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Executive Summary 

Vitamin K antagonists have been used for the prophylaxis of thromboembolic events from atrial 
fibrillation for at least 40 years. Following results from large randomised controlled trials the focus 
has shifted to more use of direct oral anticoagulants (DOACs). DOACs have been shown to have 
lower rates of major bleeding with similar rates of stroke and systemic embolism (SSE) alongside 
simpler dosing and monitoring regimes. However, trials of DOACs excluded patients with advanced 
kidney disease (CrCl<30ml/min) therefore good-quality data are limited in this population making 
decisions around anticoagulation difficult.  

In those with advanced kidney disease, especially those on dialysis, there are limited data on efficacy 
of anticoagulants despite an increase in bleeding risk. There are still studies ongoing to determine 
efficacy of anticoagulants in reducing the risk of thromboembolic stroke and systemic embolism.  

The aim of these UK Kidney Association guidelines is to provide best-practice guidance on the use of 
anticoagulants in the context of advanced CKD. Specifically, we aim to: 

• Provide guidance on use of anticoagulants in people with advanced CKD and non-valvular 
atrial fibrillation, focusing on the safety and efficacy 

• Support the safe use of anticoagulants in clinical practice with appropriate monitoring 
• Support shared decision making with people with kidney disease 

We offer evidence-based graded practice guidelines covering anticoagulant use in those with CKD 
stage 4, stage 5 (non-dialysis) and dialysis, accompanied by recommendations for clinical research 
and audit. We also summarise current licensing of different anticoagulants with respect to advanced 
kidney disease and describe relevant parts of other national and international guideline 
recommendations. 

This document is structured into individual modular sections to facilitate efficient revisions as the 
evidence base expands. 

We are enormously grateful to all the members of the Guideline Working Group for their time and 
effort developing this guideline and to the experts who participated in the Delphi consensus 
supporting the recommendations made in this guideline. 
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Summary of recommendations 

Please note for the purposes of the guideline CKD stages have been used for simplicity. This uses lab 
based, eGFR ml/min/1.73m2. However, drug dosing of LMWH and DOACs should be based on 
Cockcroft-Gault creatinine clearance. See section 2 for further information. 

 
Section 2 Kidney function estimates for anticoagulant dosing Grade 

 For dosing of DOACs we recommend that Cockcroft-Gault creatinine 
clearance should be used 

 
1A 

Section 3 The use of risk scores for stroke and bleeding assessment Grade 
CKD stage 4 (eGFR 15-29 ml/min/1.73m2) 

 CHA2DS2VASc may be useful in assessing the risk of stroke 2B 
 We suggest that bleeding scores are not to be used in isolation but 

should be included in the holistic assessment of the patient to facilitate 
shared decision making regarding thromboprophylaxis in AF, and to 
identify particularly high bleeding risk patients for early review and 
follow up 

 
 
 
 

2D 
CKD stage 5 (eGFR <15 ml/min/1.73m2 not on dialysis) and dialysis (haemodialysis/peritoneal 

dialysis) 
 We suggest that stroke and bleeding risk scores are not to be used in 

isolation but should be included in the holistic assessment of the 
patient to facilitate shared decision making regarding 
thromboprophylaxis in AF 

 
 
 

2D 
Section 4 Treatment options for NVAF thromboprophylaxis Grade 

 Anticoagulation should be considered as an option for NVAF 
thromboprophylaxis in patients with - CKD stage 4, CKD stage 5 and 
patients on dialysis 

 
 

2C 
 Not offering any anticoagulation may be considered an option, 

particularly in those with CKD stage 5 CKD or on dialysis 
 

2C 
 We suggest a shared-decision making approach with appropriate 

counselling on risks and benefits of different treatment options, see 
appendix 1 

 
 

2C 
 For patients on the deceased- donor kidney transplant waiting list who 

are to be offered anticoagulation we suggest this is with a VKA 
 

2D 
CKD stage 4 (eGFR 15-29 ml/min/1.73m2) 

 
For NVAF thromboprophylaxis we suggest offering either: 

- Apixaban 2.5mg twice daily 
- Edoxaban 30mg daily 
- Rivaroxaban 15mg daily 
- VKA 

 
 
 
 

2B 
CKD stage 5 (eGFR<15 ml/min/1.73m2 not on dialysis) 

 
For NVAF thromboprophylaxis we suggest offering either: 

- Apixaban 2.5mg twice daily 
- VKA 

 
 

2C 
Dialysis (haemodialysis/peritoneal dialysis) 
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For NVAF thromboprophylaxis we suggest offering either: 

- Apixaban 2.5mg twice daily 
- VKA 

 
 

2C 
 Patients on haemodialysis who are therapeutically anticoagulated 

should initially undergo dialysis without additional dialysis circuit 
anticoagulation 

 
 

2D 
Section 5 Oral anticoagulant monitoring and follow up Grade 

 We recommend that warfarin therapy should be monitored using the 
international normalised ratio (INR). Frequency of monitoring and dose 
adjustments should be defined in local protocols 

 
 

1A 
 We recommend that anticoagulation control with warfarin should be 

assessed using Time in Therapeutic range (TTR), aiming for a TTR ≥65% 
 

1B 
 For patients with advanced kidney disease including those on dialysis 

discuss options of where INR monitoring can take place and allow 
patient to choose if there are multiple options 

 
 

2D 
 Anticoagulation with vitamin K antagonists should be reassessed where 

TTR is less than 65%. This assessment should take into account 
adherence, cognitive function, illness, interacting medications, and 
lifestyle factors 

 
 
 

2C 
 We suggest that monitoring of peak and trough DOAC levels is not 

necessary in advanced CKD unless an additional reason to monitor is 
present i.e. potential interaction 

 
 

2C 
Section 6 Left Atrial Appendage Occlusion Grade 

 In selected patients Left Atrial Appendage may be considered 2B 
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Section 1: Background, aims and concise methods 

Background 
Individuals with kidney disease are at a higher risk of developing non-valvular atrial fibrillation 
(NVAF), the risk increasing with the severity of kidney disease. Patients with advanced kidney 
disease have increased rates of ischaemic stroke, independent of NVAF. In addition, there is a 
paucity of quality data to support anticoagulant use in reducing risk of stroke and systemic 
embolism, particularly in those on dialysis. Anticoagulation is also complicated by the increased risk 
of bleeding events in advanced kidney disease, defined for the purpose of this guideline as 
eGFR<30ml/min/1.73m2. Recommendations are therefore required to support shared decision 
making in these patients. Due to the paucity of published data, a group of experts in the field of 
anticoagulation took part in a modified e-Delphi to identify statements of consensus that could 
provide an expert opinion of practice. The methodology for this is detailed later in this section.  

This section provides a background to the guideline by discussing a) the increased risk of stroke and 
NVAF in advanced kidney disease and b) the increased bleeding risk in advanced kidney disease.  
 
Introduction 
Chronic kidney disease 
Chronic Kidney Disease (CKD) is common and associated with a risk of progression to renal 
replacement therapy. In 2023, there was an estimated 3.3 million people in the UK living with CKD 
stages 3-5 (1) and this figure is expected to rise due to increasing cases of diabetes, heart disease, 
high blood pressure and obesity. For this guideline the term advanced CKD will refer to those with an 
eGFR<30ml/min/1.73m2 which includes CKD stage 4, stage 5 (non-dialysis) and dialysis as defined by 
Kidney Disease Improving Global Outcomes (KDIGO)(2).  
 
Atrial fibrillation in advanced CKD 
Patients with CKD have an increased risk of developing NVAF, which has been reported in up to 32% 
of a dialysis cohort (3). A systematic review showed declining renal function as an independent risk 
factor for stroke in patients with NVAF on oral vitamin K antagonists, relative risk (RR) 2.2 [95% 
Confidence interval 1.85–2.66] (4). The Dialysis Outcomes and Practice Patterns Study (DOPPS) an 
international, observational study of haemodialysis (HD) practices and outcomes in countries with 
large populations of dialysis patients found 12.5% of prevalent haemodialysis patients had AF. 
Within this study Japan had the lowest at 5% and Belgium the highest rates at 18% (5). A systematic 
review from 2012 identified the prevalence of AF was 11.6% in dialysis patients and the overall 
incidence was 2.7/100 patient-years (6), however these figures are likely to have increased given an 
aging and increasingly co-morbid population.  

The Stockholm CREAtinine Measurements (SCREAM) Project followed up non-dialysis, non-
transplant adults with eGFR<60ml/min/1.73m2 over a mean of 3.9 years (7). They identified that 12% 
developed AF, with the incidence being higher in those with lower eGFR. Atrial fibrillation was 
associated with an increased risk of death and stroke after adjustment (7).  

In a Danish cohort of AF patients, Olesen et al, found there was an increased risk of stroke and 
systemic embolism for those with non-end stage renal impairment and end-stage renal disease 
compared to those with no renal impairment (8).  
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There appears to be a bi-directional relationship with NVAF and CKD, where not only does the risk of 
NVAF increase with CKD but NVAF causes renal function decline. This was shown in a large 
propensity-matched study from Taiwan where during 10-year follow up NVAF was associated with a 
significantly increased risk of eGFR decline compared to those without NVAF (9).  This is postulated to 
be related to the kidneys’ predisposition to embolic events, due to high blood flow, with obstruction 
of the renal microvasculature by small emboli. This may not lead to any clinical symptoms. Recurrent 
silent infarction of the kidney could then result in the continuous decline of renal function in patients 
with AF, especially those with pre-existing CKD (9).  
 
Ischaemic stroke and systemic embolism in advanced CKD  
Stroke is associated with significant morbidity and mortality causing approximately 40,000 deaths in 
the UK each year. Ischaemic stroke accounts for 85% of all strokes, caused by arterial occlusion. Risk 
factors for stroke include lifestyle factors such as smoking, established cardiovascular disease with 
NVAF causing up to 20% of strokes, and other medical conditions (10). 

CKD is associated with an increased risk of stroke and systemic embolism (SSE). The risk of SSE 
increases as renal function declines with data from the US based Renal Data System reporting that 
CKD stage 3, stage 4, stage 5 and dialysis increased the risk of stroke by a factor 3-, 4,1-, 5.4- and 7.1- 
fold respectively, compared with the general population (11).  

Patients on dialysis have the highest risk of stroke and after age, gender and race adjustments, 
hospitalization rates for ischemic stroke were found to be markedly elevated, relative risk (RR) = 4.3 
to 10.1 (12). A study examining risk factors for stroke in patients on dialysis found that prior stroke, 
diabetes and age at dialysis initiation were risks (6). NVAF has not been found to increase the risk of 
stroke in haemodialysis patients (13,14,15), but the risk of mortality from stroke is higher, with 18% 
mortality in 7 days and 56% within 12 months (15). A Canadian study found that in CKD stroke risk was 
increased 2-fold in those with NVAF, except for those with eGFR<30ml/min/1.73m2 where the risk of 
stroke associated with NVAF had a less marked increase with Hazard Ratio (HR) 1.38 (95% CI: 0.99-
1.92) (16). Stroke risk is highest around the 30-day period prior to and after initiating dialysis with a 3-
fold increased risk (3) suggesting specific dialysis factors may play a role. 

In summary, stroke risk in advanced CKD is elevated compared to those without CKD, being 
particularly high in those on dialysis. It is unclear the extent the additional risk of NVAF has on stroke 
in patients with advanced CKD and it may be lower than seen in the general population.  
 
Pathophysiology of thromboembolic risk 
The in-depth pathophysiology is beyond the scope of this article but a brief overview of factors that 
may dispose to the prothrombotic state in co-existing AF and CKD are detailed below.  

Virchow’s triad describes the three main factors that contribute to thrombosis and includes 
endothelial injury, hypercoagulability and stasis of blood flow, of which all of these factors can be 
implicated (17).  

The hypercoagulability in advanced kidney disease includes activation of procoagulants, decreased 
production of endogenous anticoagulants, platelet dysfunction, platelet activation and aggregation, 
and decreased fibrinolytic activity.  
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Key roles of the endothelium in haemostasis include the secretion of factors that modulate the 
coagulation cascade (for example, plasminogen activator inhibitor (PAI1) and von Willebrand factor 
(VWF)), vascular tone and inflammatory responses. In advanced kidney disease,  inflammation-
induced vascular endothelial injury or dysfunctional endothelium can promote a procoagulant state 
resulting from increased circulating levels of tissue factor(TF) (18), plasminogen activator inhibitor 1 
(PAI-1), fibrinogen and VWF(19). TF can lead to coagulation activation as well as being an 
inflammatory mediator(20). PAI-1 also inhibits activation of the fibrinolytic system, required to break 
down blood clots, by inhibiting tissue plasminogen activator and urokinase. Activation of RAAS has 
been associated with increased plasma fibrinogen, D-dimer, and PAI-1 concentrations in 
hypertensive patients(21). Platelet hyperactivity and endothelial dysfunction have been shown to be 
caused by uremic toxins from the gut in CKD(22). In uraemic patients, platelets contain increased 
levels of P-selectin and the fibrinogen receptor PAC-1 resulting in platelet/leucocyte aggregates, as 
well as their increased reactivity(23). 

CKD is associated with extensive myocardial fibrosis, calcification and thickening of the medial 
arterial layer that results in increased vascular stiffness leading to high pressure in the brain, kidney 
and heart further aggravating microvascular damage (23, 24). Further, increased left ventricular 
afterload and reduced coronary perfusion leads to ventricular hypertrophy, ischaemia and dilation of 
the left atrium and ventricle leads further impairing AF related blood flow abnormalities (24). 

In dialysis there are further factors that may affect development of AF which can commonly occur 
during dialysis sessions (25). These include swings in fluid and electrolytes with associated 
neurohormonal activation and cardiac remodelling, chronic inflammation and oxidative stress 
alongside chronic disturbances of bone mineral metabolism, leading to valvular and vascular 
calcification (26, 27, 28).  
 
Bleeding risk in advanced CKD 
Patients with advanced kidney disease are at an increased risk of bleeding compared to those with 
normal renal function. A study from the Netherlands identified that patients with CKD had a 1.5-fold 
(95% CI 1.2–1.9) increased risk of bleeding, defined as fatal bleeding or bleeding requiring 
hospitalisation, compared to those without CKD after adjustment for factors such as age, sex, co-
morbidities, antiplatelet and anticoagulant use(29). From the Dialysis Outcomes and Practice Patterns 
(DOPPS) I-IV, the finding was that one in seven older patients with end-stage kidney disease, will 
experience a major bleeding event within 3 years of dialysis initiation(30).  

