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ABSTRACT

Patients with chronic kidney disease (CKD) have a high incidence and prevalence of atrial fibrillation (AF). While general
treatment strategies for AF may largely be transferred to patients with mild to moderate CKD, patients with advanced
CKD—particularly hemodialysis (HD) patients—with AF pose substantial therapeutical challenges to cardiologists and
nephrologists. The arguably greatest dilemma is the very limited evidence on appropriate strategies for prevention of
stroke and systemic embolism in HD patients with AF, since the risk for both thromboembolic events without oral
anticoagulation and severe bleeding events with oral anticoagulation are substantially increased in advanced CKD,
compared with the general population. Thus, the benefit to risk ratio of either vitamin K antagonists or direct oral
anticoagulants is less evident in HD than in non-CKD patients with AF.

As a multidisciplinary panel of clinicians, we here propose 10 tips that may help our colleagues to navigate between
the risk of undertreatment—exposing CKD patients with AF to a high stroke risk—and overtreatment—exposing the very
same patients to a prohibitively high bleeding risk. These tips include ideas on alternative risk stratification strategies
and novel treatment approaches that are currently in clinical studies—such as factor XI inhibitors or left atrial
appendage closure—and may become game-changers for HD patients with AF.
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INTRODUCTION

Oral anticoagulation (OAC) for stroke prevention in atrial fibrilla-
tion (AF) is particularly challenging in patients on maintenance
hemodialysis (HD). Evidence obtained from studies on patients
without severe kidney dysfunction cannot be extrapolated un-
critically to HD patients, since they have many particularities
that profoundly alter the risk-benefit ratio of OAC. Studies dedi-
cated to the HD population are limited to three small and under-
powered randomized controlled trials (RCTs) [1-4] and observa-
tional studies flawed by indication bias as well as healthy user
bias. As a consequence, guidance for nephrologists and cardiol-
ogists remains largely opinion-based. In the present communi-
cation, we provide practical tips to help clinicians manage the
conundrum of OAC in HD patients with AF.

TIP 1: DO NOT UNCRITICALLY APPLY THE
CHA,;DS,-VASC SCORE BUT CONSIDER USING
THE DIALYSIS RISK SCORE FOR RISK
STRATIFICATION IN HD PATIENTS WITH AF
OR “NO OAC” AS A STRATEGY

The decision to use OAC in AF involves weighing the risk of
a thromboembolic event without therapy against the risk of
a hemorrhagic event on therapy. The CHA,;DS,-VASc score is
widely employed to discriminate patients who will derive a
net benefit from OAC from those who will suffer a net harm.
The components of the CHA,DS,-VASc score are so preva-
lent in HD patients with AF that most qualify for OAC if
the guidelines are applied. The Anticoagulation and Risk Fac-
tors in Atrial Fibrillation (ATRIA) score added markers of kid-
ney disease to most of the components of the CHA,DS,-VASc
score [5]. In the large UK Clinical Practice Research Datalink
AF cohort, the ATRIA score identified low-risk patients bet-
ter than the CHA,DS,-VASc score, in whom it may prevent
overuse of OAC [6]. However, ATRIA is not widely used in clinical
practice.

The relationship between AF and stroke is not as straightfor-
ward in HD patients as in the general population. Although sev-
eral (but not all) studies identify AF as a risk factor for ischemic
stroke in HD, it remains unclear to what extent AF is an effec-
tor of cardioembolic events rather than a surrogate marker of
cardiovascular disease. In addition, a recent systematic review
revealed that, while ischemic stroke remains the most com-
mon type of stroke among patients with chronic kidney disease
(CKD), hemorrhagic stroke becomes more frequent with wors-
ening kidney function, such that the incidence of hemorrhagic
stroke approaches the incidence of ischemic stroke in the dial-
ysis population [7]. Even in HD patients not taking antiplatelet
agents or OAC, the risk of bleeding requiring hospitalization is
disproportionately high [8].

In our opinion, this altered risk-benefit ratio warrants a
more restrictive use of OAC in HD. In an attempt to define a
subpopulation of HD patients at high risk of thromboembolic
events offsetting the risk of major bleeding, the Dialysis Risk
Score was developed (Fig. 1). Other approaches to predicting
bleeding in dialysis patients have been suggested, including
the recently proposed BLEED-HD score [9]. Of note, BLEED-HD
does not specifically focus upon patients with AF. Additionally,
it does not aim to trade-off the risks of drug-induced bleeding
against the benefits of stroke prevention in dialysis patients
with AF who are considered candidates for oral anticoagulation;
instead, it provides absolute estimates of bleeding risk in indi-
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Figure 1: Dialysis Risk Score. The Dialysis Risk Score assigns points to the fac-
tors that were significantly associated with subsequent stroke (previous stroke,
diabetes and older age) and ignores the factors that were not (hypertension and
heart failure) in the Dialysis Outcomes and Practice Patterns Study (DOPPS) [70].
The increased bleeding risk in HD patients is accounted for by including history
of gastrointestinal bleeding during the previous year, since this is predictive of
subsequent bleeding [8]. Most weight is given to a history of transient ischemic
attack or ischemic stroke, since in our view these patients should receive OAC
even if they experienced a major bleeding episode. The Dialysis Risk Score is an
attempt to restrict OAC to HD patients with a favorable benefit-risk ratio but has
not been validated in this population.

vidual dialysis patients. An even more conservative approach is
to eliminate OAC altogether, a strategy that is currently explored
in five RCTs comparing OAC with no OAC in patients with ad-
vanced CKD and AF (Table 1). Pending results from these trials,
we strongly advise involving the individual patient in shared
decision-making discussions about whether or not to treat with
OAC.

