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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. 

Keywords: atrial fibrillation, FXI inhibition, hemodialysis, oral anticoagulation, risk stratification 

R

©
C
a

eceived: 4.3.2024; Editorial decision: 8.8.2024

The Author(s) 2024. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
ommons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/) , which permits non-commercial re-use, distribution, 
nd reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

1 

https://academic.oup.com/
https:/doi.org/10.1093/ckj/sfae270
https://orcid.org/0000-0001-6192-1741
https://orcid.org/0000-0002-6442-246X
https://orcid.org/0000-0001-9276-8380
https://orcid.org/0000-0002-9596-8529
mailto:gunnar.heine@uks.eu
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com


2 G.H. Heine et al.

I

O
t
h
w
c
t
c
p
t
b
o
c
c

T
C
T
S
O

T
a
a
w
n  

T
l
t
t
n
s
A
t
o
p

w
e
s
t
c
r
m
(
e
s
y
a
d

m
s
e
S
b
t
d  

i
a
w
i

VKA

HD patient with atrial fibrillation
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< 2 ≥ 2

No OAC
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2.5 mg apixaban BID
OR 10 mg rivaroxaban OD

OR LAA-O

Dialysis risk score:
Prior TIA/ischemic stroke
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Age > 75 years
Gastrointestinal bleeding < 1 year
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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. 
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NTRODUCTION 

ral anticoagulation ( OAC) for stroke prevention in atrial fibrilla- 
ion ( AF) is particularly challenging in patients on maintenance 
emodialysis ( HD) . Evidence obtained from studies on patients 
ithout severe kidney dysfunction cannot be extrapolated un- 
ritically to HD patients, since they have many particularities 
hat profoundly alter the risk–benefit ratio of OAC. Studies dedi- 
ated to the HD population are limited to three small and under- 
owered randomized controlled trials ( RCTs) [1 –4 ] and observa- 
ional studies flawed by indication bias as well as healthy user 
ias. As a consequence, guidance for nephrologists and cardiol- 
gists remains largely opinion-based. In the present communi- 
ation, we provide practical tips to help clinicians manage the 
onundrum of OAC in HD patients with AF. 

IP 1: DO NOT UNCRITICALLY APPLY THE 

HA2 DS2 -VASC SCORE BUT CONSIDER USING 

HE DIALYSIS RISK SCORE FOR RISK 

TRATIFICATION IN HD PATIENTS WITH AF 

R “NO OAC” AS A STRATEGY 

he decision to use OAC in AF involves weighing the risk of 
 thromboembolic event without therapy against the risk of 
 hemorrhagic event on therapy. The CHA2 DS2 -VASc score is 
idely employed to discriminate patients who will derive a 
et benefit from OAC from those who will suffer a net harm.
he components of the CHA2 DS2 -VASc score are so preva- 
ent in HD patients with AF that most qualify for OAC if 
he guidelines are applied. The Anticoagulation and Risk Fac- 
ors in Atrial Fibrillation ( ATRIA) score added markers of kid- 
ey disease to most of the components of the CHA2 DS2 -VASc 
core [5 ]. In the large UK Clinical Practice Research Datalink 
F cohort, the ATRIA score identified low-risk patients bet- 
er than the CHA2 DS2 -VASc score, in whom it may prevent 
veruse of OAC [6 ]. However, ATRIA is not widely used in clinical 
ractice. 
The relationship between AF and stroke is not as straightfor- 

ard in HD patients as in the general population. Although sev- 
ral ( but not all) studies identify AF as a risk factor for ischemic 
troke in HD, it remains unclear to what extent AF is an effec- 
or of cardioembolic events rather than a surrogate marker of 
ardiovascular disease. In addition, a recent systematic review 

evealed that, while ischemic stroke remains the most com- 
on type of stroke among patients with chronic kidney disease 

