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Abstract

Background: Anticoagulant therapy for atrial fibrillation (AF) in patients with end-stage kidney disease (ESKD) undergoing dialysis
poses significant challenges. This review aimed to furnish clinicians with the latest clinical outcomes associated with apixaban and
vitamin K antagonists (VKAs) in managing AF patients on dialysis. Methods: Literature from the PubMed and Embase databases up to
March 2024 underwent systematic scrutiny for inclusion. The results were narratively summarized. Results: Six studies were included
in this review, comprising the AXADIA-AFNET 8 study, the RENAL-AF trial, and four observational studies. In a French nationwide
observational study, patients initiated on apixaban demonstrated a diminished risk of thromboembolic events (hazard ratios [HR]: 0.49;
95% confidence interval [CI]: 0.20—0.78) compared to those on VKAs. A retrospective review with a 2-year follow-up, encompassing
patients with AF and ESKD on hemodialysis, evidenced no statistical difference in the risk of symptomatic bleeding and stroke between
the apixaban and warfarin groups. Two retrospective studies based on the United States Renal Data System (USRDS) database both
indicated no statistical difference between apixaban and VKAs in the risk of thromboembolic events. One study reported that apixaban
correlated with a reduced risk of major bleeding relative to warfarin (HR: 0.72, 95% CI: 0.59-0.87), while the other study suggested that
apixaban was associated with a decreased risk of mortality compared to warfarin (HR: 0.85, 95% CI: 0.78-0.92). The AXADIA-AFNET
8 study found no differences between apixaban and VKAs in safety or effectiveness outcomes for AF patients on dialysis. The RENAL-
AF trial, however, was deemed inadequate for drawing conclusions due to its small sample size. Conclusions: Currently, the published
studies generally support that apixaban exhibits non-inferior safety and effectiveness outcomes compared to VKAs for AF patients on
dialysis.
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1. Introduction going dialysis [9]. VKAs inhibit the synthesis of vita-
min K-dependent clotting factors, thereby indirectly halting
the coagulation cascade [10]. However, the emergence of
DOAC:S has resulted in a decline in VKA usage for treat-
ing AF patients on dialysis. This transition is attributed to
the narrow therapeutic index, frequent monitoring require-
ments, and potential drug and food interactions associated
with VKAs [11]. Observational studies have also indicated
that the utilization of conventional VKAs in patients with
renal insufficiency may lead to a higher risk of severe bleed-
ing and vascular calcification, potentially contributing to
atherosclerosis [12,13].

Atrial fibrillation (AF) is a common arrhythmia in
patients with end-stage kidney disease (ESKD) [1]. Re-
cent studies have reported a higher incidence of AF in pa-
tients undergoing dialysis (hemodialysis or peritoneal dial-
ysis) [2—4]. AF is associated with a five-fold increased risk
of stroke or systemic embolism (SE), and ESKD is also
linked to a heightened risk of cardiovascular diseases, in-
cluding stroke [5,6]. Therefore, anticoagulant therapy, such
as vitamin K antagonists (VKAs) and direct oral anticoag-
ulants (DOAC:sS), is crucial for preventing these complica-
tions. However, managing anticoagulation therapy in pa-
tients with AF undergoing dialysis presents unique chal-
lenges due to altered pharmacokinetics and an elevated risk
of bleeding [7,8].

Apixaban, a DOAC, selectively targets factor Xa, re-
sulting in a more direct and predictable anticoagulant ef-
fect. These mechanistic disparities could potentially impact
treatment outcomes, including efficacy and safety, for pa-

Among the available anticoagulants, both warfarin
and apixaban are widely used and FDA-approved medi-
cations suitable for patients with kidney disorders under-

tients undergoing dialysis. Compared to VKAs, apixaban
may offer several advantages due to its rapid pharmaco-
dynamic response, reduced drug interactions, lack of need
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for consistent clinic monitoring, and ability to be safely ad-
ministered at fixed doses without pharmacogenetic analysis
[14]. Several studies have reported that apixaban is more
effective than VKAs in preventing stroke among patients
with AF [15-17]. Concerning bleeding, Reed ef al. [18]
observed a lower incidence of major bleeding in patients
treated with apixaban compared to warfarin. Granger and
colleagues [14] reported a 7.7% reduction in any bleeding
events in the apixaban group compared with that in the war-
farin group. Additionally, a comprehensive study demon-
strated that apixaban has an equivalent effect to warfarin in
preventing thromboembolic events while generally exhibit-
ing a comparable yet improved safety profile in terms of
bleeding events [19]. However, despite the bleeding risks
associated with medication, individual patient characteris-
tics, such as impaired renal function, can also contribute to
increased bleeding. Further investigation is warranted to
evaluate the benefit-risk ratio of anticoagulant therapy for
AF patients on dialysis, as well as to compare the safety and
effectiveness of apixaban with VKAs.

Currently, several studies have specifically investi-
gated the therapeutic efficacy and prognosis of apixaban
relative to VKAs in patients with ESKD and AF undergo-
ing dialysis. Therefore, this review aimed to consolidate
recent pertinent studies assessing the therapeutic effects of
apixaban and VKAs in AF patients with dialysis.

2. Methods
2.1 Search Strategy

Two authors conducted the literature search indepen-
dently. The PubMed and Embase databases were system-
atically searched until March 2024. We sought studies re-
porting the effectiveness and safety outcomes of apixaban
and VKAs in AF patients with ESKD on dialysis. The
search primarily employed the following keywords: (1)
“atrial fibrillation”, (2) “dialysis” OR “hemodialysis”, (3)
“apixaban”, (4) “vitamin K antagonists” OR “warfarin” OR
“coumadin” OR “acenocoumarol” OR “phenprocoumon”.
Detailed search strategies are provided in Supplementary
Table 1. No linguistic restrictions were imposed during
the literature search. Although this review systematically
searched the literature, it is ultimately a narrative review
and therefore not registered.

2.2 Inclusion and Exclusion Criteria

Studies eligible for inclusion in this review should
meet the following criteria: (1) study design: randomized
controlled trials (RCTs) or observational cohort studies; (2)
population: patients with AF and end-stage renal disease on
dialysis (hemodialysis or peritoneal dialysis); (3) groups:
apixaban versus VKAs (e.g., warfarin, coumadin, aceno-
coumarol, phenprocoumon); (4) outcomes: effectiveness
and safety outcomes extracted from the original included
studies. Publication types, such as reviews, comments,

case reports, case series, letters, editorials, and meeting ab-
stracts, were excluded due to insufficient data.

2.3 Study Selection

The literature search strategies employed in this study
are delineated in Fig. 1. Initially, a total of 455 studies
were identified in the PubMed and Embase databases. Sub-
sequently, 445 studies were excluded via the title/abstract
screenings. After that, 10 studies were under full-text
screening, and 4 studies were further excluded because (1) 3
studies included a mix of venous thromboembolism (VTE)
and AF [18,20,21], and (2) one study did not use VKAs as
controls [22]. Consequently, a total of 6 studies (compris-
ing 2 RCTs [23,24] and 4 observational cohorts [25-28])
were ultimately included in this review.