TIP 2: CONSIDER INCLUDING AF BURDEN
(TIME IN AF) AS AN ADDITIONAL RISK
FACTOR

AF is typically categorized clinically according to AF burden or
the proportion of time that the patients spend in AF: paroxys-
mal AF (<7 days), persistent AF (>7 days), longstanding persis-
tent AF (>12 months) and permanent AF (accepted by patient
and physician). The concept that AF burden proportionally af-
fects stroke risk has been brought up previously [10]. AF bur-
den gained particular interest when the ASSERT (ASymptomatic
atrial fibrillation and Stroke Evaluation in pacemaker patients
and the atrial fibrillation Reduction atrial pacing Trial) study
demonstrated higher rates of clinical overt AF as well as strokes
in patients with subclinical AF, defined as atrial high rate
episodes (AHRE) only detected by implanted devices (mostly
pacemakers and implantable cardioverter defibrillators) [11].
Predominantly longer (>24 h) AHRE episodes contributed to in-
creased stroke risk [12]. A statement of the American Heart



Table 1: Recently completed, ongoing and planned RCT of OAC versus no OAC in advanced CKD with AF.
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Number and selection of

Study patients Intervention Duration Primary Outcome
VISIONAIRE ~1500 patients CKD5, Randomized 1:1:2 to N/A Composite of stroke or systemic
CHA,DS,-VASc >2 edoxaban 30 mg qd, VKA embolism; major and clinically
(INR 2-3), or no OAC relevant non-major bleeding (ISTH
definition)
SACK, 1400 CKD5 or CKD5D, Apixaban 2.5 mgbid vsno 72 months or when 247 Time to first thromboembolic
NCT05679024 CHA,DS;,-VASc >2 for men OAC primary events have been  event; time to dialysis access
or >3 for women reached, whichever comes thrombosis; time to kidney
first replacement therapy; delayed graft
function; thrombosis of renal
artery or vein in patients
undergoing kidney
transplantation; time to major
bleeding (ISTH definition)
AVKDIAL, 855 prevalent HD, VKA (INR 2-3) vs no OAC 2 years Severe bleeding and thrombosis
NCT02886962 CHA;,;DS,-VASc >2
DANWARD, 718 prevalent dialysis; VKA (INR 2-3) vs no OAC <4 years TIA, ischemic or unspecific stroke;
NCT03862859 incident AF only with major bleeding (ISTH definition)
CHA,DS,-VASc >2
SAFE-DP, 151 prevalent HD/PD, VKA (INR 2-3) vs apixaban 26 weeks Pilot to test feasibility of larger
NCT03987711 CHADS-65 criteria: age >65 5 mg bid® vs no OAC trial: recruitment of target

or age <65 years with one
of: hypertension, diabetes,
congestive heart failure,
stroke/TIA or peripheral
embolism

population within 2 years; >80%
participants remain in study and
on allocated treatment after
Week 26

22.5 mg bid in patients meeting the criteria for reduced dose.

PAs of March 2024, the study is completed, but results are not yet published in a peer-reviewed journal.
TIA: transient ischemic attack; ISTH: International Society on Thrombosis and Hemostasis.

Association (AHA) elaborated on the relevance of subclinical AF
for stroke risk, suggesting that clinically overt AF episodes may
only be the “tip of the iceberg” [13]. Recently, two interventional
trials suggested that OAC in high-risk patients with subclinical
AF (CHA,;DS;,-VASc 3.9 and 4, mean AHRE duration ~3 h) allow a
modest reduction of stroke and systemic embolism at the price
of an increased bleeding rate, compared with placebo NOAH-
AFNET6 (Non-vitamin K antagonist oral anticoagulants in pa-
tients with Atrial High rate episodes Atrial Fibrillation NETwork)
[14] or with aspirin ARTESIA (Apixaban for the Reduction of
Thrombo-Embolism in patients with device-detected subclinical
atrial fibrillation trial) [15]. Both trials excluded patients with se-
vere kidney disease; mean creatinine clearance was 66 mL/min
in NOAH-AFNET6 and 71 mL/min in ARTESIA. In a recent meta-
analysis of both trials [16], increased bleeding risk was shown
to occur early, while the stroke-preventive effect accrued over
time. As life expectancy is far lower in dialysis patients with
AF than in the non-dialysis participants of NOAH-AFNET6 and
ARTESIA, and as drug adherence is particularly short in dialysis
patients on OAC, this metaanalysis further supports our reluc-
tancy to initiate OAC in dialysis patients, who may particularly
suffer early bleeding events (given their highly increased bleed-
ing risk), but potentially not witness the potential longer term
benefits of stroke prevention (given the poor drug adherence and
high mortality).