 CKD) , hemorrhagic stroke becomes more frequent with wors- 
ning kidney function, such that the incidence of hemorrhagic 
troke approaches the incidence of ischemic stroke in the dial- 
sis population [7 ]. Even in HD patients not taking antiplatelet 
gents or OAC, the risk of bleeding requiring hospitalization is 
isproportionately high [8 ]. 
In our opinion, this altered risk–benefit ratio warrants a 

ore restrictive use of OAC in HD. In an attempt to define a 
ubpopulation of HD patients at high risk of thromboembolic 
vents offsetting the risk of major bleeding, the Dialysis Risk 
core was developed ( Fig. 1 ) . Other approaches to predicting 
leeding in dialysis patients have been suggested, including 
he recently proposed BLEED-HD score [9 ]. Of note, BLEED-HD 

oes not specifically focus upon patients with AF. Additionally,
t does not aim to trade-off the risks of drug-induced bleeding 
gainst the benefits of stroke prevention in dialysis patients 
ith AF who are considered candidates for oral anticoagulation; 

nstead, it provides absolute estimates of bleeding risk in indi- 
idual dialysis patients. An even more conservative approach is 
o eliminate OAC altogether, a strategy that is currently explored 
n five RCTs comparing OAC with no OAC in patients with ad- 
anced CKD and AF ( Table 1 ) . Pending results from these trials,
e strongly advise involving the individual patient in shared 
ecision-making discussions about whether or not to treat with 
AC. 

IP 2: CONSIDER INCLUDING AF BURDEN 

 TIME IN AF) AS AN ADDITIONAL RISK 

ACTOR 

F is typically categorized clinically according to AF burden or 
he proportion of time that the patients spend in AF: paroxys- 
al AF ( < 7 days) , persistent AF ( > 7 days) , longstanding persis- 

ent AF ( > 12 months) and permanent AF ( accepted by patient 
nd physician) . The concept that AF burden proportionally af- 
ects stroke risk has been brought up previously [10 ]. AF bur- 
en gained particular interest when the ASSERT ( ASymptomatic 
trial fibrillation and Stroke Evaluation in pacemaker patients 
nd the atrial fibrillation Reduction atrial pacing Trial) study 
emonstrated higher rates of clinical overt AF as well as strokes 
n patients with subclinical AF, defined as atrial high rate 
pisodes ( AHRE) only detected by implanted devices ( mostly 
acemakers and implantable cardioverter defibrillators) [11 ].
redominantly longer ( > 24 h) AHRE episodes contributed to in- 
reased stroke risk [12 ]. A statement of the American Heart 
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Table 1: Recently completed, ongoing and planned RCT of OAC versus no OAC in advanced CKD with AF. 

Study 
Number and selection of 

patients Intervention Duration Primary Outcome 

VISIONAIRE ∼1500 patients CKD5, 
CHA2 DS2 -VASc ≥2 

Randomized 1:1:2 to 
edoxaban 30 mg qd, VKA 

( INR 2–3) , or no OAC 

N/A Composite of stroke or systemic 
embolism; major and clinically 
relevant non-major bleeding ( ISTH 

definition) 

SACK, 
NCT05679024 

1400 CKD5 or CKD5D, 
CHA2 DS2 -VASc ≥2 for men 
or ≥3 for women 

Apixaban 2.5 mg bid vs no 
OAC 

72 months or when 247 
primary events have been 
reached, whichever comes 
first 

Time to first thromboembolic 
event; time to dialysis access 
thrombosis; time to kidney 
replacement therapy; delayed graft 
function; thrombosis of renal 
artery or vein in patients 
undergoing kidney 
transplantation; time to major 
bleeding ( ISTH definition) 

AVKDIAL, 
NCT02886962 

855 prevalent HD, 
CHA2 DS2 -VASc ≥2 

VKA ( INR 2–3) vs no OAC 2 years Severe bleeding and thrombosis 

DANWARD, 
NCT03862859 

718 prevalent dialysis; 
incident AF only with 
CHA2 DS2 -VASc ≥2 

VKA ( INR 2–3) vs no OAC ≤4 years TIA, ischemic or unspecific stroke; 
major bleeding ( ISTH definition) 