3. Results
3.1 Baseline Characteristics of Included Studies

Table 1 (Ref. [23-28]) outlines the baseline data from
the 6 studies included in this review. It included author
names, study design pattern, follow-up duration, sample
size, apixaban dosing regimen, baseline characteristics of
the study population, and comorbid conditions.

The retrospective cohort study by Siontis et al. [25]
included a total of 9404 matched cohorts with ESKD un-
dergoing hemodialysis or peritoneal dialysis. Data were ex-
tracted from the United States Renal Data System (USRDS)
spanning from October 2010 to December 2015. The study
comprised 7053 warfarin users and 2351 apixaban users
(44% on 5 mg twice daily (BID), 56% on 2.5 mg BID),
with an average age of 68.2 years and 45.7% being female.
Another retrospective cohort study by Wetmore et al. [26]
in 2022 involved 17,156 patients with AF on hemodialy-
sis, also sourced from the USRDS database between April
2013 and December 2018. Among them, 12,517 patients
received warfarin treatment, and 4639 patients were pre-
scribed apixaban, with 52% on 5 mg BID and 48% on 2.5
mg BID. The average age of the patients was 66.2 + 9.4
years, with 38.3% being female.

The French national retrospective study conducted
Laville et al. [27] utilized data extracted from the French
Renal Epidemiology and Information Network (REIN) reg-
istry and the French national healthcare system database
(SNDS) between January 2012 and December 2020. This
study aimed to compare the safety and effectiveness of
DOAC:S versus VKA for dialysis patients. It included 298
apixaban users and 8471 VKA users for evaluation in its
secondary analysis. Finally, the retrospective cohort study
by Moore et al. [28] analyzed data from electronic health
records obtained from 11 acute care hospitals and 5 anti-
coagulation centers between January 2018 and December
2019, with a 2-year follow-up chart review. In total, 53
patients (32 on 2.5 mg BID and 21 on 5 mg BID) were re-
cruited into the apixaban group, and 57 patients were in-
cluded in the warfarin group.
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Fig. 1. Flow chart that summarizes the literature search process. VTE, venous thromboembolism; AF, atrial fibrillation; VKAs,

vitamin K antagonists.

The AXADIA-AFNET 8 study, conducted by Rei-
necke et al. [24] spanned from June 2017 to May 2022
and included 97 patients with AF undergoing hemodialysis.
The trial randomized 48 subjects to the apixaban group (2.5
mg BID) and the other 47 subjects to the VKA group. The
average age of participants was 75 years, with females com-
prising 30% of the cohort, and the median follow-up time
was 462 days. The RENAL-AF trial, led by Pokorney et al.
[23], was a RCT comparing apixaban versus warfarin in AF
patients on hemodialysis. It enrolled a total of 154 patients
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(82 on apixaban and 72 on warfarin). Among the apixa-
ban patients, 71% received a standard dosing regimen (5
mg BID), while the remaining 29% received reduced dos-
ing (2.5 mg BID) due to age >80 years, weight <60 kg, or
both. The average age of participants was 68 years, with
females representing 56% of the cohort. This trial com-
menced in January 2017 and concluded in January 2019,
with an individual therapeutic duration up to 15 months.
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Table 1. Baseline characteristics and demographic information of included studies.

. CHAQDSQVASC .
0, 0, 0, 0, 0,
Refs. Study design Aplxsban, VIiAs, Dose of Apixaban Age, years (SD)  Gender, n male (%) score, mean HTN, n (%) DM, n (%) Prior stroke, n (%) HEF, n (%)
Api VKAs  Api VKAs Api VKAs Api VKAs Api VKAs Api VKAs Api VKAs
Siontis et al. Observational, US 2351 23,172 Apixaban 5 mg 68.87 68.15 1280 12,572 597 594 2342 23,079 1773 17,348 778 7683 7683 778
[25] Renal Data System BID (43%), 2.5 mg (11.49) (11.93) (54.4) (54.3) ' ' (99.6) (99.6) (75.4) (74.9) (33.1) (33.2) (33.2) (33.1)
Database, BID (57%)
10/2010-12/2015.
Wetmore et al. Observational, US 4639 12,517 Apixaban 5mg Overall 66.2 Overall 2.5-mg (4.7), 2.5-mg (97.2%), o, 2.5-mg(79.2%), o 2.5-mg (66.1%), N
[26] Renal Data System BID (51%), 2.5 mg 9.4 61.7% 5-mg (4.3) 4 5-mg (96.3%) 95.3% 5-mg (76.4%) 76.6% N/A - N/A 5-mg (63.1%) 65.2%
Database, BID (49%)
04/2013-12/2018.
Moore et al Apixaban 5 mg
(28] ' Observational, 11 53 57 BID (39%),2.5mg 68.74 63.37 29 30 3 3 N/A N/A N/A N/A 17 23 N/A N/A
acute care hospitals BID (61%) (10.28) (16.18) (54.7) (54.5) (32.1) (40.4)
and 5 anticoagulation
centers, 2-year
follow-up.
Laville et al. .
[27] Observational, French 298 8471 N/A 74 (N/A) 73 (N/A) 64% 63% N/A N/A N/A N/A 51% 46% 23% 22% 26% 28%
REIN registry,
01/2012-12/2020.
?iffléﬁmm Rgl’x_zuday 48 49 Ap"‘at;‘I“Dz's T8 747 748 31 37 450 454 N/A N/A N/A NA 8 8 N/A N/A
Y p: 1) (7.9 (646) (75.5) (16.7) (16,3)
ﬁfﬁé;’” Rcfzil:“s” Tlomh 82 72 N/A 69.0 680 48 50 4.0 4.0 N/A NA  42(512) 4 17 12 43 (52.4) 41
P: (7.0) (7.5)  (58.5) (69.4) (65.3) (20.7) (16.7) (56.9)

N/A, not applicable; VKA, vitamin K antagonist; RCT, randomized controlled trial; REIN, renal epidemiology and information network; Api, apixaban; HTN, hypertension; DM, diabetes mellitus; HF, heart failure; BID, twice
daily.
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Table 2. Effectiveness outcomes between apixaban and VKAs of included studies.

Results

Reference Effectiveness outcomes HR (95% CI) p-value
Apixaban VKAs
Siontis et al. [25] Stroke or systemic embolism 12.4%/100 PY (n=81) 11.8%/100 PY (n=373) 0.88 (0.69, 1.12) 0.29
Wt ¢ al. [26] Strok e boli 5-mg: 2.0%/100 PY (n=52) 2.1%/100 PY (n=424) 5-mg: 0.89 (0.65, 1.21) N/A
etmore et al. roke or systemic embolism

Y 2.5-mg: 1.9%/100 PY (n=54) 2.5-mg: 0.85 (0.62, 1.17)

Moore et al. [28] Hospitalization or emergency department visit for ischemic stroke 7.5% m=4) 10.5% (n=6) N/A 0.742

Laville e al. [27] Thromboembolism events 9.7% (n=29) 51.0% (n=2513) 0.49 (0.30, 0.78) N/A

Cardi 1 rtalit dial infarction, ischemic strok
AXADIA-AFNET 8 Study [24] o ovaseuiar mortatity, myocardial tiarchion, 1SCemic stroke, 20.8% (n = 10) 30.6% (n = 15) N/A 0.508
deep vein thrombosis, pulmonary embolism
. Stroke 2% (n=2) 3% (n=2)

RENAL-AF trial [23] N/A N/A

Death 26% (n=21) 18% (n=13)

PY, patient-years; N/A, not applicable; HR, hazard ratio; CI, confidence interval; VKA, vitamin K antagonist; AXADIA-AFNET, Compare Apixaban and Vitamin K Antagonists in Patients With Atrial
Fibrillation and End-Stage Kidney Disease; RENAL-AF, Renal Hemodialysis Patients Allocated Apixaban Versus Warfarin in Atrial Fibrillation. Results from intention-to-treat (ITT) analysis were included.

