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ABSTRACT

Atrial fibrillation (AF) and venous thromboem-
bolism (VTE) are highly prevalent conditions
with a significant healthcare burden, and rep-
resent the main indications for anticoagulation.
Direct oral anticoagulants (DOACs) are the first
choice treatment of AF/VTE, and have become
the most prescribed class of anticoagulants
globally, overtaking vitamin K antagonists
(VKAs). Compared to VKAs, DOACs have a
similar or better efficacy/safety profile, with
reduced risk of intracerebral hemorrhage (ICH),
while the risk of major bleeding and other

bleeding harms may vary depending on the
type of DOAC. We have critically reviewed
available evidence from randomized controlled
trials and observational studies regarding the
risk of bleeding complications of DOACs com-
pared to VKAs in patients with AF and VTE.
Special patient populations (e.g., elderly,
extreme body weights, chronic kidney disease)
have specifically been addressed. Management
of bleeding complications and possible
resumption of anticoagulation, in particular
after ICH and gastrointestinal bleeding, are also
discussed. Finally, some suggestions are pro-
vided to choose the optimal DOAC to minimize
adverse events according to individual patient
characteristics and bleeding risk.
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Key Summary Points

Atrial fibrillation and venous
thromboembolism are highly prevalent
conditions posing a significant healthcare
burden and representing the main
indications for anticoagulation.

Compared to vitamin K antagonists, direct
oral anticoagulants (DOACs) have a
similar or better efficacy/safety profile,
with significantly reduced of risk of
intracerebral hemorrhage, while the risk
of major bleeding and gastrointestinal
bleeding may vary considering DOAC
type and special populations.

Supportive measures can be used in most
patients, while anticoagulant reversal
agents are indicated for life-threatening
bleeding complications. In most cases,
resuming anticoagulation after a bleeding
event will provide a net clinical benefit.

Careful assessment of patient
characteristics and bleeding risk is key to
choosing the most appropriate DOAC to
try to minimize the risk of bleeding
complications.

Apixaban, followed by edoxaban, shows
the best efficacy/safety profile in the
majority of patients.

INTRODUCTION

Atrial fibrillation (AF), the most common car-
diac arrhythmia, shows an escalating age-de-
pendent prevalence [1], and is significantly
associated with an increased risk of throm-
boembolic events, hospitalization, and mortal-
ity [2, 3]. Venous thromboembolism (VTE),
including deep vein thrombosis (DVT) and
pulmonary embolism (PE), is the third most
frequent acute cardiovascular syndrome after

myocardial infarction and stroke, ranking
among the main causes of cardiovascular mor-
tality [4]. Therefore, both AF and VTE carry a
high healthcare financial and social burden.

Direct oral anticoagulants (DOACs), the first-
line anticoagulant agents for stroke prevention
in non-valvular AF (NVAF) and treatment of
VTE, compared to vitamin K antagonists
(VKAs), show similar or superior efficacy and
better safety, significantly reducing the risk of
major bleeding (MB), mainly intracerebral
hemorrhage (ICH) [3–5]. DOACs exert their
anticoagulant activity through direct inhibition
of thrombin (dabigatran) or activated factor X
(FXa) (rivaroxaban, apixaban, edoxaban) and do
not require routine laboratory monitoring to
assess their antithrombotic activity [3]. The
recommended doses of DOACs according to
different therapeutic indications, including the
relevant dose-reduction criteria, are reported in
Table 1 [3].

VKAs, such as warfarin, are still widely used,
playing an important therapeutic role in
patients in whom DOACs are contraindicated:
e.g., in those with estimated glomerular filtra-
tion rate (eGFR)\ 15 ml/min, mechanical heart
valves, valvular AF (moderate/severe mitral
stenosis), VTE with triple-positive antiphos-
pholipid syndrome, or in the presence of major
drug interactions [2–4]. Both DOACs and VKAs
are contraindicated in pregnancy and lactation.

All anticoagulants are associated with a risk
of bleeding complications, which can occur at
different anatomical sites and with variable
severity. This comprehensive review aims at
critically discussing available evidence regard-
ing the risk of bleeding complications and effi-
cacy of DOACs compared to VKAs in patients
with NVAF and VTE, including a focus on spe-
cial patient populations. Furthermore, practical
principles to help the clinician in assessing
bleeding risk, managing bleeding complica-
tions, and choosing the appropriate anticoagu-
lant based on patient profile are provided. To
this end, we searched the PubMed database for
publications up to June 2022, using the fol-
lowing MESH terms and their combination:
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direct oral anticoagulants, apixaban, dabiga-
tran, edoxaban, rivaroxaban, venous throm-
boembolism, atrial fibrillation, bleeding, major,
gastrointestinal, intracerebral, elderly, obesity,
chronic kidney disease, liver disease, cancer,
and COVID-19. Clinical trials, observational
studies, systematic reviews, meta-analyses, edi-
torials, expert consensus, and clinical guidelines
were considered if relevant to the issue. This
article is based on previously conducted studies
and does not contain any new investigations
involving human participants or animals per-
formed by any of the authors.

RISK OF BLEEDING
COMPLICATIONS UNDER
DIFFERENT ORAL
ANTICOAGULANTS

Overview in NVAF Patients

The risks of various bleeding complications
reported in pivotal RCTs and real-world studies
comparing DOACs to VKAs (warfarin) for the
prevention of stroke or systemic embolism (SE)

Table 1 Recommended doses of DOACs in NVAF and VTE patients according to phase-3 randomized controlled trials
(RCTs)

NVAF VTE

Standard
dose

Dose reduction Standard dose Dose reduction

Apixaban 5 mg bid 2.5 mg bid if: age C 80 yrs, weight B 60 kg,

creatinine C 1.5 mg/dl (at least two); eGFR

15–29 ml/min (single criterion)

10 mg bid for

7 days followed

by 5 mg bid

No in acute VTEa

Extended treatment:

possible 2.5 mg bid

after 3–6 months

Edoxaban 60 mg od 30 mg od if eGFR 15–49 ml/min,

weight B 60 kg, concomitant potent P-Gp

inhibitor

60 mg od

preceded by

LMWH for

5 days

30 mg od if dose

reduction criteria as

for AF satisfied

Rivaroxaban 20 mg od 15 mg od if eGFR 15–49 ml/min 15 mg bid for

21 days

followed by

20 mg od

No in acute VTEb

Extended treatment:

possible 10 mg od

after 3–6 months

Dabigatran 150 mg

bid/

110 mg

bid

110 mg bid if age C 80 yrs, concomitant

verapamil, increased bleeding riskc
150 mg bid

preceded by

LMWH for

5 days

Nod

Adapted from [3]
bid twice a day, od once daily, eGFR estimated glomerular filtration rate, LMWH low molecular weight heparin, P-Gp
P-glycoprotein, RCT randomized controlled trial, SmPc summary of product characteristics (from European Medicines
Agency), yrs years
aPer SmPc: it should be used with caution in patients eGFR 15–29 ml/min
bPer SmPc: in patients with eGFR 15–49 ml/min reduced dose 15 mg od should be considered only if risk of bleeding
outweighs risk for recurrent DVT/PE (based on pharmacokinetics/ pharmacodynamic analyses; not studied in this setting)
cPer SmPc: no prespecified dose reduction criteria in phase-3 RCT
dPer SmPc: possible dose-reduction criteria as for AF (based on pharmacokinetics/pharmacodynamic analyses; not studied
in this setting)
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in patients with NVAF are presented in Table 2
[6–12].

Data from RCTs
In the four pivotal RCTs of DOACs versus war-
farin in patients with NVAF (RE-LY, ROCKET-
AF, ARISTOTLE, ENGAGE AF-TIMI 48) the risk
of MB [expressed as relative risk (RR) or hazard
ratio (HR)] was significantly lower with dabiga-
tran 110 mg (RR 0.80), apixaban (HR 0.69), and
edoxaban 30/60 mg (HR 0.47/0.80) compared to
warfarin, while it was similar with dabigatran
150 mg and rivaroxaban. The risk of ICH was
significantly lower with all DOACs compared to
warfarin (RR dabigatran 110/150 mg: 0.31/0.40;
HR rivaroxaban: 0.67; apixaban: 0.42; edoxaban
30 mg: 0.30; edoxaban 60 mg: 0.47). The risk of
major gastrointestinal bleeding (MGIB) was
higher with dabigatran 150 mg (RR 1.50),
rivaroxaban (3.2% versus 2.2%), and edoxaban

60 mg (HR 1.23), while it was lower with edox-
aban 30 mg (HR 0.67) and comparable to war-
farin with dabigatran 110 mg and apixaban
[6–9].