SAFE-Db , 
NCT03987711 

151 prevalent HD/PD, 
CHADS-65 criteria: age ≥65 
or age < 65 years with one 
of: hypertension, diabetes, 
congestive heart failure, 
stroke/TIA or peripheral 
embolism 

VKA ( INR 2–3) vs apixaban 
5 mg bida vs no OAC 

26 weeks Pilot to test feasibility of larger 
trial: recruitment of target 
population within 2 years; ≥80% 

participants remain in study and 
on allocated treatment after 
Week 26 

a 2.5 mg bid in patients meeting the criteria for reduced dose. 
b As 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. 
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ssociation ( AHA) elaborated on the relevance of subclinical AF 
or stroke risk, suggesting that clinically overt AF episodes may
nly be the “tip of the iceberg” [13 ]. Recently, two interventional
rials suggested that OAC in high-risk patients with subclinical 
F ( CHA2 DS2 -VASc 3.9 and 4, mean AHRE duration ∼3 h) allow a
odest reduction of stroke and systemic embolism at the price
f an increased bleeding rate, compared with placebo NOAH- 
FNET6 ( Non-vitamin K antagonist oral anticoagulants in pa- 
ients with Atrial High rate episodes Atrial Fibrillation NETwork) 
14 ] or with aspirin ARTESIA ( Apixaban for the Reduction of
hrombo-Embolism in patients with device-detected subclinical 
trial fibrillation trial) [15 ]. Both trials excluded patients with se-
ere kidney disease; mean creatinine clearance was 66 mL/min 
n NOAH-AFNET6 and 71 mL/min in ARTESIA. In a recent meta-
nalysis of both trials [16 ], increased bleeding risk was shown
o occur early, while the stroke-preventive effect accrued over 
ime. As life expectancy is far lower in dialysis patients with
F than in the non-dialysis participants of NOAH-AFNET6 and 
RTESIA, and as drug adherence is particularly short in dialysis
atients on OAC, this metaanalysis further supports our reluc- 
ancy to initiate OAC in dialysis patients, who may particularly
uffer early bleeding events ( given their highly increased bleed- 
ng risk) , but potentially not witness the potential longer term
enefits of stroke prevention ( given the poor drug adherence and 
igh mortality) . 
Whether the association of AF burden with stroke risk is

onsistent in patients on dialysis has not been studied. The
ssue is further complicated by the high prevalence of self-
imiting bouts of AF occurring during dialysis as a result of
uid and electrolyte shifts [17 , 18 ] when the patient is already
eparinized. 
In summary, while AF burden may be considered for indi-

idual therapeutic decisions, more evidence is needed before
t can be integrated into routine clinical pathways for dialysis
atients. 

IP 3: REGULARLY RE-ESTIMATE INDICATION 

OR OAC AND BLEEDING RISK IN HD 

ATIENTS 

here is compelling evidence in the non-dialysis population that
isk stratification with common bleeding and stroke risk scores
uch as CHA2 DS2 -VASc and HAS-BLED results in a net clini-
al benefit that strongly supports initiation of indefinite OAC in
ost patients. Guidelines generally endorse risk assessment ap-
roximately every year in stable patients [19 , 20 ]. 
However, while the absolute risk of thromboembolism gen-

rally by far exceeds that of life-threatening bleeding risk in
he non-dialysis population, risk stratification is more challeng-
ng in advanced CKD, since dialysis patients with AF have a
arkedly increased risk not only of thromboembolic events, but
lso of severe bleeding events, including intracranial hemor-
hage [21 ]. 

The RENAL-AF ( Renal Hemodialysis Patients Allocated Apix- 
ban Versus Warfarin in Atrial Fibrillation) trial illustrates the
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omplexity of standard risk assessment in this population [1 ].
atients with AF receiving HD with a CHA2 DS2 -VASc score ≥2,
he current threshold of stroke risk supporting initiation of 
AC, were randomized to apixaban or warfarin. With a median 
ollow-up < 1 year, the occurrence of major or clinically relevant 
on-major bleeding was 22%–26% accompanied by a mortality 
ate of 18%–26%, both of which were markedly higher than 
he 1%–3% incidence of ischemic stroke [22 ]. These data un- 
erscore that although anticoagulation is effective in reducing 
F-related stroke, the absolute benefit in this population is 
odest for many patients in contrast to the markedly higher 

isk of bleeding and the high mortality rate that may in large 
art not be thrombosis mediated and therefore not modifiable 
y anticoagulation. 