Whether the association of AF burden with stroke risk is
consistent in patients on dialysis has not been studied. The
issue is further complicated by the high prevalence of self-

limiting bouts of AF occurring during dialysis as a result of
fluid and electrolyte shifts [17, 18] when the patient is already
heparinized.

In summary, while AF burden may be considered for indi-
vidual therapeutic decisions, more evidence is needed before
it can be integrated into routine clinical pathways for dialysis
patients.

TIP 3: REGULARLY RE-ESTIMATE INDICATION
FOR OAC AND BLEEDING RISK IN HD
PATIENTS

There is compelling evidence in the non-dialysis population that
risk stratification with common bleeding and stroke risk scores
such as CHA,DS,-VASc and HAS-BLED results in a net clini-
cal benefit that strongly supports initiation of indefinite OAC in
most patients. Guidelines generally endorse risk assessment ap-
proximately every year in stable patients [19, 20].

However, while the absolute risk of thromboembolism gen-
erally by far exceeds that of life-threatening bleeding risk in
the non-dialysis population, risk stratification is more challeng-
ing in advanced CKD, since dialysis patients with AF have a
markedly increased risk not only of thromboembolic events, but
also of severe bleeding events, including intracranial hemor-
rhage [21].

The RENAL-AF (Renal Hemodialysis Patients Allocated Apix-
aban Versus Warfarin in Atrial Fibrillation) trial illustrates the
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complexity of standard risk assessment in this population [1].
Patients with AF receiving HD with a CHA,DS,-VASc score >2,
the current threshold of stroke risk supporting initiation of
OAC, were randomized to apixaban or warfarin. With a median
follow-up <1 year, the occurrence of major or clinically relevant
non-major bleeding was 22%-26% accompanied by a mortality
rate of 18%-26%, both of which were markedly higher than
the 1%-3% incidence of ischemic stroke [22]. These data un-
derscore that although anticoagulation is effective in reducing
AF-related stroke, the absolute benefit in this population is
modest for many patients in contrast to the markedly higher
risk of bleeding and the high mortality rate that may in large
part not be thrombosis mediated and therefore not modifiable
by anticoagulation.

Given the differential risks in the dialysis population, current
stroke and bleeding risk stratification tools do not accurately
identify patients with a net clinical benefit of anticoagulation.
In addition, the short-term risk of mortality must be incorpo-
rated as the limited life-expectancy of many patients precludes a
meaningful benefit of anticoagulation. As the AF patient on dial-
ysis is more complex with highly variable clinical course, more
regular risk reassessment, every 3-6 months, is recommended.

In patients with advanced CKD, the European Heart Rhythm
Association recommends to discontinue apixaban, edoxaban
and rivaroxaban before elective procedures with low and high
bleeding risk for 36 and 48 h, respectively [23]. Of note, these
recommendations—which have subsequently been endorsed by
KDIGO [24]—formally only apply to patients with creatinine
clearance of 15-30 mL/min, and deliberately exclude CKD G5 pa-
tients. Notably, pre-operative bridging with heparin is not rec-
ommended in direct oral anticoagulant (DOAC)-treated patients,
as the predictable waning of the anticoagulation effect allows for
properly timed short-term cessation of DOAC before surgery [23].
Full-dose DOAC should be resumed 24 h after low-risk and 48-
72 h after high-risk interventions, and prophylactic dosage(s) of
heparin may be considered 6-8 h after surgery, until re-initiation
of full-dose DOAC.

TIP 4: DO NOT ROUTINELY USE VITAMIN K
ANTAGONISTS IN HD PATIENTS

Numerous epidemiological studies have suggested that vitamin
K antagonists (VKA) may not reduce the number of ischemic
strokes in HD patients with AF, whereas they expose these pa-
tients to a high risk of major bleeding—including hemorrhagic
strokes [25]. Pending the results of RCT comparing VKA with no
anticoagulation in those patients (Table 1), the apparent lack of
efficiency of VKA for prevention of ischemic strokes may be ex-
plained by a number of observations.

Firstly, as discussed before, it is still unclear how far AF is an
effector of cardioembolic events—including ischemic strokes—
rather than a mere surrogate marker of cardiovascular disease.
In the latter case, VKA are less efficient for prevention of is-
chemic strokes. Secondly, effective anticoagulation with VKA is
challenging in HD patients, who spend alarmingly little time in
the target international normalized ratio (INR) range. Vice versa,
HD patients without OAC still require intermittent hepariniza-
tion during each dialysis session. As such, patients with and
without VKA differ less distinctively with respect to the degree
of anticoagulation. Thirdly, data from non-dialysis patients sug-
gest that OAC with VKA may exert more nephrotoxic effects than
DOAC [26, 27]. If similar effects also occur in HD patients with
residual renal function, faster progression towards anuria and

more profound uremia with VKA treatment might accelerate
the progression of atherosclerotic vascular disease. Admittedly,
clinical evidence for protective renal effects of DOAC in dialy-
sis patients are outstanding. Fourthly, VKA may have procalcific
effects by inactivating vitamin K-dependent proteins that in-
hibit vascular calcification, which will further increase the risk
of atherosclerotic events, including ischemic stroke [28].

