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BACKGROUND Patients on long-term dialysis are at increased risk of bleeding. Although oral anticoagulants (OACs)

are recommended for atrial fibrillation (AF) to reduce the risk of stroke, randomized trials have excluded these

populations. As such, the net clinical benefit of OACs among patients on dialysis is unknown.

OBJECTIVES This study aimed to investigate the efficacy and safety of OACs in patients with AF on long-term dialysis.

METHODS MEDLINE and EMBASE were searched through June 10, 2019, for studies that investigated the efficacy and

safety of different OAC strategies in patients with AF on long-term dialysis. The efficacy outcomes were ischemic stroke

and/or systemic thromboembolism, all-cause mortality, and the safety outcome was major bleeding.

RESULTS This study identified 16 eligible observational studies (N ¼ 71,877) regarding patients on long-term dialysis

who had AF. Only 2 of 16 studies investigated direct OACs. Outcomes for dabigatran and rivaroxaban were limited to

major bleeding events. Compared with no anticoagulants, apixaban and warfarin were not associated with a significant

decrease in stroke and/or systemic thromboembolism (apixaban 5 mg, hazard ratio [HR]: 0.59; 95% confidence interval

[CI]: 0.30 to 1.17; apixaban 2.5 mg, HR: 1.00; 95% CI: 0.52 to 1.93; warfarin, HR: 0.91; 95% CI: 0.72 to 1.16). Apixaban

5 mg was associated with a significantly lower risk of mortality (vs. warfarin, HR: 0.65; 95% CI: 0.45 to 0.93; vs. apixaban

2.5 mg, HR: 0.62; 95% CI: 0.42 to 0.90; vs. no anticoagulant, HR: 0.61; 95% CI: 0.41 to 0.90). Warfarin was associated

with a significantly higher risk of major bleeding than apixaban 5 min/2.5 mg and no anticoagulant (vs. apixaban 5 mg,

HR: 1.41; 95% CI: 1.07 to 1.88; vs. apixaban 2.5 mg, HR: 1.40; 95% CI: 1.07 to 1.82; vs. no anticoagulant, HR: 1.31; 95% CI:

1.15 to 1.50). Dabigatran and rivaroxaban were also associated with significantly higher risk of major bleeding than

apixaban and no anticoagulant.

CONCLUSIONS This meta-analysis showed that OACs were not associated with a reduced risk of thromboembolism in

patients with AF on long-term dialysis. Warfarin, dabigatran, and rivaroxaban were associated with significantly higher

bleeding risk compared with apixaban and no anticoagulant. The benefit-to-risk ratio of OACs in patients with AF on

long-term dialysis warrants validation in randomized clinical trials. (J Am Coll Cardiol 2020;75:273–85)
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A trial fibrillation (AF) is common and
increasing among patients with
end-stage kidney disease (ESKD) on

long-term dialysis, with a prevalence of
approximately 10% (1). Oral anticoagulants
(OACs) are recommended in patients with
AF to reduce the risk of stroke and thrombo-
embolic events. In addition, data from ran-
domized controlled trials showed that direct
oral anticoagulants (DOACs) were noninferior
to warfarin (and superior with certain agents)
with respect to the risk of thromboembolic events in
patients without severe kidney disease (2,3). Because
patients on long-term dialysis are not only at high
bleeding risk due to uremic platelet dysfunction but
also at high risk for ischemic stroke, it is not clear if
the net clinical benefit of OACs extends to the ESKD
and long-term dialysis population (4–6). National
and international clinical practice guidelines there-
fore state “it might be reasonable to prescribe
warfarin or apixaban for patients with dialysis,
CHA2DS2-VASc score >2 in men, 3 in women,” with
a Class IIb recommendation, because of the limited
evidence in this cohort (6).
SEE PAGE 286
The pharmacokinetics of rivaroxaban might allow
use in this population; however, previous studies
showed high bleeding risk with rivaroxaban and
dabigatran in the ESKD cohort (7,8). Recently, a
retrospective cohort study of Medicare beneficiaries
with AF on long-term dialysis suggested lower major
bleeding risk and similar thromboembolic risk with
E 1 Selection of Studies

16 articles satisfied criteria
for data collection

23 full-text articles assessed
for eligibility

Electronic search: MEDLINE (N = 414
EMBASE (N = 1,067)

iagram of the literature search.
apixaban 5 mg twice daily dosing compared with
warfarin (8–10). However, apixaban should be
compared with no anticoagulant because whether to
use anticoagulation therapy for patients with AF on
long-term dialysis is still questionable.

