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Venous thromboembolism (VTE), a disease that includes
deep vein thrombosis (DVT) and pulmonary embolism
(PE), is the third most common cardiovascular disease,
affecting around 700,000 persons annually in North Amer-
ica.1–3 For most patients, the standard of care has long
consisted on low-molecular-weight heparin (LMWH) fol-
lowed by vitamin K antagonists (VKAs),4 but more recently
several trials have shown that direct oral anticoagulants
(DOACs) with or without lead-in heparin therapy are effec-
tive alternatives with fewer adverse effects.5–8

In this review, we want to summarize the current and
most important literature regarding the use of DOACs in PE
patients, a therapeutic strategy that has rapidly changed the
acute phase treatment and secondary prevention of this
disease.

We will initially focus on the studies that have placed the
DOACs as the current treatment of choice of VTE, andwewill
then focus on the indications for these drugs in low- and
high-risk patients and in the setting of special and complex
situations such as cancer patients, patientswith liver disease,
and patients affected by renal insufficiency.

Evaluation of the Efficacy and Safety of
DOACs in the Treatment of Pulmonary
Embolism

The efficacy and safety of DOACs in the treatment of PEwere
mainly evaluated in five randomized controlled trials (RCTs),
in which DOACs were compared to the standard treatment
with LMWH followed by warfarin.
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Abstract Venous thromboembolism (VTE) is the third most common cardiovascular disease. For
most patients, the standard of treatment has long consisted on low-molecular-weight
heparin followed by vitamin K antagonists, but a number of clinical trials and,
subsequently, post-marketing studies have shown that direct oral anticoagulants
(DOACs) with or without lead-in heparin therapy are effective alternatives with fewer
adverse effects. This evidence has led to important changes in the guidelines on the
treatment of VTE, including pulmonary embolism (PE), with the DOACs being now
recommended as the first therapeutic choice. Additional research has contributed to
identifying low-risk PE patients who can benefit from outpatient management or from
early discharge from the emergency department with DOAC treatment. There is
evidence to support the use of DOACs in intermediate-risk PE patients as well as in high-
risk patients receiving thrombolytic treatment. The use of DOACs has also been proven
to be safe and effective in special populations of PE patients, such as patients with renal
impairment, liver impairment, and cancer.
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HOKUSAI-VTE,5 AMPLIFY,6 RE-COVER,7 and RE-COVER II9

were designed as randomized, double-blind trials and in-
cluded both patients with DVT and PE. EINSTEIN-PE8 was a
randomized, open-label trial including PE patients only.

In the RE-COVER and RE-COVER II studies, dabigatranwas
administered at a fixed dose of 150mg twice daily after a
lead-in treatment with parenteral unfractionated heparin,
LMWH, or fondaparinux.7,9 In particular, a median of 3 days
of parenteral anticoagulation was administered before ran-
domization, and a median of 6 days of parenteral antico-
agulation was given after randomization. In the HOKUSAI-
VTE study, edoxaban 60mgdailywas administered following
at least 5 days of unfractionated heparin or LMWH. Edoxaban
dose was reduced to 30mg daily if creatinine clearance was
between 30 and 50mL/min, body weight was lower than
60 kg, or patients received a potent P-glycoprotein inhibitor.5

A single therapeutic approach, without lead-in parenteral
anticoagulants, was used in the EINSTEIN-PE study with
rivaroxaban and in the AMPLIFY trial with apixaban.6,8

Rivaroxabanwas administered at a dose of 15mg twice daily
for 3 weeks followed by 20mg once daily; apixaban at a dose
of 10mg twice daily for 7 days, followed by 5mg twice daily.
The characteristics of the populations enrolled in these trials
are summarized in ►Table 1. It should be noted that the
population enrolled in these studies is generally a low-risk
population. The mean age was around 55 years, and there
was a low proportion of patients with renal failure or other
comorbidities or with low body weight. These studies
showed the noninferiority in efficacy of all DOACs compared
to the standard of treatment with parenteral LMWH fol-
lowed by warfarin (►Table 2). For rivaroxaban and apixaban,
data supported the possibility to start treatment directly
with a higher dose of these drugs, although about 90% of
patients received parenteral anticoagulation for 1 or 2 days
before randomization. In the EINSTEIN PE and AMPLIFY
studies, the severity of PE was defined by its anatomical
extent at computed tomography (CT) scan, with a quarter of
patients having extensive PE (multiple lobes and>25% of the
entire pulmonary vasculature) in the former study andmore
than one-third in the latter.6,8 A subanalysis of the HOKUSAI
study reported that parenteral heparin followed by edoxa-
ban was more effective than parenteral heparin followed by
warfarin in preventing recurrent VTE in patients with PE and
right ventricular disfunction defined by elevated NT-proBNP
or right ventricular dilation (right/left ventricle ratio�0.9).10

As concerns safety, major bleeding rates with dabigatran
were similar to those on warfarin in both the RE-COVER and
RE-COVER II studies, whereas the composite of major and
clinically relevant nonmajor bleeding was significantly re-
duced with dabigatran, although the incidence of gastroin-
testinal bleeding was increased.7,9Of interest, the RE-COVER
II study did not show any increased risk of bleeding in
patients older than 75 years. Lead-in LMWH followed by
edoxaban was also associated with a significant reduction in
major or clinically relevant nonmajor bleeding, the primary
safety outcome of the study, with no difference in major
bleeding events.5 In the EINSTEIN PE study, there were
significantly fewer major bleeding events in the rivaroxaban Ta
b
le

1
C
ha

ra
ct
er
is
ti
c
of

th
e
st
ud

y
po

pu
la
ti
o
ns

of
D
O
A
C
tr
ia
ls

H
O
K
U
SA

I-V
TE

5
A
M
PL

IF
Y
6

R
E-
C
O
V
ER

7
R
E-
C
O
V
ER

II9
EI
N
ST

EI
N
-P
E8

Ed
o
xa

ba
n

(N
¼
4,
1
18

)
W
ar
fa
ri
n

(N
¼
4,
12

2)
A
p
ix
ab

an
(N

¼
2,
69

1)
W
ar
fa
ri
n

(N
¼
2,
70

4)
D
ab

ig
at
ra
n

(N
¼
1,
2
73

)
W
ar
fa
ri
n

(N
¼
1,
2
66

)
D
ab

ig
at
ra
n

(N
¼
1,
28

0)
W
ar
fa
ri
n

(N
¼
1,
2
88

)
R
iv
ar
o
xa

ba
n

(N
¼
2,
41

9)
W
ar
fa
ri
n

(N
¼
2,
4
13

)

M
ea

n
ag

e
(y
)

55
.7

�
16

.3
55

.9
�
16

.2
57

.2
�
16

.0
56

.7
�
16

.0
55

.0
�
15

.8
54

.4
�
16

.2
54

.7
�
16

.2
55

.1
�
16

.3
57

.9
�
7.
3

57
.5

�
7.
2

M
al
e
se
x,

n
(%

)
2,
36

0
(5
7.
3)

2,
35

6
(5
7.
2)

1,
56

9
(5
8.
3)

1,
59

8
(5
9.
1)

73
8
(5
8)

74
6
(5
8.
9)

78
1
(6
1)

77
6
(6
0.
2)

1,
30

9
(5
4.
1)

1,
24

7
(5
1.
7)

