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ABSTRACT

The prevalence of atrial fibrillation (AF) in patients with chronic kidney disease (CKD), especially
on hemodialysis (HD) is higher compared to the general population without CKD and reaches
~20%. The risk of ischemic stroke in CKD patients is also significantly increased. However, since the
risk of bleeding is also significantly increased in CKD patients and the number of bleeding events
exceeds the number of thrombotic events, there are great concerns regarding the routine use of
anticoagulation in this patient population. No randomized studies were performed to compare anti-
coagulation with placebo in patients with advanced CKD and AF. This lack of knowledge is reflected
in international guidelines which refrain from clear recommendations. The use of anticoagulation for
stroke prevention in HD patients with AF should be strictly individualized for each patient. Antico-
agulation for stroke prevention in HD patients with AF seems justified only in selected patients with
high stroke and low bleeding risk. Reduced-dose direct oral anticoagulants (especially apixaban)
may prove beneficial. In patients with high thrombotic and bleeding risk, left atrial appendage
closure could be considered. In this article, the results of the most relevant observational studies
with anticoagulation in CKD/HD patients with AF have been presented and discussed. Furthermore,
results of randomized studies comparing vitamin K antagonists with non-vitamin K antagonists in
CKD patients have been discussed in detail. Finally, ongoing randomized studies with reduced doses
of apixaban, factor Xl inhibitors, and left atrial appendage closure in CKD patients are mentioned.

INTRODUCTION — EPIDEMIOLOGY

AND PATHOPHYSIOLOGY

OF ATRIAL FIBRILLATION

AND CHRONIC KIDNEY DISEASE

Atrial fibrillation (AF) is characterized by rapid
and uncoordinated electrical and mechan-
ical activity of atrial cardiomyocytes. AF is
considered the most commonly sustained
arrhythmia with an estimated worldwide
prevalence of 600 per 100 000 in men and
370 per 100 000 in women, with significant
regional and ethnic variations [1, 2]. AF prev-
alence is mostly determined by age, with the
prevalence spanning from 0.1% among adults
under 55 years to 9.0% in those 80 years or
older [3]. The overall prevalence of AF may in-
crease significantly after thorough screenings
with new rhythm monitoring devices [4]. AF
is associated with increased mortality, mainly

A brief summary of rhythm control strategies in AF is given.
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due to the increased risk of stroke and wors-
ening of heart failure [5, 6]. Recently, AF has
also been linked to increased risk of cognitive
impairment and dementia [7].

Chronic kidney disease (CKD) is divided
into 5 stages according to glomerular filtra-
tion rate, with CKD 5 treated by dialysis as
end-stage chronic kidney disease. Novel,
more patient-centered, nomenclature is
now being used for patients with glomerular
filtration rate (GFR) <15 ml/min/1.73 m?or on
dialysis treatment; terms like “kidney failure”
arereplacing terms such as (end-stage kidney
disease” (ESKD) or “end-stage renal disease”
(ESRD) [8]. The prevalence of stage 5 CKD
worldwide is reported to be 0.1%; the number
of patients treated by hemodialysis varies
significantly worldwide and is substantially
higher in wealthier countries [9]. Hemodia-
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lysis is the most used form of kidney replacement therapy
(KRT) and accounts for nearly 70% of all patients on kidney
replacement therapy and nearly 90% of dialyses (the rest
being peritoneal dialysis) [10].

Thereis a close and bidirectional relationship between
CKD and AF since patients with CKD are at higher risk of AF
and AF patients are more prone to develop CKD [11-13].
AF is also associated with a significant increase in mortality
of CKD patients [14]. Estimates of the prevalence of AF dif-
fer by study cohorts. For example, the nationwide United
States Renal Data System states a prevalence of 21% and
16% in hemodialysis (HD) and peritoneal dialysis patients,
respectively [15]. Just as in the general population, the use
of novel rhythm monitoring devices has increased the num-
ber of AF patients diagnosed with kidney failure. In a study
of HD patients with implanted loop recorders, 31% (18 of
59 patients) had de novo detection of AF episodes lasting
=6 minutes during a 6-month follow-up [16].

The increased prevalence of AF in HD patients is not
surprising given the shared risk factors for both AF and CKD,
factors associated directly with advanced kidney disease,
and finally with the effects of the dialysis procedure itself.

Age is one of the greatest risk factors for both AF and
CKD [3] Other frequently shared risk factors are hyperten-
sion, obesity, and diabetes mellitus, all of which pose a ris-
ing global health burden [17]. The most common primary
renal diagnosis (cause of kidney failure in HD patients) in
the Western world is diabetes, followed by hypertension
[18,19].

The mechanisms associated with advanced kidney
disease that are involved in AF development include oxi-
dative stress, chronic inflammation, transforming growth
factor-B1 (TGF-B1) signaling, hyperactivation of the re-
nin-angiotensin-aldosterone system, and altered mineral
and bone metabolism associated with CKD, most of which
ultimately play a role in myocardial fibrosis [20-22].