The risk of bleeding is higher in those on HD compared to those on peritoneal dialysis (PD) which 
was shown in a prospective study from the Netherlands including 1211 HD and 534 PD patients. The 
authors found a 1.5-fold increased risk of bleeding for HD patients compared with PD patients when 
adjusted for co-morbidities and use of antiplatelets or anticoagulants(31). This is postulated to be 
related to recurrent and prolonged exposure of blood to the artificial surface of the dialyser 
membrane and blood tubing which may induce chronic activation of platelets, leading to platelet 
exhaustion and dysfunction(32).  

The risk of intracerebral haemorrhage (ICH) is increased in those with CKD(33).  Evidence from two 
large studies, the Rotterdam study and Japanese CIRCS (Circulatory Risk in Communities Study) 
found that in those with an eGFR<60 ml/min/1.73m2 there was a 4-fold and 7-fold increased risk of 
haemorrhagic stroke in men and women, respectively(34, 35). A further Japanese study found that for 
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those on dialysis the relative risk was >10-fold higher(36). There is also an increased rate in mortality 
associated with an ICH in those with advanced CKD, one-year mortality with an adjusted HR of 
3.02(1.91, 4.77) for those with CKD stage 4 and 4.54(2.95, 6.98) for those with CKD stage 5 and on 
dialysis(37).  

The risk of upper gastrointestinal bleeding (UGIB) increases as renal function declines which was 
highlighted in a study by Liang et al who showed the increased risk across CKD stages 3-5 (not on 
dialysis)(38).  A Taiwanese database study identified that CKD and dialysis were independent risk 
factors for peptic ulcer bleeding (PUB) with a Cox proportional hazard regression analysis conferring 
hazard ratios (HR) of 3.99 (95 % CI 2.24-7.13) for CKD, HR 3.71 (95 % CI 2.00-6.87) for PD and HR 
11.96  (95 % CI 7.04-20.31) for HD(39). An American national Inpatient Sample identified that the OR 
for UGIB hospitalisation in CKD and ESKD was 1.30 (95% CI 1.17–1.46) and 1.84 (95% CI 1.61–2.09), 
respectively. In these groups the risk of UGIB lead to an increased risk of all-cause mortality with OR 
1.47 (95% CI 1.21–1.78) and 3.02 (95% CI 2.23–4.1), for CKD and ESKD respectively. Supporting this 
Kuo et al identified that gastrointestinal bleeding is associated with an increased risk of mortality 
increased in CKD stages 3-5 not on dialysis when adjusted for other factors. There is an increase in 
angiodysplasias in patients with CKD compared to those without (13% versus 1.3%) and this risk was 
heightened in those on dialysis and with a longer duration of CKD(40). Angiodysplasias have also been 
shown to be the leading cause of recurrent lower gastrointestinal (LGI) bleeding in ESKD patients, 
accounting for 19–32% of LGI bleeds compared with 5-6% of LGI bleeds in the general population(41).  
 
Contributory factors for bleeding 
The pathophysiology of the increased risk of haemorrhagic events is multifactorial. Factors include a 
direct result of uraemia-related platelet dysfunction or impaired platelet adhesion and aggregation; 
impaired platelet glycoprotein IIb or IIIa receptor activation; altered von Willebrand factor and nitric 
oxide metabolism along with anaemia(21, 24, 42). Anticoagulant and antiplatelet use in this population 
may further increase the bleeding risk.  

Studies indicated that uremic toxin accumulation–induced platelet dysfunction was the main cause 
of bleeding in patients with ESKD(43). Uremic toxins prevent the binding of GPIIb/IIIa to fibrinogen 
without affecting the number of GPIIb/IIIa receptors on the platelet membrane, resulting in 
decreased platelet–platelet adhesion(44). Uraemic toxins degrade the GPIb receptor on the platelet 
membrane, which affects the binding of VWFs with GPIb leading to reduced platelet–vessel wall 
adhesion(45). Uremic toxins also induce nitric oxide and prostacyclin production in endothelial cells, 
causing platelet dysfunction(46). Erythrocytes are important in moving platelets toward the vascular 
wall so anaemia can also contribute to the increased risk of bleeding because platelets become 
combined with erythrocytes and this reduces platelet vessel wall interaction(21, 24).   
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Licensed doses of anticoagulants for AF 

Table 1. UK licensed doses of DOACs for NVAF 

DOAC 
Dosing Information on renal function 

from manufacturer license CrCl 30-49 ml/min CrCl 15-29 ml/min 

Apixaban 5mg BD 
Reduce to 2.5mg BD if 
TWO of: 

• Serum creatinine 
>133micromol/L 

• Age >80years 
• Weight<60kg 

2.5mg BD • Not recommended if CrCl 
<15ml/min 

Dabigatran 110mg to 150mg BD 
Based on an individual 
assessment of the 
thromboembolic risk and 
the risk of bleeding 

Contraindicated 
 

Edoxaban 30mg OD 30mg OD • Not recommended if 
CrCl<15ml/min 

Rivaroxaban 15mg OD 15mg OD • Use with caution if CrCl 15-
29ml/min 

• Not recommended if CrCl 
<15ml/min 
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Aims 
Our overriding aim is to provide practical best-practice clinical guidelines to facilitate safe and 
effective use of anticoagulants in the context of advanced CKD in adults. In assessing the evidence 
base, we have used the limited evidence and undertaken a Delphi consensus of experts in the field 
of nephrology, haematology and cardiology to provide best-practice recommendations. More 
specifically, we aimed to: 

• Provide guidance on use of anticoagulants in people with CKD, focusing on the safety and 
efficacy; and 

• Provide appropriate monitoring recommendations in people with CKD. 

In order to support both use and implementation, we provide three types of recommendations: 

• Use (consideration for offering anticoagulation) 
• Research (what are areas of ongoing clinical uncertainty) 
• Audit (can you demonstrate effective implementation) 

 

Concise methods 
 
Evidence synthesis by systematic review 
 
Evidence sources and search terms 
 
The systematic search protocol has been published in the International Prospective Register of 
Systematic Reviews (https://www.crd.york.ac.uk/prospero/, registration number CRD42020219449). 
This was published (https://link.springer.com/article/10.1007/s40620-022-01413-x) and the search 
was re-run to provide an update. Additional searches were added to cover the scope of this 
guideline, these are available in Appendix 2.  The review process for this guideline was in accordance 
with the PRISMA statement. Several databases were searched (including EMBASE, Ovid MEDLINE 
and CINAHL) to obtain articles that met eligibility for the literature review. Articles included were 
those with a publication date from database inception to 1st March 2024 published in the English 
language. Full details of the PICO search tools, with all included databases and search strategies, are 
available in Appendix 2. 

Study selection 

All articles identified from the search were allocated to a predefined topic group by lead authors KP 
and AP. Within each topic group, abstracts were screened by two authors to determine eligibility. 
Articles articles were then screened by two authors to determine inclusion in the review. Any 
discrepancies in whether an article met inclusion criteria were dealt with by mutual agreement 
between the authors allocated to that topic group. Authors for each topic group are listed in 
Appendix 4. 

Data extraction and quality appraisal 
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These data are summarised in the Evidence Tables (Appendix 3) and findings were used to support 
the rationale for the recommendations of this guideline. The recommendations and supporting 
rationale were reviewed by all authors and by key stakeholders prior to publication of the guidelines.   

Evidence grading 

We followed the principles set out in the UK Kidney Association’s “Clinical Practice Guideline 
Development Manual” and grade evidence according to a two-tier grading system (see Table 2). We 
use the term “recommend” within the guideline text where Recommendations are based on Grade 1 
evidence, and the term “suggest” for those based on Grade 2 evidence. We also made ungraded 
‘Research recommendations’, which help define ongoing areas of clinical uncertainty, and we offer 
‘Audit measures’, to define how to demonstrate effective implementation of recommendations. 

Table 2: UK Kidney Association’s grading system for recommendations’ strength and evidence 
quality  
 Level of evidence Evidence quality 

• Grade 1 recommendation is a 
strong recommendation to do 
(or not do) something, where 
the benefits clearly outweigh 
the risks (or vice versa) for 
most, if not all, patients (i.e. 
“recommendations”). 

• Grade 2 recommendation is a 
weaker recommendation, 
where the risks and benefits 
are more closely balanced or 
are more uncertain (i.e. 
“suggestions”). 

• Grade A evidence means high-quality evidence that comes from 
consistent results from well-performed randomised controlled 
trials, or overwhelming evidence of some other sort. 

• Grade B evidence means moderate-quality evidence from 
randomised trials that suffer from serious flaws in conduct, 
inconsistency, indirectness, imprecise estimates, reporting bias, 
or some combination of these limitations, or from other study 
designs with special strength. 

• Grade C evidence means low-quality evidence from 
observational studies, or from controlled trials with several very 
serious limitations.  

• Grade D evidence is based only on case studies or expert 
opinion. 

Generation of recommendations  

From these published literature and search results, subgroups of the Guideline Working Group 
developed summaries of the evidence and proposed evidence-based recommendations to a joint 
consensus meeting of all members. All members therefore had the opportunity to review all the 
proposed guidelines before publication. 

To develop expert opinion a Delphi was undertaken. A modified e-Delphi was undertaken with 
purposive sampling of experts in the field of anticoagulation including nephrology, haematology and 
cardiology experts listed above. Experts were identified based on their interest and had published in 
the field of anticoagulation in CKD. The e-Delphi involved three rounds. The first round included 
statements of anticoagulant use in advanced CKD, developed from the literature following a 
systematic review by KP, JT and AP. Experts ranked these statements on a 1-9 Likert scale where 1 
was completely disagree and 9 was completely agree. For agreement on a statement the median 
had to fall within 7-9 and disagreement within 1-3. For a statement to achieve consensus the 
interquartile range (IQR) had to be within a three-point range. Statements with consensus 
agreement had a median of 7-9 with an IQR<3 and are included in the guideline as a practice 
recommendation. In round two the experts re-ranked the statements in the presence of their 



 

UK Kidney Association Clinical Practice Guideline 17 

 

 

previous score and the group median to try and achieve consensus in all statements. Consensus was 
achieved with the majority of statements. For round three it was decided to have an MS Teams 
meeting with discussion and anonymous voting to try and obtain consensus on the four statements 
that did not reach consensus.  
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Section 2: Kidney function estimates for anticoagulant dosing 

The Medicines and Healthcare products Regulatory Agency (MHRA) published guidance highlighting 
the importance of using the Cockcroft-Gault (C-G) to estimate creatinine clearance for medications 
such as DOACs (1, 2). The Specialist Pharmacy Service (SPS) guidance (3) suggests applying tools such as 
MDCALC C-G creatinine clearance calculator to allow estimation of CrCl, specifically in high-risk 
medications such as anticoagulation (4). Kidney Disease: Improving Global Outcomes (KDIGO) 
recommend that drug dosages should be adjusted according to FDA- or EMA-approved product 
labelling (5). The Delphi consensus panel of UK experts agreed that C-G creatinine clearance is 
important in the dosing of DOACs. For vitamin K antagonists (VKAs) consensus was that eGFR using 
the most recent NICE recommended formulae is appropriate.  

The landmark trials in the development of DOACs used C-G to establish dose adjustments (6-9). A 
review of current literature investigating methods of estimating renal function for DOACs, VKA’s, and 
heparins demonstrated limited evidence. A selection of studies has demonstrated numerical 
differences or poor concordance in the estimation of renal function when different formulae are 
applied in the context of anticoagulation (10-19), A retrospective analysis found a combination of over 
and underestimation of renal function when comparing C-G to CKD-EPI, this often varied and was 
dependant on factors such as age, sex and weight (17). Baseline characteristics of these subgroups 
were not studied and no adjustment for confounding factors were made hence these data are of 
limited value given the large confidence intervals and small numbers (17). A large-scale cross-sectional 
study of over 70 000 people demonstrated significant variability in estimation of kidney function, 
especially for the older population (21). This study compared use of eGFR and C-G using actual body 
weight (ABW) and ideal body weight (IBW) for estimation of renal function and was correlated to 
potential medicines dose changes, which included DOACs. This study was influential in 
recommendations made by the MHRA (1, 2). Studies have attempted to clinically correlate the 
disparity in dosing due to different formulae. Yao et al identified that in over 8000 patients (2000 
with CKD) there was an increase in dosing misclassification in the patients with CKD when eGFR was 
used and not C-G CrCl. Patients not receiving the appropriate dose had a higher risk of the clinical 
outcomes including SSE and major bleeding and they highlight that the use of C-G CrCl is important 
when dosing DOACs (19).  

A national survey of prescribing practice in the UK demonstrated the need for standardisation when 
using formulae for estimating renal function for anticoagulant drug dosing with significant variability 
between health care professionals (21). It is important to recognise that using serum creatinine to 
estimate kidney function has substantial limitations as concentrations are affected by muscle mass, 
diet, hydration, and medications and are not accurate in acute kidney injury (AKI) (3) this should 
therefore be taken into consideration when applying C-G.  

In obesity what weight to use when calculating C-G for drug dosing is a common scenario and it is 
acknowledged that there is wide variation in clinical practice. A study evaluating the impact of 
bodyweight on C-G CrCl compared to measured 24-hour CrCl in 3678 patients found that in obesity 
using adjusted bodyweight (ABW) 0.4 was the most accurate way of calculating creatinine clearance 
(22). This study is used by the MDCALC C-G calculator (4). General consensus from an NHS England 
roundtable discussion was that ABW 0.4 would be preferred when calculating C-G for DOACs. 
However, there was no consensus at what point ABW should be used.  
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After review of the literature, evidence supports the use of C-G when estimating renal function for 
dosing of DOACs. This was also agreed by the Delphi consensus. Further studies are required to 
support alternative methods in estimating renal function due to lack of evidence on which formulae 
leads to the most accurate and clinically effective dosing of anticoagulants and this should be 
correlated to clinical outcomes. 