While the clinical relevance of some of these pathophysiolog-
ical pathways is disputed, results from the three published RCT
that compared VKA and DOAC in HD patients with AF suggest
in aggregate a prohibitively high bleeding risk with VKA, which
is not offset by a better efficiency for the prevention of ischemic
strokes (Table 2).

We acknowledge that VKA remain mandatory in patients af-
ter mechanical valve replacement, and that data from RCTs in
the general population suggest their superiority over DOAC in
rheumatic moderate or severe mitral stenosis [29], as well as in
patients with antiphospholipid-antibody syndrome [30-32].

TIP 5: PREFER DOSE-ADJUSTED APIXABAN OR
RIVAROXABAN OVER DABIGATRAN OR
EDOXABAN IN HD PATIENTS

In an individual patient-level network meta-analysis compris-
ing data of 71 683 patients from the key efficacy trials comparing
DOAC with VKA, DOAC (dose adjusted based on age, weight and
kidney function, as indicated in study protocols) had beneficial
effects with respect to protection against thromboembolic
events that rose with declining renal function [33]. In contrast,
DOAC dosage lowering that went beyond these protocol-
specified adjustments for age, weight and kidney function in-
creased the incidence of thromboembolic events [33]. However,
these data only apply to patients with CKD down to a creatinine
clearance of 25 mL/min, who were included into these key
trials.

Prescribing DOAC in HD patients is complicated by renal
clearance requiring dose adjustments and potential removal
by dialysis. Dosing recommendations are supported by limited
pharmacokinetic and clinical data. Dabigatran is 80% renally
eliminated and a regular HD session removes 50%-60% of the
dose. The risk of accumulation and the unpredictable effect of
dialysis rule out dabigatran for use in HD patients. Edoxaban
is minimally affected by dialysis, but exhibits substantial renal
elimination (50%) requiring a dose reduction to avoid accumu-
lation. To date, no study has evaluated the efficacy and safety
of a reduced dose of edoxaban in HD. Rivaroxaban is also sig-
nificantly eliminated by the kidneys (35%) and not removed by
dialysis [34]. Low-dose rivaroxaban (10 mg) in HD results in sim-
ilar exposure as regular dose (20 mg) in healthy volunteers [34]
and compares favorably to VKA with respect to safety and effi-
cacy in the setting of a RCT [2, 3]. Apixaban has the lowest re-
nal elimination (27%) and is not removed by dialysis. The official
dosing recommendations from the US Food and Drug Adminis-
tration (FDA; 5 mg bid or 2.5 mg bid if body weight <60 kg or age
>80 years) have given rise to substantial controversy. A pharma-
cokinetic study demonstrated that apixaban 2.5 mg bid in HD
patients resulted in comparable drug exposure as the standard
dose in patients without renal function impairment, while 5 mg
bid was associated with supratherapeutic levels [35]. In contrast,
the pharmacokinetic data collected during the RENAL-AF trial
revealed that apixaban exposure in dialysis patients taking 5 mg
was similar to that of patients with estimated creatinine clear-
ance of 30-44 and 45-59 mL/min [1]. In a large observational



5

Oral anticogulation in HD patients with AF

‘(wstoquia Areuownd ‘sisoquioIy) uraa daap) WSIOqUSOGUIOIY)

SNOUdA (LA ‘[BLLL PI[[0IIUOD PIZIWOPULRY IAUDNNA € UOHB[[LIQL] [BLNY M SIUSNed SISA[EIPOUWISH Ul UBQEXOIBATY SNSI9A SISTUOSeIUuY 3 Ulell) jo Aoedyjg pue A)1a9jes :AMAITVA ‘93uel onnadelayl ur sawn LI SPene
OTWISYDST JUSISUEI} (YL, ‘UBQEXOIBALL (BATY ‘sieak jusned :Xd {SISe}SOWSH pue SISOQUIOIYL U0 A}S100S [eUOnBUISIU] (HLS] ‘98uel a[ienbisjur :yOI ‘Surpasiq lofewiuou JueAS[a1 A[[EDIUID GNNYD ‘UOTIDIRJUL [EIPIED0AW SINDE [[NV
SUIUOW 8T I3A0 AMd PUB ‘UOHEIYID[ED 81O DIDRIOY} ‘UONHEIYD[D A1s11e A1euo1od jo adueyp,, utodpus Lrewnd :uonesyqnd fentut ug,

‘syusned 09/ :3981e) [EDIUL,

'syusned zzz :1981e) [enUlq

‘s1eak 0g< 93e 10/pue 33 09> 1YS1am 1931e] YIim sjuaned 103 W §'Z SOWIT) OM,

Ad 0'TZ VIA
‘Ad 00T/4'91 ueqexide

(v31n)
Ad 001/9'9¢ ‘(ueqexide)