The role of mineral and bone abnormalities in chronic
kidney disease and their impact on cardiovascular disease
is increasingly more recognized. Levels of fibroblast growth
factor-23 (FGF-23), a circulating peptide produced by
osteoblasts and osteocytes that is crucial for serum phos-
phate control, rise in the early stages of CKD. This cytokine
activates intracellular signaling leading to cardiac hyper-
trophy [23]. The presumed vicious cycle is left ventricular
hypertrophy leading to diastolic dysfunction, increase in left
ventricular filling pressure, and then left ventricular strain
with fibrosis and dilatation, which creates a substrate for AF.
Thus, and not surprisingly, concentrations of FGF-23 were
shown to be strongly and independently associated with
increased risk of AF incidents [24]. This situation is similar to
heart failure with preserved ejection fraction (HFpEF), which
is, by far, the most common heart failure phenotype in HD
patients [25]. It is widely known that AF and HFpEF often
coexist; AF is seen in about two-thirds of HFpEF patients
and is linked to a worse prognosis [26].
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Finally, the dialysis procedure itself is associated with
large changes in plasma constituents and volume status,
which can also play a significant role in triggering atrial
arrhythmias. In a study of dialysis patients with implanted
cardioverter defibrillators capable of continuous rhythm
monitoring, AF occurrence was analyzed in relation to
the HD procedure [27]. Of all AF episodes occurring on
HD days, 8% occurred before the dialysis procedure, 48%
during, and 43% after dialysis. AF also occurred more often
around HD with higher ultrafiltration and lower dialysate
potassium concentrations (which can serve as a surrogate
for a potassium shift with lower dialysate concentrations
indicating higher shifts between dialysate and plasma).

Hemodialysis significantly contributes to changesin se-
rum electrolytes: serum potassium concentration changes
by a mean of 1.2 mmol/l during HD, and 40% of patients
experience hypokalemia immediately after HD, and a sig-
nificant post-HD decrease was also seen in magnesium and
phosphate concentrations [28]. Pre-dialysis hypokalemia
and lower dialysate potassium (below 2 mmol/I) are inde-
pendently associated with increased risk of AF [29].

STROKE RISK ASSOCIATED
WITH KIDNEY FAILURE
There are several reasons why patients with advanced
kidney disease are at higher risk of stroke. The numbers
of both ischemic and hemorrhagic strokes are increased
in the HD population. Although ischemic stroke is more
frequent than hemorrhagic (also in the HD population),
the proportion of hemorrhagic to ischemic strokes is higher
in HD patients compared to the general population [30].

At the pathophysiological level, the increased ischemic
stroke risk and overall increased thrombogenesis involve
primary and secondary hemostasis. Platelet activation and
interaction, altered platelet transcriptome and secretome,
platelet-derived microparticles, and endothelial dysfunction
all seem to play a role, with most effects being mediated
by uremic toxins [31]. A higher burden of atherosclerosis
in CKD patients, including the carotid arteries, is well es-
tablished [32]. Interestingly, oxidative stress, inflammation,
and endothelial dysfunction associated with CKD alter brain
vascular reactivity and function of the blood-brain barrier,
making the brain more susceptible to ischemia and aggra-
vating brain injury secondary to ischemia [33].

The increased risk of hemorrhagic stroke is primarily
caused by platelet dysfunction discussed later. Addition-
ally, arterial hypertension (AH) plays a role. The majority
of HD patients have AH, which is often poorly controlled
and resistant to pharmacotherapy [34]. AH is a leading
risk factor for hemorrhagic stroke in the general and HD
populations [35, 36].

All these pathophysiological circumstances have
major clinical implications and lead to an increase in
the number of both ischemic and hemorrhagic strokes.
A meta-analysis of cohort studies focusing on stroke risk
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in relation to kidney function pooling over 2 million pa-
tients found that the stroke rate increases by 7% for every
10 ml/min/1.73 m? decrease in GFR [37] In HD patients, the
stroke risk was found to be 3-10 times higher than in the
general population [35, 36]. HD was also linked to a worse
prognosis, longer in-hospital stays, worse functional status,
and worse response to rehabilitation after stroke [38, 39].
Furthermore, CKD was found to be associated with higher
risk of hemorrhagic transformation of ischemic stroke and
with underutilization of evidence-based therapies for acute
stroke patients [39, 40].

BLEEDING RISK IN HEMODIALYSIS PATIENTS
The bleeding diathesis in kidney failure is a complex
phenomenon, but most abnormalities are present on the
platelet count. Disturbed platelet adhesion, disturbed
endothelial-thrombocyte interplay, defective platelet
aggregation, an imbalance in secretory granule content,
and even defects in the platelet cytoskeletal structure
have been demonstrated in HD patients [31]. Most of the
aberrations seem to be mediated by uremic toxins, which
explains the beneficial effect of dialysis [41]. Aspirin, often
prescribed to HD patients for cardiovascular primary or
secondary event prevention, has an amplified impact on
hemostasis compared to healthy individuals [42]. Finally,
anticoagulation (most often heparin-based) used during
HD to prevent blood clotting in the extracorporeal circuit
also contributes to the pro-hemorrhagic milieu.