Table 3. Safety outcomes between apixaban and VKAs of included studies.

Results
Reference Safety outcomes HR (95% CI) p-value
Apixaban VKAs
Major bleeding 19.7%/100 PY (n = 129) 22.9%/100 PY (n=715)  0.72(0.59, 0.87) < 0.001
Siontis et al. [25] Gastrointestinal bleeding 23.8%/100 PY (n=155) 23.4%/100 PY (n=710)  0.86 (0.72, 1.02) 0.09
iontis et al.
Intracranial bleeding 3.1%/100 PY (n=21) 3.5%/100 PY (n=111) 0.79 (0.49, 1.26) 0.32
Death 23.7%/100 PY (n=159) 24.9%/100 PY (n=753)  0.85(0.71, 1.01) 0.06

Wetmore et al. [26]

5-mg: 4.5%/100 PY (n=127)  6.3%/100 PY (n=1226)  0.67(0.55,0.81)  p < 0.05

Major bleeding

2.5-mg: 4.7%/100 PY (n=117) 0.68 (0.55,0.84)  p <0.05

5-mg: 24.4%/100 PY (n=716)  28.8%/100 PY (n=6096) 0.85(0.78,0.92)  p < 0.05

All-cause mortality

2.5-mg: 28.0%/100 PY (n=741) 0.97 (0.89, 1.05) p > 0.05
Moore et al. [28] Symptomatic bleeding 39.6% (n=21) 36.8% (n=21) N/A 0.918
Laville et al. [27] Major bleeding 6.0% (n=18) 14.4% (n = 1220) 0.54 (0.22, 1.32) N/A
AXADIA-AFNET 8 Study [24] Major bleeding or all-cause death 48.5% (n=122) 51.0% (n = 25) 0.93 (0.53, 1.65) N/A
RENAL-AF trial [23] Major or clinically relevant nonmajor bleeding 26% (n=21) 22% (n=16) N/A N/A

PY, patient-years; N/A, not applicable; HR, hazard ratio; CI, confidence interval; VKA, vitamin K antagonist; AXADIA-AFNET, Compare Apixaban and Vitamin K Antagonists in
Patients With Atrial Fibrillation and End-Stage Kidney Disease; RENAL-AF, Renal Hemodialysis Patients Allocated Apixaban Versus Warfarin in Atrial Fibrillation. Results from

intention-to-treat (ITT) analysis were included.


https://www.imrpress.com

3.2 Apixaban in AF Patients on Dialysis: Evidence from
Retrospective Cohorts

Tables 2,3 (Ref. [23-28]) delineate the key outcomes
from the included observational studies. Siontis ef al. [25]
found that the incidence of stroke or SE was 12.4% in the
apixaban group and 11.8% in the warfarin group, with no
significant difference in mortality free of stroke or SE be-
tween the two groups. The hazard ratio (HR) for treating
stroke/SE as a death risk was 0.88 (95% confidence interval
[CI]: 0.69—1.12) for apixaban compared to warfarin, indi-
cating no statistically significant difference. Furthermore,
the apixaban cohort exhibited a reduced risk of major bleed-
ing compared to the warfarin cohort (HR: 0.72, 95% CI:
0.59-0.87). No significant difference was noted in gastroin-
testinal (GI) bleeding (HR: 0.86, 95% CI: 0.72-1.02) or in-
tracranial bleeding between apixaban and warfarin. Sim-
ilarly, there was no significant trend observed in all-cause
mortality between the two groups (HR: 0.85, 95% CI: 0.71—
1.01). Notably, the standard apixaban group (5 mg BID) ex-
hibited significantly lower risk of stroke or SE (HR: 0.64,
95% CI: 0.42—0.97), major bleeding (HR: 0.71, 95% CI:
0.53-0.95), and mortality (HR: 0.63, 95% CI: 0.46-0.85)
compared to the warfarin group. In line with the standard
dose group, the reduced apixaban dosage group (2.5 mg
BID) exhibited a diminished risk of major bleeding rela-
tive to warfarin (HR: 0.71, 95% CI: 0.56-0.91), while there
were no notable differences in stroke, SE or mortality. Ad-
ditionally, there were no statistical variances between the
5 mg BID and 2.5 mg BID apixaban groups regarding the
incidence of GI or intracranial bleeding compared to war-
farin.

Another retrospective cohort study by Wetmore and
colleagues [26] suggested that there was no significant dif-
ference in the incidence of stroke/SE among the label-
concordant apixaban group (5 mg BID), the below-label
apixaban group (2.5 mg BID), and the warfarin group ac-
cording to intention-to-treat (ITT) analysis. Both the 5 mg
BID apixaban group (HR: 0.67, 95% CI: 0.55-0.81) and the
2.5 mg BID apixaban group (HR: 0.68, 95% CI: 0.55-0.84)
demonstrated a decreased risk of major bleeding compared
to the warfarin group in the ITT analysis. However, there
was no difference in the risk of major bleeding between the
5 mg BID apixaban group and the 2.5 mg BID group (HR:
1.02, 95% CI: 0.78-1.34). Regarding all-cause mortality
(ITT analysis), the 5 mg BID apixaban group exhibited a re-
duced risk compared to the warfarin group (HR: 0.85, 95%
CI: 0.79-0.92), whereas no difference was observed be-
tween the warfarin group and the 2.5 mg BID apixaban dos-
ing group (HR: 0.97, 95% CI: 0.89-1.05). Similar results
were obtained from censored at drug switch or discontinu-
ation (CAS) analysis. Pooled apixaban users did not show
any significant difference compared to warfarin in terms of
the incidence of stroke/SE. However, apixaban was asso-
ciated with a lower risk of major bleeding (ITT, HR: 0.69,
95% CI: 0.60-0.80) and decreased mortality compared to

warfarin (HR: 0.79, 95% CI: 0.70-0.90) for ITT analysis,
although no difference was observed in CAS analysis.