C
r.
cl
ea

ra
nc

e,
n
(%

)

<
30

m
L/
m
in

N
R

N
R

14
(0
.5
)

15
(0
.6
)

N
R

N
R

N
R

N
R

4
(0
.2
)

2
(<

0.
1)

30
–5

0
m
L/
m
in

26
8
(6
.5
)

27
3
(6
.6
)

16
1
(6
.0
)

14
8
(5
.5
)

N
R

N
R

N
R

N
R

20
7
(8
.6
)

19
1
(7
.9
)

50
–8

0
m
L/
m
in

N
R

N
R

54
9
(2
0.
4)

54
4
(2
0.
1)

N
R

N
R

N
R

N
R

63
7
(2
6.
3)

59
3
(2
4.
6)

>
80

m
L/
m
in

N
R

N
R

1,
72

1
(6
4.
0)

1,
75

7
(6
5.
0)

N
R

N
R

N
R

N
R

1,
55

5
(6
4.
3)

1
þ
61

7
(6
7.
0)

PE
pa

ti
en

ts
,w

it
h
or

w
it
ho

ut
D
V
T,

n
(%

)
1,
65

0
(4
0.
1)

1,
66

9
(4
0.
5)

93
0
(3
4.
5)

90
6
(3
3.
0)

39
1
(3
0.
7)

39
5
(3
1.
2)

40
2
(3
1.
4)

41
4
(3
2.
1)

2,
41

9
(1
00

)
2,
41

3
(1
00

)

C
au

se
of

V
TE

,
n
(%

)

U
np

ro
vo

ke
d

2,
71

3
(6
5.
9)

2,
69

7
(6
5.
4)

2,
41

6
(8
9.
8)

2,
42

9
(8
9.
8)

N
R

N
R

N
R

N
R

1,
56

6
(6
4.
7)

1,
55

1
(6
4.
3)

Pr
ov

o
ke

d
1,
13

2
(2
7.
5)

1,
14

0
(2
7.
7)

27
2
(1
0.
1)

27
2
(1
0.
1)

N
R

N
R

N
R

N
R

1,
00

6
(4
2)

1,
00

1
(4
1.
4)

A
ct
iv
e
ca
nc

er
37

8
(9
.2
)

39
3
(9
.5
)

66
(2
.5
)

77
(2
.8
)

N
R

N
R

N
R

N
R

11
4
(4
.7
)

10
9
(4
.5
)

A
b
br
ev

ia
ti
o
ns

:
C
r.
cl
ea

ra
nc

e,
cr
ea

ti
ni
ne

cl
ea

ra
nc

e;
D
O
A
C
,
di
re
ct

or
al

an
ti
co

ag
ul
an

t;
D
V
T,

de
ep

ve
in

th
ro
m
bo

si
s;

N
R
,
no

t
re
p
or
te
d
;
PE

,
pu

lm
on

ar
y
em

b
ol
is
m
;
V
TE

,
ve

no
us

th
ro
m
bo

em
b
ol
is
m
.

Hämostaseologie © 2024. Thieme. All rights reserved.

Direct Oral Anticoagulants for Pulmonary Embolism Pizzi et al.

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



group, whereas in the AMPLIFY study, apixaban was associ-
ated with a significant reduction of both major and clinically
relevant nonmajor bleedings.6,8 Data on safety are summa-
rized in ►Table 3.

DOACs for PE Patients in the Guidelines

After these studies that consistently highlighted the noninfer-
iority in efficacy of the DOACs in the treatment of PE as
compared to the standard of treatment, with an improved
safety profile, all major international guidelines updated their
indication. Themost recent editions of theEuropean Societyof
Cardiology guidelines on acute PE (2019),11 the American
Society of Hematology guidelines (2020),12 and the American
College of Chest Physiciansguidelines (2021)13 suggest theuse
of a DOAC over the use of a VKA for patients with PE without
hemodynamic decompensation. These guidelines do not sug-
gest theuse of a specificDOACover another and suggest taking
into consideration factors such as once versus twice daily
dosing, requirement of lead-in parenteral anticoagulation,
renal function, concomitant treatment, or cancer for the
therapeutic decision. At present, DOACs are not recommended
in patients with severe renal impairment, pregnancy, or
lactation, and in patients with antiphospholipid antibody
syndrome. Anticoagulation should be maintained for at least
3 months and then discontinued if the patient had a
PE secondary to amajor transient/reversible risk factor. Indef-
inite anticoagulant treatment is recommended for patients
with recurrent VTE, PE with nonidentifiable risk factor, or PE
with persistent risk factors. Finally, when extended oral anti-
coagulation is required after PE in patients without cancer, a
reduced dose of apixaban (2.5mg twice daily) or rivaroxaban
(10mg once daily) should be considered after 6 months of
treatment. This recommendation derives from the favorable
results of the AMPLIFY Extension and EINSTEIN Choice trials,
which showed theefficacyandsafetyof these reduceddoses as
compared to placebo or aspirin (in the latter study) in a
population that included about one-third of patients with
isolated PE.14,15

Post-Marketing Studies

As mentioned earlier, the RCTs enrolled mainly a low-risk
population characterized by younger patients, with fewer
comorbidities and lower proportion of renal function im-
pairment than in the so called real-world population. Thus,
the results of RCTs may not be fully translatable to wider
populations. For this reason, post-marketing studies were
conducted to better understand the safety and effectiveness
of DOACs in a more general, real-world population.16–22 The
GARFIELD-VTE study included patients with multiple
comorbidities, severe renal impairment, cancer, and preg-
nancy-related VTE,many of whomwere excluded fromRCTs;
however, the adjusted all-cause mortality in VTE patients
receiving DOACs was approximately one-fourth lower than
that of patients receiving VKAs.16,17 Moreover, fatal bleed
and VTE-related deaths were reduced in patients receiving
DOACs, while the rates of recurrent VTE and bleeding wereTa
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similar. About 38% of patients had PE. The ETNA-VTE con-
firmed the efficacy of edoxaban, highlighting that the rate of
VTE recurrence at 3months in patients treatedwith a lead-in
course of LMWH followedbyedoxabanwas as lowas 0.34%.18

Also, the risk of bleeding was lower in the edoxaban group
with major bleeding at 3 months occurring in 0.97% of
patients, a result that was consistent with that observed in
the HOKUSAI-VTE trial. The composite outcome of major or
clinically relevant nonmajor bleeding occurred in 2.58% of
the population, which is lower than the rate reported in the
HOKUSAI-VTE trial.18

The RE-COVERY study enrolled a higher proportion of
older patients with renal impairment in comparison to the
population enrolled in the RE-COVER studies.19 In this
observational study, the number of patients receiving DOACs
and VKAs was almost the same between elderly and non-
elderly patients, even if the use of DOACs decreased with
worsening renal function. The study, however, confirmed the
safety and effectiveness of the use of DOACs in this higher-
risk population, with about 40% of patientswith PE.19 Finally,
in the XALIA and XALIA-LEA studies, rivaroxaban, when
compared to LMWH treatment followed by VKAs, has shown
lower rates of major bleeding, recurrent VTE, and all-cause
mortality, confirming the generalizability of the EINSTEIN-
PE results for the wider VTE population treated in routine
clinical practice.20–22 It should be mentioned that an in-
crease in the incidence of uterine bleeding in younger
women (<55 years) was observed, attributable to an in-
creased prolonged menstrual or abnormal vaginal bleeding
with rivaroxaban.