Therisk of bleeding in CKD and, especially, HD patients
is higher compared to the general population. For instance,
a retrospective cohort study with 11 000 patients (>80%
on HD) found that the annualized incidence of hospitali-
zation for bleeding was 5.3 per 100 patient-years [43] The
most frequent bleeding site was the lower gastrointestinal
(GI) tract, with an incidence of 3.1 per 100 patient-years,
followed by upper Gl bleeding (2.1 per 100 patient-
-years) and intra-cerebral and subarachnoid bleeding
(0.3 per 100 patient-years). In another prospective co-
hort study with nearly 50 000 patients, the observed
rate of bleeding requiring hospitalization was 8 per
100 patients-years [44]. Bleeding rates were dramatically
higher in HD patients with a history of Gl bleeding in
the past 12 months. A prospective cohort study of over
200 000 European dialysis patients (84% on hemodial-
ysis) found a 12.8-fold increased risk of death caused
by bleeding compared to the general population [45].
In this cohort, older age at the start of dialysis, primary
kidney diseases including renal vascular disease, AH, and
diabetes mellitus were all associated with an increased
risk of bleeding. Older age and associated frailty affect
outcomes of anticoagulated patients, irrespective of renal
function [46]. A meta-analysis of studies on anticoagula-
tion in elderly (age =65 years) AF patients with CKD found
similar rates of ischemic stroke/transient ischemic attack
in anticoagulated vs. nonanticoagulated patients (risk
ratio [RR], 1.18; 95% confidence interval [Cl], 0.88-1.58 for
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dialysis patients) and increased risk of bleeding in dialysis
(RR, 1.37;95%Cl, 1.09-1.74) but not in non-dialysis patients
[47]. Another large cohort study of HD patients found that
current smoking, history of coronary vascular disease, and
inability to walk without assistance (a sign of overall frailty)
were predictive of upper Gl bleeding [48].

An observational study of over 200 000 dialysis patients
examined death caused by bleeding and stroke and com-
pared the data to the general population [49]. The study
found that bleeding-associated mortality was 12.8 times
higher, and stroke-related mortality was 12.4 times high-
er than in the general population. On an absolute scale,
however, mortality rates for bleeding were lower than for
stroke (6.2 vs. 14.3 per 1000 person-years, respectively).

STROKE AND BLEEDING
RISK-STRATIFICATION SCORES
IN HEMODIALYSIS PATIENTS

In non-CKD patients, the CHA_DS_-VASc score has become
a standard for stroke risk stratification in patients with AF
and is widely used in decision-making [50, 51]. Data on the
usefulness of CHA ,DS_-VASc in CKD patients are far less
substantial than for non-CKD patients; nonetheless, studies
have confirmed that higher CHA_DS, VASc scores are also
associated with higher stroke risk in HD patients. A Tai-
wanese study examined the predicted risk accuracy of
CHA,DS_-VASc scores in 11 000 non-anticoagulated HD
patients with AF; the authors found thatan increased score
significantly predicted stroke risk [52].In HD patients, the
median score was 5; but importantly only 3.8% of this HD
population had a score of 0 or 1 (compared to 20% in the
population in which the scores were validated) [53]. Addi-
tionally, even low-risk patients (CHA,DS,-VASc score = 0)
had an annualized risk of ischemic stroke of 2.1 per 100 pa-
tient-years. Thus, the score is not considered useful in clin-
ical practice since its aim is to differentiate between low
and high-stroke-risk patients (to accordingly start, or not,
anticoagulation treatment), and most HD patients are
automatically deemed to be at high risk.

The situation is even more complicated for scoring
systems predicting bleeding risk, and evidence to support
routine use of bleeding risk scores in HD patients is lacking.
Two prospective cohort studies performed in 1745 and
625 patients showed that established bleeding risk scores
(such as HAS-BLED, ATRIA, HEMORR, HAGES, and others), per-
formed poorly in predicting future bleeding events [54, 55].

RATE AND RHYTHM CONTROL STRATEGIES
IN HEMODIALYSIS PATIENTS
In the general population without CKD, the clear prognostic
benefit of rhythm control strategies was confirmed in rand-
omized studies only in patients with left ventricular dysfunc-
tion. Therefore, in patients with preserved left ventricular
function, the rhythm control strategy is recommended
primarily to improve symptoms related to AF. Due to the
absence of specific evidence for the CKD population, the
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general recommendations are not different from the recom-
mendations for the non-CKD population. Nonetheless, due
to important distinctions in CKD patients (i.e., altered drug
elimination or possible renal improvement in sinus rhythm),
the following paragraph sums up the treatment possibilities
of the rhythm control strategy in CKD patients.

With regard to antiarrhythmic drugs, amiodarone does
not require dose-renal function adjustment, nor does
propafenone, which should, however, be dosed with cau-
tion in advanced CKD, and ECG and plasma level monitor-
ing isrecommended. On the other hand, dronedarone and
sotalol are contraindicated in advanced CKD, and flecainide
requires careful dosing with plasma level monitoring [56].

Electrical cardioversion has a high success rate in acute
rhythm control, but the maintenance of sinus rhythm (SR)
in the long-term is low and the presence of CKD or even
HD presents a very significant negative prognostic factor
in SR maintenance [57] Compared to patients with normal
eGFR, patients with eGFR less than 30 ml/min/1.73 m? have
a 5-fold higher risk of AF recurrence within one year.

Catheter ablation presents the most effective treatment
modality for the AF rhythm control strategy. No randomized
study compared the effect of antiarrhythmics to catheter
ablation specifically in the population of CKD patients. How-
ever, data from observational studies have shown that the
efficacy of catheter ablation is approximately 2-fold lower
in patients with advanced CKD compared to the general
population. In the meta-analysis of observational studies
by Chung et al. [58], patients with CKD had a significantly
higher risk of AF recurrence (RR, 2.34; 95% Cl, 1.36-4.02;
P <0.01). The risk of AF recurrence continuously increases
with decreasing renal function. Furthermore, patients with
less impaired renal function (CKD 3) compared to the more
severely impaired (CKD 4-5) not only have a better effect in
terms of SR maintenance but also animprovementin renal
function was observed in patients who maintained SR. For
instance, in the cohort of 368 CKD-3 patients published by
Takahashi et al., freedom from AF achieved by catheter ab-
lation was associated with eGFR improvement, and similar
findings were reported by others [59, 60]

In conclusion, catheter ablation in CKD patients should
be considered in the same circumstances as in the general
population, i.e., with the presence of symptoms or with left
ventricular dysfunction. If catheter ablation is considered, it
should not be postponed but performed in the early stages
of renal impairment due to better efficacy and a chance of
improving renal function due to SR maintenance.