Furthermore, the French observational study [27] re-
ported that 29 patients (9.73%) in the apixaban group and
2513 patients (29.86%) in the VKAs group experienced
thromboembolism events (HR: 0.49; 95% CI: 0.20-0.78),
indicating a lower risk for effectiveness outcomes with
apixaban administration relative to VKAs. However, no
statistical difference was observed in major bleeding events
between apixaban and VKAs (HR: 0.50; 95% CI: 0.24—
1.04). Moreover, in the multi-centered retrospective cohort
by Moore et al. [28], there was no significant difference
between apixaban and warfarin in terms of ischemic stroke
events after a 2-year follow-up. Four participants (7.5%)
in the apixaban group and six participants (10.5%) in the
warfarin group experienced thromboembolic events (p =
0.742). Notably, all patients meeting the primary outcomes
in the apixaban group underwent 2.5 mg BID. Additionally,
there was no disparity in the risk of symptomatic bleed-
ing between the apixaban group and the warfarin groups
(apixaban vs. warfarin = 39.6% vs. 36.8%). Thrombocy-
topenia was experienced by 22.6% of patients in the apix-
aban group and 21.1% in the warfarin group. Particularly,
the discontinuation rate during the two-year follow-up was
73.6% in the apixaban group and 73.7% in the warfarin
group, with high mortality contributing to the discontinu-
ation (27 (50.9%) patients in the apixaban group and 25
(43.9%) in the warfarin group died during the study period).

3.3 Apixaban in AF Patients on Dialysis: Evidence from
RCTs

Tables 2,3 delineate the key outcomes of the included
RCTs. In the RCT conducted by Reinecke and colleagues
[24], safety outcomes were evaluated based on the occur-
rence of the first event of major bleeding, clinically associ-
ated nonmajor bleeding, or all-cause death, while efficacy
outcomes comprised the composite of ischemic stroke, my-
ocardial infarction, deep vein thrombosis, pulmonary em-
bolism, or all-cause death. Regarding the primary compos-
ite safety outcome, no significant difference was observed
between the apixaban (22 patients, 45.8%) and the VKA
group (25 patients, 51.0%), with an HR of 0.93 (95% CI:
0.53-1.65). Among on-treatment events, 18 safety events
occurred in the apixaban group and 18 events in the VKA
group. Overall, the incidence of the composite primary
safety outcome in the full analysis set was 79% in the
VKAs treatment group and 59% in the apixaban treatment
group. The efficacy outcome events occurred in 10 pa-
tients (20.8%) in the apixaban group compared to 15 pa-
tients (30.6%) in the VKA group. Furthermore, cumulative
incidences of the primary efficacy events in the full analysis
set were 54% in the VKA group and 32% in the apixaban
treatment group. Additionally, no statistically significant
difference was found between apixaban and VKAs in indi-
vidual events such as major bleeding (10.4% vs. 12.2%),
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myocardial infarction (4.2% vs. 6.1%), and all-cause death
(18.8% vs. 24.5%).

In the study by Pokorney et al. [23], the 1-year in-
cidence of major or clinic-related non-major bleeding was
32% in the apixaban group and 26% in the warfarin group
(HR: 1.20, 95% CI: 0.63-2.30). Meanwhile, the 1-year in-
cidence of stroke or SE was 3.0% in the apixaban group
and 3.3% in the warfarin group. Notably, death emerged as
the most prevalent major event in both the apixaban group
(21 of 82, 26%) and the warfarin group (13 of 72, 18%).
A pharmacokinetic study was also conducted for apixaban
on 50 enrolled patients, revealing a median steady-state 12-
hour area under the curve of 2475 ng/mL xh (10th to 90th
percentiles, 1342—-3285) for patients receiving 5 mg dosing
and 269 ng/mL xh (10th to 90th percentiles, 615-1946) for
those on the 2.5 mg apixaban dosing arm, indicating sub-
stantial overlap between the maximum and minimum blood
concentrations of apixaban.

4. Discussion

Atrial fibrillation stands as the most prevalent clin-
ically managed cardiac arrhythmia globally, inherently
linked to an increased risk of thromboembolic events [29].
Factors such as heightened oxidative stress and inflam-
mation represent primary pathogenic contributors to AF,
severely impacting atrial structural and electrical remod-
eling [30]. Chronic obstructive pulmonary disease is also
closely correlated with atrial fibrillation due to the increased
oxidative stress it causes, which is implicated in compro-
mised diastolic function and abnormal electrocardiogram
findings [31]. Notably, epigenetic modifications by mi-
croRNAs further exacerbate the persistent occurrence of
AF, exacerbating atrial fibrosis and cardiac electrical prop-
erties [32]. Additionally, excessive inflammatory stress
may also significantly contribute to AF persistence and re-
currence [33]. Anaberration in calcium handling represents
another major pathogenic mechanism, potentially leading
to reduced calcium overload in atrial myocytes and subse-
quent atrial arrhythmic events [34]. Together, these factors
play a pivotal role in the initiation and progression of AF,
while also facilitating thrombosis formation. Atrial fibro-
sis and electrical alternations could elicit blood stasis and
slow intra-atrial flows, thereby favoring local thrombotic
patterns [35]. An inflammatory endothelium, diminished
anticoagulant factors, and increased procoagulant factors
further contribute to systemic prothrombotic patterns [36].
Therefore, anticoagulant therapy is crucial for patients with
AF. However, AF patients undergoing dialysis treatment
also face a significantly heightened risk of bleeding [7],
presenting a challenge to current anticoagulant therapy for
these individuals.

The present understanding of the effectiveness and
safety of apixaban and VKAs regarding their application
in AF patients on dialysis remains incomplete. Two retro-
spective cohort studies [25,26], both utilizing data from the
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USRDS database across different time periods, compared
apixaban to warfarin in this population. Another retro-
spective study [28] conducted in the United States included
patients from multiple centers but with a limited sample
size. The French nationwide study [27] drew data from the
REIN registry, aiming to assess the anticoagulant efficacy
of DOAC therapy and VKAs therapy in dialysis patients.
The RENAL-AF trial [23], a pioneering investigation on
the effect of apixaban and warfarin for stroke prevention
in ESKD patients with AF undergoing hemodialysis, was
also conducted in the United States. Additionally, another
RCT, the AXADIA-AFNET 8 study [24], assigned patients
to either the 2.5 mg BID apixaban group or the VKA phen-
procoumon group to evaluate their effectiveness and safety.

Both retrospective studies utilizing USRDS data [25,
26] indicated that apixaban was associated with a decreased
risk of major bleeding compared to warfarin in AF patients
on dialysis. Standard apixaban dosing (5 mg BID) exhib-
ited advantages in reducing both mortality and thromboem-
bolic events compared to warfarin treatment, while no sig-
nificant difference in safety and effectiveness outcomes was
noted for reduced apixaban dosing (2.5 mg BID) relative
to warfarin. Furthermore, findings from the French nation-
wide registry [27] suggested that apixaban displayed signif-
icantly higher efficacy in reducing thrombotic events com-
pared to VKAs, with a non-significant decrease in major
bleeding risk. Similarly, the AXADIA-AFNET 8 Study
[24] revealed no differences in safety or effectiveness out-
comes between apixaban and VKAs in AF patients under-
going hemodialysis. However, the RENAL-AF trial [23]
lacked a sufficient sample size to draw adequate conclu-
sions regarding the risk of major or non-major bleeding
events comparing apixaban to warfarin. Collectively, these
results from the retrospective studies and the RCT studies
suggest that there is no evidence to indicate that apixaban
therapy is less safe or effective than VKAs.