Given the differential risks in the dialysis population, current 
troke and bleeding risk stratification tools do not accurately 
dentify patients with a net clinical benefit of anticoagulation.
n addition, the short-term risk of mortality must be incorpo- 
ated as the limited life-expectancy of many patients precludes a 
eaningful benefit of anticoagulation. As the AF patient on dial- 
sis is more complex with highly variable clinical course, more 
egular risk reassessment, every 3–6 months, is recommended. 

In patients with advanced CKD, the European Heart Rhythm 

ssociation recommends to discontinue apixaban, edoxaban 
nd rivaroxaban before elective procedures with low and high 
leeding risk for 36 and 48 h, respectively [23 ]. Of note, these 
ecommendations—which have subsequently been endorsed by 
DIGO [24 ]—formally only apply to patients with creatinine 
learance of 15–30 mL/min, and deliberately exclude CKD G5 pa- 
ients. Notably, pre-operative bridging with heparin is not rec- 
mmended in direct oral anticoagulant ( DOAC) -treated patients,
s the predictable waning of the anticoagulation effect allows for 
roperly timed short-term cessation of DOAC before surgery [23 ].
ull-dose DOAC should be resumed 24 h after low-risk and 48–
2 h after high-risk interventions, and prophylactic dosage( s) of 
eparin may be considered 6–8 h after surgery, until re-initiation 
f full-dose DOAC. 

IP 4: DO NOT ROUTINELY USE VITAMIN K 

NTAGONISTS IN HD PATIENTS 

umerous epidemiological studies have suggested that vitamin 
 antagonists ( VKA) may not reduce the number of ischemic 
trokes in HD patients with AF, whereas they expose these pa- 
ients to a high risk of major bleeding—including hemorrhagic 
trokes [25 ]. Pending the results of RCT comparing VKA with no 
nticoagulation in those patients ( Table 1 ) , the apparent lack of 
fficiency of VKA for prevention of ischemic strokes may be ex- 
lained by a number of observations. 
Firstly, as discussed before, it is still unclear how far AF is an 

ffector of cardioembolic events—including ischemic strokes—
ather than a mere surrogate marker of cardiovascular disease.
n the latter case, VKA are less efficient for prevention of is- 
hemic strokes. Secondly, effective anticoagulation with VKA is 
hallenging in HD patients, who spend alarmingly little time in 
he target international normalized ratio ( INR) range. Vice versa,
D patients without OAC still require intermittent hepariniza- 
ion during each dialysis session. As such, patients with and 
ithout VKA differ less distinctively with respect to the degree 
f anticoagulation. Thirdly, data from non-dialysis patients sug- 
est that OAC with VKA may exert more nephrotoxic effects than 
OAC [26 , 27 ]. If similar effects also occur in HD patients with 
esidual renal function, faster progression towards anuria and 
ore profound uremia with VKA treatment might accelerate 
he progression of atherosclerotic vascular disease. Admittedly,
linical evidence for protective renal effects of DOAC in dialy- 
is patients are outstanding. Fourthly, VKA may have procalcific 
ffects by inactivating vitamin K–dependent proteins that in- 
ibit vascular calcification, which will further increase the risk 
f atherosclerotic events, including ischemic stroke [28 ]. 
While the clinical relevance of some of these pathophysiolog- 

cal pathways is disputed, results from the three published RCT 
hat compared VKA and DOAC in HD patients with AF suggest 
n aggregate a prohibitively high bleeding risk with VKA, which 
s not offset by a better efficiency for the prevention of ischemic 
trokes ( Table 2 ) . 