STRATEGIES TO PREVENT
ATRIAL-FIBRILLATION-RELATED STROKE
IN KIDNEY FAILURE PATIENTS

Vitamin K antagonists

In non-CKD patients, the effect of vitamin K antagonists
(VKAs; namely warfarin), was tested in several randomized
studies, and all of them confirmed the superiority of VKA
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over placebo in terms of ischemic stroke reduction. Unfor-
tunately, stage 4 and 5 CKD and HD patients were excluded
from these seminal trials.

As such, the effect of VKAs in kidney failure patients has
only been assessed using observational studies, and often
with conflicting results. A meta-analysis of 15 observational
studies with nearly 50 000 patients (22% on warfarin)
showed that warfarin use, compared to no anticoagulation,
was not associated with a significant reduction in ischemic
strokes (hazard ratio [HR], 0.96; 95% Cl, 0.82-1.13) and had
no effect on mortality (HR, 0.95; 95% Cl, 0.83-1.09) [61].
The risk of hemorrhagic stroke was significantly increased
(HR, 1.49;95% Cl, 1.03-1.94), but surprisingly, the increase
of all-cause major bleeding did not reach statistical sig-
nificance (HR, 1.2; 95% Cl, 0.99-1.47). In another obser-
vational study of older dialysis patients (over 65 years),
a significant increase in major bleeding was reported [62].
VKA treatment must be interpreted relative to long-term
international normalized ratio values; a higher time in the
therapeutic range (TTR) is associated with a reduction in
the number of strokes [63]. Real-world data show that
international normalized ratio values in dialysis patients
are often subtherapeutic, with a low TTR even in closely
monitored clinical trial patients [64]. In addition, a rare
but serious complication in kidney failure is calcific uremic
arteriolopathy (sometimes wrongly called calciphylaxis).
It presents as extensive, painful ischemic skin lesions
caused by skin arteriole wall calcification and obstruction,
with 1-year mortality nearing 50% [65]. Warfarin treatment
is linked to this condition and is possibly causal, with VKAs
antagonizing the action of matrix Gla protein (MGP), a pro-
tein that inhibits arterial wall calcification.

Direct oral anticoagulants in renal kidney
patients
In the non-CKD population, direct oral anticoagulants
(DOACs) have replaced VKAs due to similar efficacy in terms
of ischemic stroke reduction, and a significantly lower
intracranial bleeding risk. All DOACs are excreted by the
kidneys to some extent, with approximate renal clearance
being 80% for dabigatran, 50% for edoxaban, 35% for ri-
varoxaban, and 25% for apixaban [66]. Furthermore, 60%
of dabigatran, 9% of edoxaban, 7% of apixaban, and 1% of
rivaroxaban are removed by hemodialysis. Essentially, from
the pharmacokinetic perspective, apixaban presents the
potentially most favorable DOAC for CKD patients.
Regrettably, patients with advanced CKD (i.e.,
CrCl <30 ml/min; <25 ml/min for apixaban) have been
excluded from the landmark trials. Table 1 summarizes
currently completed randomized trials on anticoagulation
strategies in HD patients.

Apixaban — the most promising DOAC

in hemodialysis patients

Dueto its aforementioned pharmacokinetics, apixaban has
garnered the greatest attention in the search for the“best”
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Table 1. Published randomized studies on anticoagulation strategies in dialysis patients

First author, Cohort Comparison Outcomes and conclusions Comment
study name (number
of patient)
De Vriese et al. HD patients VKA n =44 Primary: vascular calcification No significant changes in vascular Not designed
The Valkyrie study Mean vs. measures calcification. or powered to
(76) CHA,DS -VASc rivaroxaban Secondary: mortality, stroke, All cause death, stroke, and compare VKA vs.
score=5 n=45 bleeding, modified MACE, cardiovascular event rates similar DOAC in stroke
vs. valve calcification between the groups. prevention or
rivaroxaban + Bleeding outcomes not significantly bleeding
vitamin K2 = 42 different (except for a lower number of
life-threatening and
major bleeding episodes
in rivaroxaban arms vs. VKA arm)
Pokorney et al. HD patients Apixaban n =82 Primary: major or clinically Trial stopped prematurely for enrollment Initial targeted
Renal-AF trial Mean vs. relevant nonmajor bleeding challenges sample size
(70) CHA,DS -VASc VKAn=72 (ISTH definitions) Inadequate power to draw conclusions 762 patients
score=4.5 Secondary: SSE, death, regarding primary bleeding outcomes Reduce dose
medication adherence, Clinically relevant bleeding events were  apixaban in 29%
pharmacokinetics ~10-fold more frequent than of apixaban
stroke or systemic embolism patient.
Death was the most common major Median TTR in
event in the apixaban and warfarin arms VKA patient
The AUC for the 2.5 mg dose in RENAL-AF =44%
did not differ from the AUC for patients
with eCrCl 215 and <90 ml/min
from the ARISTOTLE trial
Reinecke et al. HD patients Apixaban n =48 Primary: composite of all-cause No significant differences in primary or Original sample