While only a limited number of studies have delved
into investigating the safety and efficacy of apixaban and
warfarin in AF patients undergoing dialysis, their pioneer-
ing results also highlight various challenges and uncertain-
ties that may exist in future research endeavors. One of the
earliest investigations into the effects of apixaban in AF pa-
tients receiving hemodialysis was conducted by Pokorney
et al. [23], a prospective, randomized, open-label, blinded-
outcome assessment comparing apixaban to warfarin. De-
spite providing initial RCT data for apixaban in this pop-
ulation, Pokorney’s study was limited by its small sample
size, precluding definitive conclusions. This difficulty may
be attributed to concerns voiced by many physicians who
deem anticoagulation inappropriate for ESKD patients with
AF on hemodialysis, resulting in significant resistance in
volunteer recruitment. Consistent with this concern, the
RENAL-AF trial by Pokorney reported a notable mortality
rate, with 34 patients (22%) deceased, alongside 37 patients
experiencing major or nonmajor bleeding events, while 4
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patients (3%) suffered from stroke/SE. This high mortal-
ity and incidence of bleeding relative to thromboembolism
raise questions regarding the optimal strategy for stroke
prevention in AF patients on dialysis. A Canadian ob-
servational study revealed a hospitalization-related bleed-
ing rate of 7.3% per year among this population, with a
slightly higher bleeding rate among patients on anticoag-
ulation (10.9% per year). While the study by Siontis ef al.
[25] suggested a significantly higher major bleeding rate of
22.3% per year among AF patients on hemodialysis receiv-
ing anticoagulant treatment. Future investigations are im-
perative to determine the balance between the benefits of
stroke prevention and the risks of major bleeding associ-
ated with anticoagulation in influencing all-cause mortality
for AF patients on dialysis.

In the context of patient management in atrial fibril-
lation, the safety profile of non-vitamin K antagonist oral
anticoagulants (NOACs) compared to VKAs has been ex-
tensively evaluated. NOACs are generally considered su-
perior to VKAs, demonstrating a reduced incidence of in-
tracranial and major bleeding events [37]. A meta-analysis
conducted by Silverio et al. [38], comprising 22 stud-
ies involving 440,281 AF patients, revealed that NOACs
were associated with lower risk of intracranial bleeding
(HR: 0.46, 95% CI: 0.38-0.58), hemorrhagic stroke (HR:
0.61, 95% CI: 0.48-0.79), and fatal bleeding (HR: 0.46,
95% CI: 0.30-0.72), while exhibiting increased gastroin-
testinal bleeding (HR: 1.46, 95% CI: 1.30-1.65) relative
to VKAs. Consistent with these findings, a network meta-
analyses [7] reported that standard-dose DOACs were as-
sociated with a significantly reduced hazard of intracranial
bleeding (HR: 0.45, 95% CI: 0.37-0.56), but an increased
risk of gastrointestinal bleeding (HR: 1.31, 95% CI: 1.08—
1.57). Conversely, lower-dose DOACs were linked to a
non-significant risk of gastrointestinal bleeding (HR: 0.85,
95% CI: 0.62—1.18) and significantly reduced risk of in-
tracranial bleeding (HR: 0.28, 95% CI: 0.21-0.37) and ma-
jor bleeding (HR: 0.63, 95% CI: 0.45-0.88), compared to
warfarin. This heightened risk of gastrointestinal bleed-
ing associated with DOACSs relative to warfarin may be at-
tributed to their incomplete gastrointestinal absorption and
dose-dependent variations in anticoagulant intensity at the
gastrointestinal mucosa [39,40]. However, this disadvan-
tage of DOACs in AF patients may be offset by their effi-
cacy in reducing thromboembolic events, intracranial, and
fatal bleeding, which are of greater clinical significance.
Moreover, the ARISTOPHANES study [41] investigating
the safety of oral anticoagulants in nonvalvular AF Pa-
tients found that that apixaban demonstrated higher effi-
cacy in reducing stroke/SE (HR: 0.64, 95% CI: 0.58-0.70)
and a lower incidence of major bleeding (HR: 0.60, 95%
CI: 0.56-0.63) compared to warfarin. Additionally, AF pa-
tients with compromised renal function, numerous studies
[42—44] have further indicated a lower risk of major bleed-
ing events with apixaban compared to warfarin, further sup-

porting the, at least non-inferior, clinical safety of apixaban
relative to VKAs in this population.

Another RCT, the AXADIA-AFNET 8 study, con-
ducted by Reinecke and colleagues [24] in Germany,
yielded no statistically significant differences in both safety
and effectiveness outcomes between apixaban and VKAs
in patients with AF undergoing hemodialysis. However,
despite anticoagulant application, patients with AF on
hemodialysis remained at high risk of cardiovascular dis-
ease. Several weaknesses are apparent in this study. Firstly,
this RCT lacked a third control group with no anticoagulant
application, making it challenging to determine the appro-
priateness of DOACs for AF patients on hemodialysis. Al-
though the high rate of thromboembolic events from exper-
imental results rationalized this bias, the absence of a con-
trol group limits the interpretation of the findings. Further-
more, the author noted that the AXADIA-AFNET 8 Study
did not enroll an adequate number of patients as originally
planned, leading to an inability to conclusively establish the
noninferiority of apixaban to VKAs concerning safety in
the full analysis set. Additionally, the AXADIA-AFNET
8 Study only employed one regimen of apixaban (2.5 mg
BID), potentially restricting the comprehensiveness of the
results for comparing apixaban with VKAs regarding their
effectiveness and safety. Moreover, a significant propor-
tion of patients with severe or moderate-to-severe condi-
tions declined to participate in this trial, as advised by their
family practitioners. This refusal might have introduced a
strong bias in population selection and result analysis.

Four retrospective studies [25-28] demonstrated sim-
ilar drawbacks in comparing the effectiveness and safety of
apixaban and warfarin. A major limitation of their stud-
ies is their non-randomized design, inherent in retrospec-
tive studies due to the varied conditions under which data
is collected from diverse healthcare centers. This lack of
randomization introduces inconsistencies and unavoidable
confounding factors. Consequently, the results from these
retrospective studies should be interpreted as hypotheses
rather than providing practical efficacy due to their bias in
population selection stemming from their retrospective na-
ture. Another limitation is that these studies only investi-
gated databases from the United States and France, poten-
tially limiting the generalizability of their results to other
populations. This drawback may arise from the fact that
the current clinical application of DOACs for AF patients
on dialysis is predominantly approved in American and Eu-
ropean countries. This discrepancy may be influenced by
concerns or regulatory processes specific to each jurisdic-
tion, including the need for further clinical evidence or reg-
ulatory approval pathways. Therefore, clinicians should be
mindful of local regulatory guidelines and consider individ-
ual patient factors when prescribing anticoagulation therapy
for this specific population. Moreover, two USRDS retro-
spective studies ascertained the incidence of AF from prior
administrative claims [25,26], potentially leading to some
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degree of residual misclassification. Additionally, only a
small number of patients in their investigations were on
peritoneal dialysis, where warfarin might exert better ef-
fectiveness than in hemodialysis [45]. This disparity could
result in misjudgments in evaluating effectiveness. Further-
more, Laville and colleagues [27] collected data from an ad-
ministrative database, which hindered them from accessing
exact prescriptions of oral anticoagulants for each patient.
Moreover, the high discontinuation rate in Moore’s study
[28] (73.6% in the apixaban group, 73.7% in the warfarin
group) posed challenges in collecting final outcomes and
generating data for long-term therapy. Additionally, their
small sample size rendered them unable to propose statisti-
cally significant results.