Management of Low-Risk Patients and Early
Discharge with the DOACs

PE is a disease characterized by a wide spectrum of severity,
ranging from low risk defined by an incidence of early adverse
events, such asdeathor clinical deterioration, below1% tohigh
risk defined by an incidence of events higher than 15%.23

Identifying patients with low-risk features could permit early
discharge from the emergency department and outpatient
treatment, minimizing the complications related to hospitali-
zation, reducing the impactonhealthcare costs and improving
qualityof life.24–27Different studies highlighted the low rate of
complications when treating low-risk patients as outpa-
tients,28 but only a small number of eligible patients are
currently treated as outpatients.29,30 In a recent prospective
cohort study, only 1.2% of PE patientswere directly discharged
from the emergency department, while 5.8% were discharged
early from the hospital, within 48hours.31

Correct identification of patients at low risk is crucial for
optimal management and early home discharge. Current
guidelines support the use of the Pulmonary Embolism Sever-
ity Index (PESI) and its simplified version (sPESI), or the Hestia
criteria, for this scope.11 Moreover, patients should have no
other reasons for hospitalization; they should have family or
social support and easy access to medical care if needed. In a
systematic review of studies conducted in the era of LMWH
and VKAs, among patients treated at home (defined as lessTa
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than 24hours of hospitalization), the 3-month rate of VTE
recurrence was 1.5%, the rate of major bleeding was 0.8%, and
the rate of death was 1.6% at 3 months.32

Another meta-analysis, however, indicated that right ventric-
ular (RV) disfunction on admissionmay increase the risk of early
PE-related adverse events and death in patients classified as low
risk solely with the use of clinical parameters and scores.33 The
study also highlighted how integrating clinical scores with the
evaluation of RV disfunction (with laboratory biomarkers or
imaging findings) increases the prognostic sensitivity.

The DOACs have indeed the potential to facilitate early
discharge and outpatient management of carefully selected
low-risk PE patients. The HOT-PE study investigated the

efficacy and safety of early discharge (<48hours) and am-
bulatory treatment with rivaroxaban.34 Patients were eligi-
ble if they were defined as low risk using clinical scores and
after the exclusion of RV dysfunction on admission (RV
enlargement or dysfunction and free-floating thrombi in
the right atrium or ventricle assessed by echocardiography
or CT pulmonary angiography). In this study, the 3-month
rate of symptomatic or fatal recurrent VTE was 0.6% and
major bleeding occurred in 1.2% of the population. No PE-
related deathswere observed.34On thebasis on these results,
it seems appropriate to rule out RV disfunction in patients
who are considered for immediate or early (<48hours) home
discharge11 (►Fig. 1).

Fig. 1 Therapy of pulmonary embolism (PE) in normotensive patients. DOAC, direct oral anticoagulant; LMWH, low-molecular-weight
heparin; PERT, PE response team; rtPA, recombinant tissue plasminogen activator; RVD, right ventricular dysfunction; VTE, venous
thromboembolism
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DOACs in the Treatment of PE Patients at
Intermediate to High Risk of Mortality

Recent registries have shown that about 60 to 70% of patients
with acute PE qualify for intermediate risk of early death (in-
hospital or after 30 days), defined as a hemodynamic stabili-
ty associated an RV dysfunction and/or troponin alteration
according to the guidelines of the European Society of
Cardiology or the American Heart Association.11,31,35 The
expected mortality in these normotensive patients with
clinical risk factors for death (PESI III–V or sPESI � 1)
and/or evidence of RV overload by imaging or by increased
troponin varies between 2 and 15% in the short term. Among
patients included in this wide risk category, there is a
subgroup with a considerable risk of requiring rescue reper-
fusion or cardiopulmonary resuscitation for clinical deterio-
ration. According to the European Society of Cardiology, the
combination of PESI III to V or sPESI � 1, RV dysfunction at
imaging and increased troponin identify a subgroup of about
25% of all PE patients having a short-termmortality as high as
10 to 15%.31–36 In addition to the uncertainties on the criteria
for identification of the intermediate- to high-risk patients,
the optimal regimen of anticoagulation for these patients in
the initial phase is also unknown.31,37,38 The European
Society of Cardiology guidelines still recommend the use
of unfractionated heparin for intermediate- to high-risk
patients in the early phase of anticoagulation11; LMWH
could be an alternative to avoid the need for monitoring
and to promptly guarantee therapeutic anticoagulation.39 As
parenteral anticoagulationwas used in all currently available
studies assessing the efficacy and safety of thrombolytic
treatment in patients with acute PE, initial heparin course
can safely allow upgrading to systemic or percutaneous
reperfusion in the event of clinical deterioration.

Two regimens of DOACs have been developed for the
treatment of acute PE. Dabigatran and edoxaban have been
validated for introduction after heparin lead-in, to take
advantage of a consolidated regimen of parenteral antico-
agulation in the very initial phase.40,41 Rivaroxaban and
apixaban have been developed to be used according to the
single drug approach, that is, completely oral and composed
of an initial high-dose regimen followed by a maintenance
dose, without heparin lead-in.

Phase III trials with DOACs for the treatment of VTE did not
require any specific risk stratification in patients entering the
studies for index PE.5–8,42,43 The radiological extension of
emboli was reported in all the studies, the proportion of
patients with extensive PE varying from 24 to 47%.44 In a
post hoc analysis including 3,319 patients with PE from the
Hokusai-VTE, NT-proBNP was increased in 30 and 32% of
patients randomized to edoxaban and warfarin, respectively.
Among patients with increased NT-proBNP, recurrent VTE
occurred in 3 and 6% of patients in the edoxaban andwarfarin
groups, respectively (hazard ratio [HR]: 0.50; 95% confidence
interval [CI]: 0.26–0.94). The right-to-left ventricular diameter
ratio was 0.9 or higher in 44 and 45% of evaluable patients in
theedoxabanandwarfaringroups, respectively. RecurrentVTE
occurred in 3 and 5% of the patients in the edoxaban and

warfarin groups, respectively (HR: 0.57; 95% CI: 0.27–1.17).
Overall, this subanalysis suggests that among hemodynami-
cally stable patients with acute PE, the efficacy of edoxaban
after heparin lead-in is confirmed in those with increased
NT-BNP or increased right-to-left ventricular diameter ratio.

More recently, the PEITHO2 trial assessed the role of
early switch from parenteral anticoagulation to dabigatran
(within 72hours from diagnosis) in patients with acute PE
at intermediate to high risk.45 PE-related death, hemody-
namic decompensation, or hemodynamic collapse occurred
in less than 1% of 283 patients.45 In 653 PE patients at
intermediate- to high risk of death, 302 received a DOAC
during hospitalization and were categorized as early (with-
in 72 hours after the admission) and delayed switchers
(after 72 hours).46 The composite of all-cause death or
hemodynamic decompensation at 30 days occurred in
4.8% (95% CI: 1.6–10.9); hemodynamic decompensation
occurred in 2.9% (95% CI: 0.6–8.3). The relative risk of all-
cause death or hemodynamic decompensation at 30 days
was reduced in the early switchers (odds ratio [OR]: 0.38;
95% CI: 0.11–1.38). Taken together, these studies show that
early DOAC prescription appears safe for most patients at
intermediate to high risk, but in a minority of cases, adverse
outcomes might occur. Thus, further efforts are needed to
identify these patients (►Fig. 1).