The AXADIA-AF- Mean vs.
NET 8 Study (64) CHA,DS -VASc VKA n =49
score=4.0

death, major bleeding, clinically
relevant nonmajor bleeding
(ISTH definitions)
Secondary: composite of M,

secondary outcomes size 222 patients

Non-inferiority of apixaban could not be Median TTR in
shown because of insufficient enrollment VKA patients
=50.7%

ischemic stroke, all cause death,

DVT, PE

Abbreviations: DVT, deep vein thrombosis; HD, hemodialysis; ISTH, International Society on Thrombosis and Haemostasis; MACE, major adverse cardiovascular events;
MI, myocardial infarction; PD, peritoneal dialysis; PE, pulmonary embolism; SSE, stroke and systemic embolism; TTR, time in therapeutic range; VKA, vitamin K antagonist

anticoagulant in HD patients. A pharmacokinetic study in
eight HD patients found that apixaban 2.5 mg b.i.d. resulted
in a comparable drug exposure as the standard dose (5 mg
b.i.d.) in patients without renal impairment; however,
5 mg b.i.d. in HD patients produced supratherapeutic lev-
els [67]. A retrospective cohort study of over 25 thousand
Medicare beneficiaries with kidney disease and anticoag-
ulation for AF compared apixaban and warfarin patients
matched at a ratio of 1:3 based on prognostic scores (dab-
igatran and rivaroxaban prescriptions were negligible and
thus not tracked) [68]. There was no difference in stroke and
systemic embolism (SSE) between apixaban and warfarin
(HR, 0.88;95% Cl, 0.69-1.12), but apixaban was associated
with significantly lower risk of major bleeding (HR, 0.72;
95% Cl, 0.59-0.87). In sensitivity analyses, the standard
dose of apixaban was associated with significantly lower
risk of SSE and death compared to the reduced dose or
warfarin treatment. This study served as the background
for the American Heart Association/American College of
Cardiology/Heart Rhythm Society (AHA/ACC/HRS) guide-
lines recommending the use of standard-dose apixaban
in HD patients [51]. Due to the observational nature of the
study, these results must be interpreted cautiously. The
positive effect of the higher (i.e., standard) dose may be
explained by selection bias caused by prescribing standard
doses of apixaban to healthier patients who are less prone
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to bleeding (and vice versa), along with an overall worse
prognosis for patients meeting criteria for dose reduction.

A later smaller retrospective study analyzed outcomes
in 500 HD patients receiving apixaban and 1500 matched
non-anticoagulated HD patients [69]. Compared to no anti-
coagulation, apixaban did not lower the risk of new stroke
(ischemic or hemorrhagic), transient ischemic attack, or
systemic embolism. However, treatment with apixaban was
associated with a 2.7 higher risk of fatal/intracranial bleed-
ing, with rates translating to fatal/intracranial bleeding oc-
curringin 1in 30 patients on apixaban per year. In subgroup
analyses, a significantly higher rate of SSE and a significantly
higher incidence of fatal or intracranial bleeding was seen
in the subgroup of patients treated with the standard dose,
compared to no anticoagulation at all. This did not apply
to the reduced dose. As in the previous study, apixaban
was connected to lower all-cause mortality. However, the
authors also analyzed the incidence of hip fractures and
pneumonia, which were lower in apixaban-treated pa-
tients. Since these clinical events are definitively associated
with frailty and cannot be directly affected by apixaban, it
emphasizes the systematic selection bias associated with
the observational nature of the study.

The first randomized trial addressing anticoagulation
strategies in HD patients was the RENAL-AF trial [70].
Study details can be found in Table 1. This trial enrolled
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HD patients with AF and randomized them to apixaban
or warfarin treatment. The primary endpoints were stroke
or clinically relevant non-major bleeding; secondary
outcomes were stroke, mortality, and apixaban phar-
macokinetics. Unfortunately, the trial was stopped pre-
maturely due to slow enrollment (the target sample was
760 patients, but only 154 patients were enrolled), which
resulted in a lack of statistical power. Nevertheless, several
findings from the study are noteworthy. Pharmacokinetic
data revealed that the standard dose of 2 x 5 mg in HD
patients in the RENAL-AF study resulted in significantly
higher area under the curve (AUC) 0-12 values (12-hour
area under the curve; a pharmacokinetic measure de-
scribing maximum exposure to the drug on a non-dial-
ysis day) than in patients on the same dose of apixaban
but with normal renal function in the ARISTOTLE trial.
Interestingly, the AUC of patients on 2 X 5 mg apixaban
on HD in the RENAL study was similar to the AUC of CKD
3b-4 patients on 2 X 5 mg apixaban in the ARISTOTLE trial,
but CKD 5 patients without HD on apixaban 2 x 5 mg in
the ARISTOTLE had an even higher AUC than HD patients
on apixaban 2 x 5 mg in the RENAL study. On the other
hand and very importantly, the AUC of apixaban at
2.5mgdosein HD patients in the RENAL-AF study did not
differ from the AUC of 2.5 mg dose in patients with only
mild CKD in the ARISTOTLE trial. Interestingly, there was
a relation between pharmacokinetic values of patients
with and without bleeding, whereas higher levels of
apixaban correlated with more bleeding and vice versa.
In the RENAL AF study, the primary outcome of major
or clinically relevant non-major bleeding (as defined by
the International Society on Thrombosis and Hemosta-
sis) occurred at similar frequencies in both groups, i.e.,
26% of patients on apixaban and 22% of patients on
warfarin, which documented the high risk of bleeding in
this population. There was only one hemorrhagic stroke
in each group. SSE occurred in 3% of apixaban patients
and 3.3% of warfarin patients. Bleeding was 10-fold more
frequent than SSE, and HD access site bleeding events
comprised the majority of clinically relevant non-major
bleeding. The use of a standardized bleeding definition in
this study must be appreciated since many observational
studies use different definitions of bleeding and bleed-
ing severity, thus hindering data comparison. The low
and slow enrollment seen in RENAL-AF is, unfortunately,
common in trials with HD patients. In the RENAL-AF trial,
a partial explanation for its insufficient enrollment was
that some patients were not deemed suitable for the trial
by their treating physicians (a factor that can potentially
introduce an unintended selection bias). The situation in
which physicians prevent patients from participating in
trials because they are deemed “clinically unstable” has
also been seen in other HD trials [71]. HD patients also
experience a high burden of treatment side effects, which
partially explains the high drop-out rates, leading to re-
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duced statistical power [71, 72]. Moreover, high mortality
in this group is one of the leading causes of low retention
rates in trials involving HD patients.