(5% uerpawr) z<

(dLA ‘qieSp 9smed-[e  Ad 00T/1°9¢ ‘(Uuontugap (V31n) skep prq3uw gz OSVA-(SAYHD
AdOOT/9/T VA  ‘9¥OnS DIWSYPSIINY)  HLSI) GNNED ‘SuIpasiq 905 (ueqexide) ueqexide sa (%/£°05 s1eak ‘qred [6=N
‘Ad 00T/8'%T ueqexidy S}USAS DI[OQUSOQWIOIY],  Iofewd ‘Yiesp asned>-[[v  sAep 6z URIPAIN ULL ‘€~ ¥NI) VA 6LFLVL QH 1usfeAald ‘leqei uado  [¥] €20z ‘VIAVXVY
(sdnoi13 y3oq ut yed
1 :3urpasiq [rIUBIOBIUL
Surpnpur) (vV:iA)
0USpIdUL 1BIA-T §°GT
(%€) T VI “(%T) ‘(ueqexide) souspmul <
1 :ueqexide ‘wsroquia 1894-1 1€ ‘(uontuysp (V3IA) shep s1eak JSVA-*SASVHD
(%81) €T :V3IA RIIEREYCIEY [ehat HLSI) 9NNYD ove (ueqexide)  .piq 3wt g ueqexide sa (5£-19) 89 ‘1ed ST =N (1]
(%9¢) 1z ‘ueqexidy DTWAYDS] 10 Surpaa[q 10(eN  sKep g€ UBIPIIN (% ¥ LL ‘€-C UNI) VA  (YOI) uetpaiy QH 1us[eAdId ‘eqeruado  ‘Zz0z 9V-TYNTY
oz (.21 1A + BATY,)
(syuena z1)1ed 6:Z31 1A + BATY) Ad 00T/%'1C /-duoumbeusiy (§ uerpaw) ¢<
(€1 ¥A + eand (s3usas TT) ‘(eary) Ad 001/2°9C snid 8w T UBQRXOIRALL OSVA-(SASYHD
A +BAR) Ad 00T/2°05  “Ied g 'eAry ‘(S1ULn9 0g) (V3IA) Ad 00T/8°€9 SA 3l T UBQERXOIRALL “1ed
‘(eAny) Xd 00T/£'ST yed /1 v3IA ‘Surpasiq :9joxs Surpnput s1eak SA (9-T SYIUO Ul (uetpaw) aH ‘yusresazd €T =N [€ ‘2] 120Z2-0202
‘(VIA) Ad 00T/L'€E  919A9S/BUIUSIBSIYI-9JIT  SIUIAD IB[NOSBAOIPIED 88'T UBIPAN  %8¥ W.LL ‘e~C ¥NI) VA s1eak 08 10 yuspmoUl ‘[eqe| usdo ANANTVA
fyrerton (uonoaras) jutodpus Arewrtig uonemg UOTIUSAIIUL a3y syusaned udisaqg [32y] Apnas

syutodpus 19y3Ing

1V Wy sjusned sisA[eIp Ul V3IA SA DVOAQ JO LDV T d[9EL



6 | G.H.Heineetal.

study of 4313 apixaban new users with AF and advanced CKD,
use of 5 mg was associated with a higher risk of bleeding com-
pared with 2.5 mg, with no difference in the risk of stroke, sys-
temic embolism or death [36], thus challenging the official FDA
dosing recommendations.

Concomitant administration of low molecular weight hep-
arin (LMWH) during dialysis may further compound the bleeding
risk in patients on DOAC.

Taken together, we prefer the use of low-dose rivaroxaban
(10 mg qd) or apixaban (2.5 mg bid) in HD patients, acknowledg-
ing that this suggestion is based on pharmacokinetic studies,
and more clinical evidence on the clinical efficiency of low-dose
rivaroxaban or apixaban for thromboembolic risk reduction is
needed.

Moreover, it should be noted that, in contradistinction to
the FDA, the European Medicines Agency does not recommend
the use of rivaroxaban and apixaban in patients with estimated
glomerular filtration rate (eGFR) <15 mL/min.

TIP 6: ADJUST LMWH DOSAGE IN PATIENTS
ON OAC

To prevent intradialytic extracorporeal clotting, the vast major-
ity of HD patients receive systemic anticoagulation during each
dialysis session—in most cases either unfractionated heparin
(UFH) or LMWHSs. Even in HD patients without concomitant OAC
there is no consensus on whether to prefer intradialytic UFH
or LMWH with regard to safety or efficiency, nor if and how to
monitor their anticoagulatory effects, even though many cen-
ters use either activated clotting time (ACT) or activated par-
tial thromboplastin time (aPTT) for UFH, and anti-factor Xa ac-
tivity for LMWH, respectively [37, 38]. No specific targets for
ACT, aPTT or anti-factor Xa activity have been defined and
prospectively validated in multicenter trials for patients without
OAC.

From a pharmacodynamic point of view, patients with AF
who receive DOAC or VKA should require either no or only low-
dose heparin intradialytically. Few prospective studies tested
whether intradialytic heparin for prevention of dialysis circuit
clotting can be omitted in patients with OAC, and these yielded
inconsistent results [39-41]. Similarly, few data exist on how far
the heparin dosage can be reduced, whether to prefer UFH or
LMWH, and how to monitor intradialytic anticoagulation in HD
patients on OAC. In the absence of solid evidence, we maintain
our previous recommendation of an individualized and empiri-
cal step-wise dose reduction of heparin in patients on OAC [42];
dialysis filters should be checked regularly for clotting.