A network meta-analysis, including 23 RCTs
on AF patients confirmed that the risk of ICH
was significantly lower with all DOACs com-
pared to warfarin [odds ratio (OR) range
0.31–0.46), while the risk of MB and GIB varied
with each DOAC, reflecting the results of the
pivotal RCTs [13]. Apixaban 5 mg, dabigatran
110 mg, and edoxaban 30/60 mg were associ-
ated with a lower risk of MB compared to war-
farin, while rivaroxaban and dabigatran 150 mg
had similar risk. Dabigatran 150 mg, rivaroxa-
ban 20 mg, and edoxaban 60 mg were associ-
ated with higher risks of GIB, while apixaban
5 mg and dabigatran 110 mg were associated
with similar risk. Edoxaban 30 mg was associ-
ated with lower risk of GIB but higher risk of

Table 2 Risk of bleeding with DOACs versus Warfarin in RCTs and real-world studies on NVAF stroke prevention

RCTs

Dabigatran Rivaroxaban Apixaban Edoxaban

RE-LY [6] ROCKET-AF [7] ARISTOTLE [8] ENGAGE- AF TIMI 48 [9]

110 mg 150 mg 30 mg 60 mg

Stroke or SE = ; = ; = =

MB or CRNMB ; ; = ; ; ;

MB ; = = ; ; ;

ICH ; ; ; ; ; ;

MGIB = : : = ; :

Real-world data

Dabigatran [10, 11] Rivaroxaban [10, 11] Apixaban [10, 11] Edoxaban [12]a

Stroke or SE = = = ;

MB ; = : ; ;

ICH ; ; ; ;

GIB : : ; ;b

CRNMB clinically relevant non-major bleeding, GIB gastrointestinal bleeding, ICH intracerebral hemorrhage, MB major
bleeding, MGIB major gastrointestinal bleeding, NVAF non-valvular atrial fibrillation, SE systemic embolism
Symbols: = , similar; ;, minor; : higher [hazard ratio (HR) of events with DOACs versus warfarin]
aOnly one study available
bMGIB
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ischemic stroke than warfarin. Apixaban 5 mg
ranked the best for most outcomes [13].

Real-World Data
A recent pooled analysis of results frommultiple
population-based cohort studies from Europe
and Canada (421,523 NVAF patients) showed a
slightly higher risk of MB for rivaroxaban (HR
1.11), whereas a lower risk of MB was observed
for apixaban (HR 0.76) and dabigatran (HR 0.85)
compared to VKAs [11]. Superior effectiveness
(ischemic stroke/SE HR: 0.82) and safety (ICH/
GIB HR: 0.58) outcomes of Apixaban versus
Rivaroxaban have been reported in a US
nationwide commercial health care claims
database [14]. Compared to other DOACs or
VKAs, there is scant real-world evidence on the
efficacy and safety of edoxaban, which is the
last licensed DOAC. In the only study available
on AF patients from a large German health
insurance database (globally enrolling 21,038
patients), edoxaban demonstrated a favorable
safety profile with lower risk of MB compared to
rivaroxaban (HR 0.74) and VKA (HR 0.47), while
no differences in the risk of MB were found
between edoxaban and apixaban or dabigatran
[12].

A milestone meta-analysis of 28 real-world
studies in AF patients treated with DOACs
(dabigatran, rivaroxaban, and apixaban) versus
VKAs, found that all three DOACs were associ-
ated with a significant reduction in ICH risk (HR
0.42, 0.64, and 0.45, respectively) and similar
rates of ischemic stroke/SE; apixaban and dabi-
gatran with reduced MB risk (HR 0.83 and 0.72,
respectively) and mortality (HR 0.65 and 0.63,
respectively); apixaban with reduced risk of GIB
(HR 0.63); and dabigatran (HR 1.20) and
rivaroxaban (HR 1.24) with increased risk of GIB
[10]. Other recent systematic review and meta-
analyses found that among three DOACs
(apixaban, dabigatran, rivaroxaban), apixaban
had the most favorable safety profile, with lower
risk of MB. No significant difference was
observed in the risk of stroke/SE between
DOACs [15, 16].

Overview in VTE Patients

Acute VTE Treatment
The risks of various bleeding complications
reported in the pivotal RCTs and real-world
studies comparing DOACs to VKAs (warfarin)
for acute VTE treatment are presented in Table 3
[17–31].

Data from RCTs In RCTs of DOACs on
patients with VTE (RE-COVER, EINSTEIN-DVT,
EINSTEIN-PE, AMPLIFY, Hokusai-VTE), the risk
of MB was significantly lower with rivaroxaban
(HR 0.54) and apixaban (HR 0.31), while it was
similar with dabigatran 150 mg and edoxaban
compared to warfarin; cases of ICH were lower
with all four DOACs; cases of MGIB were higher
with dabigatran 150 mg, lower with apixaban,
and similar with rivaroxaban and edoxaban
compared to warfarin [17–22].

Real-World Data International registries
XALIA and GARFIELD-VTE. have shown similar
safety and efficacy profiles of DOACs (mostly
rivaroxaban) versus standard anticoagulation
for VTE treatment over a 6–12-month follow-up
[26, 27, 32]. All-cause mortality was signifi-
cantly lower with DOACs than with VKAs
[26, 27]. Three recent studies using real-world
data from large US registries showed that apix-
aban was associated with a significantly lower
risk of MB and CRNMB and a similar risk of
recurrent VTE compared to warfarin overall and
among elderly patients (C 65 years old) over a
6-month follow-up [29–31]. The RE-COVERY
DVT/PE international observational study
found that dabigatran had similar efficacy to
VKA, but lower rates of MB/CRNMB over a
12-month follow-up, although the difference
was not statistically significant [25]. A nation-
wide French cohort study on treatment-naı̈ve
patients hospitalized for VTE showed that,
compared to VKAs, safety and effectiveness of
DOACs were superior for apixaban and similar
for rivaroxaban over a 6-month follow-up [28].

In summary, evidence from observational
studies for DOAC treatment in acute VTE lar-
gely reflect findings of pivotal RCTs. In addi-
tion, two recent meta-analyses directly
comparing different DOACs in patients with
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acute VTE have shown that apixaban had a
significantly lower risk of major and minor
bleeding events than rivaroxaban, with equiva-
lent efficacy in prevention of recurrent VTE
events [33, 34].

VTE Extended Treatment
The risks of various bleeding complications
reported in the pivotal RCTs comparing DOACs
with VKA (warfarin) for VTE extended treat-
ment are presented in Table 4 [18, 35–37].

Dabigatran was as effective as warfarin in the
extended treatment of VTE, exhibiting a lower
risk of MB/CRNMB compared to warfarin but a
higher risk compared to placebo [35]. Rivarox-
aban 20 mg was superior to placebo for reducing
recurrent VTE events, while MB/CRNMB events
were significantly higher with rivaroxaban [18].
The risk of recurrent VTE was significantly lower

with rivaroxaban at either therapeutic (20 mg)
or thromboprophylactic dose (10 mg) compared
to aspirin, without a significant increase in
bleeding rates [36]. Apixaban at either thera-
peutic (5 mg) or thromboprophylactic dose
(2.5 mg) reduced the risk of recurrent VTE
without increasing the MB rate compared to
placebo [37]. Edoxaban has not yet been eval-
uated in an RCT of extended therapy for sec-
ondary prevention of VTE.

A network meta-analysis of 16 RCTs on
VKAs, DOACs, or aspirin for secondary preven-
tion of VTE beyond 3 months, globally includ-
ing over 22,000 patients, showed that all oral
anticoagulant regimens, but not aspirin, were
associated with a lower risk of recurrent VTE
compared to placebo, while only VKAs were
associated with a higher risk of MB compared to
both placebo/observation and aspirin [38].