We therefore sought to investigate the safety and
efficacy of OACs (DOACs and warfarin) compared with
no anticoagulation for patients with AF on long-term
dialysis.

METHODS

SEARCH STRATEGY. All studies that investigated the
impact of OAC strategy for AF on stroke and/or sys-
temic thromboembolism, survival, andmajor bleeding
events in patients on long-term dialysis were identi-
fied using a 2-level search strategy. First, MEDLINE
and EMBASE were searched through June 10, 2019
using web-based search engines. Second, relevant
studies were identified through a manual search of
secondary sources, including references of initially
identified articles, reviews, and commentaries. All
references were downloaded for consolidation, elimi-
nation of duplicates, and further analyses (Figure 1).

Search terms included atrial fibrillation, dialysis
OR hemodialysis OR end-stage kidney disease OR
end-stage kidney disease OR end-stage renal disease
OR advanced renal disease, warfarin OR coumadin OR
vitamin K antagonist OR novel oral anticoagulant OR
NOAC OR direct oral anticoagulant OR DOAC OR
apixaban OR dabigatran OR rivaroxaban OR edoxaban
OR anticoagulation OR anticoagulant. Two indepen-
dent and blinded authors (T.K. and H.T.) reviewed
1,459 records excluded
based on titles/abstracts

7 records excluded
based on lack of eligibility criteria

),



FIGURE 2 Network of Anticoagulant Comparisons

A Stroke and/or SE

No-anticoagulant
28,996 patients

Apixaban 2.5mg
1,317 patients
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Apixaban 5mg
1,034 patients

Warfarin
31,941 patients

B All-Cause Mortality

Warfarin
27,845 patients

No-anticoagulant
17,886 patients

1

1
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8

Apixaban 2.5mg
1,317 patients

Apixaban 5mg
1,034 patients

C Major Bleeding

Warfarin
36,757 patients

Apixaban 2.5mg
1,317 patients

No-anticoagulant
18,279 patients

Dabigatran
281 patients

1

1

1

1

1

8

Apixaban 5mg
1,034 patients

Rivaroxaban
244 patients

The width of connecting lines between anticoagulant strategies reflects the number of studies available for each comparison. Italic number means the number of study

arms between 2 strategies. (A) Stroke and/or systemic embolism (SE). (B) All-cause mortality. (C) Major bleeding.
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the search results separately to select the studies
based on inclusion and exclusion criteria. The study
was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses guidelines (11).

INCLUSION AND/OR EXCLUSION CRITERIA. Studies
that met the following criteria were included: 1) the
study was published in peer-reviewed journals; 2) the
design was a comparative study of patients on long-
term dialysis with AF who received different OACs or
no anticoagulant; and 3) the study reported at least 1 of
all-cause mortality, stroke, and/or systemic thrombo-
embolism as efficacy outcomes andmajor bleeding as a
safety outcome. For each study, the adjusted hazard
ratio (HR) was abstracted if available. No data were
available regarding the safety and efficacy of edoxaban
for patients with AF on long-term dialysis. Thus, we
investigated dabigatran versus rivaroxaban versus
apixaban versus warfarin versus no anticoagulant.
OUTCOMES. The primary efficacy endpoint was
stroke and/or systemic thromboembolism; the sec-
ondary efficacy endpoint was all-cause mortality. The
primary safety endpoint was major bleeding. Major
bleeding was defined variously in the studies as
bleeding that required hospitalization, that required
transfusion, and bleeding that led to death, as well as
gastrointestinal bleeding or intracranial hemorrhage.

QUALITY ASSESSMENT. To assess the quality
assessment, we used the Newscastle-Ottawa Assess-
ment Scale (12). Two investigators (T.K. and H.T.)