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

IP 5: PREFER DOSE-ADJUSTED APIXABAN OR 

IVAROXABAN OVER DABIGATRAN OR 

DOXABAN IN HD PATIENTS 

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

Prescribing DOAC in HD patients is complicated by renal 
learance requiring dose adjustments and potential removal 
y dialysis. Dosing recommendations are supported by limited 
harmacokinetic and clinical data. Dabigatran is 80% renally 
liminated and a regular HD session removes 50%–60% of the 
ose. The risk of accumulation and the unpredictable effect of 
ialysis rule out dabigatran for use in HD patients. Edoxaban 
s minimally affected by dialysis, but exhibits substantial renal 
limination ( 50%) requiring a dose reduction to avoid accumu- 
ation. To date, no study has evaluated the efficacy and safety 
f a reduced dose of edoxaban in HD. Rivaroxaban is also sig-
ificantly eliminated by the kidneys ( 35%) and not removed by 
ialysis [34 ]. Low-dose rivaroxaban ( 10 mg) in HD results in sim- 
lar exposure as regular dose ( 20 mg) in healthy volunteers [34 ] 
nd compares favorably to VKA with respect to safety and effi- 
acy in the setting of a RCT [2 , 3 ]. Apixaban has the lowest re-
al elimination ( 27%) and is not removed by dialysis. The official 
osing recommendations from the US Food and Drug Adminis- 
ration ( 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- 
okinetic study demonstrated that apixaban 2.5 mg bid in HD 

atients resulted in comparable drug exposure as the standard 
ose in patients without renal function impairment, while 5 mg 
id was associated with supratherapeutic levels [35 ]. In contrast,
he pharmacokinetic data collected during the RENAL-AF trial 
evealed that apixaban exposure in dialysis patients taking 5 mg 
as similar to that of patients with estimated creatinine clear- 
nce of 30–44 and 45–59 mL/min [1 ]. In a large observational 
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tudy of 4313 apixaban new users with AF and advanced CKD,
se of 5 mg was associated with a higher risk of bleeding com- 
ared with 2.5 mg, with no difference in the risk of stroke, sys- 
emic embolism or death [36 ], thus challenging the official FDA 

osing recommendations. 
Concomitant administration of low molecular weight hep- 

rin ( LMWH) during dialysis may further compound the bleeding 
isk 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- 
ng that this suggestion is based on pharmacokinetic studies,
nd more clinical evidence on the clinical efficiency of low-dose 
ivaroxaban or apixaban for thromboembolic risk reduction is 
eeded. 
Moreover, it should be noted that, in contradistinction to 

he FDA, the European Medicines Agency does not recommend 
he use of rivaroxaban and apixaban in patients with estimated 
lomerular filtration rate ( eGFR) < 15 mL/min. 

IP 6: ADJUST LMWH DOSAGE IN PATIENTS 

N OAC 

o prevent intradialytic extracorporeal clotting, the vast major- 
ty of HD patients receive systemic anticoagulation during each 
ialysis session—in most cases either unfractionated heparin 
 UFH) or LMWHs. Even in HD patients without concomitant OAC 

here is no consensus on whether to prefer intradialytic UFH 

r LMWH with regard to safety or efficiency, nor if and how to 
onitor their anticoagulatory effects, even though many cen- 

ers use either activated clotting time ( ACT) or activated par- 
ial thromboplastin time ( aPTT) for UFH, and anti-factor Xa ac- 
ivity for LMWH, respectively [37 , 38 ]. No specific targets for 
CT, aPTT or anti-factor Xa activity have been defined and 
rospectively validated in multicenter trials for patients without 
AC. 
From a pharmacodynamic point of view, patients with AF 

ho receive DOAC or VKA should require either no or only low- 
ose heparin intradialytically. Few prospective studies tested 
hether intradialytic heparin for prevention of dialysis circuit 
lotting can be omitted in patients with OAC, and these yielded 
nconsistent results [39 –41 ]. Similarly, few data exist on how far 
he heparin dosage can be reduced, whether to prefer UFH or 
MWH, and how to monitor intradialytic anticoagulation in HD 