Table 3 Risk of bleeding with DOACs versus Warfarin in RCTs and real-world studies on acute treatment of VTE

RCTs

Dabigatran Rivaroxaban Apixaban Edoxaban
RE-COVER (150 mg) [17] EINSTEIN DVT-PE [18–20] AMPLIFY [21] Hokusai-VTE [22]

Recurrent VTE = = = =

MB or CRNMB ; = ; ;

MB = ; ; =

ICH ;* ;* ;* ;*

MGIB :* =* ;* =*

Real-world data

Dabigatran [23–25] Rivaroxaban [23, 24, 26–28] Apixaban [24, 28–31] Edoxaban

Recurrent VTE = = =; –

CRNMB = – ; –

MB = = ; –

ICH – ; =; –

GIB = = ; –

CRNMB clinically relevant non-major bleeding, GIB gastrointestinal bleeding, ICH intracerebral hemorrhage, MB major
bleeding, MGIB major gastrointestinal bleeding, NVAF non-valvular atrial fibrillation, SE systemic embolism, VTE venous
thromboembolism
Symbols: = similar; ; minor; : higher [hazard ratio (HR) of events with DOACs versus warfarin]; – no data
*Only the number of cases/frequency was reported but not HR and/or statistical significance
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Finally, a recent meta-analysis pooling 17,220
patients (from 14 RCTs and 13 prospective
cohort studies) receiving extended anticoagu-
lant therapy for a first unprovoked VTE beyond
the initial 3 months (for a minimum of six
additional months), reported that the long-term
risks and outcomes of anticoagulant-related MB
were considerable with both VKAs and DOACs
[39]. These results seemingly conflict with evi-
dence from RCTs indicating a low risk of
bleeding with reduced dose of FXa inhibitors for
secondary prevention of VTE [36, 37]. However,
it should be noted that a standard dose of
DOAC was used in all but one of the studies
included in the meta-analysis. Moreover, data
were insufficient to estimate incidence of MB
beyond 1 year of extended anticoagulation with
DOACs.

No real-life data are available yet on the
extended treatment of VTE comparing DOACs
with warfarin, aspirin, or placebo in patients
who have completed 6–12 months of oral
anticoagulation.

ICH

ICH has a heterogeneous etiology, including
spontaneous and traumatic ICH. Spontaneous
ICH related to anticoagulant therapy occurs in
0.5–1.0% of treated patients annually. It is the
most feared complication of anticoagulation,
resulting in highest disability and mortality
rates (50% at 30-day) [40]. Risk factors for ICH
include increasing age, hypertension, con-
comitant antiplatelet drug use, reduced platelet
count, cerebral amyloid angiopathy, history of
stroke/transient ischemic attack, history of
bleeding, and ethnicity (Asian, Latin American,
or Black) [41]. Interestingly, two recent meta-
analyses focused on the risk of ICH in patients
taking DOACs versus VKAs [42, 43]. The first,
including 82,404 NVAF patients from 19 RCTs
confirmed, in agreement with literature data, an
almost 50% reduction in risk of ICH with
DOACs compared to VKAs showing that,
among the four DOACs, dabigatran 110 mg was
associated with the lowest risk of ICH [42]. The
second meta-analysis used data from 55 RCTs
on 184,839 patients with various clinical con-
ditions (AF, VTE treatment, and prophylaxis).

Table 4 Risk of bleeding in RCTs of extended VTE treatment with DOACs

Dabigatran Rivaroxaban Apixaban

RE-MEDY (versus
VKA) [35]

RE-SONATE (versus
placebo) [35]

EINSTEIN-EXT (versus
placebo) [18]

EINSTEIN-
CHOICE
(versus ASA
100 mg) [36]

AMPLIFY-
EXT (versus
placebo) [37]

150 mg 150 mg 20 mg 20 mg 10 mg 5 mg 2.5 mg

Recurrent

VTE

= ; ; ; ; ; ;

MB or

CRNM

; : : = = = =

MB = – – = = = =

GIB – – – – – – –

ICH – – – – – – –

ASA aspirin, CRNMB clinically relevant non-major bleeding, GIB gastrointestinal bleeding, ICH intracerebral hemorrhage,
MB major bleeding, MGIB major gastrointestinal bleeding, NVAF non-valvular atrial fibrillation, SE systemic embolism,
VKA vitamin k antagonist, VTE venous thromboembolism
Symbols: = similar; ; minor; : higher [hazard ratio (HR) of events with DOACs versus warfarin]; – no data
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Table 5 Major bleeding prediction models in AF patients

Score
Author, year

Bleeding risk factors included Risk scoring and MB annual
incidence

OBRI

Beyth [117], 1998

Age C 65 yrs, history of GIB, previous stroke, co-morbidities

(recent MI, hematocrit\ 30%, diabetes, creatinine[ 1.5 mg/

dL): 1 pt each

Low risk: 0 = 3% at 48 months

Intermediate risk: 1–2 = 12%

at 48 months

High-risk: 3–4 = 53% at

48 months

HEMORR2HAGES

Gage [118], 2006

Prior bleed (2 pts). Liver/renal disease, ethanol abuse, malignancy,

age[ 75 yrs, low platelet count or function, uncontrolled

hypertension, anemia, genetic factors (CYP2C9), risk of fall,

stroke (1 pt each)

Low risk: 0 = 1.9%, 1 = 2.5%

Intermediate risk: 2 = 5.3%,

3 = 8.4%

High risk: 4 = 10.4%,

5 = 12.3%

ATRIA

Fang [119], 2011

Anemia, renal disease (eGFR\ 30 ml/min): 3 pts each;

age[ 75 yrs: 2 pts; any prior bleeding, hypertension: 1 pt each

Low risk: 0–3 = 0.76%

Intermediate risk: 4 = 2.62%

High risk: 5–10 = 5.76%

HAS-BLED

Pisters [120], 2010

Hypertension (uncontrolled), abnormal renal or liver function,

stroke, bleeding history/predisposition, labile INR

(TTR\ 60%), elderly ([ 65 yrs), drugs (antiplatelets/

NSAIDs) or excess alcohol (1 pt each)

Low risk: 0 = 1.13%

Moderate risk: 1 = 1.02%,

2 = 1.88%

High-risk: 3 = 3.74%,

4 = 8.70%,

5–9 = insufficient data

ORBIT

O’Brien [121], 2015

Reduced Hb (\ 13 mg/dL M;\ 12 mg/dL F), Ht (\ 40%

M,\ 36% F), history of anemia and bleeding history: 2 pts

each; eGFR\ 60 mg/dL/1.73 m2, age C 75 yrs, antiplatelet

agent: 1 pt each

Low risk: 0–2 = 2.4%

Medium risk: 3 = 4.7%

High risk: C 4 = 8.1%

ABC

Hijazi [122], 2016

Age, biomarkers (GDF-15, cTnT-hs, and Hb), and clinical history

(previous bleeding)

Nomogram: Low risk = 0.77%

High risk = 30%

NBP

Barnett-Griness

[123], 2022

Thrombocytopenia (\ 99 9 103/lL): 9 pts; hypertension: 8 pts;

M sex, antiplatelet therapy: 7 pts each; anemia (Hb\ 13 g/dL

M,\ 12 g/dL F): 6 pts; prior MB: 5 pts; known fall risk: 4 pts;

serum CH (mg/dL): 200–239 = 1 pt, 160–199 = 2

pts,\ 160 = 5 pts; eGFR (mL/min): 60–89 = 4 pts,

30–59 = 6 pts, B 29 = 8 pts

Continuous variable:

from 0.3% (0 points)

to 10.3% (59 points)

CH cholesterol, cTnT-hs high-sensitivity cardiac troponin T, eGFR estimated glomerular filtration rate, F female, GDF-15
growth differentiation factor-15, GIB gastrointestinal bleeding, Hb hemoglobin, Ht hematocrit, INR international nor-
malized ratio, M male, MB major bleeding, MI myocardial infarction, NSAIDs nonsteroidal antiinflammatory drugs, pt
point, TTR time in therapeutic range, yrs years
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Compared to VKAs, all DOACs reduced the risk
of ICH: dabigatran by 60%, apixaban by 57%,
edoxaban by 56%, and rivaroxaban by 41%. If
only RCTs on secondary stroke prevention in AF
were considered, compared to warfarin, DOACs
reduced the risk of ICH by 46%, with a risk of
ICH similar to aspirin [43].

GIB

GIB poses a relevant health care burden given
that it is the most common type of bleeding
among patients on oral anticoagulants and is
associated with substantial morbidity and mor-
tality (5–15%) [44, 45].

Data from RCTs and real-world studies
showing the risks of MGIB and GIB with DOACs
use in NVAF and VTE patients have been
anticipated in the above sections (Overview in
NVAF patients and Overview in VTE patients).
Available evidence from several large observa-
tional studies confirms that apixaban is associ-
ated with the best safety profile for GIB
compared to VKAs and other DOACs, especially
in elderly patients; conversely, rivaroxaban
probably has the worst profile in patients with
AF [11, 46–51] and VTE [23, 24, 50]. A system-
atic review and meta-analysis of data from 43
RCTs and 41 real-world studies showed that
there was no significant difference in the risk of
MGIB bleeding among patients receiving DOAC
(1.19%) compared to conventional treatment
(0.92%) for various indications; only the use of
rivaroxaban was associated with a 39% increase
in the risk of MGIB [52].