AXADIA-AFNET 8 is the most recent randomized trial
on stroke prevention in HD patients with AF [64]. As with
the RENAL-AF trial, the study also suffered from insufficient
enrollment (for details, see Table 1). In this trial, HD patients
were randomized either to reduced-dose apixaban or
warfarin treatment. The annualized incidence of the pri-
mary outcome, i.e., International Society on Thrombosis
and Haemostasis major/non-major bleeding or all-cause
death, was similar in both groups and occurred in 36.1% of
apixaban patients and 36.6% of warfarin patients. All-cause
mortality was also similar between groups (14.8%/year in
the apixaban group vs. 17.6%/year in the warfarin group).
However, due to insufficient enroliment, apixaban did not
meet the non-inferiority criteria.

Rivaroxaban in hemodialysis patients

After apixaban, rivaroxaban is the second most studied
DOAC in stroke prevention in HD patients, also due to its
relatively low renal clearance (30%) and very low hemo-
dialysis removal (<1%). In the largest observational study
comparing 1896 stage 4 or 5 CKD patients (88% on HD),
rivaroxaban (39% on reduced doses) did not significantly
reduce the risk of SSE but was associated with a signifi-
cant reduction in major bleeding compared to warfarin
[731.0n the contrary, a smaller observational study com-
paring (n = 173) these two drugs found similar rates of
major bleeding but lower rates of SSE (90% of patients on
reduced-dose rivaroxaban) [74]. A multinational observa-
tional registry of 1461 patients with advanced CKD (eGFR
between 15 and 49 ml/min/1.73 m?) compared outcomes
of AF patients treated with rivaroxaban vs. warfarin. After
one year of follow-up, rivaroxaban was associated with net
clinical benefit, lower event rates for stroke, major bleed-
ing, and all-cause mortality [75]. However, the study was
observation and non-randomized, and again, the results
have to be interpreted with caution.

The Valkyrie study was so far the only randomized study
to compare the effect of VKAs and rivaroxaban on vascular
calcifications and observe SSE and bleeding as secondary
outcomes [76]. Patients (n = 143) were randomized to
VKA, rivaroxaban 10 mg, or rivaroxaban 10 mg + vitamin
K2 supplement treatment. The 10 mg dose was chosen
based on a pharmacokinetics study by the same group,
which showed similar drug exposure of rivaroxaban 10 mg
in HD patients compared to healthy individuals, with no
accumulation after multi-day dosing [77]. The primary
outcome (extent of vascular calcifications) did not differ
between the two groups. Interestingly, the rate of stroke
was also similar in the groups. A significantly smaller
number of life-threatening and major bleeding episodes
was observed in rivaroxaban compared to VKA-treated
patients. Analogous to other studies, the bleeding rate
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was substantially higher than the stroke rate (22/100 per-
son-years vs. 1.22/100 person-years, respectively). It should
be noted that the study was not designed or powered to
compare DOACs vs. VKAs in HD patients.

Low-molecular-weight heparins
Low-molecular-weight heparin (LMWH), typically given as
asingleintravenous bolus into the arterial limb when start-
ing dialysis, is used to prevent blood clot formation in the
extracorporeal dialysis circuit. LMWH application on non-
HD days is also used as a primary stroke prevention strategy
for specific patients (in the US and Austria) and is the most
preferred option, for instance, in the Czech Republic [78,
79]. However, there is no evidence to support this praxis.

Novel therapeutic stroke prevention approaches
Two promising novel therapeutic approaches are currently
being tested. The first is a pharmacological intervention
that enompasses of coagulation factor (F)XI inhibition.
The development of synthetic FXI inhibitors was based
on observations that patients with inherited FXI deficien-
¢y, also known as hemophilia C, have a decreased risk of
venous thromboembolism and strokes and a relatively
low risk of spontaneous bleeding [80]. In the PACIFIC
study on AF patients, asundexian (a direct inhibitor of
activated FXI) showed reduced bleeding compared to
apixaban [81]. However, very recently, a large study (OCE-
ANIC-AF; NCT05643573) comparing asundexian with
apixaban was stopped due to the inferiority of asundexian
in SSE prevention. In CKD or HD patients, the risk-ben-
efit profile seems appropriate, and, currently, there are
two ongoing drug-testing clinical trials in HD patients
(NCT04523220 and NCT04534114).