TABLE 1 Baseline Characteristics

First Author (Ref. #)
Follow-Up
(Months)

No. of Patients Age (yrs) Male (%) Hypertension (%)

DOAC Warfarin No AC DOAC Warfarin No AC DOAC Warfarin No AC DOAC Warfarin No AC

Chan et al. (17) 19.2 508 480 72.6 71.3 57.8 54.4 79.7 79.8

Chan et al. (18) 24.0 Dabi: 281
Riva: 244

8,064 Dabi: 68.4 � 12
Riva: 66.9 � 12

70.6 � 11.0 Dabi: 59.2
Riva: 60.5

61.2 Dabi: 86.9
Riva: 84.9

88.5

Chan et al. (19) 18.0 67 118 69.5 � 9.5 69.4 � 12.7 58.2 61.9 62.7 63.6

Chen et al. (20) 50.1 294 2,983 NA NA 41.5 46.6 81.0 83.1

Garg et al. (21) 25.2 119 183 75.0 � 7.0 78.0 � 7.0 55.4 51.3 84.8 88.0

Genovesi et al. (22) 48.0 134 156 76.0 76.0 64.2 54.6 76.1 85.3

Phan et al. (23) 24.0 115 361 67.3 � 10.8 62.9 � 13.3 58.3 57.6 100 100

Shah et al. (24) NA 756 870 75.3 � 8.1 75.1 � 8.1 61.0 61.0 77.0 75.0

Shen et al. (25) NA 1,838 10,446 61.2 � 12.4 62.1 � 13.6 49.7 48.7 97.2 98.6

Siontis et al. (10) NA Api: 2,351 23,172 Api: 68.9 � 11.5 68.2 � 11.9 Api: 54.4 54.3 Api: 99.6 99.6

Tan et al. (26) NA 1,651 4,114 73.9 75.1 43.6 43.0 98.1 98.8

Wakasugi et al. (27) NA 28 32 67.8 � 9.4 68.4 � 8.5 57.0 72.0 NA NA

Wang et al. (28) 52.8 59 82 59.8 � 10.5 62.1 � 11.8 77.0 69.0 98.3 89

Winkelmayer
et al. (29)

18.0�24.0 249 2,064 68.6 � 12.1 70.1 � 11.9 42.6 42.5 82.7 80.7

Yodogawa
et al. (30)

47.0 30 54 69.5 � 10.7 70.4 � 10.2 80.0 65.0 57.0 48.0

Yoon et al. (31) 15.9 2,921 7,053 67.8 � 11.0 66.1 � 12.6 59.9 57.5 89.4 79.2

Values are n, mean � SD, mean, or %, unless otherwise indicated.

AC ¼ anticoagulant; Api ¼ apixaban; Dabi ¼ dabigatran; DOAC ¼ direct oral anticoagulant; NA ¼ not available; Riva ¼ rivaroxaban.
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reviewed the studies and judged selection, compa-
rability, and outcomes.

STATISTICAL ANALYSIS. For each study, hazard ra-
tio (HR) was abstracted. If propensity score�matched
analysis was performed, we used data from the pro-
pensity score�matched cohort. We performed
network meta-analysis using the “netmeta” 3.3.2
package (R Foundation for Statistical Computing,
Vienna, Austria) (13). Within the framework, I2 and Q
statistics, which represent the proportion of total
variation in study estimates that is due to heteroge-
neity, were used to quantify heterogeneity (14,15).
The I2 statistic represents the proportion of variability
that is not attributable to chance. I2 values >50%
indicate substantial heterogeneity. The Q statistics
are the sum of a statistic for heterogeneity, as well as
a statistic for inconsistency, that represents the
variability of treatment effect between direct and
indirect comparisons at the meta-analytical level (16).
We used the random-effect model because of the high
heterogeneity. As a sensitivity analysis, we per-
formed an analysis that excluded studies that focused
on only patients on peritoneal dialysis.

RESULTS

Our search identified 16 eligible studies that enrolled a
total of 71,877 patients with AF on long-term dialysis.
Mean follow-up periods were 18.0 to 52.8 months
(10,17–31). All studies were nonrandomized
observational studies. One study compared apixaban
5 mg twice daily versus apixaban 2.5 mg twice daily
versus warfarin (10). Another study investigated the
bleeding outcomes for dabigatran versus rivaroxaban
versus warfarin for patients on long-term dialysis who
had AF (18). The characteristics of the network are
shown in Figure 2. Patients’ baseline characteristics
are summarized in Tables 1 and 2. There was only 1
study that reported data based on time-varying
exposure to OACs; as such, a sensitivity analysis us-
ing this methodology could not be performed (26).