We do not recommend LMWH for prevention of ischemic
stroke or systemic embolism in HD patients with AF. No sin-
gle LMWH regimen (usually the combination of a single intra-
venous dose on dialysis days and a single subcutaneous dose
on non-dialysis days) has been tested for efficacy and safety
in an adequately sized clinical study. Instead, safety concerns
exist, which include the risk of hyperlipidemia, osteoporosis,
heparin-induced thrombocytopenia and hyperkalaemia. Next,
use of LMWH in HD patients bears the risk of under- or over-
dosage, as LMWH may accumulate substantially in advanced
CKD. Regular measurements of anti-factor Xa activity are cum-
bersome (given the need for sampling at defined time points af-
ter LMWH dosing) and of uncertain clinical relevance. Finally,
it has been demonstrated that a majority of patients (and care
providers) prefer oral medication over subcutaneous adminis-
tration [43].

TIP 7: ESTIMATE OVERALL CARDIOVASCULAR
RISK, CONSIDER USING LOW-DOSE DOAC AS
“VASCULOPROTECTION” ALSO IN PATIENTS
WITHOUT AF

More than three-quarters of patients on HD are suffering from
cardiovascular events [44] with (i) an almost 6-fold increase
in ischemic stroke with concomitant AF [21], (ii) an increased
risk for arterial events independent of AF [45] and (iii) a >4-
fold elevated risk of venous thromboembolism [46]. Thus, it is
crucial to address the entire spectrum of cardiovascular risk
in these patients. The vasculoprotective effects of DOAC be-
yond their anticoagulant properties have recently garnered at-
tention. In patients with vascular disease and renal dysfunc-
tion (eGFR <60 mL/min/1.73 m?, excluding HD) low-dose DOAC
(rivaroxaban 2.5 mg bid) reduced the composite of cardiovascu-
lar death, myocardial infarction or stroke from 8.4% to 6.4%, but
increased major bleeding from 2.7% to 3.9% in the COMPASS trial
[47]. A very high risk for major adverse cardiac events (MACE)
and major adverse limb events (MALE) exists after revasculariza-
tion for peripheral arterial disease. The VOYAGER PAD (Efficacy
and Safety of Rivaroxaban in Reducing the Risk of Major Throm-
botic Vascular Events in Subjects With Symptomatic Peripheral
Artery Disease Undergoing Peripheral Revascularization Proce-
dures of the Lower Extremities) trial revealed that in patients
with eGFR <45 mL/min/1.73 m?, rivaroxaban 2.5 mg bid versus
placebo reduced MACE and MALE from 12.7 to 11.0 per 100 pa-
tient years, while the risk for major bleeding was increased from
0.8 to 2.5 [48]. The absolute net clinical benefit was greatest in
polyvascular patients, those with mild or moderate heart fail-
ure, kidney disease, diabetes and after peripheral intervention,
and in patients taking four or more concomitant cardiovascu-
lar medications, as is frequently the case in renal insufficiency
[49]. Data on vasculo-protection of DOAC in HD patients are still
missing. Currently, the placebo-controlled TRACK (Treatment
of cardiovascular disease with low dose Rivaroxaban in Ad-
vanced Chronic Kidney disease) trial (ClinicalTrials.gov Identi-
fier NCT03969953) examines the effect of low-dose rivaroxaban
(2.5 mgbid, as in [47]) on major adverse cardiovascular events (a
composite of cardiovascular death, non-fatal myocardial infarc-
tion, stroke and peripheral artery disease) and major bleeding,
and targets to recruit 2000 patients with advanced CKD (CKD G4-
5, including peritoneal dialysis and HD patients) with elevated
cardiovascular risk who do not have a conventional indication
for OAC.

TIP 8: CONSIDER IMPLANTATION OF LEFT
ATRIAL APPENDAGE OCCLUDERS FOR STROKE
PREVENTION IN HD PATIENTS WITH AF

Transcatheter interventional left atrial appendage occlusion
(LAAO) targeting thromboembolism from the left atrial ap-
pendage (LAA) has recently emerged as an alternative to OAC,
by demonstrating that endocardial LAA closure provides sim-
ilar protection against stroke, systemic embolism and cardio-
vascular mortality as VKA [50-52] and DOAC [53, 54|, and
by extension providing proof of concept of LAA closure [55].
Following successful LAAO, dual antiplatelet therapy (DAPT)
is limited to 3 months and followed by long-term aspirin
monotherapy. According to current evidence and guidelines,
LAAQO is a feasible alternative to OAC for stroke prevention in
AF patients with bleeding history or contraindications for long-
term anticoagulant treatment (class Ilb B recommendation in



Oral anticogulation in HD patients with AF | 7

Intrinsic pathway
Collagen, kallikrein

FIXa

Antisense
oligonucleotide

Antibodies
e.g. osocimab

Small molecular
- e.g. asundexian

Extrinsic pathway

\7

/4

(re i)

Common pathway

Rivaroxaban
Apixaban
Edoxaban

[Fibrin]

[Fibrinogen}

Figure 2: FXI/XIa inhibition and DOAC in coagulation cascade. Simplified overview over the human coagulation system and site of action for novel FXI inhibition

strategies and for DOAC. Figure adapted from Nopp et al. [71].