Notably, two USRDS retrospective studies suggested
no difference in risk of major bleeding between the 2.5 mg
and the 5 mg dosages of apixaban [25,26]. However, con-
trary to this conclusion, an observational study by Xu et al.
[46] reported a higher risk of major bleeding in the 5 mg
apixaban dosing group (4.9% per year) compared to the 2.5
mg apixaban dosing group (2.9% per year). Additionally,
they found no disparity in thromboembolic risk (HR: 1.01,
95% CI: 0.59-1.73) or mortality (HR: 1.03, 95% CI: 0.77—
1.38) between 5 mg BID and 2.5 mg BID apixaban dosages.
Conversely, Siontis and colleagues [25] demonstrated a sig-
nificantly lower risk of stroke/SE (HR: 0.61, 95% CI: 0.37—
0.98) and death (HR: 0.64, 95% CI: 0.45-0.92) in the 5 mg
apixaban group compared to the 2.5 mg dosing group, in-
dicating uncertainty regarding the safety and effectiveness
of different apixaban dosages. Pharmacodynamic findings
from the RENAL-AF study suggest that plasma concentra-
tions resulting from the 2.5 mg BID dosage assessed in the
AXADIA-AFNET 8 study are akin to those seen in indi-
viduals without kidney disease, while concentrations result-
ing from the 5 mg BID dosage are comparable to those ob-
served in patients with chronic kidney disease. This implies
that an individual’s renal excretion function could signifi-
cantly influence the pharmacodynamic outcomes of apix-
aban. Moore et al. [28] also noted that some patients
were maintained on the 2.5-mg BID dosage solely due to
severe renal dysfunction, rather than meeting two out of
three criteria for dose adjustment [28]. Additionally, the 5
mg BID dosage demonstrated no correlation with a higher
risk of bleeding. Furthermore, the current apixaban dos-
ing recommendation remains divergent between the Euro-
pean Medicines Agency and the US Food and Drug Admin-
istration. The European Medicines Agency proposes that
patients suffering from severe renal impairment (estimated
creatinine clearance between 15 to 29 mL/min) should re-
ceive reduced apixaban dosing, while the FDA indicates a
different pattern concerning weight, age, and serum creati-
nine concentration [47]. These results suggest that further
investigation into the dosage regimen of apixaban is neces-
sary to minimize the risk of increased bleeding to the max-
imum extent possible.

&% IMR Press

Collectively, compared to VKAs, apixaban demon-
strates non-inferiority in both safety and effectiveness for
preventing ischemic stroke/embolic events in AF patients
undergoing dialysis. In view of the potentially favorable
risk-benefit ratio for patients having dialysis, apixaban may
serve as a promising alternative regimen to VKAs. Urgent
large-scale, multi-centered RCT studies are necessary to
thoroughly investigate the effectiveness and safety of apix-
aban and warfarin in this specific population, especially as
more countries approve the clinical use of DOACs, includ-
ing apixaban. Specifically, the impact of anticoagulants
on stroke prevention and the risk of major bleeding war-
rants reevaluation. Furthermore, the new guidance of the
recommended apixaban dosage pattern needs to be reen-
acted. Future investigations should include a larger pro-
portion of patients with severe or moderate-to-severe con-
ditions to achieve a more comprehensive understanding of
the outcomes.

5. Limitations

This narrative review has several limitations. Firstly,
the conclusion supporting apixaban as a non-inferior ther-
apeutic option to VKAs for AF patients on dialysis is sub-
ject to several drawbacks. The limited number of studies
investigating the use of apixaban and VKAs in this par-
ticular population constrain the robustness of our conclu-
sion, which relies on a narrative assessment of six stud-
ies. The inconsistency of information generated by indi-
vidual studies with different research types and experimen-
tal criteria precludes quantitative analysis across studies.
Importantly, the absence of statistical analysis with pooled
data can introduce potential bias. Secondly, with four stud-
ies conducted in the USA and the remaining two in Eu-
rope, the generalizability of our recommendation may not
extend to a global population. Another significant limita-
tion arises from the reluctance of most general practitioners
to prescribe apixaban or warfarin for patients with severe
or moderate-to-severe kidney disorders, potentially biasing
our conclusions. Moreover, one retrospective study [28]
and two RCTs [23,24] yielded no statistically significant re-
sults, suggesting no superiority of apixaban over VKAs in
terms of safety and effectiveness. Furthermore, two RCTs
included in this review recruited a relatively inadequate pa-
tient cohort into their studies, which made their experimen-
tal results unpersuasive.

6. Conclusions

Current published studies generally suggest that apix-
aban has non-inferior safety and effectiveness outcomes
compared to VKAs in AF patients on dialysis. The poten-
tially favorable risk-benefit profile of apixaban implies its
potential as a preferred alternative to VKAs for thrombotic
event prevention. Urgent attention is required for large and
multi-centered RCTs to delve deeper into the safety and ef-
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fectiveness outcomes of apixaban versus warfarin in this pa-
tient population.

Availability of Data and Materials

Data sharing is not applicable as no new data were
generated or analyzed in this study.

Author Contributions

YC, conceptualization; XD and JL, literature search-
ing; ZG and YW, data acquisition; YW, investigation; ZG
and YW wrote the original manuscript; YC, XD, JL and
YW reviewed and revised the manuscript; XD and JL, val-
idation. All authors contributed to editorial changes in
the manuscript. All authors read and approved the final
manuscript. All authors have participated sufficiently in
the work and agreed to be accountable for all aspects of the
work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment

We thanked Dr. Wengen Zhu (https://orcid.org/
0000-0002-1280-0158) for his kind help in polishing the
language of our manuscript.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

Supplementary Material

Supplementary material associated with this article
can be found, in the online version, at https://doi.org/10.
31083/j.rem2509321.

References

[1] Konigsbriigge O, Posch F, Antlanger M, Kovarik J, Klauser-
Braun R, Kletzmayr J, et al. Prevalence of Atrial Fibrillation
and Antithrombotic Therapy in Hemodialysis Patients: Cross-
Sectional Results of the Vienna InVestigation of AtrialL Fibril-
lation and Thromboembolism in Patients on HemoDIalysis (VI-
VALDI). PloS One. 2017; 12: ¢0169400.

[2] Chang CH, Fan PC, Lin YS, Chen SW, Lin MS, Wu M, et
al. Atrial fibrillation and associated outcomes in patients with
peritoneal dialysis and hemodialysis: a 14-year nationwide
population-based study. Journal of Nephrology. 2021; 34: 53—
62.