STROKE AND/OR SYSTEMIC THROMBOEMBOLISM.

OACs were not associated with a statistically signifi-
cant lower risk of stroke and/or systemic thrombo-
embolism compared with no anticoagulant (Table 3,
Figure 3). However, there was significant heteroge-
neity in this analysis (I2: 70.7%; p < 0.0001) but no
significant inconsistency (p ¼ 0.90).

ALL-CAUSE MORTALITY. Apixaban 5 mg twice daily
was associated with significantly lower risk of mor-
tality than other treatments (Table 3, Figure 4).
However, there were significant heterogeneity in this
analysis (I2: 80.2%; p < 0.0001) but no significant
inconsistency (p ¼ 0.70).

MAJOR BLEEDING. Warfarin was associated with
significantly higher risk of major bleeding than apix-
aban and no anticoagulant (Table 3, Figure 5). Dabi-
gatran and rivaroxaban were also associated with
significantly higher risk of major bleeding than



TABLE 2 Baseline Characteristics

First Author
(Ref. #)

Diabetes Mellitus
Coronary Artery

Disease
Congestive

Heart Failure
Cerebrovascular

Disease Peritoneal Dialysis Aspirin or Antiplatelet Therapy

DOAC Warfarin No AC DOAC Warfarin No AC DOAC Warfarin No AC DOAC Warfarin No AC DOAC Warfarin No AC DOAC Warfarin No AC

Chan et al. (17) 41.7 32.3 58.3 52.9 NA NA 0.0 0.0 0.0 0.0

Chan et al. (18) Dabi: 70.4
Riva: 67.8

67.9 NA NA Dabi: 14.6
Riva: 14.1

20.8 Dabi: 11.2
Riva: 14.6

12.0 Dabi: 0.0
Riva: 0.0

0.0 Dabi: 5.6
Riva: 3.4

3.1

Chan et al. (19) 38.8 39.0 35.8 20.3 29.9 20.3 17.9 10.2 100 100 0.0 0.0

Chen et al. (20) 45.9 47.6 61.9 54.9 57.8 52.1 5.1 6.6 1.7 14.0 0.0 0.0

Garg et al. (21) 58.8 55.1 77.3 80.9 89.9 91.2 20.1 23.0 0.0 0.0 ASA: 75.6
CLP: 18.4

ASA 68.3
CLP: 23.5

Genovesi et al. (22) 29.1 33.3 45.5 50.6 43.3 36.5 15.7 14.1 NA NA 23.9 68.6

Phan et al. (23) 72.2 75.1 46.1 44.3 54.8 46.0 20.0 21.1 100 100 ASA: 13.9,
P2Y12 inhibitor: 26.1

ASA: 17.2,
P2Y12 inhibitor: 33.5

Shah et al. (24) 44.0 39.0 62.0 59.0 41.0 34.0 6.0 5.0 NA NA ASA: 22, CLP: 4.0 ASA: 28.0, CLP: 7.0

Shen et al. (25) 69.1 70.8 37.0 42.6 67.3 68.3 22.0 26.8 0 0 21.5 23.0

Siontis et al. (10) 75.4 74.9 Api: 26.9 (MI) 26.8 (MI) Api: 79.5 77.5 Api: 33.1 33.2 Api: 5.7 5.4 Api: 6.6 7.4

Tan et al. (26) 68.2 73.0 63.5 67.5 64.9 70.6 18.9 22.6 4.0 3.1 25.9 25.0

Wakasugi et al. (27) 21.0 28.0 NA NA NA NA 14.0 26.0 0.0 0.0 61.0 47.0

Wang et al. (28) 39.0 45.0 42.0 59.0 16.0 27.0 16.0 13.0 21.0 23.0 NA NA

Winkelmayer et al. (29) 60.2 59.1 46.2 53.0 77.5 74.9 22.9 23.6 4.8 4.4 NA NA

Yodogawa et al. (30) 37.0 43.0 NA NA 20.0 13.0 10.0 2.0 0.0 0.0 40.0 54.0

Yoon et al. (31) 43.1 35.9 NA NA NA NA NA NA 0.0 0.0 ASA: 44.6,
other: 25.6

ASA: 56.0,
other: 30.6

Values are %.