Real-world data on contemporary management of VTE
show that about half of PE patients receive parenteral anti-
coagulation followed by oral anticoagulation.10

Timing of Initiation of DOACs after
Thrombolysis

Thrombolytic treatment in intermediate- to high-risk patients
with acute PE reduces the riskof death or clinical deterioration
at 7 days, but this benefit is counterbalanced by a 10-fold
increased riskof intracranial hemorrhage (ICH) and 3-fold risk
of major bleeding.47,48 A new trial is currently evaluating the
efficacy and safety of reduced-dose thrombolysis for interme-
diate- to high-risk patients (NCT04430569).49 Pulmonary
reperfusion techniques could be an alternative to systemic
thrombolysis; however, the role of these techniques must still
be proven (NCT04790370).50–56

Patients who had received thrombolysis were excluded
from phase III clinical trials.5–8 Current guidelines suggest
driving the timing of switching to oral anticoagulation on
clinical judgment.11

Few data exist on the efficacy and safety of switching to
DOACs after systemic thrombolysis. A cohort study assessed
a 24-hour course of unfractionated heparin followed by
rivaroxaban after thrombolysis in 96 high- or intermedi-
ate-risk PE patients. No death, major bleeding, or recurrent
VTE was observed during the hospitalization.57

In a recent retrospective study in 102 patients treated
with thrombolysis (both systemic and catheter directed), no
differences were observed in the 30-day mortality between
patients treated with DOACs (early <48hours or delayed
>48hours) or LMWH after unfractionated heparin, with a
reduction in hospitalization in the DOAC group.58
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In a retrospective study, normotensive PE patients treated
with catheter-directed thrombolysis were switched to oral
anticoagulation early after the procedure; the oral agent was
warfarin in 36 patients and DOACs in 26 patients.59 There
was no difference in the time to initiation of oral anticoagu-
lant in the warfarin versus DOAC groups (2.9 vs. 2.3 days;
p¼0.16). In these studies, early switch to DOACs provided
shorter hospitalization than VKAs.

In summary, few and uncontrolled data are available on
the use of LMWH, fondaparinux, and DOACs after thrombol-
ysis; all these approaches seem to have similar efficacy and
safety.59,60

When managing patients in these gray areas, the multi-
disciplinary PE response team (PERT) team may assume an
important role in merging expertise and tailoring the best
care for the patients.

DOACs for Specific Patient Groups

Validated regimens of DOACs to be used for the treatment of
VTE are reported in ►Table 4.

Renal Impairment
About 10% of patients with a diagnosis of VTE have a
concomitant severe reduction of renal function (creatinine
clearance below 30mL/min).61 Severe renal failure is associ-
ated with increased mortality in a wide range of clinical
settings. Irrespective of the formula used for their identifi-
cation, patients with severe renal impairment have a higher
risk of major bleeding under anticoagulant therapy in com-
parison to patients with normal renal function (OR: 2.26;
95% CI: 2.01–2.53).62

Of 10,684 patients with an objective diagnosis of VTE
(excluding superficial vein thrombosis) included in the Gar-
field Registry, 1,245 (11.7%) patients had moderate (creati-
nine clearance between 30 and 49mL/min) renal failure and
273 (2.6%) had severe renal failure (creatinine clearance
lower than 29mL/min).62 In patients with renal insufficien-
cy, the unadjusted rates of recurrent VTE andmajor bleeding
were comparable between treatment groups, while the rate
of all-cause mortality was lower in those receiving DOACs
than in those receiving VKAs (4.70 vs. 9.97 per 100 person-
years).

In the Hokusai-VTE study, 541 of 8,240 patients had
moderate renal failure (creatinine clearance: 30–50
mL/min). In these patients, edoxaban confirmed noninfer-
iority and no increase in bleeding complications in compari-
son to warfarin. Among the 363 Hokusai-VTE patients
fulfilling the criteria for dose reduction with edoxaban due
to moderate renal failure (i.e., patients with creatinine
clearance of 30–50mL/min), the recurrence rate was 3.3
versus 6.7% and incidence of clinically relevant nonmajor
bleeding was 9.2 versus 14.0% in patients randomized to
edoxaban (reduced dose) and warfarin, respectively.63 In a
meta-analysis of nine trials, no significant difference was
observed between DOACs (dabigatran, rivaroxaban, apixa-
ban) and warfarin in the risk of recurrent VTE and bleeding
events in patients with moderate chronic kidney disease.64 Ta
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The risk of major bleeding increased when the degree of
kidney impairment increased. There was no significant
difference between apixaban andwarfarin for VTE outcomes
in dialysis patients.

In an observational, cohort study in patients with acute
VTE and severe renal failure, 626 DOAC patients were
matched to 1,071 warfarin patients.65 There was no statisti-
cally significant difference in recurrent VTE, clinically rele-
vant bleeding, ischemic stroke, and all-cause mortality
between the two treatment groups.

Among 29,790 VTE patients with chronic kidney disease
selected from five U.S. claims databases, apixaban was
initiated in 10,669 (35.8%) patients and warfarin in 19,121
(64.2%) patients.66 After inverse-probability treatment
weighting balance, the apixaban group had a significantly
lower risk of recurrent VTE (6.2 vs. 7.6%; HR: 0.78; 95% CI:
0.66–0.92), major bleeding (8.2 vs. 10.5%; HR: 0.76; 95% CI:
0.65–0.88), and clinically relevant nonmajor bleeding (HR:
0.86; 95% CI: 0.80–0.93) than the warfarin group. When
stratified by the stage of chronic kidney disease (stage I/II:
8.2%; stage III: 49.4%; stage IV: 12.8%; stageV/end-stage renal
disease [ESRD]: 12.0%; stage unspecified: 17.6%), patients
with end stage chronic kidney disease had the highest event
rates (recurrent VTE: 7.7 vs. 11.6%; major bleeding: 16.9 vs.
18.0%); however, stages of chronic kidney disease did not
have any significant impact on treatment effects for recur-
rent VTE and major bleeding.

In a retrospective cohort study in 12,206 individuals
receiving dialysis in the United States who received a new
prescription for apixaban or warfarin following a VTE diag-
nosis, apixaban was associated with lower risks of both
recurrent VTE (HR: 0.58; 95% CI: 0.43–0.77) and major
bleeding (HR: 0.78; 95% CI: 0.62–0.98) over 6 months, com-
pared with warfarin.67 However, there was no difference
between apixaban and warfarin in terms of risk of all-cause
death (HR: 1.04; 95% CI: 0.94–1.16).

Overall, the above-reported data suggest that the efficacy
to safety profile of DOACs, and in particular that of apixaban,
could apply to the peculiar setting of patients with severe
renal failure. RCTs are awaited mainly to assess the optimal
regimen of DOACs in this clinical setting.