The GIB risk of dabigatran and edoxaban in
AF patients is dose dependent, and that of
dabigatran and rivaroxaban is more pro-
nounced in patients aged C 75 years
[23, 47, 53]. The risk of GIB associated with any
anticoagulant is increased by the concomitant
use of antiplatelet agents [44, 54].

In patients under treatment with different
DOACs, coadministration of proton pump
inhibitors (PPIs) may decrease the risk of upper
GIB, [55], but this effect may be relevant only in
high-risk patients (i.e., C 75 years, HAS-BLED
score C 3, or on concomitant antiplatelet ther-
apy) [56]. A more pronounced protective effect

of PPIs on upper GIB risk has been observed for
dabigatran [55], probably because PPIs exert a
curative effect on esophageal mucosal lesions
potentially induced by the drug’s tartaric-acid
core.

RISK OF BLEEDING
COMPLICATIONS IN SPECIAL
POPULATIONS

Elderly and Frail Patients

Elderly patients with AF carry an elevated risk of
both stroke and bleeding. A recent review
summarizing the available evidence from five
RCTs (ROCKET AF, ENGAGE AF-TIMI 48, RE-LY,
ARISTOTLE, J-ROCKET AF) reported that, while
all four DOACs demonstrated a similar/better
efficacy compared to warfarin, only apixaban
and edoxaban significantly reduced MB events
in elderly patients with AF. Age was more
strictly associated with bleeding than with
ischemic events, resulting in a greater net ben-
efit of apixaban and edoxaban over warfarin in
elderly compared to younger patients [57]. A
meta-analysis of these RCTs conducted in[ 75-
year old patients showed that, compared to
warfarin, apixaban was the only DOAC signifi-
cantly associated with the reduction all three
outcomes of SE, MB, and ICH (by 29%, 36%,
and 66%, respectively) [58]. Recent real-world
data confirmed a better efficacy and safety of
apixaban compared to rivaroxaban among
Medicare beneficiaries with AF who
were C 65 years old [59].

Frailty, a common geriatric syndrome char-
acterized by weakness and reduced physiologic
reserve, is an emerging health concern [60]. A
recent meta-analysis of ten studies involving
97,413 patients has shown that AF patients with
frailty had a 2.77-fold higher risk of all-cause
mortality and a 1.83-fold higher risk of MB [61].
A post-hoc analysis of the ENGAGE AF-TIMI 48
trial (20,867 participants) showed that edoxa-
ban was as effective as warfarin across the frailty
spectrum, and was associated with lower rates of
bleeding except in those with severe frailty [62].
In a recent Medicare registry-based study,
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apixaban was associated with lower rates of
adverse events across all frailty levels, while
rivaroxaban and dabigatran were associated
with lower event rates only among non-frail
patients [63].

Frailty carries an increased risk of falls. It is
therefore important to highlight that two post-
hoc subanalyses of phase 3 RCTs ENGAGE-AF
and ARISTOTLE showed that efficacy and safety
profiles of edoxaban and apixaban were pre-
served, regardless of risk of falls in elderly
patients [64, 65].

In summary, DOACs have been found to be
safer and more effective than warfarin for the
treatment of NVAF in older and frail patients.
Apixaban and edoxaban seem to provide the
best combination of efficacy and safety in these
patient populations [3, 57, 66].

Overall, data from RCTs on VTE treatment
have shown that, for both young and elderly
patients, DOACs have similar efficacy and
improved safety compared to VKAs [67, 68].
Limited data are available on frail patients with
VTE treated with DOACs. Published subanalyses
of the DOAC phase 3 RCTs have shown that
rivaroxaban and edoxaban offer at least as much
benefit to frail patients as they do to those who
are not frail [20, 22]. Data from the observa-
tional registry RIETE suggest that the use of
DOACs may be more effective and safer than
standard therapy in VTE fragile patients (de-
fined as age C 75 years and/or eGFR B 50 mL/
min and/or body weight B 50 kg) [69]

Extreme Weight Patients

Registration studies of DOACs for NVAF or VTE
did not have any body mass index (BMI)/weight
restrictions, but data on the efficacy and safety
of DOACs in patients with extreme weights are
limited.

Severe Obesity
Recent analyses of the four pivotal RCTs on
DOACs versus warfarin for NVAF stratified by
BMI has demonstrated preserved efficacy with
DOACs versus warfarin in obese patients, with
similar risk of MB [70]. However, data are lim-
ited in patients with severe class III obesity

(BMI C 40 kg/m2). Post-hoc analyses of ARIS-
TOTLE and ENGAGE AF-TIMI 48 trials demon-
strated that edoxaban and apixaban were as
effective and safe as warfarin in patients with
BMI C 40 kg/m2 [71–73]. Edoxaban and
rivaroxaban demonstrated consistent drug
levels in severely obese patients [71, 73, 74].
Two recent large observational studies have
shown that rivaroxaban was associated with a
reduced risk of stroke/SE and similar or reduced
risk of MB compared to warfarin in NVAF
patients with mild-to-severe obesity [75, 76].
Another large observational study (ARIS-
TOPHANES) found no significant difference in
the risk of stroke/SE between DOAC and war-
farin in NVAF patients with morbid obesity.
Apixaban had a lower risk of MB compared to
warfarin, dabigatran, and rivaroxaban. Con-
versely, compared to warfarin, dabigatran and
rivaroxaban were both associated with a similar
risk of MB [77].

Available data from RCTs and real-life studies
on DOACs for the treatment of VTE suggest that
in patients with BMI C 40 kg/m2 or
weight C 120 kg, apixaban and rivaroxaban
appear to be effective and safe compared to
VKAs [74, 78–80].

Current guidelines end expert opinions
advocate using DOACs with caution in AF or
VTE patients with weight C 120 kg/
BMI C 40 kg/m2 while, given limited data
available in those with weight C 140 kg/
BMI C 50 kg/m2, using VKAs or performing
trough plasma-level measurements of DOACs
may be reasonable in such patients [3, 70, 81].

Low Body Weight
Low body weight may raise plasma concentra-
tions of any DOAC and VKA, thus increasing
the risk of bleeding compared to normal-weight
patients [3]. Notably, underweight patients may
frequently have associated conditions that
increase the risk of stroke as well as of bleeding.
These conditions include advanced age, frailty,
chronic kidney disease (CKD), and cancer. Data
from RCTs have shown that both apixaban and
edoxaban have consistent efficacy and safety
compared to warfarin in underweight patients
with AF when compared to the overall study
population [71–73, 82]. Conversely, data
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regarding dabigatran and rivaroxaban were less
convincing [3]. No specific comparative analy-
ses on the safety and efficacy of DOACs versus
warfarin in the treatment of VTE in low body
weight patients are currently available [83].
However, no difference in safety and efficacy of
apixaban and edoxaban versus warfarin was
reported in phase 3 RCTs on a prespecified small
subgroup analysis of patients weighing B 60 kg
[84]. Edoxaban is the only DOAC requiring a
reduced dose based on body weight for the
treatment of both VTE and AF [3].

Current guidelines end expert opinions
generally suggest using DOACs Apixaban and
Edoxaban (following any proper dose-reduction
criteria) in patients weighing 60–40 kg with AF
or VTE, while using VKAs or performing plasma
level measurements of DOACs may be preferred
in patients weighing less than 40 kg with AF or
VTE [3, 70, 81, 83, 85]. However, no evidence-
based recommendations exist regarding (fur-
ther) dose reduction in cases where trough
levels are above the expected range.

Diabetics

Evidence from RCTs suggests that patients with
diabetes benefit from DOAC versus VKA therapy
to an extent similar to patients without diabetes
[86, 87]. A recent meta-analysis of observational
studies reported that DOACs had a superior
efficacy and safety profile over VKAs in patients
with NVAF and diabetes [88]. Interestingly, a
recent observational nationwide study has
shown that DOACs were associated with a lower
risk of diabetes vascular complications and
mortality than warfarin in patients with AF and
diabetes [89].

CKD Patients

A bidirectional relationship links AF with CKD,
which share multiple risk factors. CKD is asso-
ciated with an increased risk of both ischemic
stroke and bleeding, and this complicates the
decision of which optimal stroke prevention
strategies should be adopted among patients
with AF and CKD [90]. CKD is also associated
with increased risk of a first episode/recurrent

VTE and is a well-recognized risk factor for
bleeding [91, 92].