[3] Lee YH, Chen YT, Chang CC, Hsu CY, Su YW, Li SY, et al.
Risk of ischemic stroke in patients with end-stage renal disease
receiving peritoneal dialysis with new-onset atrial fibrillation.
Journal of the Chinese Medical Association: JCMA. 2020; 83:
1066-1070.

[4] Shen CH, Zheng CM, Kiu KT, Chen HA, Wu CC, Lu KC, et
al. Increased risk of atrial fibrillation in end-stage renal disease

10

—
W
—

—
N
[l

—
~
—

,_
o0
=

[10

=

[1

—

[12]

[3

—

[14

[l

[15

—

[16

=

[17

—

[18

=

patients on dialysis: A nationwide, population-based study in
Taiwan. Medicine. 2016; 95: €3933.

Healey JS, Connolly SJ, Gold MR, Israel CW, Van Gelder IC,
Capucci A, et al. Subclinical atrial fibrillation and the risk of
stroke. The New England Journal of Medicine. 2012; 366: 120—
129.

Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ,
Blomstrom-Lundqvist C, ef al. 2020 ESC Guidelines for the di-
agnosis and management of atrial fibrillation developed in col-
laboration with the European Association for Cardio-Thoracic
Surgery (EACTS): The Task Force for the diagnosis and man-
agement of atrial fibrillation of the European Society of Cardiol-
ogy (ESC) Developed with the special contribution of the Euro-
pean Heart Rhythm Association (EHRA) of the ESC. European
Heart Journal. 2021; 42: 373-498.

Carnicelli AP, Hong H, Connolly SJ, Eikelboom J, Giugliano
RP, Morrow DA, et al. Direct Oral Anticoagulants Versus War-
farin in Patients With Atrial Fibrillation: Patient-Level Network
Meta-Analyses of Randomized Clinical Trials With Interaction
Testing by Age and Sex. Circulation. 2022; 145: 242-255.
Harrington J, Carnicelli AP, Hua K, Wallentin L, Pate]l MR,
Hohnloser SH, et al. Direct Oral Anticoagulants Versus Warfarin
Across the Spectrum of Kidney Function: Patient-Level Net-
work Meta-Analyses From COMBINE AF. Circulation. 2023;
147: 1748-1757.

Bowie M, Valencia V, Perez-Alvarez I, Tran MH. Safety anal-
ysis of apixaban versus warfarin in patients with advanced kid-
ney disease. Journal of Thrombosis and Thrombolysis. 2018; 46:
246-252.

Voukalis C, Lip GYH, Shantsila E. Non-vitamin K oral antico-
agulants versus vitamin K antagonists in the treatment of venous
thromboembolic disease. Expert Opinion on Pharmacotherapy.
2016; 17: 2033-2047.

Steffel J, Luscher TF. Vitamin K antagonists. Ready to be re-
placed? Hamostaseologie. 2012; 32: 249-257.
Chokesuwattanaskul R, Thongprayoon C, Tanawuttiwat T,
Kaewput W, Pachariyanon P, Cheungpasitporn W. Safety and
efficacy of apixaban versus warfarin in patients with end-stage
renal disease: Meta-analysis. Pacing and Clinical Electrophysi-
ology: PACE. 2018; 41: 627-634.

Stanifer JW, Pokorney SD, Chertow GM, Hohnloser SH, Wo-
jdyla DM, Garonzik S, et al. Apixaban Versus Warfarin in Pa-
tients With Atrial Fibrillation and Advanced Chronic Kidney
Disease. Circulation. 2020; 141: 1384-1392.

Granger CB, Alexander JH, McMurray JJV, Lopes RD, Hylek
EM, Hanna M, ef al. Apixaban versus warfarin in patients with
atrial fibrillation. The New England Journal of Medicine. 2011;
365: 981-992.

Guimaraes PO, Pokorney SD, Lopes RD, Wojdyla DM, Gersh
BJ, Giczewska A, et al. Efficacy and safety of apixaban vs war-
farin in patients with atrial fibrillation and prior bioprosthetic
valve replacement or valve repair: Insights from the ARISTO-
TLE trial. Clinical Cardiology. 2019; 42: 568-571.

Kuno T, Takagi H, Ando T, Sugiyama T, Miyashita S, Valentin
N, et al. Oral Anticoagulation for Patients With Atrial Fibrilla-
tion on Long-Term Hemodialysis. Journal of the American Col-
lege of Cardiology. 2020; 75: 273-285.

Pan KL, Singer DE, Ovbiagele B, Wu YL, Ahmed MA, Lee M.
Effects of Non-Vitamin K Antagonist Oral Anticoagulants Ver-
sus Warfarin in Patients With Atrial Fibrillation and Valvular
Heart Disease: A Systematic Review and Meta-Analysis. Jour-
nal of the American Heart Association. 2017; 6: e005835.
Reed D, Palkimas S, Hockman R, Abraham S, Le T, Maitland
H. Safety and effectiveness of apixaban compared to warfarin
in dialysis patients. Research and Practice in Thrombosis and
Haemostasis. 2018; 2: 291-298.

&% IMR Press


https://orcid.org/0000-0002-1280-0158
https://orcid.org/0000-0002-1280-0158
https://doi.org/10.31083/j.rcm2509321
https://doi.org/10.31083/j.rcm2509321
https://www.imrpress.com

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

Fatima H, Nwankwo I, Anam M, Maharjan S, Amjad Z, Abaza
A, et al. Safety and Efficacy of Apixaban vs Warfarin in Patients
With Stage 4 and 5 Chronic Kidney Disease: A Systematic Re-
view. Cureus. 2022; 14: €30230.

Tonescu F, Cooper C, Petrescu I, George J, Mansuri S. Safety
of apixaban compared to warfarin in hemodialysis patients: Do
antiplatelets make a difference? European Journal of Haematol-
ogy. 2021; 106: 689-696.

Sarratt SC, Nesbit R, Moye R. Safety Outcomes of Apixaban
Compared With Warfarin in Patients With End-Stage Renal Dis-
ease. The Annals of Pharmacotherapy. 2017; 51: 445-450.
Mavrakanas TA, Garlo K, Charytan DM. Apixaban versus No
Anticoagulation in Patients Undergoing Long-Term Dialysis
with Incident Atrial Fibrillation. Clinical Journal of the Ameri-
can Society of Nephrology: CJASN. 2020; 15: 1146-1154.
Pokorney SD, Chertow GM, Al-Khalidi HR, Gallup D, Dig-
nacco P, Mussina K, et al. Apixaban for Patients With Atrial
Fibrillation on Hemodialysis: A Multicenter Randomized Con-
trolled Trial. Circulation. 2022; 146: 1735-1745.

Reinecke H, Engelbertz C, Bauersachs R, Breithardt G, Echter-
hoff HH, Ger3 J, et al. A Randomized Controlled Trial Compar-
ing Apixaban With the Vitamin K Antagonist Phenprocoumon
in Patients on Chronic Hemodialysis: The AXADIA-AFNET 8
Study. Circulation. 2023; 147: 296-3009.

Siontis KC, Zhang X, Eckard A, Bhave N, Schaubel DE, He K,
et al. Outcomes Associated With Apixaban Use in Patients With
End-Stage Kidney Disease and Atrial Fibrillation in the United
States. Circulation. 2018; 138: 1519-1529.