Liver Impairment
Patients with cirrhosis are at an increased risk of thromboem-
bolic and bleeding events.68–70 The international normalized
ratio (INR) increases over 2.0 together with thrombocytopenia
were previously thought to protect against VTE; however,
recent data disproved this theory. In randomized trials,
VKAs reduced the risk of thromboembolism in patients with
AF or VTE and impaired liver function.71 Among DOACs,
apixaban and rivaroxaban have significant proportions of
hepatic clearance (73 and 65%, respectively) mostly through
CYP3A4-type cytochromeP450-dependent elimination,while
edoxaban (50%) and dabigatran (20%) have lower propor-
tions.72 Liver diseases leading to impaired hepatic function
can all influence pharmacokinetic properties of DOACs to
variable degrees. Several DOACs have a high plasma protein
binding capacity, which can translate into elevated free drug

fraction levels when liver albumin production is reduced. In
the presence of liver diseases, the excretion of all DOACs in the
bile is reduced. Finally, when liver disease is accompanied by
hepatorenal syndrome, renal clearance of DOACs may be
compromised. Overall, significant liver disease can hugely
affect hepatic clearance and drug metabolism, and impaired
function of liver enzymes and transporters may affect drug
response and facilitate drug-induced liver injury.

Patients with advanced and active liver disease including
cirrhosis or those with persistent increase of liver enzymes
or bilirubin were excluded from phase III trials with DOACs
for the treatment of VTE. As of today, DOAC use is allowed
without restrictions in patients with Child–Pugh A, with
caution in patients with Child–Pugh B, and avoided or
contraindicated in patients with Child–Pugh C.

Currently, there is paucity of data on the efficacy and
safety of DOACs in patients with advanced liver diseases. In a
retrospective study including patients with Child–Pugh B
and C cirrhosis receiving therapeutic anticoagulation, bleed-
ing occurred in 36% of patients in the DOAC group and in 22%
of patients in the traditional group.73 In the DOAC popula-
tion, 31 and 70% of patients with Child–Pugh B or C cirrhosis
experienced a bleeding event. Thromboembolic events were
reported in 4% of the DOAC group and none in the traditional
anticoagulation group.

Cancer-Associated VTE
Several randomized studies have been conducted with the
aim to assess the efficacy and safety of DOACs in comparison
to dalteparin for the treatment of cancer-associated VTE74

(►Table 5). These trials differ for experimental agents,
primary study outcome, treatment duration, and, finally,
sample size. Overall, anti-Xa oral anticoagulants were at
least noninferior to dalteparin with potential for 10% risk
reduction in recurrent VTE. The safety profile differed across
DOACs; an excess of gastrointestinal bleeding was observed
in the edoxaban and rivaroxaban arms. Based on these
results, current guidelines recommend caution when pre-
scribing anti-Xa agents to patientswith nonresectedmucosal
cancers.75,76 Although these studies allowed us to clarify a
number of issues beyond the general efficacy and safety of
anti-Xa agents in the general population of patients with
cancer, additional data are required to clarify the role of
DOACs in the treatment of VTE in patientswith brain cancers,
hematological malignancies, and thrombocytopenia, and
when used in association with specific anticancer agents.

Anticoagulant agents with direct anti-XI effect are cur-
rently under clinical development for the treatment of VTE in
patients with active cancer.

Frail Patients
Frailty is a complex geriatric syndrome resulting from age-
related cumulative declines across multiple physiologic sys-
tems.77 Limited data are currently available on the efficacy
and safety of DOACs based on geriatric definition of frailty.
Rather data are available on the efficacy and safety of DOACs
versus standard of care for the treatment of acute VTE in
fragile patients identified as presence/absence of one or
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more predefined criteria (age >75 years, calculated creati-
nine clearance <50mL/min, or body weight �50kg).78 Rates
of recurrent VTE were higher in fragile patients than in
nonfragile patients. No difference in VTE recurrence was
observed between rivaroxaban and standard therapy in
fragile and nonfragile patients, but a significantly lower
incidence of major bleeding was observed with rivaroxaban
compared with standard therapy in fragile patients (1.3 vs.
4.5%; HR: 0.27; 95% CI: 0.13–0.54). These results were
confirmed in retrospective administrative data79 using the
Johns Hopkins Claims-Based Frailty Indicator score for the
identification of frail patients. In an analysis of the RIETE
registry, 42% of 15,079 patients belonged to the frail group:
37%were aged�75 years, 20% had creatinine clearance levels
�50mL/min, and 3.6% weighed �50kg.80 The study showed
that in real life the attending clinician tailors anticoagulant
therapy on the risk of bleeding and recurrence of fragile
patients.

Elderly

Current evidence mostly concerns elderly populations (65–79
years), while very elderly populations (�80 years) have been
underrepresented in randomized clinical trials. In these
patients, different mechanisms are involved in platelet disor-
ders (age-related amyloid angiopathy, vascular wall abnor-
malities, and impaired renal function) and increase risk of
bleeding81

In a meta-analysis, DOACs reduced VTE recurrence com-
pared with warfarin in patients older than 75 years.82 In the
RIETE cohort, VTE patients aged older than 90 yearswere less
often treatedwith DOACs in comparison to younger patients.
In patients aged older than 90 years, the rate of major
bleeding was approximately 4.5-fold higher than that of
VTE recurrence.83

Extreme Body Weight

In a post hoc analysis of the COMMAND VTE registry, the
adjusted risk of major bleeding and all-cause death was
higher in patients with body weight lower than 60 kg (HR:
1.57; 95%CI: 1.16–2.12 and HR: 1.50; 95%CI: 1.24–1.81) than
in patients weighting more than 60 kg.84

In a post hoc analysis of AMPLIFY on patients with body
mass index (BMI)>40kg/m2 or body weight overpassing
120 kg,85 the use of apixaban was not associated with an
increased risk of recurrent VTE or VTE-related death. In a
recent meta-analysis including patients with high body
weight or morbid obesity, DOACs significantly decreased
the risk of VTE recurrence (OR: 0.72; 95% CI: 0.57–0.91)
and bleeding (OR: 0.74; 95% CI: 0.58–0.95; I2¼0%; p<0.05)
compared to the standard of care.86

The ISTH SCC for the control of anticoagulation reports
that DOACuse is appropriate for patientswithweight greater
than 120 kg or BMI greater than 40 kg/m2, without regular
laboratory monitoring.87 However, it should be mentioned
that in the treatment of VTE only edoxaban allows the use of
a validated dose reduction based on body weight.Ta
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Concomitant Thrombocytopenia

The management of anticoagulation in patients with throm-
bocytopenia (defined as a platelet count of <100�109/L) is
still an issue, mostly because the majority of these patients
have a cancer-associated thrombosis. To reduce recurrence in
the acute phase of VTE (within the first 30 days), a therapeu-
tic dose of anticoagulation is recommended.88 Currently no
evidence is available for DOACs in patients with a severe
thrombocytopenia (platelet counts of <50�109/L).

Funding
None.

Conflict of Interest
Walter Ageno received fees for lecture from Astra Zeneca,
BMS Pfizer, Leo Pharma and Viatris and participated in
Advisory Board for Astra Zeneca, Bayer, Leo Pharma,
Norgine, Sanofi and Viatris.
Cecilia Beccatini received consulting fees and honoraria
for lectures from Bayer HealthCare, Bristol Myers Squibb
and Daiichi Sankyo.
The other authors declared no conflict of interest.