The other approach is based on the fact that the left
atrial appendage is the source of cardiac emboli in the
majority of cases. Left atrial appendage closure (LAAQC) is
a procedure offering the potential for long-term stroke
prophylaxis without the need for long-term anticoagu-
lation therapy. A meta-analysis of three trials comparing
LAAC with anticoagulation showed similar rates of stroke
compared to OAC; however, there was a significant reduc-
tion in hemorrhagic stroke, non-procedure-related bleeds,
cardiovascular death, and all-cause death [82]. LAAC would
appear to be an ideal alternative for patients at high risk of
bleeding including HD patients, although patients must en-
dure an invasive procedure with appreciable complications
and a period of antithrombotic treatment (usually 3 months
of dual antiplatelet treatment and life-long aspirin), which
is required for epithelialization of the LAAC device. In an
observational cohort study, 92 dialysis patients with AF on
HD who underwent LAAC were compared to two similarly
sized cohorts of HD patients with AF either on warfarin
or without antithrombotic treatment [83]. No difference
in bleeding was present between LAAC and warfarin pa-
tients during the first three months after the procedure;
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however, there was a significantly higher risk of bleeding
in warfarin patients over the next 21 months (HR, 6.4; 95%
Cl, 1.21-31.72). Overall mortality was higher in both the
warfarin (HR, 2.76; 95% Cl, 1.31-5.86) and no-antithrom-
botic therapy (HR, 3.09; 95% Cl, 1.59-5.98) arms compared
to LAAC patients.

On the other hand, observational data show that older
age, impaired eGFR, diabetes, and heart failure are inde-
pendently associated with increased risk of death within
1 year of the procedure [84]. Therefore, whether this pro-
cedure conveys a long-term benefitin the highly comorbid
and frail HD population, with its many competing causes
of death, remains a question. Fortunately, a randomized
controlled trial comparing LAAC with the best medical
treatment (LAA-KIDNEY) in HD patients with AF is currently
ongoing (NCT05204212).

ANTICOAGULATION IN KIDNEY FAILURE
PATIENTS WITH ATRIAL FIBRILLATION

— SUMMARY OF THE CURRENT GUIDELINES

The distinctiveness of the HD population is apparent
throughout the international guidelines on anticoagu-
lation treatment in those with AF; many societies refrain
from making specific statements on the topic. The ESC
2020 guidelines for diagnosis and management of AF
state that up-to-date knowledge is “limited and to some
extent controversial” and restate the lack of approval of
NAOCs in patients with CrCl <15 ml/min or on dialysis
[50].The 2021 European Heart Rhythm Association (EHRA)
Practical Guide on DOAC treatment in AF patients sum-
marizes the existing data and states that “given the lack
of strong evidence the decision to anticoagulate and (if
so) whether to use a NOAC or VKA in patients with end-
stage renal failure or on dialysis requires a high degree of
individualization” [85]. EHRA goes on to state that DOAC
plasma level measurement also lacks robust evidence and
should be reserved to highly specialized centers; EHRA
also emphasizes the need for shared decision-making
between physicians and patients regarding off-label use
of anticoagulants. Based on a small pharmacokinetic study
on eight patients, the Food and Drug Administration ap-
proved apixaban in HD patients in 2012 [86]. Reflecting
this, the 2019 AHA/ACC/HRS guidelines updated recom-
mendations for AF management by stating that either
warfarin or apixaban “might be reasonable” in patients
with ESKD (CrCl <15 ml/min) or on dialysis with a llb class
of recommendation and moderate quality evidence based
on non-randomized data. These guidelines go as far as to
not recommend the use of rivaroxaban and edoxaban in
ESKD/dialysis patients for “lack of evidence from clinical
trials that benefit exceeds risk” [51]. The 2018 guidelines
from Australia and New Zealand advise that the decision
to anticoagulated in ESKD should be individualized “with
knowledge that an estimate of benefits and harms cannot
be provided” and suggest the use of warfarin in severe
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Table 2. Upcoming randomized studies on anticoagulation strategy in dialysis patients

Study name, NCT Cohort Comparison Original Actual en- | Recruitment Estimated
number estimated roliment status study com-
enrollment pletion date
Oral Anticoagulation HD patients ~ Cumulative incidence of ~ No anticoagulation n=2855 n=50 Active, not December 2023
in Haemodialysis severe bleedings vs. recruiting
Patients (AVKDIAL) and thrombosis VKA
NCT02886962
Strategies for the HD/PD Primary: adequate recruit- Warfarin n=150 n=151 Completed December 2022
Management of Atrial patients ment and retainment Vs,
Fibrillation in patiEnts (evaluation of feasibility Apixaban
Receiving Dialysis of conducting a RCT com- vs.
(SAFE-D) paring anticoagulation No anticoagulation
NCT03987711 strategies in dialysis pa-
tients) Secondary: major
bleeding, SSE, all-cause
mortality, dialysis access
site events, non-fatal MI
The Danish Warfa- HD patients Primary: TIA, ischemic Warfarin n=718 - Recruiting December 2025
rin-Dialysis Study — stroke, unspecified vs.
Safety and Efficacy of stroke; fatal or non-fatal No anticoagulation
Warfarin in Patients major bleeding (ISTH
With Atrial Fibrillation definitions)
on Dialysis (DAN- Secondary: number of
WARD) participants with stroke,
NCT03862859 number of deaths
Stroke Prophylaxis HD patients,  Primary:ischemic stroke; Apixaban n = 1400 - Recruiting December 2028
With Apixaban in CKD5 intracranial bleeding and (reduced dose)
Chronic Kidney Dise- nonHD fatal bleeding Vs.