European 2020 AF guidelines and Ila B recommendation in 2023
ACC/AHA/ACCP/HRS AF guidelines) [19, 20].

LAA closure could be especially attractive in HD patients with
high stroke and bleeding risk. Unfortunately, HD patients were
excluded or underrepresented in all LAAO RCTs and large reg-
istries [50-54]. Evidence from relatively small-sized registries [56,
57] and a meta-analysis [58] demonstrated comparable procedu-
ral safety and efficacy of LAAO in patients with advanced CKD as
compared with patients with normal kidney function. One Ital-
ian multicenter registry analyzed HD patients undergoing LAAO
and compared procedural and clinical outcomes with HD pa-
tients either receiving OAC or no antithrombotic therapy [57].
Few periprocedural complications were reported. After LAAO
implantation, over a median follow-up of 5 years, thromboem-
bolism, bleeding events and death occurred less frequently than
in patients on warfarin. Compared with patients who did not
undergo LAAO implantation and who received no OAC, patients
after LAAO implantation had fewer thromboembolic events.

RCTs are needed to address the status of interventional
LAAO in HD patients with AF. The ongoing European-wide
‘Left Atrial Appendage closure in patients with non-valvular
AF and end stage chronic KIDNEY disease (LAA-KIDNEY)’ trial
(NCT05204212) is the first RCT to systematically examine the
clinical benefit of interventional LAAO versus best medical
care in AF patients with kidney failure (eGFR <15 mL/min/
1.73 m?). The primary endpoint is a combined net clinical benefit
endpoint, defined as time to first stroke (including ischemic or
hemorrhagic strokes), systemic embolism, cardiovascular or un-

explained death or major bleeding. As of June 2024, more than
100 of 430 planned patients (23%) have been randomized in this
event-driven trial. The LAA-KIDNEY trial has the potential to fill
an important evidence gap and help to determine the best treat-
ment for stroke prevention in AF patients with kidney failure.
Of note, two other RCTs had been initiated before LAA-KIDNEY
(Watch-AFIB (Left Atrial Appendage Occlusion vs. Usual Care
in Patients With Atrial Fibrillation and Severe Chronic Kidney
Disease), NCT02039167 and STOP-HARM (The Strategy to Prevent
Hemorrhage Associated With Anticoagulation in Renal Disease
Management Trial), NCT02885545), but were both prematurely
terminated due to a slow recruitment rate.

Thus, until LAA-KIDNEY data become available, careful pa-
tient selection, management and surveillance involving multi-
disciplinary teams are essential for selecting HD patients who
may benefit from LAAO. Outside of clinical studies, LAAO im-
plantation should be currently restricted to HD patients with
bleeding history or high bleeding risk, to ensure maximum
clinical safety and benefit.

TIP 9: DO NOT ROUTINELY COMBINE OAC AND
APT OR USE DAPT IN HD PATIENTS FOR A
PROLONGED PERIOD OF TIME

Combining OAC and antiplatelet therapy (APT) is generally re-
quired for a limited period of time after percutaneous coronary
interventions (PCI) and/or acute coronary syndrome (ACS) in
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patients with AF. Current cardiological guidelines recommend
dual therapy with P,Y;,-inhibition and DOAC, rather than triple
therapy with VKA, P,Y1, inhibition and aspirin [59].

Importantly, 12 months after PCI, OAC monotherapy is supe-
rior to a combination with APT [60], rendering 1 year the max-
imum recommended combination therapy period in patients
with AF and PCI, regardless of renal function.

In patients not on OAC, recent data indicate safety and ef-
ficacy of shorter durations of DAPT following PCI. This is par-
ticularly the case in patients with a “high bleeding risk” (HBR)
profile, to which CKD substantially contributes. A metaanalysis
on n = 25960 patients demonstrated a reduced bleeding risk and
no increase in ischemic cardiovascular events if DAPT is reduced
to a ticagrelor monotherapy after 1-3 months, whereas data on
early clopidogrel monotherary are less convincing [61]. Of note,
as most of the data available, CKD patients were scarce in the
studies, with 15% of patients of the metaanalysis were reported
to have had a ‘history of renal disease’, and the mean creatinine
clearance being 83 and 90 mL/min/1.73 m? in the ticagrelor and
clopidogrel comparisons, respectively.

The prospective trials on shortened DAPT durations follow-
ing PCI in HBR had selected patients and conditions (such as
biodegradable polymer stents) and may not be generalized. Par-
ticularly, they generally excluded patients with severe kidney
disease, including HD patients. The most recent ESC guidelines
on ACS therefore only state “no information available” for clopi-
dogrel and “not recommended” for ticagrelor and prasugrel in
patients with CKD G5 [59]. A detailed discussion of platelet
dysfunction in advanced CKD and the effects of different APT
agents—which is beyond the scope of the present manuscript—
have been provided recently [62].