 

Practice recommendations 
For dosing of DOACs, we recommend that Cockcroft-Gault creatinine clearance should be used. 1A 

 

Research recommendations 
• Use of most recent NICE recommended renal function estimating formulae for dosing of 

DOACs and correlation to clinical outcomes. 
• In obesity what weight should be used for the C-G CrCl when calculating appropriate dose of 

anticoagulants. 
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Section 3: The use of risk scores for stroke and bleeding assessment 

Section 3a. Stroke risk scores in patients with chronic kidney disease 
From the available observational evidence there are concerns regarding increased morbidity and/or 
mortality with little to no reduction in stroke risk in patients on dialysis with anticoagulation (1,2). Risk 
scores are used to evaluate stroke risk and determine who would benefit most from anticoagulation.  

Many clinical risk scores for stroke risk stratification have been published, with the CHA2DS2VASc 
score used in many guidelines globally (3, 4, 5, 6). The latest 2024 European Society of Cardiology 
guidelines for the management of AF proposed the sexless CHA2DS2-VA score (Level of Evidence: C) 
“in the absence of other locally validated alternatives”, as ‘inclusion of gender complicates clinical 
practice both for healthcare professionals and patients’ and ‘omits individuals who identify as non-
binary, transgender, or are undergoing sex hormone therapy” (7). 

Many of the current published risk scores have not been well evaluated in those with more 
advanced CKD, although some data for the CHA2DS2VASc score are available (8, 9). 

Current guideline recommendations 

NICE recommends the use of CHA2DS2VASc to guide anticoagulant use in patients with non-valvular 
atrial fibrillation (3), but this risk score has not been extensively validated in patients with chronic 
kidney disease or in those on renal replacement therapy (8). It makes no comments specific to 
patients with chronic kidney disease (3).  

KDIGO classifies all patients with renal impairment as high risk, they recommend the use of 
anticoagulation for all patients with atrial fibrillation and chronic kidney disease (CKD 1-4) including 
those with a CHA2DS2VASc of 0-1, notwithstanding the fact that such patients would be rare given 
the associations of CKD with various comorbidities. They do not make a recommendation for 
patients who are on renal replacement therapy (10). 

KDOQI suggests a modification to the AHA guidelines for stroke prophylaxis highlighting the 
increased risk of bleeding when prescribing stroke prophylaxis but does not give further specific 
recommendations (11).  

The AHA recommends the use of anticoagulation for patients with CKD stage 3 and stage 4 but 
states it “might be reasonable” to offer treatment to patients with stage 5 or those on renal 
replacement therapy. It makes no specific recommendations regarding which risk assessment tool to 
use in such patients (4). 

Performance of conventional scores in patients with CKD 

See table 3 for published risk scores. However, the literature of their performance is conflicting 
regarding patients with CKD. 

Roldan et al added CKD to CHADS2 and CHA2DS2VASc in attempt to improve the performance of the 
scores without success (16). Nakamura et al produced a novel risk score and compared this to the 
Framingham Stroke Risk Score (17). It contained nine clinical variables; age, blood pressure, 
antihypertensive medication, smoking status, diabetes, coronary artery disease, atrial fibrillation, left 
ventricular hypertrophy and chronic kidney disease. They reported a statistically higher C-statistic of 
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this score, but the absolute difference was marginal [0.816 (95%CI, 0.794–0.838) vs. 0.800 (95%CI, 
0.776–0.824), p = 0.01]. Using the data from the ROCKET AF and the ATRIA cohort Piccinni et al 
developed and validated the R2CHADS2 which includes creatinine clearance in the score, they found 
this improved performance over the CHA2DS2VASc and the CHADS2 scores. The score was developed 
from the sub-population of the ROCKET-AF with creatinine clearance of 30-59mL/min (18). 

Jong et al have studied the performance of the common stoke risk scores in patients with various 
levels of renal impairment (19). This study used the data available from the Stockholm Creatinine 
measurements (SCREAM) project to retrospectively validate the following risk scores; CHADS2, 
Modified CHADS2, CHA2DS2VASc, ATRIA, and GARFIELD-AF. 36004 patients were included in this 
analysis over a median follow-up of 1.88 years, the majority of these patients (72.9%) had normal 
kidney function, 8625 patients had mild kidney impairment CKD stage 3 and a smaller number (1130) 
had advanced kidney disease eGFR < 30. The authors report calibration being independent of degree 
of renal impairment and the discrimination (C-statistic) degrading with advancing renal impairment, 
the Modified CHADS2 score provided the best discrimination in mild to advanced kidney impairment 
(19).  

Table 3. Current risk scores for stroke assessment  

 CHA2DS2-VASc (12) CHADS2 
(13) GARFIELD-AF (14) ATRIA (15) 

Age +1 to +2 √ √ √ 
Gender √  √ √ 
Heart failure  √ √ √ √ 
Hypertension √ √ √ √ 
Diabetes √ √ √ √ 
Vascular disease √  √  
Stroke/TIA +2 +2  √ 
Renal dysfunction   √ √ 
Proteinuria    √ 

 

Performance of conventional scores in patients with end stage kidney disease on dialysis 

Haemodialysis 

The published literature for risks scores in patients on haemodialysis is also conflicting. CHADS2 and 
CHA2DS2VASc have been reported to perform equally as well in dialysis patients in retrospective 
studies (20). Chao et al retrospectively assessed the performance of both the CHADS2 and 
CHA2DS2VASc in Taiwanese patients receiving renal replacement therapy (8). In this study, 10999 
patients were identified all of whom were not receiving any form of antiplatelet or anticoagulant, 
they report that both risk scores had modest C-statistics of 0.608 and 0.628 respectively.  

De Jong et al used the Netherlands Cooperative Study on the Adequacy of Dialysis (NECOSAD) a large 
prospective cohort of incident dialysis patients to compare the performance of 15 risk scores. They 
reported that all scores performed poorly with C-statistics ranging from 0.49 to 0.66 (21).  

Peritoneal Dialysis 
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As with haemodialysis the published literature is conflicting for the performance of risk scores for 
patients with Atrial Fibrillation in patients on peritoneal dialysis.  

De Jong et al included peritoneal dialysis patients in their study with 34% of the cohort being on 
Peritoneal Dialysis (21). The proportion of patients in the cohort who suffered from a stroke was 28%. 
When stratifying for dialysis modality there was a slight improvement in discrimination for 
haemodialysis and a slight decrease for peritoneal dialysis, overall they reported the performance of 
these scores as poor. 

Chan et al (22) studied peritoneal dialysis patients only and found very similar incidence of stroke for 
both low and high-risk patients, whereby risk stratification was performed with CHA2DS2VASc.  

There remains a dire need for a well validated clinical risk score for estimating stroke risk in patients 
with non-valvular atrial fibrillation in patients with renal impairment. This need is most evident in 
patients who have end stage disease on renal replacement therapy due to the concerning 
observational evidence regarding risk of increased morbidity with a lack of efficacy in stroke risk or 
mortality reduction when treated with therapeutic anticoagulation (23, 24,25,26).  

Biomarkers for stroke 

More recent studies have explored the link between circulating stroke biomarkers and risk of stroke 
in patients with AF who are taking anticoagulation. N-terminal pro–B-type natriuretic peptide 
(NTproBNP) and growth differentiation factor 15 (GDF-15) were both shown to be positively 
associated with an increased risk of a stroke (27). Participants from REasons for Geographic And Racial 
Differences in Stroke (REGARDS) study with AF not taking anticoagulants were used to assess the 
predictive ability of stroke when these biomarkers were added to CHA2DS2VASc, 5-year NRI>0 0.42 
(28). These studies are not specific to those with CKD but it may be that identifying biomarkers 
associated with stroke in CKD may also improve risk score predictive ability in this population. 
Nonetheless, biomarkers (whether blood, urine, imaging) will always improve stroke risk 
stratification based on clinical risk factors.  Also, many biomarkers are influenced by renal 
impairment and vary with age and changing comorbidities or drug therapies, often being more 
reflective of a sick patient or a sick heart.  

 
Practice recommendations 
CHA2DS2VASc is an option for assessing stroke risk in patients with chronic kidney disease stage 4 
with the knowledge that the score may underestimate stroke risk. 2B 

In patients with CKD stage 5 or those on dialysis the decision for stroke prophylaxis is nuanced. We 
suggest that stroke risk scores are not to be used in isolation but should be included in the holistic 
assessment of the patient to facilitate shared decision making regarding thromboprophylaxis in AF.  
2D 

 
Research recommendations 

• Validation and/or optimisation of current stroke risk scores for patients with advanced 
kidney disease. 

• Development of a stroke risk score specific for patients on renal replacement therapy 
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• Assessment of whether there are any biomarkers in patients with AF and CKD that may 
improve risk score predictability. 
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Section 3b. The use of bleeding risk scores  
Several bleeding assessment tools (such as the ORBIT, HAS-BLED, HEMORR2HAGES, ATRIA bleeding 
risk scores) have been developed to determine major bleeding risk in the general population with AF 
(1). In patients with atrial fibrillation (AF), the HAS-BLED score is the best validated and recommended 
in major guidelines (1-4). However, these bleeding risk scores have limited validation in patients with 
advanced renal disease (CKD4-G5D), though renal impairment features in all these scores, table 4. 
For example, in the study by Ocak et al on 1745 dialysis patients, 183 patients had a bleeding event, 
corresponding to an incidence rate of 5.23/100 person-years. Ocak’s study found that HAS-BLED [C-
statistic of 0.58 (95% CI 0.54-0.62)], ATRIA [C-statistic of 0.55 (95% CI 0.51-0.60)], HEMORR2HAGES 
[C-statistic of 0.56 (95% CI 0.52-0.61)] and ORBIT [C-statistic of 0.56 (95% CI 0.52-0.61)] risk scores all 
had poor discriminative performances in dialysis patients (5).  

Even though the specific use of these scores somewhat varies between society guidelines, their use 
helps to draw attention to modifiable risk factors and to identify patients at high bleeding risk earlier 
in the shared decision-making process. This is important since bleeding is the interaction of 
modifiable and nonmodifiable bleeding risk factors, and is not static but dynamic in nature, changing 
with any changes in comorbidities (6). 
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Table 4: Bleeding risk scores  

 HASBLED (7) ORBIT (8) HAEMORR2HAGES 
(9) 

ATRIA (10) DOAC score 
(11) 

Hypertension √  √ √ √ 
Renal disease √ √ √ +3 +1 to +2 
Liver disease √  √  +2 
Stroke √  √  √ 
Bleeding history √ +2 +2 √ +3 
Age √ √ √ +2 +2 to +5 
Other medication 
predisposing to 
bleeding 

√ √ 
 

√ 
 

 +1 to +3 

Alcohol √  √   
Labile INR √     
Anaemia  +2 √ +3  
Malignancy   √   
Reduced platelet 
count or function 
(includes 
antiplatelet) 

  √   

Genetic factors 
(CYP 2C9 single-
nucleotide 
polymorphisms) 

  √   

Excessive falls risk   √   
Low BMI     √ 
Diabetes     √ 
 
High risk score ≥3 ≥4 ≥4 ≥4 ≥8 
 
ORBIT: Older age, Reduced haemoglobin, Bleeding history, Insufficient kidney function, Treatment with antiplatelets; INR: 
International Normalised Ratio; TTR: time in therapeutic range; HAS-BLED: Hypertension, Abnormal renal and liver function, 
Stroke, Bleeding, Labile INR, Elderly, Drugs or alcohol; eGFR: estimated glomerular filtration rate; CYP: cytochrome P; 
HEMORR2HAGES: hepatic or renal disease, ethanol abuse, malignancy, older age, reduced platelet count or function, rebleeding 
risk, hypertension, anaemia, genetic factors, excessive fall risk, stroke.  

ORBIT bleeding score 

O’Brien et al developed and validated the ORBIT score by using prospective registry data from the 
Outcomes Registry for Better Informed Treatment of Atrial Fibrillation (ORBIT-AF) and the 
Rivaroxaban Once-daily oral direct factor Xa inhibition compared with vitamin K antagonism for 
prevention of stroke and embolism trial in atrial fibrillation (ROCKET-AF) (8,12). It performed well in 
predicting bleeding risk in individuals with mild to moderate CKD (CKD 1-3), it has not been validated 
for use in patients with NVAF and advanced kidney disease (CKD 4-5D).  

Several studies have shown that ORBIT was not superior to HAS-BLED in predicting major bleeding 
(13-20). The ORBIT risk score may underestimate the risk of major bleeding events in anticoagulated 
patients with AF (15, 16, 21). Other studies have similarly found no advantage of the ORBIT over HAS-
BLED score for bleeding risk prediction, even in DOAC users (7, 15, 22, 23).  
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HAS-BLED score  

The HAS-BLED score is the bleeding risk score recommended by guidelines for the estimation of 
major bleeding risk in the general population with non-valvular AF given its simplicity, its validation 
in various cohorts (European and globally) and anticoagulated AF trial cohorts (24, 25), and its relatively 
higher discrimination. Overall, evidence indicates that HAS-BLED is superior to the ORBIT, ATRIA and 
HEMORR2HAGES bleeding risk scores in predicting clinically relevant bleeding events, including intra-
cranial haemorrhage, amongst patients with AF on anticoagulation (2, 17, 18, 26-31). It is also the best 
score at predicting bleeding risk in patients on maintenance HD (25).  

Both ATRIA and ORBIT categorised more patients as low-risk for major bleeding when compared 
with HAS-BLED, also, HAS-BLED has higher sensitivity (62.8%) but lower specificity for major bleeding 
risk when compared to the ORBIT score (37.1%) and ATRIA (29.7%) (14). The HAS-BLED score provided 
most benefit if a major bleeding risk threshold between 1.7-2% is applied, while the benefit from 
using either ATRIA or ORBIT score was only evident using a threshold between 2-6% (14). A recent 
study in NVAF patients receiving DOACs, the HAS-BLED score showed an ability to predict major 
bleeding comparable to that of the DOAC score and superior to that of the ORBIT score (23). 

HEMORR2HAGES risk score 

The HEMORR2HAGES risk score was developed using the National Registry of Atrial Fibrillation data 
set (9).  Its use is suggested by the KDIGO and ACC/AHA guidelines, along other risk scores. The 
genetic factor (CYP 2C9 single nucleotide polymorphisms) criterion is rarely readily available in daily 
clinical practice and may arguably underestimate bleeding risk if left out of the score. Nonetheless, it 
can be used as an aide-memoire during the holistic assessment of bleeding risk as it includes 
conditions which are absent in the other risk scores e.g. malignancy, thrombocytopenia, excessive 
fall risk and stroke. Its ability to predict major bleeding risk as compared to other scores is discussed 
above.  