ase Stage 5 Patients
With Atrial Fibrillation
(SACK)

NCT05679024

Secondary: all-cause
mortality, cardiovascular
events, major bleeding
(modified ISTH

No anticoagulation

definitions)

Abbreviations: CKD, chronic kidney disease; TIA, transient ischemic attack; other — see Table 1

CKD (low quality of evidence, strong recommendation),
emphasizing that DOACs are contraindicated [87]. The
Canadian guidelines recommend against the routine
use of antithrombotic therapy for stroke prevention in
AF patients in stage 5 CKD (weak recommendation, low
quality of evidence) but also state that therapy should be
individualized and anticoagulation “might be appropri-
ate for some patients in whom the benefit of preventing
stroke outweighs the increased risk of bleeding” [88].
Nephrology guidelines directly on anticoagulation treat-
ment in advanced CKD are scarce. A 2011 Kidney Disease
Improving Global Outcomes (KDIGO) clinical update on
cardiovascular disease states that in contradiction to
previous recommendations, routine use of anticoagula-
tion in stroke prevention in stage 5 CKD patients is not
indicated [89]. The 2012 KDIGO guidelines suggest using
lower doses of warfarin with close monitoring of eGFR
<30 ml/min/1.73 m2. A KDIGO international interdiscipli-
nary conference on CKD and arrhythmias took place in
2016, and the conference report stated that there is insuffi-
cient high-quality evidence to recommend VKAs for stroke
prevention in stage 5 CKD patients [90]. The attendees
suggested considering reduced doses of apixaban b.i.d.

The lack of clear recommendations and discrepancies
in various guidelines only emphasize the unknowns sur-
rounding AF treatment in HD patients.
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CURRENT PRACTICE OF ANTITHROMBOTIC
TREATMENT IN KIDNEY FAILURE PATIENTS
WITH ATRIAL FIBRILLATION
As indicated above, most of our knowledge of anticoagula-
tion strategies for stroke prevention in HD patients comes
from observational studies. No randomized study compar-
ing anticoagulation (either VKA or DOAC) vs. placebo has
been conducted in stage 4-5 CKD or HD patients. Several
randomized studies comparing anticoagulants have been
conducted but all were finished prematurely due to low
enrollment, and none had a placebo arm. Furthermore,
the stroke risk and bleeding risk stratification scores that
are used in non-CKD patients are not applicable to renal
failure patients. As a consequence of the aforementioned
reasons, an evidence-based approach to the anticoagula-
tion treatment in stage 4-5 CKD patients is not possible.
Currently, in surveys on real-world treatment, some HD
patients are treated with VKAs, some by DOACs (mostly
apixaban) or LMWH; some HD patients receive antiplate-
let drugs instead of anticoagulants and some patients go

without anticoagulation treatment.

A crucial question is whether to initiate anticoagulation
at all, and randomized trials exploring anticoagulation
therapy versus no anticoagulation are desperately needed.
Fortunately, several ongoing trials to explore this issue are
currently ongoing (Table 2).
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Clinical perspective on stroke prevention
in HD patients with AF

Fundamentally, HD patients’preferences must be taken
into account. In a survey of HF patients’ preferences, “mor-
tality”was ranked 14™, after outcomes such as dialysis-free
time, fatigue, and ability to travel [91]. From this perspec-
tive, preventing the probabilistically less likely event of
stroke at the cost of more frequent bleeding episodes that
are inherently associated with increased medical care is
of questionable justification, especially since HD patients
have high co-morbidity, and many competing causes of
morbidity and mortality result in longer hospitalization
with more frequent complications [92, 93].

Translating the current data into clinical practice, rou-
tine prescription of anticoagulation for stroke prevention
in HD patients with AF does not seem warranted due to the
potential for net clinical harm. Anticoagulation should be
reserved for those with a high risk of stroke, which is not
offset by high bleeding risk, with careful consideration of
patients’ preferences and treatment goals. Reduced-dose
apixaban seems superior to other anticoagulants in this
population. Non-pharmacological approaches (i.e., LAAC)
should be considered in selected patients. Furthermore,
physicians involved in HD patient care should contribute
to broadening knowledge by enrolling their patients in
ongoing trials.

CONCLUSION

Kidney failure patients with atrial fibrillation are a distinct
cohort of patients. Current knowledge on stroke prevention
in atrial fibrillation patients in the general population does
not apply to kidney failure patients. Data on the most suit-
able anticoagulant in HD patients are mostly observational
and show that VKA treatment is not desirable and that the
reduced-dose apixaban is the most promising agent. How-
ever, left atrial appendage closure or the new class of FXI
inhibitors may prove beneficial. The frequency of clinically
significant bleeding in HD patients greatly surpasses the
frequency of ischemic strokes. Keeping in mind the dictum
of medical ethics,“primum non nocere” or“first, do no harm,”
care for these patients must be individualized to prevent
unnecessary harm from overtreatment. To resolve this lack
of guidance, randomized studies assessing either pharma-
cological or non-pharmacological treatments vs. placebo
are badly needed.
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