References
1 Heit JA. The epidemiology of venous thromboembolism in the

community. Arterioscler Thromb Vasc Biol 2008;28(03):370–372
2 White RH. The epidemiology of venous thromboembolism. Cir-

culation 2003;107(23, Suppl 1):I4–I8
3 Goldhaber SZ, Bounameaux H. Pulmonary embolism and deep

vein thrombosis. Lancet 2012;379(9828):1835–1846
4 Kearon C, Kahn SR, Agnelli G, Goldhaber S, Raskob GE, Comerota

AJ. Antithrombotic therapy for venous thromboembolic disease:
American College of Chest Physicians evidence-based clinical
practice guidelines. Chest 2008;133(6, Suppl):454S–545S

5 Büller HR, Décousus H, Grosso MA, et al; Hokusai-VTE Investi-
gators. Edoxaban versus warfarin for the treatment of symptom-
atic venous thromboembolism. N Engl J Med 2013;369(15):
1406–1415

6 Agnelli G, Buller HR, Cohen A, et al; AMPLIFY Investigators. Oral
apixaban for the treatment of acute venous thromboembolism. N
Engl J Med 2013;369(09):799–808

7 Schulman S, Kearon C, Kakkar AK, et al; RE-COVER Study Group.
Dabigatran versus warfarin in the treatment of acute venous
thromboembolism. N Engl J Med 2009;361(24):2342–2352

8 The EINSTEIN PE Investigators. Oral rivaroxaban for the treatment
of symptomatic pulmonary embolism. N Engl J Med 2010;
363:2499–2510

9 Schulman S, Kakkar AK, Goldhaber SZ, et al; RE-COVER II Trial
Investigators. Treatment of acute venous thromboembolismwith
dabigatran or warfarin and pooled analysis. Circulation 2014;129
(07):764–772

10 Brekelmans MPA, Ageno W, Beenen LF, et al. Recurrent venous
thromboembolism in patients with pulmonary embolism and
right ventricular dysfunction: a post-hoc analysis of the Hokusai-
VTE study. Lancet Haematol 2016;3(09):e437–e445

11 Konstantinides SV,Meyer G, Becattini C, et al. 2019 ESCGuidelines
for the diagnosis andmanagement of acute pulmonary embolism
developed in collaborationwith the European Respiratory Society
(ERS). Eur Heart J 2020;41:543–603

12 Ortel TL, Neumann I, Ageno W, et al. American Society of
Hematology 2020 guidelines for management of venous throm-

boembolism: treatment of deep vein thrombosis and pulmonary
embolism. Blood Adv 2020;4(19):4693–4738

13 Stevens SM, Woller SC, Baumann Kreuziger L, et al. Executive
summary: antithrombotic therapy for VTE Disease: second up-
date of the CHEST Guideline and Expert Panel Report. Chest 2021;
160(06):2247–2259

14 Agnelli G, Buller HR, Cohen A, et al; AMPLIFY-EXT Investigators.
Apixaban for extended treatment of venous thromboembolism. N
Engl J Med 2013;368(08):699–708

15 Weitz JI, Lensing AWA, Prins MH, et al; EINSTEIN CHOICE Inves-
tigators. Rivaroxaban or aspirin for extended treatment of venous
thromboembolism. N Engl J Med 2017;376(13):1211–1222

16 Ageno W, Haas S, Weitz JI, et al; GARFIELD-VTE investigators.
Characteristics and management of patients with venous throm-
boembolism: the GARFIELD-VTE registry. ThrombHaemost 2019;
119(02):319–327

17 Bounameaux H, Haas S, Farjat AE, et al. Comparative effectiveness
of oral anticoagulants in venous thromboembolism: GARFIELD-
VTE. Thromb Res 2020;191:103–112

18 Agnelli G, Hoffmann U, Hainaut P, et al; ETNA-VTE-Europe inves-
tigators. ETNA-VTE Europe: benefits and risks of venous throm-
boembolism treatment using edoxaban in the first 3 months.
Thromb Res 2020;196:297–304

19 Goldhaber SZ, Ageno W, Casella IB, et al. Profile of patients
diagnosed with acute venous thromboembolism in routine clini-
cal practice: the RE-COVERY DVT/PETM study. Am J Med 2020;
133(08):936–945

20 Ageno W, Mantovani LG, Haas S, et al. Safety and effectiveness of
oral rivaroxaban versus standard anticoagulation for the treat-
ment of symptomatic deep-vein thrombosis (XALIA): an interna-
tional, prospective, non-interventional study. Lancet Haematol
2016;3(01):e12–e21

21 Haas S, Mantovani LG, Kreutz R, et al. Anticoagulant treatment for
venous thromboembolism: a pooled analysis and additional
results of the XALIA and XALIA-LEA noninterventional studies.
Res Pract Thromb Haemost 2021;5(03):426–438

22 Kreutz R,Mantovani LG, Haas S, et al. XALIA-LEA: an observational
study of venous thromboembolism treatment with rivaroxaban
and standard anticoagulation in the Asia-Pacific, Eastern Europe,
the Middle East, Africa and Latin America. Thromb Res 2019;
176:125–132

23 Konstantinides S, Torbicki A. Management of venous thrombo-
embolism: an update. Eur Heart J 2014;35(41):2855–2863

24 Conley J, O’Brien CW, Leff BA, Bolen S, Zulman D. Alternative
strategies to inpatient hospitalization for acute medical condi-
tions: a systematic review. JAMA Intern Med 2016;176(11):
1693–1702

25 Barco S, Woersching AL, Spyropoulos AC, Piovella F, Mahan CE.
European Union-28: An annualised cost-of-illness model for
venous thromboembolism. Thromb Haemost 2016;115(04):
800–808

26 Bledsoe JR, Woller SC, Stevens SM, et al. Management of low-risk
pulmonary embolism patients without hospitalization: the low-
risk pulmonary embolism prospective management study. Chest
2018;154(02):249–256

27 Aujesky D, Roy PM, Verschuren F, et al. Outpatient versus inpa-
tient treatment for patients with acute pulmonary embolism: an
international, open-label, randomised, non-inferiority trial. Lan-
cet 2011;378(9785):41–48

28 Maughan BC, Frueh L, McDonagh MS, Casciere B, Kline JA.
Outpatient treatment of low-risk pulmonary embolism in the
era of direct oral anticoagulants: a systematic review. Acad Emerg
Med 2021;28(02):226–239

29 Roy PM, Penaloza A, Hugli O, et al; HOME-PE Study Group.
Triaging acute pulmonary embolism for home treatment by
Hestia or simplified PESI criteria: the HOME-PE randomized trial.
Eur Heart J 2021;42(33):3146–3157

Hämostaseologie © 2024. Thieme. All rights reserved.

Direct Oral Anticoagulants for Pulmonary Embolism Pizzi et al.