ATRIA 

The ATRIA bleeding risk score was developed by Fang et al in 2011 (10) and reported a C statistic of 
0.74. It assigns the highest number of points to those with severe renal failure, including dialysis 
patients. The features included in the ATRIA score are all found in the HAS-BLED, HEMORR2HAGES 
and ORBIT scores, and therefore it adds little to the general assessment of bleeding risk when 
compared to using the other available scores. Its comparison to the other available bleeding risk 
scores is discussed above.  

Other risk models and novel approaches 

The BLEED-HD risk equation was recently developed using data from the DOPPS cohort to predict 
bleeding risk in the general haemodialysis population. BLEED-HD consists of 6 risk factors for major 
bleeding: age, sex, previous gastrointestinal bleeding, presence of a prosthetic heart valve, vitamin K 
antagonist use and country of origin, as haemorrhagic events were higher in Europe, North America, 
Australia and New Zealand. The BLEED-HD model yielded a superior discrimination index and 
calibration (C statistic of 0.65) than that demonstrated by the HAS-BLED, ATRIA and HEMORR2HAGES 
(C statistic <0.6). Though it is an attractive novel tool validated for use in HD patients, its use has not 
been applied to HD patients with underling AF to date (32).  
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The use of artificial intelligence (AI) and data science develop predictive modelling schemes remains 
in its embryonic stage, though it is predicted to change the landscape of research in healthcare. 
Nopp et al employed machine learning-based prediction models to identify novel approaches and 
predictors of bleeding risk assessment in an HD cohort based on general clinical parameters but 
failed to supersede the currently available risk scores in predicting bleeding events (31).  

High risk groups 

History of previous haemorrhagic episodes on bleeding risk 

Previous history of bleeding is consistently featured in several bleeding risk scores (table 3) as it 
remains a strong predictor for bleeding, irrespective of renal function. A previous DOPPS study 
confirmed that a history of gastrointestinal bleeding was the sole strongest risk factor for predicting 
future bleeding risk (33). A Swedish register-based cohort study including patients with advanced CKD 
(CKD 3-5D) with AF on oral anticoagulants (warfarin or DOAC) further demonstrated that CKD5 – 5D 
vs CKD3 (HR 1.92, 95% CI 1.43–2.56) and previous major bleeding event (gastrointestinal (HR 1.77, 
95% CI 1.39–2.25) or other bleeding event (HR 1.33, 95% CI 1.09–1.62) are strongly associated with a 
high bleeding risk. Moreover, male sex (HR 1.28, 95% CI 1.03–1.60), congestive heart failure (HR 
1.36, 95% CI 1.11–1.68) and vascular disease (HR 1.35, 95% CI 1.01–1.79) were also associated with 
an increased bleeding risk during oral-anticoagulation (34).  

Ongoing antiplatelet use  

The heightened risk of bleeding with the combined use of anticoagulation and antiplatelet therapy is 
well documented in the literature. An analysis of patients suffering an intracranial haemorrhage in 
the ARISTOTLE study revealed that such patients were usually older, were more likely to suffer from 
CKD at baseline, and received aspirin concomitantly with warfarin (35). A Danish study reported an 
incremental increase in bleeding risk among patients with renal disease and AF when treated with 
warfarin (HR 1.33; P<0.001) or combined warfarin and aspirin (HR 1.61; P<0.001) (36). A Canadian 
study revealed that among HD patients who were not exposed to VKA or antiplatelet agents, the risk 
of major bleeding episodes per year of exposure was 0.8%. This risk rose exponentially to 3.1, 4.4, 
and 6.3% in those HD patients receiving warfarin alone, aspirin alone, or receiving both warfarin and 
aspirin, respectively (37). Therefore, the indications and risk-benefit ratio of combined anticoagulation 
and antiplatelet therapy should be evaluated thoroughly prior to prescribing, especially in such a 
high-risk population.  

Previous acute coronary syndrome 

The ACC/AHA/ACCP/HRS guidelines recommend that patients with NVAF and an increased risk of 
stroke who undergo percutaneous coronary intervention, DOAC use is preferred over warfarin in 
combination with antiplatelet therapy due to the lower risk of bleeding events (38). Randomised 
controlled trials in AF patients with CKD4-5D suffering from ACS are yet to be performed to further 
guide management. Nonetheless, the duration of combined anticoagulant and single or dual 
antiplatelet therapy needs to be minimized due to the inadvertent higher risk of bleeding and must 
be individualized according to clinical factors and type of stent used.  
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Summary  
In patients with advanced renal impairment, the combined use of currently available stroke and 
bleeding risk scores, together with a thorough holistic assessment of comorbidities is encouraged to 
assist in the shared decision-making process. Identifying novel predictors of bleeding pertaining 
specifically to people with advanced CKD and improving current methods of risk stratification are 
important areas of further investigation. Assessment of the risk-to-benefit ratio of anticoagulant use 
should be evaluated regularly throughout the course of therapy given that bleeding and stroke risk is 
dynamic, with the involvement of the multidisciplinary team in complex situations.  

 

Practice recommendations 
We suggest that bleeding scores are not to be used in isolation but should be included in the holistic 
assessment of the patient to facilitate shared decision making regarding thromboprophylaxis in AF, 
and to identify particularly high bleeding risk patients for early review and follow up. 2D 

 

Audit and research recommendations: 
• Development of a validated bleeding risk score to allow risk stratification in patients with 

non-dialysis dependent advanced CKD (CKD 4 – 5) with NVAF. 
• A formal assessment of the utility of a validated haemodialysis-specific bleeding risk score to 

allow risk stratification in patients with ESKD on haemodialysis with NVAF.  
• Development of a validated peritoneal dialysis-specific bleeding risk score to allow risk 

stratification in patients with ESKD on peritoneal dialysis with NVAF.  
• Randomised control trials evaluating the safety and efficacy of anticoagulation in patients 

with ESKD on dialysis and non-valvular AF by means of dialysis-specific bleeding and 
thromboembolic risk scores. 

• Development of bleeding risk models with the judicious use of AI technologies to allow risk 
stratification in patients with advanced CKD, including those on dialysis. 
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Section 4: Treatment options for NVAF thromboprophylaxis 

Section 4a - Anticoagulation vs no anticoagulation 

CKD 4 and non-dialysis dependent CKD 5 

Oral anticoagulation is a common clinical practice for managing NVAF in patients with CKD stage 4 
and 5, and both VKAs and DOACs are routinely prescribed in this patient population (1). However, the 
existing evidence is limited to observational data (2).  

Five observational cohort studies, only one of which was prospective, are discussed within this 
guideline (supplementary Table 1). Several other studies include patients with CKD 4 and 5 in larger 
cohorts of patients with CKD, but as individual patient-level CKD staging was not available, subgroup 
analyses for CKD 4 and 5 were not performed in these studies (3, 4).  Of note, the Stroke Prevention in 
Atrial Fibrillation III Study included patients with creatinine up to 3 mg/dL (265 μmol/L). Only thirty 
(2%) of the 1936 patients were categorised as CKD 4 and thus a meaningful sub group analysis is not 
possible (5). 

The observational studies that are included here investigated the efficacy and safety profiles of 
DOACs or VKA in comparison to no anticoagulation (6-9). The clinical outcomes reported were 
predominantly ischaemic stroke, major bleeding, and survival.   

The largest of these studies included data on over 12,000 patients from three Swedish national 
healthcare registries (8). Using adjusted analyses, they found that warfarin significantly reduced the 
risk of ischaemic stroke in patients with CKD 4 (HR 0.53, 95% CI 0.38-0.74) and a significant reduction 
in mortality (HR 0.45, 95% CI 0.40-0.51). In CKD 5, warfarin-treated patients had no significant 
difference in the risk of stroke compared to no anticoagulation but there was a higher risk of major 
bleeding (HR 1.52, 95% CI 1.15-2.01). However, all-cause mortality was lower with those treated 
with warfarin (HR 0.44, 95% CI 0.36-0.54).  

Another large study from Taiwan, involving 3,771 patients, conducted adjusted analyses that 
demonstrated a higher risk of ischaemic stroke or systemic embolism in the warfarin group 
compared to no treatment (aHR 3.1, 95% CI 2.1-4.6) (7). In contrast, no significant difference was 
observed between DOAC-treated patients and those not receiving anticoagulation (aHR 1.1, 95% CI 
0.3-3.5). Both warfarin (aHR 2.8, 95% CI 2.0-3.8) and DOAC (aHR 3.1, 95% CI 1.9-5.2) use were 
associated with increased rates of major bleeding. Mortality was notably higher among warfarin-
treated patients with CKD 5 compared to no anticoagulation, although no significant effect was 
observed with DOACs. Similar trends were found in subgroup analyses of CKD 4 and 5, despite there 
being limited DOAC-treated patients with CKD 5.  

While there is some evidence supporting the benefits of anticoagulation in patients with AF and CKD 
in general, high-quality evidence specifically addressing patients with CKD 4 and non-dialysis-
dependent CKD 5 is clearly lacking. Existing evidence is predominantly derived from non-randomised 
studies, which are highly susceptible to selection bias despite adjustments for confounders. 
Moreover, retrospective observational methodologies are likely to underestimate the occurrence of 
adverse events, particularly non-major bleeding. This highlights the need for further Randomised 
Controlled Trials (RCT) data to guide current NVAF management in patients with advanced CKD. It is 
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acknowledged that financial and practical constraints present the ongoing challenges to conducting 
RCTs. However, target trial emulation (TTE) is emerging as a powerful observational research 
methodology due to its advantages in addressing confounders, handling time-varying covariates, and 
enabling causal inference. A notable example is a French study that employed TTE using the French 
Renal Epidemiology and Information Network (REIN) registry to evaluate the comparative efficacy 
and safety of DOACs versus VKAs (10). While this study did not explore the effects of anticoagulation 
against no treatment, TTE holds promise as a novel approach for assessing the comparative efficacy 
and safety of DOACs or VKAs compared to no anticoagulation in this patient population.  

Dialysis-dependent CKD 5 (CKD 5D)   

Three RCTs - Valkyrie, RENAL-AF, and AXADIA-AFNET 8 - have evaluated either the use of apixaban or 
rivaroxaban in the dialysis population (11-13). These studies, however, focused on comparing their 
efficacy and safety to VKAs. There are currently no RCTs that have directly compared DOACs versus 
no anticoagulation in this patient cohort. Stroke Prophylaxis With Apixaban in Chronic Kidney 
Disease Stage 5 Patients with Atrial Fibrillation (SACK; NCT05679024) and Strategies for the 
Management of Atrial Fibrillation in patiEnts receiving Dialysis (SAFE-D; NCT03987711) are two 
ongoing RCTs investigating the effects of DOACs versus no anticoagulation, but the results are still 
awaited .    

Twelve observational studies investigated the use of VKAs compared to no anticoagulation in HD 
patients (Supplementary Table 2), while two studies specifically examined the efficacy and safety of 
VKAs in PD patients (Supplementary Table 3). In addition, six studies investigated oral 
anticoagulation therapy in both dialysis modalities, including one study on apixaban and five on 
VKAs (Supplementary Table 4). Three studies did not specify the dialysis modality of their study 
populations (Supplementary Table 5). As with other observational studies, the results of these 
analyses face significant limitations in establishing causal relationships. A recent systematic review 
by Parker et al found that the majority of these studies have a moderate to serious risk of bias based 
on the ROBINS-I assessment, further highlighting the challenges of applying findings from current 
observational evidence in clinical practice (14). Here we provide an overview of the retrospective 
studies with a low risk of bias.  

A Swedish registry study assessed 12,106 patients, including 2,971 on HD and 1,208 on PD (8). 
Sensitivity analysis was conducted using Cox regression to adjust for dialysis modality, with 
quantitative variables modelled as restricted cubic splines. The findings indicated that warfarin 
treatment was associated with a lower risk of ischaemic stroke (HR 0.49; 95% CI 0.30-0.79), but a 
higher risk of major bleeding (HR 1.23; 95% CI 1.00-1.51) (8).  

Tan et al evaluated the outcomes of warfarin treatment compared to no anticoagulation in both HD 
and PD patients using inverse probability of treatment weighting in Cox regression to account for 
time-varying use of warfarin. They found no significant risk reduction in ischaemic stroke (HR 0.88; 
95% CI 0.70-1.11), but an increased risk of major bleeding (HR 1.50; 95% CI 1.33-1.68) (15).  

A propensity-matched cohort study investigated the effects of apixaban for managing NVAF in 
patients undergoing both HD and PD (16). The study assessed the effects of apixaban using both 
dosing of 5mg BD and 2.5mg BD. The findings showed that apixaban, compared to no 

https://clinicaltrials.gov/ct2/show/NCT05679024


 

UK Kidney Association Clinical Practice Guideline 37 

 

 

anticoagulation, was associated with a significantly higher rate of fatal or intracranial bleeding (HR 
2.74; 95% CI 1.37-5.47) but with no significant difference in hospitalisation from SSE.  

A study of 22,771 veterans (95% male) in the United States (US) with ESKD who developed AF before 
starting dialysis (17). Warfarin-treated patients were generally younger, had lower CHA2DS2-VASc 
scores, fewer comorbidities, but were more likely to be on a range of cardiovascular disease-
modifying medications. Multivariable Cox regression analysis showed a reduction in all-cause 
mortality, but an increased risk of stroke or TIA requiring hospitalisation and major bleeding.  

Two studies used propensity score matching to evaluate the effects of oral anticoagulation on 
dialysis patients in their retrospective cohorts (Supplementary Table 5) (18, 19). The first study 
reported that oral anticoagulation reduced the risks of all-cause mortality (HR 0.67; 95% CI 0.55-
0.81) and ischaemic stroke (HR 0.61; 95% CI 0.41-0.89). See et al elucidated that oral anticoagulation 
was associated with a higher risk of ischaemic stroke or systemic embolism (HR 1.54; 95% CI 1.29-
1.84), with no difference in efficacy and safety outcomes between VKAs and DOACs.  