ASA ¼ acetylsalicylic acid; CLP ¼ clopidogrel; MI ¼ myocardial infarction; other abbreviations as in Table 1.
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TABLE 3 Outcomes of All Studies

First Author
(Ref. #)

Ischemic Stroke and/or SE Major Bleeding All-Cause Mortality

Apixaban
5 mg

Apixaban
2.5 mg Warfarin

No AC
(Definition) Dabigatran Rivaroxaban

Apixaban
5 mg

Apixaban
2.5 mg Warfarin No AC (Definition)

Apixaban
5 mg

Apixaban
2.5 mg Warfarin No AC

Chan et al.
(17)

n ¼ NA,
IR ¼ 7.1
1.93 (1.29
�2.90)

n ¼ NA,
IR¼2.9
1 (no

definite
definition)

n ¼ NA,
IR ¼ 27.4 1.10
(0.94�1.30)
(as warfarin

users)

n ¼ NA, IR ¼ 25.7
1 (as non-warfarin

users)

Chan et al.
(18)

n ¼ NA,
IR ¼ 83.1

1.48
(1.21�1.81)

n ¼ NA,
IR ¼ 68.4

1.38
(1.03�1.83)

n ¼ NA, IR ¼ 35.9
1(bleeding which
caused death/
hospitalization)

Chan et al.
(19)

n ¼ NA,
IR ¼ NA

0.19 (0.06
�0.65)

n ¼ NA,
IR ¼ NA

1 (ischemic
stroke)

Chen et al.
(20)

n ¼ NA,
IR ¼ NA

1.02 (0.67
�1.54)

n ¼ NA,
IR ¼ NA

1 (ischemic
stroke)

Garg et al.
(21)

n ¼ 13,
IR ¼ NA

0.93 (0.49
�1.82)

n ¼ 21,
IR ¼ NA

1 (ischemic
stroke)

n ¼ 26, IR ¼ NA
1.53 (0.94�2.51)

n ¼ 26, IR ¼ NA
1 (transfusion and
hospitalization)

n ¼ 97, IR ¼ NA
1.03 (0.91�1.15)

n ¼ 145, IR ¼ NA
1

Genovesi
et al. (22)

n ¼ 11,
IR ¼ 3.2

0.44 (0.16
�1.20)

n ¼ 17,
IR ¼ 4.5
1 (no

definite
definition)

n ¼ 59, IR ¼ 17
1.16 (0.48�2.82)

n ¼ 36, IR ¼ 9.5
1 (hospitalization
and transfusion,

causing hemoglobin
reduction > 2 g/dl)

n ¼ 75,
IR ¼ 22.0

0.91
(0.56�1.48)

n ¼ 95, IR ¼ 25.0
1

Phan et al.
(23)

n ¼ 10,
IR ¼ .2

2.30 (0.94
�5.4)

n ¼ 11,
IR ¼ 2.4

1 (ischemic
stroke)

n ¼ 13, IR ¼ 9.1
1.20 (0.60�2.3)

n ¼ 30, IR ¼ 6.4
1 (hospitalization/
ED visit for GI/ICH/
other bleeding)

n ¼ 32, IR 19.9
0.80 (0.53�1.2)

n ¼ 98, IR 21.0
1

Shah et al.
(24)

n ¼ NA,
IR ¼ NA
1.14 (0.78
�1.67)

n ¼ NA,
IR ¼ NA

1 (ischemic
stroke)

n ¼ NA, IR ¼ NA
1.44 (1.13�1.85)

N�NA, IR ¼ NA
1 (GI/ICH)