Data from systematic reviews and meta-
analyses have shown that, in patients with
moderate CKD (eGFR 30–59 mL/min) and AF or
VTE, DOACs compared to warfarin have a
superior or equivalent safety and efficacy profile
[93, 94]. Post-hoc analyses of phase 3 RCTs and
observational data revealed that DOACs, in
particular dabigatran and rivaroxaban, were
associated with reduced loss of renal function
compared to warfarin [90, 95].

Patients with severe CKD (eGFR 15–29 mL/
min) were generally excluded from pivotal
phase 3 RCTs, both in AF and VTE
patients. Nevertheless, pharmacokinetic data
indicate that a change in DOAC plasma levels of
the three factor Xa inhibitors (apixaban, edox-
aban, and rivaroxaban) were similar in patients
with severe and moderate renal impairment;
this finding led to their being approved in
patients with severe CKD, a special patient
population in which DOACs should, neverthe-
less, be used with caution [90]. A recent large US
observational cohort study showed consistently
lower risk of CVD and bleeding events with
DOACs compared to warfarin across CKD stages
(including end-stage disease) in patients with
AF, while the risk was equal in those with VTE
[96]. Available data suggest that apixaban may
have a similar or better efficacy and safety pro-
file than warfarin in AF or VTE patients with
severe to end-stage CKD [94, 97, 98].

In summary, the limited available data sug-
gest that DOACs may have a favorable safety
and efficacy profile in moderate-to-severe CKD.

Chronic Liver Disease Patients

Anticoagulant therapy is challenging in cir-
rhotic patients, who exhibit an unstable hemo-
static balance fluctuating between thrombosis
and bleeding [99].

Patients with significant active liver disease
and cirrhosis have been excluded from all piv-
otal RCTs on DOACs both in AF and VTE
[99, 100]. Nevertheless, accumulating real-
world data from relatively small-sized cohort
studies to large retrospective longitudinal

Adv Ther (2023) 40:41–66 51



population studies suggest that DOACs are at
least as effective as, and may be safer than VKAs
in patients with advanced liver disease
[99, 101]. A recent meta-analysis has shown
that, similar to what has been observed among
non-cirrhotic patients, in cirrhotic patients
treated with DOACs owing to various indica-
tions, DOACs have a similar efficacy and lower
risk of MB/ICH compared to VKAs [102]. The
risk of GIB was variably reported as being either
reduced or equivalent compared to warfarin
[102, 103].

All four DOACs are recommended in
patients with cirrhosis Child–Pugh A, while
they are contraindicated in those patients with
liver-related coagulopathy and clinically rele-
vant bleeding risk, including those with cir-
rhosis Child–Pugh C class. Recommendations
regarding patients with cirrhosis Child–Pugh B
vary: rivaroxaban is contraindicated, while
dabigatran, apixaban, and edoxaban may be
used with caution [3].

Corona Virus Disease-19

An increased incidence of VTE, attributed to
micro- and macrovascular thrombosis and sys-
temic coagulopathy, has been observed among
hospitalized patients with coronavirus disease-
19 (COVID-19). Critically ill COVID-19 patients
may also be at increased bleeding risk, which
can result from platelet dysfunction, thrombo-
cytopenia, organ dysfunction, or consumption
coagulopathy, making anticoagulant therapy
challenging in this scenario [104, 105].

Given that potentially significant drug
interactions of both VKA and DOACs with
concomitant immunosuppressive/antiviral
medications may occur, switching to treatment
dose low molecular weight heparin (LMWH) or
unfractionated heparin (UFH) may be consid-
ered in hospitalized patients with moderate-to-
severe COVID-19 [105, 106].

Oncological Patients

Patients with cancer, compared to cancer-free
individuals, have a strongly increased throm-
botic and bleeding risk. Bleeding risk is affected

by anemia, thrombocytopenia, renal failure
(which are common in these patients), and drug
interactions with chemotherapeutics [107]

Anticoagulation and risk of bleeding com-
plications in patients with cancer VTE have
been extensively reviewed elsewhere [107, 108].
Results of RCTs showed non-inferior efficacy of
factor Xa inhibitors (edoxaban, rivaroxaban, or
apixaban) compared to LMWH for cancer asso-
ciated VTE treatment, although rivaroxaban
and edoxaban displayed higher bleeding rates,
especially in gastrointestinal cancers [108]

Although cancer is emerging as an important
risk factor for NVAF [109], the efficacy and
safety of DOACs compared to VKAs in NVAF
cancer patients have received scarce attention
in RCTs [110]. Post-hoc analyses of pivotal
DOAC RCTs, recent real-world and metanalysis
data have shown that DOAC had a similar or
better efficacy/safety profile than VKAs among
NVAF patients with cancer compared to other
NVAF patients [110, 111].

STRATIFICATION OF BLEEDING RISK

Predictors of Bleeding

History of previous bleeding is the most
important risk factor associated with MB events
in patients on anticoagulant therapy. Other
relevant risk factors are advanced age, liver dis-
ease, renal failure, cancer, thrombocytopenia,
coadministration of antiplatelet drugs, and
excessive anticoagulation secondary to inap-
propriately high doses of DOAC or poor INR
control [112, 113].

Preexisting, though clinically occult, muco-
sal lesions of gastrointestinal or urinary tracts
should always be considered in case of bleeding
events. In fact, both VKA- and DOAC-related
bleeding are associated with an increased rate of
new cancer diagnoses [114–116]. Therefore,
patients should be evaluated for age-appropriate
colorectal cancer screening prior to initiation of
oral anticoagulation [114, 115].
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Scores for the Assessment of Bleeding Risk

Several clinical scoring systems are available for
the stratification of bleeding risk in patients on
anticoagulant therapy (Table 5, 6) [117–128].

The HAS-BLED (‘‘Hypertension, Abnormal
renal/liver function, Stroke, Bleeding history or
predisposition, Labile INR, Elderly, Drugs/alco-
hol’’) is probably the most widely adopted score
in the AF population, being extensively vali-
dated in large cohorts and in many important
patient subgroups [2, 120, 129] (Table 5).
A HAS-BLED score C 3 is associated with a high
bleeding risk [2]. However, as recently shown by
Barnett Griness et al., HAS-BLED score shows
the worst performance among the various
available scores, with an area under the curve
(AUC) of 0.5765 compared to the value of
0.6263 of the ORBIT score or to that of 0.6579 of
the nine-items score developed by the same
authors [123].

Different bleeding risk scores have also been
developed for patients with VTE, including
Registro Informatizado de Enfermedad Trom-
boEmbólica (RIETE), American College of Chest
Physician (ACCP), and VTE-BLEED score
[126–128] (Table 6). ACCP and VTE-BLEED
scores appear to be the best validated available
tools [129]. However, a recent systematic review
and meta-analysis has shown that these scores
have quite low specificity and modest sensitiv-
ity in identifying patients at high risk of MB
events [130].

Therefore, clinical judgment after careful
evaluation of individual patient modifiable and
non-modifiable bleeding risk factors still
remains the unreplaceable approach to mini-
mize the individual risk of bleeding, thus
improving the benefit/risk ratio of anticoagu-
lant treatments [113, 129, 131].

TREATMENT OF BLEEDING
COMPLICATIONS

Figure 1 summarizes the therapeutic manage-
ment of bleeding complications on DOACs
according to current guidelines [2, 3, 132]. The
type of bleeding and patient/anticoagulant drug
characteristics are key aspects to consider for

successful bleeding management. Given the
short half-life of DOACs, most non-MB com-
plications can be safely managed only with
discontinuation of the anticoagulant and sup-
portive measures. Systolic blood pressure should
be lowered to 140 mm Hg in all patients with
ICH [133]. Specific coagulation tests that mea-
sure the anticoagulant activity of DOACs [di-
luted thrombin time (dTT) and anti-Xa
chromogenic assay] play a key role in the
management of MB that is not immediately life-
threatening, in as much as they enable selecting
only those patients who, having therapeutic
plasma concentration of DOACs are truly in
need of antifibrinolytic therapy and/or antico-
agulant reversal agents [2, 3, 132]. Tranexamic
acid should be considered in cases of MB,
especially in trauma patients [2, 3, 132]. Con-
versely, high doses of this should be avoided in
patients with GIB in whom it will not reduce
mortality and may even increase the risk of VTE
events, particularly in patients with liver disease
or with suspected variceal bleeding [134].
Specific measures should be adopted in cirrhotic
patients, as extensively reviewed elsewhere [99].
In the case of bleeding at a critical site (e.g.,
intracranial, ocular, thoracic, abdominal, peri-
cardial, retroperitoneal)/life-threatening MB or
MB not responding to the general control
measures, specific (idarucizumab for dabigatran;
andexanet alfa for FXa inhibitors) or unspecific
[4-factor prothrombin complex concentrates (4-
F PCC)] anticoagulant reversal agents can be
indicated as a life-saving measure [2, 3, 132]. In
patients receiving VKA treatment, the adminis-
tration of 10 mg intravenous (IV) vitamin K and
CCP-4F according to body weight and INR value
is recommended [132]. Endoscopic, radiologi-
cal, or surgical mechanical hemostasis proce-
dures should be performed whenever necessary
[2, 3, 132].