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



30 Vinson DR, Mark DG, Chettipally UK, et al; eSPEED Investigators of
the KP CREST Network. Increasing safe outpatient management of
emergency department patients with pulmonary embolism: a
controlled pragmatic trial. Ann InternMed 2018;169(12):855–865

31 Becattini C, Agnelli G, Maggioni AP, et al; COPE Investigators.
Contemporary management and clinical course of acute pulmo-
nary embolism: the COPE study. Thromb Haemost 2023;123(06):
613–626

32 Piran S, Le Gal G, Wells PS, et al. Outpatient treatment of
symptomatic pulmonary embolism: a systematic review and
meta-analysis. Thromb Res 2013;132(05):515–519

33 Barco S, Mahmoudpour SH, Planquette B, Sanchez O, Konstanti-
nides SV, Meyer G. Prognostic value of right ventricular dysfunc-
tion or elevated cardiac biomarkers in patients with low-risk
pulmonary embolism: a systematic review and meta-analysis.
Eur Heart J 2019;40(11):902–910

34 Barco S, Schmidtmann I, Ageno W, et al; HoT-PE Investigators.
Early discharge and home treatment of patients with low-risk
pulmonary embolism with the oral factor Xa inhibitor rivarox-
aban: an international multicentre single-arm clinical trial. Eur
Heart J 2020;41(04):509–518

35 Giri J, Sista AK,Weinberg I, et al. Interventional therapies for acute
pulmonary embolism: current status and principles for the
development of novel evidence: a scientific statement from
the American Heart Association. Circulation 2019;140(20):
e774–e801

36 Konstantinides SV, Torbicki A, Agnelli G, et al; Task Force for the
Diagnosis and Management of Acute Pulmonary Embolism of the
European Society of Cardiology (ESC) 2014 ESC guidelines on the
diagnosis and management of acute pulmonary embolism. Eur
Heart J 2014;35(43):3033–3069, 3069a–3069k

37 Becattini C, Agnelli G, Lankeit M, et al. Acute pulmonary embo-
lism: mortality prediction by the 2014 European Society of
Cardiology risk stratification model. Eur Respir J 2016;48(03):
780–786

38 Mirambeaux R, León F, Bikdeli B, et al. Intermediate-high risk
pulmonary embolism. TH Open 2019;3(04):e356–e363

39 Tapson VF, Weinberg AS. Overview of management of intermedi-
ate- and high-risk pulmonary embolism. Crit Care Clin 2020;36
(03):449–463

40 Bauersachs R, Agnelli G, Gitt AK, et al; PREFER in VTE Scientific
Steering Committee. The role of heparin lead-in in the real-world
management of acute venous thromboembolism: the PREFER in
VTE registry. Thromb Res 2017;157:181–188

41 Hirsh J, Anand SS, Halperin JL, Fuster VAmerican Heart Associa-
tion. Guide to anticoagulant therapy: heparin—a statement for
healthcare professionals from the American Heart Association.
Circulation 2001;103(24):2994–3018

42 Li M, Li J, Wang X, et al. Oral direct thrombin inhibitors or oral
factor Xa inhibitors versus conventional anticoagulants for the
treatment of pulmonary embolism. Cochrane Database Syst Rev
2023;4(04):CD010957

43 Vedovati MC, Becattini C, Germini F, Agnelli G. Efficacy and safety
of direct oral anticoagulants after pulmonary embolism: a meta-
analysis. Int J Cardiol 2014;177(02):601–603

44 Brekelmans MPA, Büller HR, Mercuri MF, et al. Direct oral anti-
coagulants for pulmonary embolism: importance of anatomical
extent. TH Open 2018;2(01):e1–e7

45 Klok FA, Toenges G, Mavromanoli AC, et al; PEITHO-2 investiga-
tors. Early switch to oral anticoagulation in patients with acute
intermediate-risk pulmonary embolism (PEITHO-2): a multina-
tional, multicentre, single-arm, phase 4 trial. Lancet Haematol
2021;8(09):e627–e636

46 Chopard R, Andarelli JN, Humbert S, et al. Prescription patterns of
direct oral anticoagulants in pulmonary embolism: A prospective
multicenter French registry. Thromb Res 2019;174:27–33

47 Chatterjee S, Chakraborty A, Weinberg I, et al. Thrombolysis for
pulmonary embolism and risk of all-cause mortality, major

bleeding, and intracranial hemorrhage: a meta-analysis. JAMA
2014;311(23):2414–2421

48 Marti C, John G, Konstantinides S, et al. Systemic thrombolytic
therapy for acute pulmonary embolism: a systematic review and
meta-analysis. Eur Heart J 2015;36(10):605–614

49 Sanchez O, Charles-Nelson A, Ageno W, et al; PEITHO-3 Inves-
tigators. Reduced-dose intravenous thrombolysis for acute inter-
mediate-high-risk pulmonary embolism: rationale and design of
the pulmonary embolism International THrOmbolysis (PEITHO)-
3 trial. Thromb Haemost 2022;122(05):857–866

50 Avgerinos ED, JaberW, Lacomis J, et al; SUNSETsPE Collaborators.
Randomized trial comparing standard versus ultrasound-assisted
thrombolysis for submassive pulmonary embolism: the SUNSET
sPE trial. JACC Cardiovasc Interv 2021;14(12):1364–1373

51 Sista AK, Horowitz JMT, Tapson VF, et al; EXTRACT-PE Investi-
gators. Indigo aspiration system for treatment of pulmonary
embolism: results of the EXTRACT-PE trial. JACC Cardiovasc
Interv 2021;14(03):319–329

52 Tu T, Toma C, Tapson VF, et al; FLARE Investigators. A prospective,
single-arm, multicenter trial of catheter-directed mechanical
thrombectomy for intermediate-risk acute pulmonary embolism:
the FLARE study. JACC Cardiovasc Interv 2019;12(09):859–869

53 Toma C, Bunte MC, Cho KH, et al. Percutaneous mechanical
thrombectomy in a real-world pulmonary embolism population:
Interim results of the FLASH registry. Catheter Cardiovasc Interv
2022;99(04):1345–1355

54 Tapson VF, Sterling K, Jones N, et al. A randomized trial of the
optimum duration of acoustic pulse thrombolysis procedure in
acute intermediate-risk pulmonary embolism: the OPTALYSE PE
trial. JACC Cardiovasc Interv 2018;11(14):1401–1410

55 Sadeghipour P, Jenab Y, Moosavi J, et al. Catheter-directed throm-
bolysis vs anticoagulation in patients with acute intermediate-
high-risk pulmonary embolism: the CANARY randomized clinical
trial. JAMA Cardiol 2022;7(12):1189–1197

56 Klok FA, Piazza G, Sharp ASP, et al. Ultrasound-facilitated, cathe-
ter-directed thrombolysis vs anticoagulation alone for acute
intermediate-high-risk pulmonary embolism: rationale and de-
sign of the HI-PEITHO study. Am Heart J 2022;251:43–53

57 Sharifi M, Bay C, Schwartz F, Skrocki L. Safe-dose thrombolysis
plus rivaroxaban for moderate and severe pulmonary embolism:
drip, drug, and discharge. Clin Cardiol 2014;37(02):78–82

58 Wolfe A, Phillips A, Tierney DM, et al. Retrospective analysis of
direct-acting oral anticoagulants (DOACs) initiation timing and
outcomes after thrombolysis in high- and intermediate-risk
pulmonary embolism. Clin Appl Thromb Hemost 2023;
29:10760296231156414

59 Groetzinger LM, Miller TJ, Rivosecchi RM, Smith RE, Gladwin MT,
Rivera-Lebron BN. Apixaban or rivaroxaban versus warfarin for
treatment of submassive pulmonary embolism after catheter-
directed thrombolysis. Clin Appl Thromb Hemost 2018;24(06):
908–913

60 Chopard R, Behr J, Vidoni C, Ecarnot F, Meneveau N. An update on
the management of acute high-risk pulmonary embolism. J Clin
Med 2022;11(16):4807

61 Catella J, Bertoletti L, Mismetti P, et al; Investigators of the RIETE
registry. Severe renal impairment and risk of bleeding during
anticoagulation for venous thromboembolism. J Thromb Hae-
most 2020;18(07):1728–1737

62 Haas S, Farjat AE, Pieper K, et al; GARFIELD-VTE investigators. On-
treatment comparative effectiveness of vitamin K antagonists and
direct oral anticoagulants in GARFIELD-VTE, and focus on cancer
and renal disease. TH Open 2022;6(04):e354–e364

63 Verhamme P,Wells PS, Segers A, et al. Dose reduction of edoxaban
preserves efficacy and safety for the treatment of venous throm-
boembolism. An analysis of the randomised, double-blind HOKU-
SAI VTE trial. Thromb Haemost 2016;116(04):747–753

64 Cheung CYS, Parikh J, Farrell A, Lefebvre M, Summa-Sorgini C,
Battistella M. Direct oral anticoagulant use in chronic kidney

Hämostaseologie © 2024. Thieme. All rights reserved.