atients on OAC. In the absence of solid evidence, we maintain 
ur previous recommendation of an individualized and empiri- 
al step-wise dose reduction of heparin in patients on OAC [42 ]; 
ialysis filters should be checked regularly for clotting. 
We do not recommend LMWH for prevention of ischemic 

troke or systemic embolism in HD patients with AF. No sin- 
le LMWH regimen ( usually the combination of a single intra- 
enous dose on dialysis days and a single subcutaneous dose 
n non-dialysis days) has been tested for efficacy and safety 
n an adequately sized clinical study. Instead, safety concerns 
xist, which include the risk of hyperlipidemia, osteoporosis,
eparin-induced thrombocytopenia and hyperkalaemia. Next,
se of LMWH in HD patients bears the risk of under- or over- 
osage, as LMWH may accumulate substantially in advanced 
KD. Regular measurements of anti-factor Xa activity are cum- 
ersome ( given the need for sampling at defined time points af- 
er LMWH dosing) and of uncertain clinical relevance. Finally,
t has been demonstrated that a majority of patients ( and care 
roviders) prefer oral medication over subcutaneous adminis- 
ration [43 ]. 
IP 7: ESTIMATE OVERALL CARDIOVASCULAR 

ISK, CONSIDER USING LOW-DOSE DOAC AS 

VASCULOPROTECTION” ALSO IN PATIENTS 

ITHOUT AF 

ore than three-quarters of patients on HD are suffering from 

ardiovascular events [44 ] with ( i) an almost 6-fold increase 
n ischemic stroke with concomitant AF [21 ], ( ii) an increased 
isk for arterial events independent of AF [45 ] and ( iii) a > 4- 
old elevated risk of venous thromboembolism [46 ]. Thus, it is 
rucial to address the entire spectrum of cardiovascular risk 
n these patients. The vasculoprotective effects of DOAC be- 
ond their anticoagulant properties have recently garnered at- 
ention. In patients with vascular disease and renal dysfunc- 
ion ( eGFR < 60 mL/min/1.73 m2 , excluding HD) low-dose DOAC 

 rivaroxaban 2.5 mg bid) reduced the composite of cardiovascu- 
ar death, myocardial infarction or stroke from 8.4% to 6.4%, but 
ncreased major bleeding from 2.7% to 3.9% in the COMPASS trial 
47 ]. A very high risk for major adverse cardiac events ( MACE) 
nd major adverse limb events ( MALE) exists after revasculariza- 
ion for peripheral arterial disease. The VOYAGER PAD ( Efficacy 
nd Safety of Rivaroxaban in Reducing the Risk of Major Throm- 
otic Vascular Events in Subjects With Symptomatic Peripheral 
rtery Disease Undergoing Peripheral Revascularization Proce- 
ures of the Lower Extremities) trial revealed that in patients 
ith eGFR < 45 mL/min/1.73 m2 , rivaroxaban 2.5 mg bid versus 
lacebo reduced MACE and MALE from 12.7 to 11.0 per 100 pa- 
ient years, while the risk for major bleeding was increased from 

.8 to 2.5 [48 ]. The absolute net clinical benefit was greatest in
olyvascular patients, those with mild or moderate heart fail- 
re, kidney disease, diabetes and after peripheral intervention,
nd in patients taking four or more concomitant cardiovascu- 
ar medications, as is frequently the case in renal insufficiency 
49 ]. Data on vasculo-protection of DOAC in HD patients are still
issing. Currently, the placebo-controlled TRACK ( Treatment 
f cardiovascular disease with low dose Rivaroxaban in Ad- 
anced Chronic Kidney disease) trial ( ClinicalTrials.gov Identi- 
er NCT03969953) examines the effect of low-dose rivaroxaban 
 2.5 mg bid, as in [47 ]) on major adverse cardiovascular events ( a 
omposite of cardiovascular death, non-fatal myocardial infarc- 
ion, stroke and peripheral artery disease) and major bleeding,
nd targets to recruit 2000 patients with advanced CKD ( CKD G4–
, including peritoneal dialysis and HD patients) with elevated 
ardiovascular risk who do not have a conventional indication 
or OAC. 