RESUMPTION
OF ANTICOAGULANT THERAPY

Assessment of resumption of anticoagulant
therapy after bleeding complications should
consider location/severity of bleeding, whether
there is an identifiable cause, the profile of the
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individual patient’s thrombotic and hemor-
rhagic risk, the presence of modifiable bleeding
risk factors (e.g., supratherapeutic INR, acute or
worsening renal failure, concomitant anti-
platelet agent), and the appropriateness of
anticoagulant prescription based on patient
characteristics/clinical indication [132]. In most
cases, resuming anticoagulation after a bleeding
event provides a net clinical benefit [132]. In
case of bleeding due to secondary causes (e.g.,
post-trauma) or reversible (e.g., genitourinary
due to cancer), anticoagulation can generally be
resumed once the cause of the bleeding has
been eliminated [3].

In the event of MB, particularly if life-
threatening, a careful risk–benefit assessment
for resuming anticoagulation should be con-
ducted in collaboration with other specialists
(e.g., neurologist, surgeon, endoscopist, inter-
ventional radiologists) and shared with the
patient. None of the bleeding risk scores have

been studied in the specific situation of active or
very recent bleeding. In case of high thrombotic
risk conditions (e.g., mechanical heart valve
prosthesis, valvular AF, NVAF with CHA2DS2-
VASc score C 4, transient ischemic attack/is-
chemic stroke within 3 months, VTE within
3 months, or recurrent or cancer-associated
VTE), restarting the anticoagulant will likely
result in a benefit for the patient even if the risk
of rebleeding is high, and should occur early
once hemostasis and clinical stability have been
achieved [132]. In patients at both high
thrombotic and bleeding risk with relative or
absolute contraindication to resume anticoag-
ulation (e.g., severe and life-threatening bleed-
ing without a clear secondary or reversible/
treatable cause), nonpharmacological therapies
may be considered, such as devices for closing
the left atrial appendage to reduce the throm-
botic risk in AF or retrievable inferior vena cava
(IVC) filters in case of DVT and/or PE.

Fig. 1 Management of bleeding complications on DOACs. Adapted from [99]. DOACs direct oral anticoagulants, HRS
hepatorenal syndrome, 4F-PCC four factor-prothrombin complex concentrate, MB major bleeding, RBC red blood cells
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Resumption of Anticoagulation After ICH

Limited data are available on resuming antico-
agulation after ICH [135]. Factors associated
with a high risk of ICH recurrence include the
mechanism of bleeding (spontaneous versus
traumatic), lobar location, and presence/num-
ber of microbleeds on magnetic resonance
imaging (suggestive of amyloid angiopathy)
[133]. A history of spontaneous ICH is a con-
traindication to anticoagulation according to
labeling of VKAs and DOACs, unless the cause
of the bleeding (such as uncontrolled hyper-
tension, aneurysm or arteriovenous malforma-
tion, or dual/triple arteriothrombotic therapy)
has been removed [3]. Anticoagulation
resumption should be considered in patients
with non-lobar ICH, depending on bleeding
characteristics, modification of risk factors, and
indication for anticoagulation [132, 133]. Con-
versely, resuming anticoagulation in those with
lobar ICH secondary to amyloid angiopathy or
spontaneous subdural hematomas should be
implemented very cautiously under neurologist
and/or neurosurgeon supervision, given a par-
ticularly high risk of rebleeding [132].

An important argument to switch from VKA
to a safer DOAC is the lower risk of spontaneous
as well as posttraumatic de novo and recurrent
ICH [136–138].

Optimal timing of anticoagulation resump-
tion after ICH has been evaluated only in
observational studies [135, 139]. Current
guidelines recommend discontinuing oral anti-
coagulation for at least 4 weeks in patients
without high thrombotic risk (e.g., mechanical
heart valves) [3, 132, 133]. In stable patients, a
prophylactic dose of heparin or LMWH can be
started 2–4 days after the onset of bleeding
[140]. Oral anticoagulation can be resumed after
14 days in patients with a stable ICH and a high
risk of cerebral ischemia (e.g., those with
mechanical valve prosthesis or NVAF with
CHA2DS2VASc score[ 4) [141, 142].

Resumption of Anticoagulation After GIB

Up to 25–50% of patients still do not restart oral
anticoagulation after GIB, although available

evidence suggests that the benefits of resuming
anticoagulation (decreased thromboembolic
events and mortality) outweigh the risk of
bleeding in patients with NVAF as well as in
those with VTE [45, 143, 144].

Timing of anticoagulation resumption of
after GIB has not been systematically studied
[132] and remains unclear. However, based on
available information, it appears that approxi-
mately 7–14 days may provide the best balance
between recurrent GIB, thromboembolism and
risk of mortality [145, 146]. In fact, some studies
have reported that starting earlier than 5–7 days
may increase the risk of bleeding [132, 146].
European guidelines suggest restarting antico-
agulation after GIB as early as clinically feasible
[3].

The prescription of PPIs should be evaluated
and is always indicated in patients with GIB
associated with peptic ulcer disease, and so is
eradication of Helicobacter pylori, whenever this
infection is present [146]. Effective gastropro-
tection exerted by PPIs in preventing GIB com-
plications, especially in patients with a prior
history of peptic ulcer/GIB or requiring con-
comitant use of antiplatelet therapy, has been
exhaustively demonstrated in patients receiving
antiplatelet or VKA therapy, while data in
DOAC treated patients are more limited
[3, 55, 56].

A recent study on 948 patients (531 on VKAs
and 417 on DOACs) hospitalized for GIB fol-
lowed-up for up to 2 years has shown that the
risk of recurrent bleeding associated with
restarting anticoagulant is more influenced by
patient characteristics (previous bleeding, index
MB, lower eGFR) than by the time of anticoag-
ulation resumption [147].

Patient features against resuming anticoagu-
lant therapy after GIB include unidentifiable
bleeding site, multiple GI tract angiodysplasias,
no reversible/treatable causes, bleeding during
treatment discontinuation, chronic alcohol
abuse, need for dual antiplatelet therapy after
percutaneous coronary intervention, and
advanced age [3].
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CHOOSING THE APPROPRIATE
ANTICOAGULANT

The choice of the proper anticoagulant should
carefully consider the patient thrombotic and
bleeding risk profile. In some patients (e.g.,
severe CKD, mechanical heart valves, valvular
AF or major drug interactions, extreme body
weights), only VKAs are indicated. In DOAC-
eligible patients, based on the above reported
literature evidence and expert opinions, it can
be suggested to match the optimal DOAC to the
patient profile, especially in those with AF, with
the aim of reducing the risk of complications
[66, 85, 148–150] (Fig. 2).

In the elderly (C 75 years old) or frail NVAF
patients, apixaban followed by edoxaban may
be the first choice due to the excellent effi-
cacy–safety profile demonstrated in these sub-
populations, while dabigatran and rivaroxaban
may be considered secondarily in those at low-
bleeding risk [57, 63, 66]. All FXa inhibitors are
viable options in elderly patients with VTE,
while dabigatran 150 mg should not be the first
choice, given the increased risk of MB reported
in this subgroup in pooled data of RECOVER I
and II [151].

Apixaban may be the first choice in AF as
well as in VTE patients at high risk of GIB, while
in those with AF, dabigatran 110 mg may also
be a reasonable option [24, 48, 50, 148, 150]. In
patients with dyspepsia/gastroesophageal
reflux, dabigatran should be avoided; or treat-
ment with PPI should be associated [148, 150].

In patients at risk of genitourinary bleeding
there is no evidence supporting that any specific
DOAC type is safer than warfarin [24]. Reduced
risk of heavy menstrual bleeding, however, has
been reported with dabigatran in a post-hoc
analysis of the RE-COVER and RE-MEDY studies
[152].