There are two retrospective cohort studies of warfarin-treatment that include PD patients, 
Supplementary Table 3 (20, 21). Phan (2019) found no statistically significant differences in clinical 
outcomes between the warfarin group and non-anticoagulated group (20). In contrast, Chan (2016) 
reported that warfarin treatment was associated with a lower risk of ischaemic stroke compared to 
no treatment (HR 0.19; 95% CI 0.06-0.65; p = 0.01), without increasing the risk of intracranial 
haemorrhage (21). Nonetheless, both studies were subject to small sample sizes, significant bias, and 
the lack of longitudinal outcome data, making it difficult to draw causal inferences. This highlights 
the ongoing challenges in studying this specific patient cohort.  

 

Summary 
The effects of anticoagulation on clinical outcomes, compared to no anticoagulation, in dialysis 
patients exhibit considerable variability across the identified studies. While propensity score 
matching is often used in observational studies to improve the estimation of treatment effects, it 
can overestimate these effects when significant confounding is present. Additionally, selection bias 
arising from clinicians’ prescribing preferences for initiating oral anticoagulation further complicate 
the interpretation of findings.  
 
Similar to findings from the existing meta-analyses warfarin therapy has not been shown to 
significantly reduce mortality, stroke and thromboembolism risk (25-28), but is associated with an 
increased risk of major bleeding, particularly haemorrhagic stroke (22-25). Despite a trend suggesting 
warfarin might reduce ischaemic stroke risk, its overall protective effect remains unclear. The 
available evidence highlights the complexity of balancing thrombotic and bleeding risks in a highly 
heterogeneous patient population. While oral anticoagulation offers potential benefits, such as 
stroke prevention, a more nuanced and individualised to clinical decision-making is essential for 
weighing these benefits against the significant bleeding risks, particularly in dialysis patients.  
 
Clinicians should carefully assess each case, considering patient-specific factors such as treatment 
adherence and informed preferences when tailoring treatment decisions. Multidisciplinary reviews 
are also integral to optimising patient outcomes. Given the current evidence, the decision to forgo 
anticoagulation is also a reasonable treatment strategy, provided patients are fully informed and 
involved in the decision-making process.  
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Practice recommendations 
Anticoagulation should be considered as an option for NVAF thromboprophylaxis in patients with 
CKD stage 4, 5 and patients on dialysis. 2C 

Not offering any anticoagulation may be considered an option, particularly in those with CKD stage 5 
CKD or on dialysis. 2C 

 
Research recommendations 

• The efficacy of anticoagulation on mortality, stroke and thromboembolism risk reduction in 
patients with advanced CKD to determine specific patient groups that are likely to benefit 
from anticoagulation for NVAF thromboprophylaxis. 
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Section 4b Anticoagulant versus anticoagulant 

CKD stage 4  

VKAs act by inhibiting the synthesis of vitamin K-dependent clotting factors (II, VII, IX, and X). The 
pharmacokinetics are complex and exhibit significant variability, primarily due to hepatic metabolism 
via cytochrome P450 (CYP450) enzymes such as CYP2C9 (1). VKAs have a slow onset of action and are 
subject to a great number of interactions with medications and food substances, necessitating 
regular INR monitoring to maintain therapeutic levels. In contrast, DOACs have very different 
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pharmacokinetic profiles. Apixaban, edoxaban, and rivaroxaban directly inhibit factor Xa to prevent 
thrombin formation, while dabigatran reversibly binds to thrombin to inhibit thrombin-mediated 
activation of the coagulation cascade (1). DOACs offer several advantages, including more predictable 
pharmacokinetics and fixed dosing regimens.  Additionally, DOACs have rapid onset of action and 
shorter half-lives compared to VKAs. DOACs are metabolised through multiple pathways, including 
hepatic enzymes, such as P-glycoprotein and CYP enzymes, and renal excretion. Consequently, they 
are more dependent on renal function for clearance, which dose adjustments are required in 
patients with renal impairment.    

To date, a number of non-randomised studies have evaluated the comparative efficacy and safety of 
DOACs versus warfarin (Supplementary Table 6). Consequently, current evidence does not 
conclusively indicate which DOAC is most effective for managing NVAF in CKD patients. Our review 
identified three prospective (2-4) and fifteen retrospective observational studies (5-19), six of which 
undertook propensity-matched analyses (Supplementary Table 6) (5-9, 19). Most of these studies 
(n=14) compared the efficacy and safety outcomes between DOACs and VKAs. Some studies also 
explored the association between varying doses of DOACs (apixaban and rivaroxaban) and clinical 
outcomes. It is important to note that many studies grouped patient cohorts with CKD stages 4 and 5 
in their study design, which limits the ability to perform subgroup analyses specific to CKD stage 4. 
One multicentre retrospective cohort study utilised Cox proportional hazards models with 
propensity score matching to assess the efficacy and safety of rivaroxaban versus warfarin (20). In 
patients with CKD stage 4, rivaroxaban was associated with a 22% lower risk of TIA, stroke, and 
death (HR 0.78; 95% CI 0.62-0.99) compared to warfarin, with no significant difference in major 
bleeding risk (HR 0.63; 95% CI 0.37-1.09) (20).  

Collectively, the literature identified in our review suggests that DOACs and VKAs demonstrate 
comparable outcomes for TIA, stroke and thromboembolic risk reduction, with marginal trends 
favouring DOACs in two studies (20, 21). However, many studies report no statistically significant 
difference. While all-cause mortality was not reported in several studies, DOACs show a consistent 
trend toward lower all-cause mortality compared to VKAs (5, 20). In terms of bleeding risk, the findings 
are mixed, with some studies favouring DOACs and others reporting no significant difference 
compared to VKAs. It is important to recognise that variability in results is likely due to differences in 
study populations and methodologies. Therefore, high-quality studies are needed to confirm these 
findings to allow for more definitive guidance in this area.  

Apixaban is less dependent on renal clearance compared to other DOACs, making it a favourable 
option in patients with renal impairment when warfarin is not a feasible choice of anticoagulation. 
However, dosing uncertainties exist and a study by Xu et al in severe chronic kidney disease found 
that the apixaban 5mg twice daily versus 2.5mg twice daily had no difference in SSE but a higher risk 
of bleeding and the authors suggest that the European dosing is supported over the FDA dosing (20).  

The 2023 ACC/AHA/ACCP/HRS clinical practice guidelines recommend either warfarin or a licensed 
dose of DOAC as appropriate options for managing NVAF in patients with stage 4 CKD (21). In 
contrast, the 2024 ESC guidelines do not make specific recommendations for DOAC use in advanced 
CKD, but emphasise that DOAC dosing should align with current EU licensing recommendations (22). A 
recent UK-based Delphi study revealed that clinicians in nephrology and haematology show a 
modest preference for DOACs, mainly apixaban, over VKAs (8). However, this preference was 
marginal, suggesting no substantial difference in decision-making when choosing between the two 
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classes of oral anticoagulation therapy. The choice of oral anticoagulant therapy should be 
individualised, taking into account patient-specific characteristics and factors that may influence 
medication adherence.  

CKD stage 5  

The literature on efficacy and safety outcomes of oral anticoagulation for non-dialysis dependent 
stage 5 CKD is limited to a small number of studies (n=13) with significant heterogeneity, rendering 
the evidence base for anticoagulation options in this patient cohort inconclusive (Supplementary 
Table 7) (5, 8-11, 13, 15, 16, 18-20, 24-28). Most data are derived from retrospective observational studies, with 
only one prospective cohort study identified. Propensity score matching was employed in the study 
design in eight studies included in this review (5, 6, 8, 9, 19, 20, 25, 26).  

These studies primarily focused on SSE as efficacy outcomes, with major bleeding designated as the 
main safety endpoint. Data on clinically relevant non-major bleeding (CRNM) and minor bleeding 
events were scarce, and only four studies reported results on all-cause mortality (5, 20, 24, 26).  

Key findings from Xu et al revealed that standard dose of apixaban (5mg BD) was associated with a 
higher risk of bleeding events (sHR 1.63; 95% CI 1.04-2.54) compared to a reduced dose of 2.5mg BD, 
supporting the current licensed recommendation for reduced dosing in patients with severe renal 
impairment down to CrCl of 15m/min (20). Notably, no significant differences were observed in the 
risk of stroke, systemic embolism, or death. A prospective cohort study assessed the clinical 
outcomes for all DOACs but the sample size was too small to achieve adequate statistical power and 
clinically meaningful results (24).   

A recurring limitation across these studies was the inclusion of patients with a wide range of eGFR 
values, often combining CKD stages 4 and 5. This aggregation obscured the ability to accurately 
assess the effects of each oral anticoagulant specifically in patients with non-dialysis dependent CKD 
stage 5.  

The current license of apixaban, edoxaban and rivaroxaban permits their use down to a CrCl of 
15ml/min with appropriate dose adjustments. However, the evidence supporting the safety and 
efficacy of these dosing strategies in this population remains underexplored. 

Dialysis  

Prevalent dialysis cohorts have the most substantial amount of prospective evidence available (24, 29-

31) (Supplementary Table 8). To date, three RCTs, including AXADIA-AFNET 8, RENAL-AF and Valkyrie, 
have examined the efficacy and safety of DOACs in individuals undergoing maintenance HD (32-34). 
Key characteristics and outcomes of these RCTs are summarised in Supplementary Table 9. It is 
important to note the existing RCT evidence is limited to the HD population, with the use of DOACs 
in PD being assessed mainly through observational studies. Due to insufficient statistical power, the 
results from RENAL-AF cannot be used to draw definitive conclusions.  

AXADIA-AFNET 8 is the most recent RCT that evaluated the efficacy and safety of apixaban at a dose 
of 2.5mg BD in dialysis patients compared to VKA (28). The study used the Cox proportional hazard 
model and found no difference in the primary composite efficacy outcome (composite of ischemic 
stroke, all-cause death, myocardial infarction, and deep vein thrombosis or pulmonary embolism) 
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(HR 0.764; 95% CI 0.343-1.700) between treatment groups. There was also no difference in the 
composite safety outcome defined by a first event of major bleeding, clinically relevant nonmajor 
bleeding, or all-cause death (HR 0.93; 95% CI 0.53-1.65) between apixaban and VKA.  

Despite emerging evidence, there remains a lack of compelling evidence to guide the optimal dosing 
of apixaban in dialysis patients. The US retrospective cohort study by Siontis et al involving 25,523 
patients reported no difference in SSE between apixaban and warfarin (HR 0.88; 95% CI 0.69-1.12) 
(35). Notably, apixaban significantly reduced major bleeding risk (HR 0.72; 95% CI 0.59-0.87). 
Sensitivity analyses indicated that apixaban 5mg twice daily (BD) significantly reduced the risks of 
SSE (HR 0.61; 95% CI 0.37-0.98) and mortality (HR 0.64; 95% CI 0.45-0.92) compared to apixaban 
2.5mg BD. The conflicting findings underscore the need for further research to determine optimal 
apixaban dosing for NVAF management in the dialysis population.  

The Valkyrie study was the first RCT to assess rivaroxaban in HD patients (34). The reduced 
rivaroxaban dose at 10mg OD was associated with a significantly reduced risk of fatal and non-fatal 
stroke compared to VKAs (HR 0.41; 95% CI 0.25-0.68). Furthermore, the safety endpoints, such as 
major bleeding, were reduced in the rivaroxaban group compared to VKA (HR 0.39; 95% CI 0.17-
0.90).  Despite these promising results, the small sample size of 132 participants limits 
generalisability and statistical robustness of these results.    

In addition to SAFE-D (NCT03987711), APIDP2 is a French randomised open-label study 
(NCT06045858) currently under recruitment. It will be the first RCT that evaluates the comparative 
efficacy and safety of apixaban at reduced dose of 2.5mg BD and warfarin in PD patients (36).  

Apixaban is currently the only DOAC that has been approved for use in dialysis by the United States 
Food and Drug Administration (FDA). In contrast, apixaban remains unlicensed for use in patients 
with dialysis-dependent CKD in the UK and Europe. While the current ESC guidelines do not provide 
any specific recommendations for DOAC use in the dialysis population, the 2023 ACC clinical practice 
guidelines recommend treatment with either warfarin or an evidence-based dosing of apixaban is 
appropriate for managing NVAF in patients with end-stage renal disease, including those on dialysis 
(21). Clinicians should consider risk stratification and the choice between DOACs and VKAs in the 
context of labile INR, the risk of calciphylaxis, and the ease of access to INR monitoring required for 
VKA therapy. Instances where VKA use would be contraindicated include VKA-induced skin necrosis 
and calciphylaxis.  

Dialysis circuit anticoagulation in people therapeutically anticoagulated 

There are concerns that for those fully anticoagulated, additional anticoagulation for the dialysis 
circuit may pose an additional haemorrhagic risk. It is unclear whether there is a need for additional 
anticoagulation in patients on long-term oral anticoagulation to prevent circuit clotting. One small 
study suggested that haemodialysis without additional anticoagulation is possible in patients taking 
oral anticoagulation (37).  From the Delphi consensus we therefore suggest that for haemodialysis 
patients therapeutically anticoagulated they should initially undergo dialysis without additional 
dialysis circuit anticoagulation.  

 

 

https://bmjopen.bmj.com/lookup/external-ref?link_type=CLINTRIALGOV&access_num=NCT06045858&atom=%2Fbmjopen%2F14%2F9%2Fe089353.atom
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Calciphylaxis  

When prescribing VKAs consideration should be given to the rare life-threatening condition 
calciphylaxis. Calciphylaxis is a syndrome of vascular calcification where there is occlusion of 
microvessels that results in extremely painful, ischemic skin lesions (38). Calciphylaxis typically affects 
people with end-stage kidney disease (ESKD). However, warfarin increases the risk of calciphylaxis 
with approximately 50% of those with ESKD and calciphylaxis taking on warfarin (39, 40). Warfarin has 
been shown to increase mortality risk in those with calciphylaxis (40). VKAs are contraindicated in 
patients with calciphylaxis and alternative options should be discussed with the patient.  

Patients on the deceased-donor kidney transplant waiting list 

For patients on the deceased donor transplant waiting list having a readily reversible agent is 
preferred as urgent anticoagulation reversal is required before surgery (41). Delaying transplant 
surgery to allow for DOAC clearance is not possible and this is the reason many transplant centres 
opt for VKAs (41). There is a dearth of data on managing use of DOACs around the time of a deceased 
donor transplant. Therefore, we suggest that VKAs remain the preferred option when the patient is 
on the kidney transplant waiting list.  