Wetmore JB, Weinhandl ED, Yan H, Reyes JL, Herzog CA,
Roetker NS. Apixaban Dosing Patterns Versus Warfarin in Pa-
tients With Nonvalvular Atrial Fibrillation Receiving Dialysis:
A Retrospective Cohort Study. American Journal of Kidney Dis-
eases: the Official Journal of the National Kidney Foundation.
2022; 80: 569-579.el.

Laville SM, Couchoud C, Bauwens M, Coponat HV, Choukroun
G, Liabeuf'S, et al. Effectiveness and safety of direct oral antico-
agulants versus vitamin K antagonists in patients on chronic dial-
ysis: a nationwide registry study. Nephrology, Dialysis, Trans-
plantation: Official Publication of the European Dialysis and
Transplant Association - European Renal Association. 2024.
(online ahead of print)

Moore M, Vizcaino K, Ewing JA, St Ville M. Efficacy and safety
of apixaban compared to warfarin for nonvalvular atrial fibrilla-
tion in end-stage renal disease on hemodialysis. Journal of the
American Pharmacists Association: JAPhA. 2024; 64: 457
462.

Lau DH, Linz D, Sanders P. New Findings in Atrial Fibrilla-
tion Mechanisms. Cardiac Electrophysiology Clinics. 2019; 11:
563-571.

Sagris M, Vardas EP, Theofilis P, Antonopoulos AS,
Oikonomou E, Tousoulis D. Atrial Fibrillation: Pathogenesis,
Predisposing Factors, and Genetics. International Journal of
Molecular Sciences. 2021; 23: 6.

Matarese A, Sardu C, Shu J, Santulli G. Why is chronic obstruc-
tive pulmonary disease linked to atrial fibrillation? A systematic
overview of the underlying mechanisms. International Journal of
Cardiology. 2019; 276: 149-151.

Sardu C, Santamaria M, Paolisso G, Marfella R. microRNA ex-
pression changes after atrial fibrillation catheter ablation. Phar-
macogenomics. 2015; 16: 1863-1877.

Sardu C, Santulli G, Santamaria M, Barbieri M, Sacra C,
Paolisso P, et al. Effects of Alpha Lipoic Acid on Multiple Cy-
tokines and Biomarkers and Recurrence of Atrial Fibrillation

&% IMR Press

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[46]

[47]

Within 1 Year of Catheter Ablation. The American Journal of
Cardiology. 2017; 119: 1382-1386.

Sardu C, Santulli G, Guerra G, Trotta MC, Santamaria M, Sacra
C, et al. Modulation of SERCA in Patients with Persistent Atrial

Fibrillation Treated by Epicardial Thoracoscopic Ablation: The
CAMAF Study. Journal of Clinical Medicine. 2020; 9: 544.
Watson T, Shantsila E, Lip GYH. Mechanisms of thrombogen-
esis in atrial fibrillation: Virchow’s triad revisited. Lancet (Lon-
don, England). 2009; 373: 155-166.

Ding WY, Gupta D, Lip GYH. Atrial fibrillation and the pro-
thrombotic state: revisiting Virchow’s triad in 2020. Heart
(British Cardiac Society). 2020; 106: 1463—1468.

Calabro P, Gragnano F, Cesaro A, Marsico F, Pariggiano I, Patti
G, et al. Non-vitamin K antagonist oral anticoagulants in pa-
tients with atrial fibrillation and atrial thrombosis: An appraisal
of current evidence. Archives of Cardiovascular Diseases. 2020;
113: 642-651.

Silverio A, Di Maio M, Prota C, De Angelis E, Radano I, Citro R,
et al. Safety and efficacy of non-vitamin K antagonist oral anti-
coagulants in elderly patients with atrial fibrillation: systematic
review and meta-analysis of 22 studies and 440 281 patients. Eu-
ropean Heart Journal. Cardiovascular Pharmacotherapy. 2021;
7: 20-£29.

Desai J, Kolb JM, Weitz JI, Aisenberg J. Gastrointestinal bleed-
ing with the new oral anticoagulants—defining the issues and
the management strategies. Thrombosis and Haemostasis. 2013;
110: 205-212.

Vanassche T, Hirsh J, Eikelboom JW, Ginsberg JS. Organ-
specific bleeding patterns of anticoagulant therapy: lessons from
clinical trials. Thrombosis and Haemostasis. 2014; 112: 918—
923.

Lip GYH, Keshishian A, Li X, Hamilton M, Masseria C,
Gupta K, et al. Effectiveness and Safety of Oral Anticoagulants
Among Nonvalvular Atrial Fibrillation Patients. Stroke. 2018;
49: 2933-2944.

Nishimura M, Hsu JC. Non-Vitamin K Antagonist Oral Antico-
agulants in Patients With Atrial Fibrillation and End-Stage Re-
nal Disease. The American Journal of Cardiology. 2018; 121:
131-140.

Hijazi Z, Hohnloser SH, Andersson U, Alexander JH, Hanna M,
Keltai M, et al. Efficacy and Safety of Apixaban Compared With
Warfarin in Patients With Atrial Fibrillation in Relation to Renal
Function Over Time: Insights From the ARISTOTLE Random-
ized Clinical Trial. JAMA Cardiology. 2016; 1: 451-460.
Hohnloser SH, Hijazi Z, Thomas L, Alexander JH, Amerena J,
Hanna M, et al. Efficacy of apixaban when compared with war-
farin in relation to renal function in patients with atrial fibrilla-
tion: insights from the ARISTOTLE trial. European Heart Jour-
nal. 2012; 33: 2821-2830.

Chan PH, Huang D, Yip PS, Hai J, Tse HF, Chan TM, et al.
Ischaemic stroke in patients with atrial fibrillation with chronic
kidney disease undergoing peritoneal dialysis. Europace: Eu-
ropean Pacing, Arrhythmias, and Cardiac Electrophysiology:
Journal of the Working Groups on Cardiac Pacing, Arrhythmias,
and Cardiac Cellular Electrophysiology of the European Society
of Cardiology. 2016; 18: 665-671.

Xu Y, Chang AR, Inker LA, McAdams-DeMarco M, Grams
ME, Shin JI. Associations of Apixaban Dose With Safety and
Effectiveness Outcomes in Patients With Atrial Fibrillation and
Severe Chronic Kidney Disease. Circulation. 2023; 148: 1445—
1454.

Brophy DF. Apixaban Dosing in Chronic Kidney Disease: Dif-
ferences Between U.S. and E.U. Labeling. Journal of the Amer-
ican College of Cardiology. 2017; 69: 1211.

11


https://www.imrpress.com

	1. Introduction
	2. Methods
	2.1 Search Strategy
	2.2 Inclusion and Exclusion Criteria
	2.3 Study Selection

	3. Results
	3.1 Baseline Characteristics of Included Studies
	3.2 Apixaban in AF Patients on Dialysis: Evidence from Retrospective Cohorts
	3.3 Apixaban in AF Patients on Dialysis: Evidence from RCTs

	4. Discussion
	5. Limitations
	6. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