Given their high bleeding risk, HD patients may particularly
benefit from minimizing the duration of DAPT and of com-
bined OAC and APT. In HD patients on OAC, one antiplatelet
drug (preferentially clopidogrel) should be continued for at least
6 months following PCI. In HD patients with AF not on OAC,
DAPT following PCI should generally be restricted in time to 3-
6 months, but antiplatelet monotherapy (generally aspirin, but
clopidogrel is also possible) must be continued lifelong.

TIP 10: INCLUDE HD PATIENTS IN CLINICAL
STUDIES ON FACTOR XI INHIBITORS,
WHENEVER POSSIBLE

The efficacy and safety of anticoagulation therapy might be im-
proved by the introduction of factor XI (FXI) inhibitors into clin-
ical medicine (Fig. 2). Inhibition of FXI is thought to prevent
pathological thrombus formation and growth without interfer-
ing with normal hemostasis after tissue injury and may thus al-
low clinically effective anticoagulation with a lower bleeding risk
compared with LMWH, VKA and DOAC [63].

A large number of phase 2 trials conducted in the setting of
orthopedic surgery, AF, stroke and myocardial infarction have
evaluated the safety profile of the FXI inhibitors. Also in HD,
the feasibility of safe anticoagulation by inhibition of FXI was
demonstrated [64].

The CONVERT (Study to Investigate the Safety of a Drug
Called Osocimab at Low and High Doses in Adult Patients With
Kidney Failure Requiring Regular Hemodialysis) study random-
ized 686 HD patients to receive the FXIinhibitor osocimab (either
at lower or higher dose) or placebo for a maximum of 18 months
[65]. Major and clinically relevant nonmajor bleeding did not oc-
cur more often with osocimab than with placebo, and no rele-
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vant risk signals emerged. As only 46 patients had AF at baseline,
the study was not powered to discern the efficiency of osocimab
to reduce embolic (or other cardiovascular) events. Similarly, the
RE-THINC (Factor XI LICA to Reduce Events Such as Heart At-
tack and Stroke in Patients Whose Kidneys Are no Longer Able
to Work as They Should and Require Treatment to Filter Wastes
From the Blood: Focus is on the Safety of BAY2976217 and the
Way the Body Absorbs, Distributes and Removes the Study Drug)
study revealed that the bleeding risk—predefined as primary
safety endpoint—associated with fesomersen was not different
from that of placebo [66]. Of note, major atherosclerotic events
were defined as one out of several “other endpoints of inter-
est.” Given the limited number of patients included (n = 307),
and the short follow-up period (6-12 months), only four major
atherosclerotic events occurred, which were equally distributed
across study groups. Thus, RE-THINC could not demonstrate
a reduction in atherothrombotic events with fesomersen com-
pared with placebo. Other trials in HD have recently been com-
pleted or are currently ongoing (Table 3).

Thus, the safety of FXI inhibitors in hemodialysis patients
appears favourable. However, their efficacy still needs to be
demonstrated. This is underlined by the phase 3 OCEANIC AF
(A Study to Learn How Well the Study Treatment Asundexian
Works and How Safe it is Compared to Apixaban to Prevent
Stroke or Systemic Embolism in People With Irregular and Often
Rapid Heartbeat (Atrial Fibrillation), and at Risk for Stroke) study
(ClinicalTrials.gov Identifier NCT 05643573), which—outside the
core field of nephrology—was planned to test the efficacy and
safety of the FXI inhibitor asundexian in 18 000 AF patients. As
communicated recently, OCEANIC AF was terminated prema-
turely, since asundexian had lower efficacy compared with stan-
dard treatment with apixaban [67].

Therefore, while the safety of FXI inhibitors appears promis-
ing for the time being, more data on its efficacy (prevention of
ischemic stroke and systemic embolism) are needed before the
first FXI inhibitor may ultimately be licensed.

FUTURE OUTLOOK

The complexities of anticoagulation management in patients
with HD and AF, as outlined above, underscore the urgent need
to generate reliable evidence in this population. Even sophisti-
cated analytical methods applied to large observational data are
unable to guarantee elimination of moderate systemic biases
[68]. Well designed and large RCT remain the best way to evalu-
ate the efficacy and safety of different anticoagulation strategies.

Unfortunately, in the last two decades, representation of
patients with advanced CKD in cardiovascular RCTs has not
improved for a variety of reasons [69], and trials that aimed
to selectively include HD patients often had been terminated
prematurely because of poor recruitment [e.g. Watch-AFIB
(NCT02039167) and STOP-HARM (NCT02885545)] or recruited
fewer patients than planned (RENAL-AF [1], AXADIA (A Safety
Study Assessing Oral Anticoagulation with Apixaban versus
Vitamin-K Antagonists in Patients with Atrial Fibrillation (AF)
and End-Stage Kidney Disease (ESKD) on Chronic Hemodialy-
sis Treatment) [4]). It is therefore critical that the nephrological
community makes every effort to include patients in these trials.
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