IP 8: CONSIDER IMPLANTATION OF LEFT 

TRIAL APPENDAGE OCCLUDERS FOR STROKE 

REVENTION IN HD PATIENTS WITH AF 

ranscatheter interventional left atrial appendage occlusion 
 LAAO) targeting thromboembolism from the left atrial ap- 
endage ( LAA) has recently emerged as an alternative to OAC,
y demonstrating that endocardial LAA closure provides sim- 
lar protection against stroke, systemic embolism and cardio- 
ascular mortality as VKA [50 –52 ] and DOAC [53 , 54 ], and
y extension providing proof of concept of LAA closure [55 ].
ollowing successful LAAO, dual antiplatelet therapy ( DAPT) 
s limited to 3 months and followed by long-term aspirin 
onotherapy. According to current evidence and guidelines,
AAO is a feasible alternative to OAC for stroke prevention in 
F patients with bleeding history or contraindications for long- 
erm anticoagulant treatment ( class IIb B recommendation in 
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Extrinsic pathwayIntrinsic pathway

Common pathway
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e.g. asundexian

Antisense
oligonucleotide

Antibodies
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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 ]. 

E  

A
 

h
e  

i  

5  

r  

c
i
a
t  

F
i
b
i  

u
a

L
‘
A
(
c
c  

1  

e
h

e  

1  

e  

a  

m  

O  

(
i  

D
H
M
t

t
d  

m  

p  

b  

c

T  

A
P

C
q  

i

uropean 2020 AF guidelines and IIa B recommendation in 2023
CC/AHA/ACCP/HRS AF guidelines) [19 , 20 ]. 
LAA closure could be especially attractive in HD patients with

igh stroke and bleeding risk. Unfortunately, HD patients were 
xcluded or underrepresented in all LAAO RCTs and large reg-
stries [50 –54 ]. Evidence from relatively small-sized registries [56 ,
7 ] and a meta-analysis [58 ] demonstrated comparable procedu-
al safety and efficacy of LAAO in patients with advanced CKD as
ompared with patients with normal kidney function. One Ital- 
an multicenter registry analyzed HD patients undergoing LAAO 

nd compared procedural and clinical outcomes with HD pa- 
ients either receiving OAC or no antithrombotic therapy [57 ].
ew periprocedural complications were reported. After LAAO 

mplantation, over a median follow-up of 5 years, thromboem- 
olism, bleeding events and death occurred less frequently than 
n patients on warfarin. Compared with patients who did not
ndergo LAAO implantation and who received no OAC, patients 
fter LAAO implantation had fewer thromboembolic events. 

RCTs are needed to address the status of interventional 
AAO in HD patients with AF. The ongoing European-wide 
Left Atrial Appendage closure in patients with non-valvular 
F and end stage chronic KIDNEY disease ( LAA-KIDNEY) ’ trial 
 NCT05204212) is the first RCT to systematically examine the 
linical benefit of interventional LAAO versus best medical 
are in AF patients with kidney failure ( eGFR < 15 mL/min/
.73 m²) . The primary endpoint is a combined net clinical benefit
ndpoint, defined as time to first stroke ( including ischemic or 
emorrhagic strokes) , systemic embolism, cardiovascular or un- 
xplained death or major bleeding. As of June 2024, more than
00 of 430 planned patients ( 23%) have been randomized in this
vent-driven trial. The LAA-KIDNEY trial has the potential to fill
n important evidence gap and help to determine the best treat-
ent for stroke prevention in AF patients with kidney failure.
f note, two other RCTs had been initiated before LAA-KIDNEY
 Watch-AFIB ( Left Atrial Appendage Occlusion vs. Usual Care 
n Patients With Atrial Fibrillation and Severe Chronic Kidney
isease) , NCT02039167 and STOP-HARM ( The Strategy to Prevent 
emorrhage Associated With Anticoagulation in Renal Disease 
anagement Trial) , NCT02885545) , but were both prematurely 

erminated due to a slow recruitment rate. 
Thus, until LAA-KIDNEY data become available, careful pa- 

ient selection, management and surveillance involving multi- 
isciplinary teams are essential for selecting HD patients who
ay benefit from LAAO. Outside of clinical studies, LAAO im-
lantation should be currently restricted to HD patients with
leeding history or high bleeding risk, to ensure maximum
linical safety and benefit. 