There is promise in the use of urine dipstick tests to detect clinically relevant DOAC levels (42). This 
test can provide a rapid assessment of whether DOAC is present to guide clinical management such 
as procedures (42). However, at present the use of this assay in those with impaired renal function 
may produce false negative results and further work is needed to make an assay suitable for those 
with advanced kidney disease. The ideal solution would be a point of care blood test which could be 
used in those patients who are also anuric, but this is yet to be developed.  

 

Practice recommendations 
We suggest a shared decision-making approach with appropriate counselling on risks and benefits of 
different treatment options, see appendix 1. 2C 
 
For patients on the deceased-donor transplant waiting list commencing anticoagulation we suggest 
this is with a VKA. 2D 
 
In CKD stage 4 (eGFR 15-<30) for NVAF thromboprophylaxis we recommend offering either: 

• Apixaban 2.5mg twice daily 
• Edoxaban 30mg daily 
• Rivaroxaban 15mg daily 
• VKA  2B 

 
In CKD stage 5 (eGFR<15 not on dialysis) for NVAF thromboprophylaxis we suggest offering either: 

• Apixaban 2.5mg twice daily 
• VKA  2C 

 
In Dialysis (haemodialysis/peritoneal dialysis) for NVAF thromboprophylaxis we suggest offering 
either: 
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• Apixaban 2.5mg twice daily 
• VKA  2C 

Patients on haemodialysis who are therapeutically anticoagulated should initially undergo dialysis 
without additional dialysis circuit anticoagulation. 2D 

 

Research recommendations 
• Trials to assess the safety and efficacy outcomes of apixaban versus VKAs in patients with 

advanced kidney disease. 
• Trials to assess the safety and efficacy outcomes of rivaroxaban versus VKAs in patients with 

advanced kidney disease. 
• Trials to assess DOAC dosing in advanced CKD assessing safety and efficacy outcomes. 
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Section 5: Monitoring and follow up 

Rationale 

Warfarin (and other vitamin K antagonists) 

National and International guidance recommend that VKA therapy is monitored using the 
international normalised ratio (INR) with a target range of 2-3 when used for AF (1-3). The frequency 
of INR monitoring and dosage adjustments are subject to local variation, but a typical protocol in the 
UK recommends that when warfarin is initiated that daily or alternate day monitoring should be 
undertaken until two consecutive INR values are in range. This should then reduce to once or twice 
weekly measurements until two consecutive INR values are in range, thereafter less frequent 
measurements can be undertaken (up to a maximum of 12 weekly) depending on the stability of the 
INR (4). More frequent monitoring (e.g. every 1-2 weeks) is recommended for patients with renal 
impairment (4), however, no definitive guidance was identified for this population and none of the 
studies identified evaluated this aspect of care. Our recommendation is therefore based on the 
available guidance for the general population. 

INR monitoring can be done in different settings including general practice, specialised clinics, 
dialysis centres, or at home by the patient using point of care (POC) testing devices. The accuracy of 
the CoaguChek S device (Roche Diagnostics, Indianapolis, Indiana) has been tested against 
laboratory INR testing in a small cohort of 37 haemodialysis patients in the USA, this found a 
reasonable correlation between POC measurement and laboratory measurement with the POC 
measurement being within 0.2 of the laboratory measurement 67% and within 0.4 89% of the time 
(5).  

In addition to regular INR monitoring, the National Institute for Health and Care Excellence (NICE) 
and European Society of Cardiology (ESC) recommend that overall anticoagulation control with 
warfarin be monitored using the Time in Therapeutic Range (TTR), calculated using a validated 
method of measurement as this higher TTR is associated with a lower risk of adverse outcomes in 
the general population (1,2). However, targets vary with UK guidance suggesting a target of more than 
65% (1) and European and American guidance more than 70% (2, 3).  

The TTR for patients with severe to end-stage CKD, including those on dialysis has been evaluated in 
numerous studies. Patients with CKD or on dialysis frequently have suboptimal TTRs compared with 
the general population with estimates and TTR appears to worsen as renal function declines (6-9). 
Most studies of patients with severe CKD and dialysis have reported suboptimal TTR ranging from 
44% to 62% (6, 8-13).  . Studies from Sweden and the Netherlands, who have previously been shown to 
have good anticoagulation control in the general population, found TTRs of over 65% in patients 
with severe CKD and dialysis but these were lower than for those without CKD (6, 14, 15). 

Low TTR has been associated with adverse clinical outcomes(6), low TTR alongside severe CKD can 
therefore significantly increase the risk of adverse events (16). Patients with severe CKD and those on 
dialysis are significantly more likely to experience subtherapeutic and supratherapeutic INR levels, 
with a concurrent increase in the risk of ischaemic stroke, minor and major haemorrhage, and death 
compared to those with mild or moderate CKD (7, 8, 9, 16, 17). Increasing TTR to ≥ 70% has been 
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associated with a significant reduction in risk of major bleeding and all-cause mortality in patients 
with severe CKD and those on dialysis and a trend towards a reduction in ischaemic stroke (7).  

There is debate whether TTR is the most important factor when determining adequacy of 
anticoagulation in patients with severe CKD. A study from the Netherlands reported a TTR rate of 
70% in patients with severe CKD, comparable to patients with moderate or without CKD (14). 
However, even though TTR was acceptable, the rate of adverse events was still higher in patients 
with severe CKD. The authors found that INR variability was significantly higher in those with severe 
CKD compared with no or moderate CKD and analyses suggested that this may mediate the already 
increased risk of cardiovascular events and major bleeding in this group  (18). A further study in Italy 
suggested that increasing INR variability may have a more significant impact on mortality and 
bleeding than TTR (13). For each unit increase in the standard deviation of INR the hazard of all-cause 
mortality rose by 67% (HR 1.67, 95% CI 1.12-2.49), whereas for TTR >65% compared with less than 
65% there was no significant effect on mortality (HR 0.77, 95% CI 0.42-1.4) (13). A TTR ≥ 65% was 
associated with a lower risk of recurrent bleeds (HR 0.35, 95% CI 0.15-0.8), but standard deviation of 
INR may be a stronger predictor per one unit increase (HR 2.44, 95% CI 1.43-4.15) (13).  

There is insufficient evidence to ascertain whether the benefits of higher TTR are maintained in 
patients with severe CKD, but aiming for a higher TTR would not appear to cause harm so we 
recommend to follow the guidance issued by NICE (1). Poor TTR should be considered as part of 
shared decision making with patients about whether there should be consideration of switching to a 
DOAC.  

DOACs 

Studies have shown prolongation of half-life and increased drug exposure (represented by 
concentration area under curve (AUC)) for all DOACs, in patients with renal impairment, including 
patients requiring dialysis treatment.  

There have been some analyses of the relationship between drug levels and measures of coagulation 
in the CKD population.  

Apixaban has been the most frequently studied DOAC to-date. Studies have analysed apixaban 
pharmacokinetics, after a single dose or at steady state in patients with CKD, including those 
requiring HD treatment. Analysis of participants who had CrCl 25-30 ml/min in the  ARISTOTLE trial 
showed that the median AUC for apixaban concentrations increased with lower CrCl , but the range 
of values was not different to patients with relatively preserved renal function (CrCl >30ml/min) (19). 
A further study in patients with CKD stage 1-4 found a negative correlation between both peak and 
trough apixaban levels and CrCl (apixaban levels rising as CrCl decreased), when apixaban was given 
at 5mg BD dose (20). The relationship was less strong when given at 2.5mg BD dose (21). Real-world 
data from hospitalized patients, including both CKD and non-CKD, with median CrCl 57.2 ml/min, 
suggests that Creatinine clearance is a significant determinant of apixaban clearance (21). 
Investigation of steady-state apixaban pharmacokinetics in haemodialysis patients have found no 
difference in pharmacokinetic measurements (including trough (Cmin) and peak (Cmax) apixaban 
levels and AUC) between patients receiving haemodialysis treatment and patients with non-dialysis 
CKD (CrCl 15-60) when given the same dose (22, 23). Together, these studies show an effect of reduced 
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kidney function on apixaban concentrations, but no difference between non-dialysis CKD and HD 
treated patients. 

Several studies have investigated the effect of dialysis treatment on apixaban concentrations. Whilst 
single dose studies suggest an impact in timing pre-, post dialysis this effect is not seen in patients 
once at steady state (22, 24, 25. 26). In patients receiving PD, the AUC of Apixaban concentrations 
appears to be increased, compared with both HD patients and healthy subjects, after either 1 week 
of 2.5mg BD, or a single dose of 5mg (27, 28). 

Two studies of Rivaroxaban in HD subjects have found similar Cmax, but increased AUC compared 
with healthy subjects. Neither study found a difference between pre- or post-dialysis dosing on 
rivaroxaban levels (29, 30). 

Edoxaban concentrations were compared between those with CrCl 15- 29ml/min taking 15mg daily 
and CrCl >50ml/min taking either 30mg or 60mg (31). There is no available AUC data, but trough levels 
in patients with reduced renal function appear to be similar to patients with CrCl > 50 ml/min taking 
60mg.  

Critically, there is little evidence in the CKD population to suggest a relationship between 
pharmacokinetic measures of DOACs and clinical outcomes. This relationship has been examined in 
just three studies. In a prospective observational cohort of patients with CKD1-4, the mean trough, 
but not peak, Apixaban level was significantly higher in those who had bleeding episodes, compared 
to those without bleeding episodes; there was no association between peak or trough levels and 
ischaemic events (20). In contrast, in the RENAL-AF randomised trial of Apixaban, there were no 
differences in pharmacokinetic values between those with bleeding events and those without, 
including Cmax, Cmin and AUC0-12 (23).   

In summary, pharmacokinetic studies of DOACs, both at steady state and after single doses, suggest 
that drug exposure, as represented by AUC, is likely to be increased in patients with CKD, either non-
dialysis or requiring dialysis, but the effect is mitigated by dose adjustment according to licensed 
guidelines. Studies consistently show that there is no effect of renal function on peak drug levels. 
Despite some effect of haemodialysis treatment on drug levels, there does not appear to be a 
marked difference in drug exposure between non-dialysis CKD and those on HD treatment; PD 
treatment appears to be associated with higher drug exposure. There is a paucity of evidence linking 
drug levels and pharmacokinetics to clinical endpoints. Routine monitoring of DOAC exposure is not 
recommended in the licensing for any of these medications (32-34).  

Standard monitoring of DOACs such as liver function, full blood count and renal function should be 
monitored as per frequency defined in the manufacturer’s information (32-34) and European Heart and 
Rhythm Association (EHRA) guideline (36) 

 

Practice recommendations 
• We recommend that VKA therapy should be monitored using the international normalised 

ratio (INR). 1A 
• Frequency of monitoring and dose adjustments should be defined in local protocols 
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• We recommend that anticoagulation control with warfarin should be assessed using Time in 
Therapeutic range (TTR), aiming for TTR >65%. 1B 

• For patients with advanced kidney disease including those on dialysis discuss options of 
where INR monitoring can take place and allow patient to choose if there are multiple 
options 2D 

• Anticoagulation with VKA’s should be reassessed where TTR is less than 65%. This 
assessment should consider adherence, cognitive function, illness, interacting medications, 
and lifestyle factors. 2C 

• We suggest that monitoring of peak and trough DOAC levels is not necessary in advanced 
CKD unless an additional reason to monitor is present i.e. potential drug-drug interaction. 2C 

 

Research recommendations 
• Evaluate whether methods to combine TTR and INR variability are feasible in practice and 

whether these measures can be used concurrently to improve safety and effectiveness 
outcomes with VKAs. 

• Further research is required on the utility of monitoring DOAC levels, both peak and trough 
levels should be considered and results correlated with hard clinical outcomes. 
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Section 6: Areas of interest  

Section 6a. Left Atrial Appendage Occlusion (LAAO) 

Overview 

The left atrial appendage (LAA) is the primary source of thromboembolism in over 90% of patients 
with non-rheumatic atrial fibrillation (1). In patients where formal anticoagulation is contraindicated 
there is the option of LAA closure through ligation, amputation, or occlusion (LAAO). This can be 
performed surgically or percutaneously. Following percutaneous closure of the LAA, a short course 
of anticoagulation with either a vitamin K antagonist or DOAC is recommended alongside aspirin for 
45 days then dual antiplatelet therapy (DAPT) for a further 4.5 months (2). If patients have an 
absolute contraindication to OAC, DAPT (Aspirin plus clopidogrel) is used for up to 6 months post 
procedure (3). The FDA in 2022 released approval to expand the instructions for use labelling for the 
current-generation WATCHMAN FLX LAAO device to include a 45-day DAPT option as an alternative 
to 45-day OAC plus aspirin for post-procedural treatment of patients using data from the post 
approval NCDR-LAAO Registry (4). 

Surgical Closure of the LAA 

The atrial appendage can be ligated or amputated at the time of concomitant cardiac surgery for 
other indications. The procedure is performed routinely in patients with an indication for OAC, as an 
adjunct to OAC, in the hope of reducing future thromboembolic complications. Thoracoscopic 
approaches to specifically close the LAA exist although are rarely performed given availability of less 
invasive percutaneous approaches. 

The LAAOS III trial, randomised individuals with AF undergoing cardiac surgery for another indication 
with a CHA2DS2-VASc score of at least two (5). Participants were assigned to undergo (n=2379) or not 
undergo (n=2391) occlusion of the LAA during surgery. The primary outcome was the occurrence of 
SSE. Importantly all the participants were expected to receive usual care, including OAC, during 
follow-up. The study population, mean age 71 years, mean CHA2DS2-VASc score 4.2 and mean 
follow-up of 3.8 years. At 3-years, 76.8% of the participants continued to receive OAC. SSE occurred 
in 114 participants (4.8%) in the occlusion group and in 168 (7.0%) in the no-occlusion group (hazard 
ratio, 0.67; 95% CI, 0.53 to 0.85; P = 0.001). 

LAAOS III used a variety of techniques to close the LAA but did not report success rates of closure. 
Techniques of surgical closure can be incomplete with case series reporting rates of almost 40% (6). 
Also, these patients have another primary indication for cardiac surgery and as such represent a 
limited cohort and one with significant associated cardiac conditions. To date there is limited data to 
support surgical LAAO without the use of anticoagulation. 

