

ct
iv

e
Pr

os
pe

ct
iv

e
O

ve
ra

ll
U

np
ro

vo
ke

d
C

an
ce

r
El

de
rly

Fi
rs

t 
3 

m
on

th
s

Be
yo

nd
 

3 
m

on
th

s
V

K
A

A
nt

i- 
 

X
a

A
nt

i-
IIa

O
RB

IT
5

3-
le

ve
l

41
,4

7
-

X
X

X
X

IS
TH

 m
aj

or
 b

le
ed

in
g

La
nd

ef
el

d 
an

d 
G

ol
dm

an
5

3-
le

ve
l

53
,5

9
57

X
X

X
X

Bl
ee

di
ng

 th
at

 is
 (1

) f
at

al
, (

2)
 li

fe
-

th
re

at
en

in
g,

 (3
) p

ot
en

tia
lly

 li
fe

-
th

re
at

en
in

g,
 (4

) l
ed

 to
 s

ev
er

e 
bl

oo
d 

lo
ss

, (
5)

 le
d 

to
 s

ur
gi

ca
l t

re
at

m
en

t, 
or

 (6
) l

ed
 to

 m
od

er
at

e 
bl

oo
d 

lo
ss

 
th

at
 w

as
 a

cu
te

 o
r s

ub
ac

ut
e,

 n
ot

 
ex

pl
ai

ne
d 

by
 tr

au
m

a 
or

 s
ur

ge
ry

m
O

BR
I 

(B
ey

th
)

4
3-

le
ve

l
33

,3
4,

41
,5

2,
53

,6
2

57
,5

8
X

X
X

X
X

X
X

O
ve

rt
 b

le
ed

in
g 

th
at

 le
d 

to
 th

e 
lo

ss
 o

f 
at

 le
as

t 2
.0

 u
ni

ts
 in

 7
 d

ay
s 

or
 le

ss
, 

or
 w

as
 o

th
er

w
is

e 
lif

e-
th

re
at

en
in

g 
(e

.g
., 

in
tr

ac
ra

ni
al

 b
le

ed
in

g)

PE
-S

C
A

RD
3

3-
le

ve
l

-
-

X
X

IS
TH

 m
aj

or
 b

le
ed

in
g

A
bb

re
vi

at
io

ns
: A

CC
P,

 A
m

er
ic

an
 C

ol
le

ge
 o

f C
he

st
 P

hy
si

ci
an

s;
 G

I, 
ga

st
ro

in
te

st
in

al
; I

ST
H

, I
nt

er
na

tio
na

l S
oc

ie
ty

 o
n 

Th
ro

m
bo

si
s 

an
d 

H
ae

m
os

ta
si

s;
 H

A
S-

BL
ED

, H
yp

er
te

ns
io

n/
A

bn
or

m
al

 li
ve

r o
r r

en
al

 fu
nc

tio
n/

St
ro

ke
/B

le
ed

in
g/

La
bi

le
 IN

R/
El

de
rly

/D
ru

gs
 o

r A
lc

oh
ol

; m
O

BR
I, 

M
od

ifi
ed

 O
ut

pa
tie

nt
 B

le
ed

in
g 

Ri
sk

 In
de

x;
 O

RB
IT

, O
ut

co
m

es
 R

eg
is

tr
y 

fo
r B

et
te

r I
nf

or
m

ed
 T

re
at

m
en

t; 
PE

-S
C

A
RD

, P
ul

m
on

ar
y 

Em
bo

lis
m

 
Sy

nc
op

e,
 A

ne
m

ia
, R

en
al

 D
ys

fu
nc

tio
n;

 R
IE

TE
, R

eg
is

tr
o 

In
fo

rm
at

iz
ad

o 
de

 E
nf

er
m

ed
ad

 T
ro

m
bo

em
bo

lic
o;

 V
TE

, v
en

ou
s 

th
ro

m
bo

em
bo

lis
m

; V
TE

-B
LE

ED
, V

en
ou

s 
Th

ro
m

bo
em

bo
lic

 D
is

ea
se

 &
 B

le
ed

in
g.

TA B L E  3  Overview of status of most extensively studied 
bleeding prediction models in VTE patients

VTE-
BLEED

HAS-
BLED

ACCP 
risk 
table RIETE Kuijer

External evaluation 
in study with 
prospective data 
collection

Yes Yes Yes Yes Yes

Association with risk 
of fatal/intracranial 
bleeding established

Yes No No Yes No

Association with risk 
of recurrent VTE 
established

Yes No No No No

Prospective validation in 
outcome study

No No No No No

Abbreviations: ACCP, American College of Chest Physicians; HAS-
BLED, Hypertension/Abnormal liver or renal function/Stroke/Bleeding/
Labile INR/Elderly/Drugs or Alcohol; RIETE, Registro Informatizado de 
Enfermedad Tromboembolico; VTE, venous thromboembolism; VTE-
BLEED, Venous Thromboembolic Disease & Bleeding.
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patients have a wider age range including younger patients with 
fewer co-morbidities compared to the AF population, which may 
confound above assumptions.