Shen et al.
(25)

n ¼ 63,
IR ¼ 2.3

0.68 (0.47
�0.99)

n ¼ 503,
IR ¼ 3.4

1 (ischemic
stroke)

n ¼ 153, IR ¼ 5.9
1.00 (0.69�1.44)

n ¼ 833, IR ¼ 5.9
1 (GI)

n ¼ 832,
IR ¼ 33.0

1.01 (0.92�1.11)

n ¼ 4,595,
IR ¼ 32.5

1

Siontis et al.
(10)

n ¼ 81, IR ¼ 12.4 n ¼ 373,
IR ¼ 11.8
1 (ischemic

stroke
and/or SE)

n ¼ 129, IR ¼ 19.7 n ¼ 715,
IR ¼ 22.9
1 (GI/ICH/
transfusion)

n ¼ 159, IR ¼ 23.7 n ¼ 753,
IR ¼ 24.9

1
0.64
(0.42
�0.97)

1.11
(0.82�1.50)

0.71
(0.53�0.95)

0.71
(0.56�0.91)

0.63
(0.46�0.85)

1.07
(0.87�1.33)

Continued on the next page
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TABLE 3 Continued

First Author
(Ref. #)

Ischemic Stroke and/or SE Major Bleeding All-Cause Mortality

Apixaban
5 mg

Apixaban
2.5 mg Warfarin

No AC
(Definition) Dabigatran Rivaroxaban

Apixaban
5 mg

Apixaban
2.5 mg Warfarin No AC (Definition)

Apixaban
5 mg

Apixaban
2.5 mg Warfarin No AC

Tan et al.
(26)

n ¼ 93,
IR ¼ 8.2

0.87 (0.70
�1.09)

n ¼ 644,
IR ¼ 10.8
1 (ischemic
stroke)

n ¼ 407,
IR ¼ 41.7

1.48 (1.32�1.66)

n ¼ 1,559,
IR ¼ 32.3
1 (GI/ICH/

hospitalization)

n ¼ 476,
IR ¼ 37.0
0.72 (0.65
�0.79)

n ¼ 3,349,
IR ¼ 52.0

1

Wakasugi
et al. (27)

n ¼ 8
IR ¼ 14.8
3.36 (0.67
�16.7)

n ¼ 5,
IR ¼ 8.9

1 (ischemic
stroke)

Wang et al.
(28)

n ¼ 8,
IR ¼ NA
1.01 (0.50
�2.04)

n ¼ 11,
IR ¼ NA

1 (ischemic
stroke

and/or SE)

n ¼ 22, IR ¼ NA
1.44 (0.71�2.92)

n ¼ 24, IR ¼ NA
1 (GI/ICH/
transfusion)

n ¼ 44, IR ¼ NA
0.83 (0.40

�1.72)

n ¼ 64, IR ¼ NA
1

Winkelmayer
et al. (29)

n ¼ 29,
IR ¼ 7.4

0.92 (0.61
�1.37)

n ¼ 135,
IR ¼ 7.8

1 (ischemic
stroke)

n ¼ 48, IR ¼ 13.4
0.96 (0.70�1.31)

n ¼ 216, IR ¼ 13.6
1 (GI)

n ¼ 181,
IR ¼ 42.9
1.06 (0.90
�1.24)

n ¼ 750, IR ¼ 40.2
1

Yodogawa
et al.
(30)

n ¼ 2,
IR ¼ NA

1.07 (0.20
�5.74)

n ¼ 5,
IR ¼ NA
1 (no

definite
definition)

Yoon et al.
(31)

n ¼ 221
0.95 (0.78

�1.15)

n ¼ 457
1 (ischemic
stroke)

Values are n of events, incident rates (IR), or hazard ratios (95% confidence intervals).

ED ¼ emergency department; GI ¼ gastrointestinal; ICH ¼ intracranial hemorrhage; SE ¼ systemic embolism; other abbreviations as in Table 1.
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FIGURE 3 Effect of Anticoagulant on the Primary Efficacy Outcome (Stroke/SE)
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Forest plots for the comparisons among anticoagulants (random effects model): (A) versus apixaban 5 mg; (B) versus apixaban 2.5 mg;

(C) versus warfarin; and (D) versus no-anticoagulant. CI ¼ confidence interval; HR ¼ hazard ratio; SE ¼ systemic embolism.
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apixaban and no anticoagulant, and dabigatran was
associated with a significantly higher risk of major
bleeding than warfarin (Table 3, Figure 5). There was
no significant heterogeneity (I2: 23.6%; p ¼ 0.16), and
no significant inconsistency (p ¼ 0.97).