Direct Oral Anticoagulants for Pulmonary Embolism Pizzi et al.

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



disease and dialysis patients with venous thromboembolism: a
systematic review of thrombosis and bleeding outcomes. Ann
Pharmacother 2021;55(06):711–722

65 Cline L, Generoso EMG, D’Apice N, et al. Effectiveness and safety of
direct oral anticoagulants in patients with venous thromboem-
bolism and creatinine clearance<30mL/min. J Thromb Throm-
bolysis 2023;55(02):355–364

66 Cohen AT, Sah J, Dhamane AD, et al. Effectiveness and safety of
apixaban versus warfarin in venous thromboembolism patients
with chronic kidney disease. Thromb Haemost 2022;122(06):
926–938

67 Wetmore JB, Herzog CA, Yan H, Reyes JL, Weinhandl ED, Roetker
NS. Apixaban versus warfarin for treatment of venous thrombo-
embolism in patients receiving long-term dialysis. Clin J Am Soc
Nephrol 2022;17(05):693–702

68 Kuo L, Chao TF, Liu CJ, et al. Liver cirrhosis in patients with atrial
fibrillation: would oral anticoagulation have a net clinical benefit
for stroke prevention? J Am Heart Assoc 2017;6(06):e005307

69 Hu J, Xu Y, He Z, et al. Increased risk of cerebrovascular accident
related to non-alcoholic fatty liver disease: a meta-analysis.
Oncotarget 2017;9(02):2752–2760

70 Nery F, Chevret S, Condat B, et al; Groupe d’Etude et de Traitement
du Carcinome Hépatocellulaire. Causes and consequences of
portal vein thrombosis in 1,243 patients with cirrhosis: results
of a longitudinal study. Hepatology 2015;61(02):660–667

71 Qamar A, Vaduganathan M, Greenberger NJ, Giugliano RP. Oral
anticoagulation in patients with liver disease. J Am Coll Cardiol
2018;71(19):2162–2175

72 Steffel J, Collins R, Antz M, et al; External reviewers. 2021
European Heart Rhythm Association Practical Guide on the use
of non-vitamin K antagonist oral anticoagulants in patients with
atrial fibrillation. Europace 2021;23(10):1612–1676

73 OldhamM, Palkimas S, Hedrick A. Safety and efficacy of direct oral
anticoagulants in patients with moderate to severe cirrhosis. Ann
Pharmacother 2022;56(07):782–790

74 Giustozzi M, Agnelli G, Del Toro-Cervera J, et al. Direct oral
anticoagulants for the treatment of acute venous thromboembo-
lism associated with cancer: a systematic review and meta-
analysis. Thromb Haemost 2020;120(07):1128–1136

75 Lyman GH, Carrier M, Ay C, et al. American Society of Hematology
2021 guidelines for management of venous thromboembolism:
prevention and treatment in patients with cancer. Blood Adv
2021;5(04):927–974

76 Falanga A, Ay C, Di Nisio M, et al; ESMO Guidelines Committee.
Electronic address: clinicalguidelines@esmo.org. Venous throm-
boembolism in cancer patients: ESMO Clinical Practice Guideline.
Ann Oncol 2023;34(05):452–467

77 Lacas A, Rockwood K. Frailty in primary care: a review of its
conceptualization and implications for practice. BMCMed2012;10:4

78 Prins MH, Lensing AW, Bauersachs R, et al; EINSTEIN Investiga-
tors. Oral rivaroxaban versus standard therapy for the treatment
of symptomatic venous thromboembolism: a pooled analysis of
the EINSTEIN-DVT and PE randomized studies. Thromb J 2013;11
(01):21

79 Coleman CI, Turpie AGG, Bunz TJ, Beyer-Westendorf J. Effectiveness
and safety of rivaroxaban versus warfarin in frail patients with
venous thromboembolism. Am J Med 2018;131(08):933–938.e1

80 Moustafa F, Giorgi Pierfranceschi M, Di Micco P, et al; RIETE
Investigators. Clinical outcomes during anticoagulant therapy in
fragile patientswith venous thromboembolism. Res Pract Thromb
Haemost 2017;1(02):172–179

81 Messi M, Beneyto Afonso C, Stalder O, et al. Long-term clinical
outcomes in older patients with acute venous thromboembolism
who have renal impairment. Thromb Res 2022;218:64–71

82 Geldhof V, Vandenbriele C, Verhamme P, Vanassche T. Venous
thromboembolism in the elderly: efficacy and safety of non-VKA
oral anticoagulants. Thromb J 2014;12:21

83 Lafaie L, Poenou G, Hanon O, et al; RIETE investigators. Antico-
agulation and venous thromboembolism in patients aged 90years
and older: data from the RIETE registry. J Am Geriatr Soc 2023

84 Kaneda K, Yamashita Y, Morimoto T, et al; COMMAND VTE
Registry Investigators. Influence of low body weight on long-
term clinical outcomes in patients with venous thromboembo-
lism: from the COMMAND VTE registry. Thromb Res 2021;
198:26–33

85 Cohen AT, Pan S, ByonW, Ilyas BS, Taylor T, Lee TC. Efficacy, safety,
and exposure of apixaban in patients with high body weight or
obesity and venous thromboembolism: insights from AMPLIFY.
Adv Ther 2021;38(06):3003–3018

86 Zhang H, Xie H, Wang X, Zhu Z, Duan F. Effectiveness and safety of
non-vitamin K antagonist oral anticoagulant in the treatment of
patients with morbid obesity or high body weight with venous
thromboembolism: a meta-analysis. Medicine (Baltimore) 2023;
102(36):e35015

87 Martin KA, Beyer-Westendorf J, Davidson BL, Huisman MV, Sand-
set PM, Moll S. Use of direct oral anticoagulants in patients with
obesity for treatment and prevention of venous thromboembo-
lism: updated communication from the ISTH SSC Subcommittee
on Control of Anticoagulation. J Thromb Haemost 2021;19(08):
1874–1882

88 Samuelson Bannow BT, Lee A, Khorana AA, et al. Management of
cancer-associated thrombosis in patients with thrombocytope-
nia: guidance from the SSC of the ISTH. J Thromb Haemost 2018;
16(06):1246–1249

Hämostaseologie © 2024. Thieme. All rights reserved.

Direct Oral Anticoagulants for Pulmonary Embolism Pizzi et al.

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