Percutaneous LAAO Trials 

The atrial appendage can be closed using a percutaneous plug e.g. WATCHMAN device, a Pacifier 
e.g. Amplatz or Amulet device or ligation technique e.g. LARIAT device (8). The anatomy of the LAAO 
is heterogenous and detailed pre-procedure planning is vital prior to percutaneous closure involving 
a combination of trans-oesophageal echocardiography, cardiac CT and cardiac MRI. This is not 
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required for surgical approaches. The procedure is typically performed via the femoral venous route 
and requires a transseptal puncture to access the left atrium necessitating the use of heparin to 
avoid thrombosis of the catheters and occlusion device. The procedure is performed under 
conscious sedation or general anaesthetic and usually involves an overnight stay in hospital. 

Studies, namely in a non-CKD population, have demonstrated percutaneous LAAO to be non-inferior 
to warfarin or DOACs for stroke and systemic embolism with a reduced risk of major bleeding (2, 8, 9, 

10). The two pivotal RCTs have focused on patients eligible for warfarin receiving the WATCHMAN 
device. As such it is the most implanted percutaneous LAAO device and has the most robust data to 
support its clinical use.  

PROTECT-AF (2) is a multicentre, randomised, unblinded, non-inferiority study of 707 patients with 
NVAF and at least 1 additional stroke risk factor (CHADS2 score ≥1) comparing the WATCHMAN 
device to warfarin (target INR 2-3). The device group received warfarin for 45 days after the implant 
with 4-year follow up. At a mean follow up the event rate (composite efficacy end point SSE, and 
cardiovascular / unexplained death) was 39/463 patients (8.4%) in the device group compared with 
34/244 patients (13.9%) with warfarin (rate ratio, 0.60; 95% confidence interval, 0.41-1.05), meeting 
prespecified criteria for both noninferiority and superiority.  

PREVAIL (8) was a follow up RCT that compared the WATCHMAN device with warfarin. Patients with 
NVAF who had a CHADS2 score ≥2 or 1 and another risk factor were eligible. Patients were randomly 
assigned to undergo LAAO and subsequent discontinuation of warfarin (intervention group, n=269) 
or receive chronic warfarin therapy (control group, n=138). At 18 months percutaneous LAAO did 
not achieve non inferiority for the primary composite efficacy endpoint (composite of SSE and 
cardiovascular/unexplained death). The study had lower than expected event rates limiting 
statistical power. When compared in a meta-analysis the combined 5-year outcome data of 
PROTECT AF and PREVAIL demonstrates that the WATCHMAN device is non-inferior to warfarin for 
the composite of stroke, systemic embolism, and cardiovascular/unexplained death. 

PRAGUE-17 (10) a multicentre, randomised, non-inferiority trial comparing percutaneous LAAO 
(n=201,) with DOACs (N=201) in patients with NVAF. Patients needed a history of bleeding requiring 
intervention or hospitalisation, a prior cardioembolic event while taking an OAC, and/or a CHA2DS2-
VASc of ≥3 and HAS-BLED of >2. The primary composite outcome was SSE, cardiovascular death, 
major or non-major clinically relevant bleeding, or procedure-/ device-related complications. At a 
median 19.9 months of follow-up, the annual rates of the primary outcome were 10.99% with LAAO 
and 13.42% with DOAC (sub distribution hazard ratio [sHR]: 0.84; 95% CI: 0.53-1.31; p=0.44;) 
meeting non inferiority criteria. Device selection was at the discretion of the implanting centre 
(Amulet device 61.3%, WATCHMAN/WATCHMAN-FLX 38.7%) and following LAAO patients received 3 
months of DAPT, in patients with a very high thrombotic risk, alternative regimens included DOAC 
substitution for DAPT for up to 3 months or DOACs for 6 weeks followed by DAPT for 6 weeks. 

As the analysed RCTs have primarily included patients eligible for OAC, their results must be 
interpreted with caution in the wider AF population. Evidence for the safety and efficacy of 
percutaneous LAAO in patients unable to take OAC is only in the form of registries and case series to 
date. 
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Data specifically for LAAO in patients with CKD is scarce. The largest, real-world, multicentre cohort 
of LAAO patients categorised based on baseline kidney function included over 2100 patients 
receiving the WATCHMAN device. Of these 239 had CKD stage 4 or stage 5, 170 and 69 respectively. 
The primary endpoint included cardiovascular (CV) mortality, thromboembolism, and major 
bleeding. Procedural duration increased in parallel with CKD severity although procedural success 
and acute complication rates were unrelated to baseline CKD status. Post-implant antithrombotic 
regiment and follow-up strategies were left to each operator’s preference. The incidence of the 
primary endpoint at 1 year and 2 years significantly increased with worsening CKD, 2-year 
cumulative incidence: 14.1 (CKD stage 1 and 2) vs. 18.2 (CKD 3) vs. 24.7 (CKD 4) vs. 32.7 (CKD 5). The 
relative risk reduction in the incidence of thromboembolism and major bleeding was consistent 
across CKD groups (11).  

There remains a strong need for a formal RCT in this group. The LAA-KIDNEY trial (NCT05204212) is 
the first RCT to compare LAAC (Amplatzer Cardiac Plug and/or Amulet) with best medical therapy 
(including VKA, DOACs, antiplatelet agents or no anticoagulation) in patients with advanced CKD 
(eGFR <15 ml/min/1.73 m2) and NVAF with a high risk of stroke and bleeding. It is hoped that this 
study will achieve better recruitment than previous similar RCTs (Watch-AFIB (NCT02039167) and 
STOP-HARM (NCT02885545)) which unfortunately were terminated early due to slow enrollment.   

Guidelines 

In 2010, NICE made the following recommendations, for percutaneous LAA closure (12).  

Current evidence suggests that percutaneous occlusion of the LAA is efficacious in reducing the risk 
of thromboembolic complications associated with NVAF. With regard to safety, there is a risk of life-
threatening complications from the procedure, but the incidence of these is low. Therefore, this 
procedure may be used provided that normal arrangements are in place for clinical governance, 
consent, and audit. 

Patient selection should be carried out by a multidisciplinary team including a cardiologist and other 
appropriate clinicians experienced in the management of patients with AF at risk of stroke.  

Since publication, several critical changes to the commissioning and delivery of this service have 
occurred (13, 14). In 2018, NHS England decided to support commissioning of LAAO in selected patients 
with NVAF and high thromboembolic risk, defined as a CHA2DS2-VASc≥2, and where there is a 
physician-assessed contraindication to OAC. All procedures undertaken must be recorded on a 
national Left Atrial Appendage Occlusion Registry (15). 

The 2021 NICE guideline update “Atrial fibrillation diagnosis and treatment” reiterates the 
recommendation to not offer LAAO as an alternative to anticoagulation unless anticoagulation is 
contraindicated or not tolerated (16). A consensus statement from the European Heart Rhythm 
Association and the European Association of Percutaneous Cardiovascular Interventions published in 
2020 states that AF patients with CHA2DS2-VASc score ≥2 (3 in females) who have absolute 
contraindications for long-term OAC may be considered for LAAO if a minimum period (2-4 weeks) of 
a single antiaggregant can be given, and for those who are unwilling to take OAC after receiving 
personal and detailed advice that according to current evidence long-term OAC treatment is the 
preferred prophylactic strategy (7). The 2023 American guidelines state in patients with AF with a 
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moderate to high-risk of stroke (CHA2DS2-VASc score ≥2), and a contraindication to long-term OAC 
percutaneous LAAO is reasonable 2a(B) indication (17). 

Unresolved Concerns 

Whilst the LAA is the primary source of thrombus formation in patients with non-rheumatic AF, over 
10% of thrombi are not located within the LAA and as such occlusion will not eliminate the risk (1). 
Furthermore, closure of LAA can be incomplete and a communication remain between the atrial 
appendage and the body of the LA. Assessment of closure remains controversial as does 
quantification of the residual leak and its relevance to ongoing thromboembolic risk (18). The NCDR 
(National Cardiovascular Data Registry)-LAAO Registry, a post marketing surveillance registry used to 
evaluate patients within the USA who have undergone attempted LAAO with the 
WATCHMAN/WATCHMAN FLX devices reports successful percutaneous closure rates of <85% (19).  

In patients with an indication for OAC it is not surprising to find the presence of left atrial thrombus 
when the LAA is imaged. In this scenario LAAO is contraindicated and if feasible a short term (<8 
weeks) strategy of intense OAC is required before re-imaging to ensure resolution of the thrombus. 

As with all new procedures with time and experience (operator and centre), procedural safety 
improves. Acute procedural complications are outside the scope of this document but may be 
significant. Longer term serious device complications are rare (<1%) and include device migration, 
erosion or embolisation plus the risk of endocarditis. Practical considerations with regards to patient 
selection and management of LAAO have recently been published (20).  

 

Practice recommendations 
In selected patients LAAO may be considered as an option. 2B 
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Section 6b. Factor XI inhibitors - Investigational anticoagulants 
 
DOACs have become the standard of care for patients with NVAF (1). However, concerns remain 
around the associated bleeding risk amongst vulnerable patient groups. Recently interest has 
focused on factor XI/XIa inhibitors in the prevention of thromboembolic complications in patients 
with NVAF as well as their wider use in thromboprophylaxis following major orthopaedic surgery and 
end stage renal disease for dialysis circuit anticoagulation (2). 

Factor XI is a plasma glycoprotein that acts through the intrinsic pathway of the clotting cascade. 
When vascular damage occurs, factor XI is activated by thrombin (FXIa). and participates in the 
amplification of thrombin generation. Congenital factor XI deficiency is characterised by low risk of 
venous thromboembolism and ischemic stroke without an observed increased risk of spontaneous 
bleeding.  As such factor XI/XIa is a compelling target to investigate (3). 

Factor XI/XIa inhibitors can be divided into three broad molecular groups. Synthetic small molecules, 
such as asundexian and milvexian, bind to factor XIa and are administered orally. Monoclonal 
antibodies, abelacimab and osocimab, suitable for use in severe CKD, are administered intravenously 
or subcutaneously. Thirdly antisense oligonucleotides (ASOs) such as fesomersen, administered 
subcutaneously. ASOs have a slow onset of action and as such utility in NVAF may be limited (2). 

The main investigational agents under investigation in NVAF are asundexian, milvexian and 
abelacimab.  

To date two phase 2 trials have reported. It is important to highlight that these studies primarily 
focused on dose finding and did not compare the efficacy of the drugs for prevention of 
thromboembolic events. 

PACIFIC AF was a dose-finding study which randomly assigned 753 individuals with AF (mean age, 74 
years; nearly one-third had CKD) to receive the oral FXIa inhibitor asundexian (20 or 50 mg once 
daily) or apixaban (5 mg twice daily) for 12 weeks. Participants assigned to asundexian had similar or 
lower rates of clinical bleeding compared with those assigned to apixaban (HR 0.33, 90% CI 0.09–
0.97) (3). 

AZALEA-TIMI 71 investigated the role of abelacimab in 1287 participants, examining two blinded 
doses (150mg or 90mg) vs rivaroxaban (5). The primary endpoint, major or clinically relevant 
nonmajor bleeding, for abelacimab 150 mg vs. abelacimab 90 mg vs. rivaroxaban, was: 6.1% vs. 4.9% 
vs. 15.4% and due to these lower rates of bleeding it was stopped early. There was also a significant 
reduction in major GI bleeding (4).  

The phase III OCEANIC AF study was a multicentre, randomised controlled study investigating 
asundexian 50mg daily compared to apixaban in patients with NVAF at risk for stroke to determine 
the safety and efficacy of asundexian on the prevention of SSE. The trial aimed to recruit 18,000 
patients although was stopped by the independent data monitoring committee due to an inferior 
efficacy of asundexian versus the control arm after 14830 pts had been enrolled. SSE occurred in 98 
patients (1.3%) assigned to receive asundexian and in 26 (0.4%) assigned to receive apixaban (hazard 
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ratio, 3.79; 95% confidence interval [CI], 2.46 to 5.83) (5). Concerns have been raised about the 
validity of the phase II dose finding trial as a potential explanation of the disappointing result. 

There are several phase III clinical trials underway, which include: 

LIBERXIA AF (NCT05757869) is a randomized, double-blind, double-dummy, parallel group, active-
controlled study to evaluate the efficacy and safety of the oral factor XIa inhibitor milvexian 100mg 
bd, versus apixaban in participants with AF. With an estimated completion date 2027 the trial aims 
to recruit 15,500 patients (6). 

LILAC-TIMI 76—NCT05712200 is a study to evaluate the efficacy and safety of abelacimab in high-
risk patients (CHA2DS2VASc ≥4 OR age ≥75 and a CHA2DS2VASc ≥3) with AF who have been deemed 
unsuitable for oral anticoagulation. Recruitment is ongoing and is due to end in 2025. 1900 patients 
will be randomised in a 1:1 ratio to receive abelacimab 150 mg subcutaneous or matching placebo 
once monthly and the trial will include patients with severe renal insufficiency (6).  
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Section 7: Lay executive summary  

People with chronic kidney disease are at an increased risk of developing a fast irregular heart 
rhythm known as atrial fibrillation (AF). The reasons for this aren’t fully known but it may be because 
people with kidney disease also have other medical conditions that increase the risk. For those on 
dialysis shifts of fluid and components in the blood during dialysis are also thought to contribute to 
atrial fibrillation.  

Atrial fibrillation can lead to an increased risk of developing a stroke which is caused by a blood clot 
travelling to the brain from the heart. But while the risk of having a stroke is known to be higher in 
people with kidney disease it is not known how much AF increases that risk, as the scores that are 
used to work it out are not tested in people with severe kidney disease.  

As part of managing atrial fibrillation one discussion your clinical team may have with you is about 
the use of blood thinners, known as anticoagulants, to prevent blood clots forming. Anticoagulants 
used for patients with kidney disease include warfarin, apixaban, rivaroxaban and edoxaban. 
Choosing between them depends on the reason for taking an anticoagulant and how well the 
kidneys are functioning. People with advanced kidney disease are at a higher risk of having a 
bleeding episode and this risk may be further increased when taking an anticoagulant. This can lead 
to difficult discussions and in appendix 1 of this document is a prompt list of questions to ask that 
might help during these conversations with your clinical team.  