In AF patients with moderate-to-severe CKD
(eGFR 15–49 ml/min) the first therapeutic
choice may be apixaban 5 mg twice daily
(2.5 mg twice daily if eGFR 15–29 ml/min or
two dose reduction criteria are satisfied), edox-
aban 30 mg once daily or rivaroxaban 15 mg
daily; dabigatran 110 mg twice a day as a second
choice in patients with moderate CKD (eGFR

30–49 ml/min), while it is contraindicated in
patients with severe CKD (eGFR 15–30 ml/min)
owing to its predominant renal elimination
[3, 85, 148, 150]. Likewise, using DOACs less
dependent on renal excretion may be preferred
in VTE patients with moderate-severe CKD but
DOAC dose reduction is not recommended in
these patients, except for edoxaban [3, 22].

No evidence is available regarding the best
efficacy and safety profile of individual DOAC
in patients with liver disease [99]. Dabigatran
may be preferred based on the prevailing renal
excretion; while apixaban may appear prefer-
able based on optimal GIB safety profile, it
undergoes hepatic metabolism to a larger extent
than other DOACs. Rivaroxaban is contraindi-
cated in Child–Pugh class B patients and all
DOACs should be avoided in Child–Pugh class
C patients [3].

In severely obese patients (either BMI
40–49 kg/m2 or weight 120–140 kg), DOACs
may cautiously be used, preferring apixaban,
edoxaban or rivaroxaban in those with AF and
apixaban or rivaroxaban in those with VTE
[71–74, 78–80].

In low body weight patients (60–40 kg) with
AF or VTE, apixaban and edoxaban may be
preferred [3, 70, 81, 84, 85].

DOACs with low incidence of MB (such as
apixaban, dabigatran 110 mg, and edoxaban)
should be considered in AF patients with high
bleeding risk (HASBLED C 3) [148], while in
those with high thrombotic risk and a low
bleeding risk, dabigatran at a dose of 150 mg
would be preferable, given that it is the only
DOAC more effective than warfarin in reducing
ischemic stroke [6].

Drug interactions must always be evaluated
before prescribing DOACs: certain antiarrhyth-
mics require a dose reduction of DOACs (e.g.,
dabigatran and edoxaban in verapamil users);
moreover, many antineoplastic, antiepileptic,
and antifungal drugs contraindicate the use of
DOACs [2, 3, 150].

In case of therapeutic compliance concerns,
once daily dosing DOAC (rivaroxaban or edox-
aban) should be preferred because this could
improve treatment adherence [3, 148, 149].

Finally, a structured follow-up involving
general practitioners/consultants (cardiologist,
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internist, or hematologist) with surveillance of
renal–hepatic function, symptoms/signs of
bleeding, and medication compliance should be
considered for all patients to optimize man-
agement and reduce the risk of complications,
such as recommended by current guidelines
[2–4]. A closer follow-up should be adopted for
patients at high risk of bleeding, addressing all
modifiable risk factors.

CONCLUSIONS

DOACs compared to VKAs have at least a com-
parable or better efficacy–safety profile for
multiple indications, with significantly reduced
of risk of ICH, while the risk of MB and GIB vary
according to each individual DOAC.

Fig. 2 Choosing the more appropriate anticoagulant based
on patient profile. AF atrial fibrillation, APS antiphos-
pholipid syndrome, BMI body mass index, CKD chronic
kidney disease, CTP Child–Turcotte–Pugh score, eGFR
estimated glomerular filtration rate, GERD gastroe-
sophageal reflux disease, GIB gastrointestinal bleeding,
VKA vitamin K antagonist, VTE venous thromboem-
bolism. *AF patients: reduced dose 2.5 mg twice daily if

criteria satisfied (Table 1); VTE patients: no dose
reduction. ^AF patients: reduced dose 15 mg once daily;
VTE patients: per SmPc reduced dose 15 mg once daily
only if risk of bleeding outweighs risk for recurrent DVT/
PE. �In AF/VTE patients meeting dose reduction criteria
(Table 1)
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Bleeding severity and intensity requested for
its management are generally lower during
therapy with DOACs than with VKAs. In most
patients, supportive measures can be used as the
therapeutic effect decreases due to the shorter
half-life of DOACs than VKAs, while anticoag-
ulant reversal agents are indicated for life-
threatening bleeding complications. In most
cases, resuming anticoagulation after a bleeding
event will provide a net clinical benefit.

Correct patient selection, including careful
assessment of bleeding risk profile and choice of
appropriate DOAC type/dosing based on patient
characteristics/comorbidities and presence of
drug interactions is key to minimizing adverse
events. Aimed at optimizing management effi-
cacy while reducing the risk of complications, a
closer, more structured follow-up should be
considered for all patients at high risk of
bleeding.

ACKNOWLEDGEMENTS

We are indebted to Doctor Giorgio Cioni for his
outstanding clinical mentorship.

Funding. No funding or sponsorship was
received for publication of this article.

Authorship. All named authors meet the
International Committee of Medical Journal
Editors (ICMJE) criteria for authorship for this
manuscript, take responsibility for the integrity
of the work as a whole, and have given final
approval for the version to be published.

Author Contributions. SB conceived the
study design. SB, ER, and DA wrote the first
draft of the manuscript, and all the Authors
contributed in the preparation of the final ver-
sion of the manuscript. All authors have read
and agreed to the published version of the
manuscript.

Disclosures. Stefano Ballestri, Elisa Romag-
noli, Dimitriy Arioli, Valeria Coluccio, Alessan-
dra Marrazzo, Athanasiou Afroditi, Di Girolamo

Maria, Cappi Cinzia, Marco Marietta and Mari-
ano Capitelli have nothing to disclose.
This article is based on previously conducted

studies and does not contain any studies with
human participants or animals performed by
any of the authors.

Compliance with Ethics Guidelines. This
article is based on previously conducted studies
and does not contain any studies with human
participants or animals performed by any of the
authors.

Data Availability. This article is based on
previously conducted studies, the results of
which are in the public domain.

Open Access. This article is licensed under a
Creative Commons Attribution-Non-
Commercial 4.0 International License, which
permits any non-commercial use, sharing,
adaptation, distribution and reproduction in
any medium or format, as long as you give
appropriate credit to the original author(s) and
the source, provide a link to the Creative
Commons licence, and indicate if changes were
made. The images or other third party material
in this article are included in the article’s
Creative Commons licence, unless indicated
otherwise in a credit line to the material. If
material is not included in the article’s Creative
Commons licence and your intended use is not
permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view
a copy of this licence, visit http://
creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

1. Di Carlo A, Bellino L, Consoli D, et al. Prevalence of
atrial fibrillation in the Italian elderly population
and projections from 2020 to 2060 for Italy and the
European Union: the FAI Project. Europace.
2019;21:1468–75.

2. Hindricks G, Potpara T, Dagres N, et al. 2020 ESC
guidelines for the diagnosis and management of
atrial fibrillation developed in collaboration with
the European Association for Cardio-Thoracic

Adv Ther (2023) 40:41–66 59

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Surgery (EACTS): the task force for the diagnosis
and management of atrial fibrillation of the Euro-
pean Society of Cardiology (ESC) developed with
the special contribution of the European Heart
Rhythm Association (EHRA) of the ESC. Eur Heart J.
2021;42:373–498.

3. Steffel J, Collins R, Antz M, et al. 2021 European
Heart Rhythm Association practical guide on the
use of non-vitamin K antagonist oral anticoagulants
in patients with atrial fibrillation. Europace.
2021;23:1612–76.

4. Konstantinides SV, Meyer G, Becattini C, et al. 2019
ESC Guidelines for the diagnosis and management
of acute pulmonary embolism developed in collab-
oration with the European Respiratory Society
(ERS). Eur Heart J. 2020;41:543–603.

5. Ortel TL, Neumann I, Ageno W, et al. American
Society of Hematology 2020 guidelines for man-
agement of venous thromboembolism: treatment of
deep vein thrombosis and pulmonary embolism.
Blood Adv. 2020;4:4693–738.

6. Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabiga-
tran versus warfarin in patients with atrial fibrilla-
tion. N Engl J Med. 2009;361:1139–51.

7. Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban
versus warfarin in nonvalvular atrial fibrillation.
N Engl J Med. 2011;365:883–91.

8. Granger CB, Alexander JH, McMurray JJ, et al.
Apixaban versus warfarin in patients with atrial
fibrillation. N Engl J Med. 2011;365:981–92.