SENSITIVITY ANALYSIS. Outcomes of sensitivity
analyses that excluded studies that focused on only
patients on long-term peritoneal dialysis were largely
similar (Online Figures 1 to 3).
DISCUSSION

The salient findings of our network meta-analysis on
the safety and efficacy of OACs in patients with AF
and long-term dialysis can be summarized as follows
(Central Illustration): 1) OACs were not associated
with a reduced risk of stroke and/or systemic
thromboembolism compared with no anticoagulant;
2) apixaban 5 mg twice daily had significantly lower
risk of mortality than apixaban 2.5 mg twice daily,



FIGURE 4 Effect of Anticoagulant on the Secondary Efficacy Outcome (Death)
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Forest plots for the comparisons among anticoagulants (random effects model): (A) versus apixaban 5 mg; (B) versus apixaban 2.5 mg;

(C) versus warfarin; and (D) versus no-anticoagulant. Abbreviations as in Figure 3.
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warfarin, and no anticoagulant; and 3) warfarin,
dabigatran, and rivaroxaban had significantly higher
risk of major bleeding than apixaban 5 mg twice
daily, 2.5 mg twice daily, and no anticoagulant.
Although these results should be interpreted
cautiously because of high heterogeneity, warfarin,
dabigatran, and rivaroxaban might not be preferred
options because of their increased risk of bleeding in
patients with AF on long-term dialysis. Further
study is warranted to establish the benefit-to-risk
ratio of OACs in patients with AF on long-term
dialysis.

Patients on long-term dialysis were reported to
have 5 times higher risk for a new stroke (32,33);
however, these patients were also at high bleeding
risk due to uremic platelet dysfunction and ischemic
stroke (4,5). Thus, the bleeding risk of OACs with
warfarin for these patients might outweigh its



FIGURE 5 Effect of Anticoagulant on the Primary Safety Outcome (Major Bleeding)
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Forest plots for the comparisons among anticoagulants (random effects model): (A) versus dabigatran; (B) versus rivaroxaban; (C) versus apixaban 5 mg;

(D) versus apixaban 2.5 mg; (E) versus warfarin; and (F) versus no-anticoagulant. Abbreviations as in Figure 3.
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CENTRAL ILLUSTRATION Patients With Oral Anticoagulation Management

Whether to perform
anticoagulation therapy
for patients with AF on
chronic dialysis?

• OACs were not associated with a
lower risk of thromboembolism in
patients with AF on chronic dialysis.

• Patients who received apixaban 5 mg
twice daily had significantly lower risk
of mortality than apixaban 2.5 mg twice
daily, warfarin, and no-anticoagulant.

• Warfarin, dabigatran, and rivaroxaban
were associated with higher bleeding
risk compared with apixaban and 
no-anticoagulant.

OAC

Kuno, T. et al. J Am Coll Cardiol. 2020;75(3):273–85.

AF ¼ atrial fibrillation; OAC ¼ oral anticoagulant.
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potential benefits. Previous meta-analyses reported
that warfarin use did not show a reduction in stroke
and mortality but did show an increased bleeding risk
(34). There were several potential explanations of
these findings. First, patients on hemodialysis
routinely received heparin during dialysis, which also
increased the risk of bleeding and posed a question-
able effect of warfarin against stroke prevention
(17,35). Second, warfarin might accelerate vascular
calcification by inhibiting matrix G1a protein and
Gas-6, which lead to higher risk of calcific arteriol-
opathy (calciphylaxis), which might increase the risk
of ischemic stroke (24,36). Third, uremia was shown
to interfere with warfarin metabolism through he-
patic P450, which made it difficult to control the in-
ternational normalized ratio within the therapeutic
range (37,38). For all of the preceding reasons, we
speculated that the previous studies did not show the
benefit of warfarin among patients with AF on long-
term dialysis; however, frequent international
normalized ratio monitoring could lead to a better
time to the therapeutic international normalized ratio
range and could potentially lead to better outcomes
in this cohort (24,38–40).