IP 9: DO NOT ROUTINELY COMBINE OAC AND
PT OR USE DAPT IN HD PATIENTS FOR A 

ROLONGED PERIOD OF TIME 

ombining OAC and antiplatelet therapy ( APT) is generally re- 
uired for a limited period of time after percutaneous coronary
nterventions ( PCI) and/or acute coronary syndrome ( ACS) in 
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atients with AF. Current cardiological guidelines recommend 
ual therapy with P2 Y12 -inhibition and DOAC, rather than triple 
herapy with VKA, P2 Y12 inhibition and aspirin [59 ]. 

Importantly, 12 months after PCI, OAC monotherapy is supe- 
ior to a combination with APT [60 ], rendering 1 year the max-
mum recommended combination therapy period in patients 
ith AF and PCI, regardless of renal function. 
In patients not on OAC, recent data indicate safety and ef-

cacy of shorter durations of DAPT following PCI. This is par-
icularly the case in patients with a “high bleeding risk” ( HBR)
rofile, to which CKD substantially contributes. A metaanalysis 
n n = 25 960 patients demonstrated a reduced bleeding risk and
o increase in ischemic cardiovascular events if DAPT is reduced
o a ticagrelor monotherapy after 1–3 months, whereas data on
arly clopidogrel monotherary are less convincing [61 ]. Of note,
s most of the data available, CKD patients were scarce in the
tudies, with 15% of patients of the metaanalysis were reported
o have had a ‘history of renal disease’, and the mean creatinine
learance being 83 and 90 mL/min/1.73 m² in the ticagrelor and
lopidogrel comparisons, respectively. 

The prospective trials on shortened DAPT durations follow- 
ng PCI in HBR had selected patients and conditions ( such as
iodegradable polymer stents) and may not be generalized. Par- 
icularly, they generally excluded patients with severe kidney 
isease, including HD patients. The most recent ESC guidelines 
n ACS therefore only state “no information available” for clopi- 
ogrel and “not recommended” for ticagrelor and prasugrel in 
atients with CKD G5 [59 ]. A detailed discussion of platelet
ysfunction in advanced CKD and the effects of different APT
gents—which is beyond the scope of the present manuscript—
ave been provided recently [62 ]. 
Given their high bleeding risk, HD patients may particularly 

enefit from minimizing the duration of DAPT and of com-
ined OAC and APT. In HD patients on OAC, one antiplatelet
rug ( preferentially clopidogrel) should be continued for at least 
 months following PCI. In HD patients with AF not on OAC,
APT following PCI should generally be restricted in time to 3–
 months, but antiplatelet monotherapy ( generally aspirin, but 
lopidogrel is also possible) must be continued lifelong. 

IP 10: INCLUDE HD PATIENTS IN CLINICAL 

TUDIES ON FACTOR XI INHIBITORS, 
HENEVER POSSIBLE 

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

A large number of phase 2 trials conducted in the setting of
rthopedic surgery, AF, stroke and myocardial infarction have 
valuated the safety profile of the FXI inhibitors. Also in HD,
he feasibility of safe anticoagulation by inhibition of FXI was
emonstrated [64 ]. 
The CONVERT ( Study to Investigate the Safety of a Drug 

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

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

ng for the time being, more data on its efficacy ( prevention of
schemic stroke and systemic embolism) are needed before the
rst FXI inhibitor may ultimately be licensed. 

UTURE OUTLOOK 

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

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