9. Giugliano RP, Ruff CT, Braunwald E, et al. Edoxa-
ban versus warfarin in patients with atrial fibrilla-
tion. N Engl J Med. 2013;369:2093–104.

10. Ntaios G, Papavasileiou V, Makaritsis K, Vemmos K,
Michel P, Lip GYH. Real-world setting comparison
of nonvitamin-K antagonist oral anticoagulants
versus vitamin-K antagonists for stroke prevention
in atrial fibrillation: a systematic review and meta-
analysis. Stroke. 2017;48:2494–503.

11. van den Ham HA, Souverein PC, Klungel OH, et al.
Major bleeding in users of direct oral anticoagulants
in atrial fibrillation: a pooled analysis of results
from multiple population-based cohort studies.
Pharmacoepidemiol Drug Saf. 2021;30:1339–52.

12. Marston XL, Wang R, Yeh YC, et al. Comparison of
clinical outcomes of edoxaban versus apixaban,
dabigatran, rivaroxaban, and vitamin K antagonists
in patients with atrial fibrillation in Germany: a
real-world cohort study. Int J Cardiol. 2022;1(346):
93–9. https://doi.org/10.1016/j.ijcard.2021.11.008.
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22. Buller HR, Décousus H, Grosso MA, et al. Edoxaban
versus warfarin for the treatment of symptomatic
venous thromboembolism. N Engl J Med. 2013;369:
1406–15.

23. Abraham NS, Singh S, Alexander GC, et al. Com-
parative risk of gastrointestinal bleeding with dabi-
gatran, rivaroxaban, and warfarin: population based
cohort study. BMJ. 2015;350: h1857.

60 Adv Ther (2023) 40:41–66

https://doi.org/10.1016/j.ijcard.2021.11.008
https://doi.org/10.7326/M19-2522
https://doi.org/10.7326/M19-2522
https://doi.org/10.1007/s10654-021-00751-7
https://doi.org/10.1007/s10654-021-00751-7


24. Vinogradova Y, Coupland C, Hill T, Hippisley-Cox
J. Risks and benefits of direct oral anticoagulants
versus warfarin in a real world setting: cohort study
in primary care. BMJ. 2018;362: k2505.

25. Goldhaber SZ, Ageno W, Casella IB, et al. Safety and
effectiveness of dabigatran in routine clinical prac-
tice: the RE-COVERY DVT/PE study. J Thromb
Thrombolysis. 2022;53:399–409.

26. Bounameaux H, Haas S, Farjat AE, et al. Compara-
tive effectiveness of oral anticoagulants in venous
thromboembolism: GARFIELD-VTE. Thromb Res.
2020;191:103–12.

27. Haas S, Mantovani LG, Kreutz R, et al. Anticoagu-
lant treatment for venous thromboembolism: a
pooled analysis and additional results of the XALIA
and XALIA-LEA noninterventional studies. Res
Pract Thromb Haemost. 2021;5:426–38.

28. Bertoletti L, Gusto G, Khachatryan A, et al. Effec-
tiveness and safety of oral anticoagulants in the
treatment of acute venous thromboembolism: a
Nationwide Comparative Cohort Study in France.
Thromb Haemost. 2022. https://doi.org/10.1055/a-
1731-3922 (Epub ahead of print).

29. Weycker D, Li X, Wygant GD, et al. Effectiveness
and safety of apixaban versus warfarin as outpatient
treatment of venous thromboembolism in US clin-
ical practice. Thromb Haemost. 2018;118:1951–61.

30. Dawwas GK, Smith SM, Dietrich E, Lo-Ciganic WH,
Park H. Comparative effectiveness and safety of
apixaban versus warfarin in patients with venous
thromboembolism. Am J Health Syst Pharm.
2020;77:188–95.

31. Guo JD, Hlavacek P, Rosenblatt L, et al. Safety and
effectiveness of apixaban compared with warfarin
among clinically-relevant subgroups of venous
thromboembolism patients in the United States
Medicare populatioldon. Thromb Res. 2021;198:
163–70.

32. Giustozzi M, Franco L, Vedovati MC, Becattini C,
Agnelli G. Safety of direct oral anticoagulants versus
traditional anticoagulants in venous thromboem-
bolism. J Thromb Thrombolysis. 2019;48:439–53.

33. Aryal MR, Gosain R, Donato A, et al. Systematic
review and meta-analysis of the efficacy and safety
of apixaban compared to rivaroxaban in acute VTE
in the real world. Blood Adv. 2019;3:2381–7.

34. Liu ZY, Zhang HX, Ma LY, et al. Non-vitamin K
antagonist oral anticoagulants in venous throm-
boembolism patients: a meta-analysis of real-world
studies. BMC Cardiovasc Disord. 2022;22:105.

35. Schulman S, Kearon C, Kakkar AK, et al. Extended
use of dabigatran, warfarin, or placebo in venous
thromboembolism. N Engl J Med. 2013;368:709–18.

36. Weitz JI, Lensing AWA, Prins MH, et al. Rivaroxa-
ban or aspirin for extended treatment of venous
thromboembolism. N Engl J Med. 2017;376:
1211–22.

37. Agnelli G, Buller HR, Cohen A, et al. Apixaban for
extended treatment of venous thromboembolism.
N Engl J Med. 2013;368:699–708.

38. Wang KL, van Es N, Cameron C, Castellucci LA,
Büller HR, Carrier M. Extended treatment of venous
thromboembolism: a systematic review and net-
work meta-analysis. Heart. 2019;105:545–52.

39. Khan F, Tritschler T, Kimpton M, et al. Long-term
risk for major bleeding during extended oral anti-
coagulant therapy for first unprovoked venous
thromboembolism: a systematic review and meta-
analysis. Ann Intern Med. 2021;174:1420–9.

40. Halvorsen S, Storey RF, Rocca B, et al. Management
of antithrombotic therapy after bleeding in patients
with coronary artery disease and/or atrial fibrilla-
tion: expert consensus paper of the European Soci-
ety of Cardiology Working Group on thrombosis.
Eur Heart J. 2017;38:1455–62.

41. Meschia JF. Predicting who will experience cerebral
hemorrhage when anticoagulated. Mayo Clin Proc.
2020;95:2057–9.

42. Lv M, Wu T, Jiang S, Chen W, Zhang J. Risk of
intracranial hemorrhage caused by direct oral anti-
coagulants for stroke prevention in patients with
atrial fibrillation (from a network meta-analysis of
randomized controlled trials). Am J Cardiol.
2022;1(162):92–9.

43. Wu T, Lv C, Wu L, et al. Risk of intracranial hem-
orrhage with direct oral anticoagulants: a system-
atic review and meta-analysis of randomized
controlled trials. J Neurol. 2022;269:664–75.

44. Cheung KS, Leung WK. Gastrointestinal bleeding in
patients on novel oral anticoagulants: risk, preven-
tion and management. World J Gastroenterol.
2017;23:1954–63.

45. Deitelzweig S, Keshishian A, Kang A, et al. Burden of
major gastrointestinal bleeding among oral antico-
agulant-treated non-valvular atrial fibrillation
patients. Ther Adv Gastroenterol. 2021;14:
1756284821997352. https://doi.org/10.1177/
1756284821997352.

46. Noseworthy PA, Yao X, Abraham NS, et al. Direct
comparison of dabigatran, rivaroxaban, and

Adv Ther (2023) 40:41–66 61

https://doi.org/10.1055/a-1731-3922
https://doi.org/10.1055/a-1731-3922
https://doi.org/10.1177/1756284821997352
https://doi.org/10.1177/1756284821997352


apixaban for effectiveness and safety in nonvalvular
atrial fibrillation. Chest. 2016;150:1302–12.

47. Abraham NS, Noseworthy PA, Yao X, et al. Gas-
trointestinal safety of direct oral anticoagulants: a
large population-based study. Gastroenterology.
2017;152:1014–22.

48. Mazurek M, Lip GYH. Gastrointestinal bleeding and
direct oral anticoagulants amongst pati ents with
atrial fibrillation in the ‘‘Real World.’’ Gastroen-
terology. 2017;152:932–4.

49. Rutherford OW, Jonasson C, Ghanima W, et al.
Comparison of dabigatran, rivaroxaban, and apix-
aban for effectiveness and safety in atrial fibrilla-
tion: a nationwide cohort study. Eur Heart J
Cardiovasc Pharmacother. 2020;6:75–85.

50. Ingason AB, Hreinsson JP, Ágústsson AS, et al.
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