With regard to risk prediction tools, we found an extensive list of 
models with largely overlapping components. As the impact of these 
models has not been tested in a VTE outcome study, we cannot rec-
ommend using bleeding risk prediction tools as stand-alone entities 
to define the optimal treatment duration. Instead, we suggest that 
these should be applied to estimate bleeding risk for extended-phase 
anticoagulation, and to plan the frequency of follow-up. Patients 
with a higher risk for bleeding may benefit from more frequent re-
assessment. At follow-up, a standardized inquiry reviewing new 
modifiable predictors for bleeding should be performed, the antico-
agulant agent indication/dose reviewed, and the decision to continue 
extended-phase anticoagulation reevaluated. This provides essential 
input for shared decision making, for which risks and benefits of treat-
ment continuation should be weighed. For this purpose, we suggest 
using more extensively validated prediction scores in long-term fol-
low-up of VTE patients, which have demonstrated consistent pre-
dictive capability across patient subgroups including patients treated 
with VKA or DOACs. Currently, VTE-BLEED, the RIETE score, and the 
ACCP risk table among other models have been externally validated in 
separate populations from the derivation population (Tables 2 and 3). 
The panelists also agreed that future validation studies and prospec-
tive outcome studies are needed to confirm the clinical utility of these 
models over a wide range of VTE patients.

In recent years, several therapeutic strategies have been tested 
for extended-phase VTE treatment, including reduced-dose DOACs. 
A meta-analysis found that reduced-dose DOACs were as effective 
as full-dose treatment in preventing recurrent VTE at 1 year, with a 
trend toward fewer bleeding complications (relative risk [RR] 0.74; 
95% CI: 0.52–1.05).29 It should be stated that this strategy has only 
been evaluated in two of the four DOACs (apixaban and rivaroxaban) 
and that outcome data are not available beyond 1 year of follow-up. 
Definite evidence for a benefit of this strategy has thus not been 
provided. Nonetheless, for patients with a higher bleeding risk, 
adherence to a strategy with reduced-dose DOAC is regarded an 
attractive option, and is endorsed by the CHEST guideline on anti-
thrombotic therapy for VTE.4,20

To date, no randomized trials or management studies have been 
performed evaluating the impact of treatment decisions based on 
standardized bleeding risk assessment in VTE patients. The strength 
of the guidance statements is therefore based on review of the avail-
able data and consensus among the committee. The decision to con-
tinue anticoagulation is ultimately informed by estimation of the net 
clinical benefit of treatment for the patient taking into account the 
estimated risk reduction for recurrent thrombosis afforded by antico-
agulation counterbalanced with the burden of anticoagulant therapy.

RECOMMENDATIONS

1.	 We recommend estimation of a patient's bleeding risk at diag-
nosis of acute VTE before anticoagulation therapy is initiated.

2.	 We recommend bleeding risk assessment after completion of the 
treatment phase, and during the extended-phase anticoagulant 
therapy for VTE, at least annually; in patients at high risk of bleed-
ing, the evaluation should be more frequent.

3.	 We recommend that bleeding risk assessment includes identifica-
tion of the indication of concomitant use of platelet inhibitors or 
non-steroidal anti-inflammatory drugs and avoiding concomitant 
use if possible. We suggest that other (potentially) modifiable 
predictors should be identified early and targeted, in particular 
hypertension.

4.	 We suggest routine standardized bleeding risk assessment during 
extended-phase anticoagulation. Preferably, this includes combin-
ing measurement of individual predictors with the use of a vali-
dated prediction model to support anticoagulation management 
decisions. For this purpose, we identify that the VTE-BLEED, the 
RIETE score, and the ACCP risk table are among those most exter-
nally validated. Future validation studies and prospective outcome 
studies are needed to confirm the clinical utility of these models.

5  |  RESE ARCH PRIOTITIES

Many bleeding risk assessment tools have been developed to predict 
bleeding among patients treated for VTE. Future research should 
prioritize validation of existing models, with attentiveness to vul-
nerable patient groups diagnosed with VTE, such as frail elderly or 
patients with cancer. Most importantly, interventional or manage-
ment studies applying bleeding risk assessment tools in the decision-
making process are urgently required. Clinical decision support and 
electronic alerts may improve routine standardized bleeding risk 
assessment. We encourage the use of structured bleeding risk as-
sessment in any trial evaluating the long-term management of VTE.

6  |  CONCLUSION

Based on current evidence, we provide recommendations for the 
standardized management of bleeding risk in VTE patients during 
both the short- and long-term follow-up, and propose research pri-
orities to improve our understanding and allow for solid guideline 
recommendations on this topic.
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