A previous study demonstrated higher bleeding
risk of dabigatran and rivaroxaban compared with
warfarin in patients on long-term dialysis (18).
Moreover, our network meta-analysis showed dabi-
gatran and rivaroxaban had higher bleeding risks
than apixaban, which suggested dabigatran and
rivaroxaban were not reasonable choices for patients
with AF on long-term dialysis. Although rivaroxaban
10 mg can be used for patients with AF on long-term
dialysis based on previous pharmacokinetic data (7),
further studies are needed to compare the efficacy
and safety of rivaroxaban 10 mg versus apixaban in
this cohort.

Apixaban is mainly excreted by cytochrome P450,
the intestines, and biliary excretion, with only 20% to
25% renal excretion (9). Although the ARISTOTLE
(Apixaban for Reduction In STroke and Other
ThromboemboLic Events in Atrial Fibrillation) trial
excluded patients on dialysis, the Food and Drug
Administration approved using apixaban 5 mg twice
daily cautiously in patients on long-term dialysis
based on limited data of pharmacokinetics in only 8
patients (2,9). A recent meta-analysis showed apix-
aban had lower risk of bleeding and relative effec-
tiveness with thromboembolic events than warfarin
for patients with ESKD, but this study mixed patients
with and without dialysis, and those with venous
thromboembolism (41). Our study did not reveal the
efficacy to prevent stroke and/or systemic thrombo-
embolism of apixaban 5 mg/2.5 mg against no anti-
coagulant, whereas it revealed less bleeding than
warfarin. Moreover, apixaban 5 mg twice daily was
associated with a reduction in mortality compared
with no anticoagulant. Because warfarin was not



PERSPECTIVES

COMPETENCY IN PATIENT CARE AND

PROCEDURAL SKILLS: In patients with

atrial fibrillation on long-term dialysis, apixaban

5 mg twice daily was associated with a lower

risk of mortality than either warfarin or no

anticoagulant.

TRANSLATIONAL OUTLOOK: Randomized trials

are needed to assess the efficacy and safety of

target-specific OACs in patients with AF on long-term

dialysis.
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associated with lower stroke and showed higher risk
of bleeding (34,39), further randomized controlled
trials are needed to assess the feasibility of apixaban
5 mg twice daily compared with no anticoagulant to
use in patients with AF on long-term dialysis.
STUDY LIMITATIONS. First, there were limited data
from observational studies regarding the efficacy and
safety of dabigatran, rivaroxaban, and apixaban for
patients with AF on long-term dialysis. Thus, we could
not assess the reason why apixaban 5 mg had lower
mortality, due to lack of data regarding cardiovascular
events other than stroke. In contrast, low bleeding
rates were known to be associated with lower mortality
(42). Moreover, outcomes of dabigatran and rivarox-
aban were limited to major bleeding. Because only 2
studies were available regarding DOACs, most of the
studies investigated warfarin versus no anticoagulant,
which was the subject of previous meta-analyses (34).
However, the fact that there was only 2 studies that
directly compared the outcomes of DOACs and others
underlines the importance of our network meta-
analysis by adding more data to this important clin-
ical question. Second, because we did not have access
to individual patients’ data, our data should be inter-
preted carefully. Third, there was only 1 study available
that reported outcomes using time-varying exposure to
OACs; there were no studies available that reported
crossover information. Incorporation of time-varying
OAC use and crossover information would prevent
misclassification of exposure, which would result in
estimates that more closely model the true effect.
Fourth, differences in the characteristics of patients
who were prescribed OACs versus not prescribed OACs
might have contributed to the results, despite using
adjusted effect size. Finally, there were some pro-
portions of aspirin and/or antiplatelet prescriptions,
which might have affected our results.
CONCLUSIONS

OACs were not associated with a reduced risk of
thromboembolism in patients with AF who were on
long-term dialysis. Patients who received apixaban
5 mg twice daily had a significantly lower risk of
mortality than apixaban 2.5 mg twice daily, warfarin,
and no anticoagulant. Warfarin, dabigatran, and
rivaroxaban were associated with significantly higher
bleeding risk compared with apixaban and no antico-
agulant. The benefit-to-risk ratio of OACs in patients
with AF on long-term dialysis warrants validation in
randomized clinical trials.
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