If it is decided that you would benefit from an anticoagulant then the main treatment has been 
warfarin. However, in people with advanced kidney disease there can be difficulties with monitoring 
warfarin and rarely it can cause a serious condition called calciphylaxis where the small blood vessels 
become blocked due to calcium deposits. There are other tablet anticoagulants but the drug trials 
did not test their safety and how well they work in people with advanced CKD. These tablets all have 
some removal from the body by the kidney, however one tablet called apixaban has the least 
removal by the kidney and due to it being used in America and some European countries there is 
some data to suggest it may be similar to warfarin or even have less bleeding. In this guideline we 
recommend warfarin and apixaban as options for reducing the risk of having a stroke with AF for all 
levels of kidney function including dialysis.  

There are some newer anticoagulants in development which are believed to have a lower bleeding 
risk but they are not yet available as they are still being tested in trials.  

We have developed this guideline using the available evidence and with experts in kidney disease 
and anticoagulants, who have given their opinion on what we should recommend and what we need 
to study further. People with kidney disease who are taking anticoagulants have also been involved 
in developing the prompt list of questions in appendix one, and some of these patients have also 
taken part in developing and reviewing the guideline.  

 



 

UK Kidney Association Clinical Practice Guideline 63 

 

 

Appendix 1: Co-produced shared-decision Question Prompt list for 

clinicians and patients.  

Parker, K., Needham, A., Thachil, J. et al. Facilitating active participation in anticoagulant decisions in 
advanced kidney disease: co-production of a question prompt list. BMC Nephrol 26, 42 (2025). 

 

Anticoagulants for patients with kidney disease 

Part 1- General Information 

 

What are anticoagulants (“blood thinners”)? 

Anticoagulants work by affecting factors that your blood needs to clot, this means that your blood 
will take longer to form a blood clot.  

Anticoagulants that are used in patients with kidney disease include warfarin, apixaban, rivaroxaban 
and edoxaban.  The choice of anticoagulant depends on the reason you are taking an anticoagulant 
and how well your kidneys are functioning. 

Why might people with kidney disease need anticoagulants? 

People with kidney disease and a kidney transplant have an increased risk of developing blood clots. 
This may be related to specific kidney conditions but also other factors that can’t be fully explained.  

People with kidney disease also have an increased chance of developing a fast irregular heart rate 
known as atrial fibrillation. This can occur in up to a quarter of patients on haemodialysis. Atrial 
fibrillation can lead to blood pooling in the heart and forming a clot, this clot can then break off and 
lead to a stroke.  

Anticoagulants are most commonly used in the treatment of blood clots and to prevent stroke in 
patient with atrial fibrillation, but they can also be used in blood clot prevention.  

Anticoagulants are different to antiplatelets such as aspirin or clopidogrel. Antiplatelets prevent 
blood cells known as platelets from clumping together and forming a clot, they are mainly taken by 
people who have had a heart attacks or stroke. 

Your clinical team will explain the reason you are taking an anticoagulant and how long you will need 
to take it.  

What are the most common side effect of anticoagulants? 

The most common side effect of anticoagulants is that it takes you longer to stop bleeding, for 
example if you experience a cut then you may bleed for longer. Kidney disease may also contribute 
to increased bleeding.  
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If you experience a head injury you should seek urgent medical attention to make sure there is no 
bleeding in your brain.  

Other types of serious bleeding you may experience which requires medical attention includes: 
• Heavy bleeding during a period  
• Bleeding in your stool or urine 
• Coughing up blood 
• Blood in your sick 

 

Part 2- Your personal anticoagulant regime 

This section allows you to fill in details and write notes relating to your own personal anticoagulant 
regime.  

My anticoagulant regime 

Drug: 

Dose: 

Reason for taking: 

Duration: 

Below are some examples of questions that you may wish to discuss with your clinical team when 
you are being started on anticoagulants. You can use this sheet to fill in the answers to the questions 
you ask during the discussion.  

Date of conversation                             

Name of clinician                   

Why am I taking an anticoagulant?  

 

 

How long will I need to take my anticoagulant for? 

 

 

What kinds of anticoagulants can be prescribed for me? 
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What monitoring do I need to have, for example any specific blood tests? 

 

 

 
Can I choose where this monitoring will be carried out?  

 

 

What are the main side effects associated with my anticoagulant? When do I need to seek medical 
attention?  

 

 

Does my diet or other medicines affect my anticoagulant? 

 

 

What happens if I need a tooth removing or surgery? 

 

 

Who will be responsible for following up on my treatment? 

 

 

Who can I contact if I need help or advice? How do I contact them? 

 

 

 
Useful resources 
For further information about warfarin: 
https://www.medicines.org.uk/emc/rmm/1081/Document  
https://patient.info/medicine/warfarin-an-anticoagulant 
https://www.nhs.uk/medicines/warfarin/  

https://www.medicines.org.uk/emc/rmm/1081/Document
https://patient.info/medicine/warfarin-an-anticoagulant
https://www.nhs.uk/medicines/warfarin/
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For further information about the direct oral acting-anticoagulants (apixaban, edoxaban, 
rivaroxaban): 
Apixaban 
https://patient.info/medicine/apixaban-tablets-eliquis 
https://www.nhs.uk/medicines/apixaban/  
Edoxaban 
https://patient.info/medicine/edoxaban-tablets-lixiana 
https://www.nhs.uk/medicines/edoxaban/  
Rivaroxaban 
https://patient.info/medicine/rivaroxaban-tablets-xarelto  
https://www.nhs.uk/medicines/rivaroxaban/  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://patient.info/medicine/apixaban-tablets-eliquis
https://www.nhs.uk/medicines/apixaban/
https://patient.info/medicine/edoxaban-tablets-lixiana
https://www.nhs.uk/medicines/edoxaban/
https://patient.info/medicine/rivaroxaban-tablets-xarelto
https://www.nhs.uk/medicines/rivaroxaban/
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Appendix 2: PICO for literature search and search strategies 

Search strategy for section 2 run on Medline and Embase  

Search terms 

1 Search: (Kidney Failure, Chronic[Title/Abstract]) OR (Kidney Failure, Chronic[MeSH Terms]) 

2 Search: (Renal Insufficiency, Chronic[Title/Abstract]) OR (Renal Insufficiency, Chronic[MeSH 
Terms]) 

3 Search: (Renal dialysis[Title/Abstract]) OR (Renal Dialysis[MeSH Terms]) 

4 Search: (Kidney transplantation[Title/Abstract]) OR (Kidney Transplantation[MeSH Terms]) 

5 Search: (warfarin[Title/Abstract]) OR (Warfarin[MeSH Terms]) 

6 Search: (acenocoumarol[Title/Abstract]) OR (Acenocoumarol[MeSH Terms]) 

7 Search: (anticoagulan*[Title/Abstract]) OR (Anticoagulan*[MeSH Terms]) 

8 Search: (apixaban[Title/Abstract]) OR (apixaban[MeSH Terms]) 

9 Search: edoxaban[Title/Abstract] 

10 Search: (rivaroxaban[Title/Abstract]) OR (rivaroxaban[MeSH Terms]) 

11 Search: (dabigatran[Title/Abstract]) OR (dabigatran[MeSH Terms]) 

12 Search: (low molecular weight heparin[Title/Abstract]) OR (low molecular weight heparin[MeSH 
Terms]) 

13 Search: (enoxaparin[Title/Abstract]) OR (enoxaparin[MeSH Terms]) 

14 Search: dalteparin[Title/Abstract] 

15 Search: (fondaparinux[Title/Abstract]) OR (fondaparinux[MeSH Terms]) 

16 Search: (tinzaparin[Title/Abstract]) OR (tinzaparin[MeSH Terms]) 

17 Search: Ardeparin[Title/Abstract] 

18 Search: bemiparin[Title/Abstract] 

19 Search: certoparin[Title/Abstract] 

20 Search: (nadroparin[Title/Abstract]) OR (nadroparin[MeSH Terms]) 

21 Search: parnaparin[Title/Abstract] 

22 Search: reviparin[Title/Abstract] 
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23 Search: fluindione[Title/Abstract] 

24 Search: (coumarin[Title/Abstract]) OR (coumarin[MeSH Terms]) 

25 Search: (Glomerular filtration rate[Title/Abstract]) OR (glomerular filtration rate[MeSH Terms]) 

26 Search: glomerular filtration rates[Title/Abstract]  

27 Search: GFR[Title/Abstract] 

28 Search: eGFR[Title/Abstract] 

29 Search: kidney function[Title/Abstract] 

30 Search: renal function 

31 Search: estimat*[Title/Abstract] 

32 Search: calculat*[Title/Abstract] 

33 Search: (Algorithms[Title/Abstract]) OR (Algorithms[MeSH Terms]) 

34 Search: equat*[Title/Abstract] 

35 Search: formula*[Title/Abstract] 

36 Search: Modification of Diet in Renal Disease[Title/Abstract] 

37 Search: MDRD[Title/Abstract] 

38 Search: Chronic Kidney Disease Epidemiology[Title/Abstract] 

39 Search: Chronic Kidney Disease Epidemiological[Title/Abstract] 

40 Search: CKD-EPI[Title/Abstract] 

41 Search: African American Study of Kidney Disease[Title/Abstract] 

42 Search: AASK[Title/Abstract] 

43 Search: cockcroft[Title/Abstract] AND gault[Title/Abstract] 

44 Search: creatinine clearance[Title/Abstract] 

45 Search: crcl[Title/Abstract] 

46 Search: (Cystatin C[Title/Abstract]) OR (Cystatin C[MeSH Terms]) 

Search: #1 or #2 or #3 or #4  search 47 

Search: #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or 
#19 or #20 or #21 or #22 or #23 or #24  search 48 
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Search: #25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 or 
#38 or #39 or #40 or #41 or #42 or #43 or #44 or #45 or #46  search 49 

Search: #47 AND #48 AND #49 – final search 

The protocol for this review has been published on the International Prospective Register of 
Systematic Reviews (https://www.crd.york.ac.uk/prospero/, registration number CRD42020219449)   

The following databases were used to undertake the search: Ovid MEDLINE (1946 to Feb 08 2024), 
Embase (1974 to 2024 Feb 08), EBM Reviews - Cochrane Database of Systematic Reviews (2005 to 
Feb 08, 2024). Review papers were screened to identify any other relevant studies that had not been 
identified in the search. The search strategy was supported by a specialist librarian at the University 
of Manchester and was developed using MeSH terms and keywords relating to current 
anticoagulants in use.  

————————————————————————————————————— 

Search Strategy for Section 3 and Section 4: 

1 Kidney Failure, Chronic.mp. or Kidney Failure, Chronic 

2 Renal Insufficiency, Chronic.mp. or Renal Insufficiency, Chronic 

3 Renal dialysis.mp. or Renal Dialysis 

4 Kidney transplantation.mp. or Kidney Transplantation 

5 Heparin, Low-Molecular-Weight.mp. or Heparin, Low-Molecular-Weight 

6 Heparin.mp. or Heparin 

7 warfarin.mp. or Warfarin 

8 acenocoumarol.mp. or Acenocoumarol 

9 anticoagulants.mp. or Anticoagulants 

10 apixaban.mp.  

11 edoxaban.mp.  

12 rivaroxaban.mp. or Rivaroxaban 

13 dabigatran.mp. or Dabigatran 

14 fondaparinux.mp. or Fondaparinux 

15 argatroban.mp.  

16 1 or 2 or 3 or 4  

17 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15  
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18 16 and 17  

 

Search strategy for Section 5  

Ovid Medline (searched from inception to 13/4/24) 

1. Kidney Failure, Chronic.mp. or Kidney Failure, Chronic/ 

2. Renal Insufficiency, Chronic.mp. or Renal Insufficiency, Chronic/ 

3. Renal dialysis.mp. or Renal Dialysis/ 

4. Kidney transplantation.mp. or Kidney Transplantation/ 

5. warfarin.mp. or Warfarin/ 

6. acenocoumarol.mp. or Acenocoumarol/ 

7. fluindione.mp. 

8. coumarin.mp. or Coumarins/ 

9. anticoagulant*.mp. or Anticoagulants/ 

10. apixaban.mp. 

11. edoxaban.mp. 

12. rivaroxaban.mp. or Rivaroxaban/ 

13. dabigatran.mp. or Dabigatran/ 

14. International Normalized Ratio/ or international normalised ratio.mp. 

15. international normalized ratio.mp. 

16. Drug Monitoring/ or drug monitoring.mp. 

17. anti factor Xa assay.mp. 

18. factor Xa assay.mp. 

19. factor xa.mp. or Factor Xa/ 

20. monitor*.mp. 

21. pharmacokinetics.mp. or Pharmacokinetics/ 

22. pharmacodynamics.mp. 

23. exp Blood Coagulation Tests/ 
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24. ecarin clotting time.mp. 

25. Biological Assay/ or assay.mp. 

26. therapeutic drug monitoring.mp. 

27. TDM.mp. 

28. blood monitoring.mp. 

29. plasma level*.mp. 

30. blood level*.mp. 

31. 1 or 2 or 3 or 4 

32. 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 

33. 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 
30 

34. 31 and 32 and 33 

35. limit 34 to english language 

Ovid Embase (searched from inception to 13/4/24) 

1. Kidney Failure, Chronic.mp. or chronic kidney failure/ 

2. Renal Insufficiency, Chronic.mp. 

3. Renal dialysis.mp. or hemodialysis/ 

4. home dialysis/ or dialysis/ or extended daily dialysis/ or continuous ambulatory peritoneal 
dialysis/ or dialysis.mp. or peritoneal dialysis/ 

5. Kidney transplantation.mp. or kidney transplantation/ 

6. *warfarin/ or warfarin.ti,ab. 

7. acenocoumarol.ti,ab. or *acenocoumarol/ 

8. fluindione.ti,ab. or *fluindione/ 

9. *coumarin anticoagulant/ or coumarin.ti,ab. 

10. *anticoagulant agent/ 

11. anticoagulant*.ti,ab. 

12. apixaban.ti,ab. or *apixaban/ 

13. edoxaban.ti,ab. or *edoxaban/ 
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14. rivaroxaban.ti,ab. or *rivaroxaban/ 

15. dabigatran.ti,ab. or *dabigatran etexilate/ or *dabigatran/ 

16. drug monitoring.ti,ab. or drug monitoring/ 

17. international normalised ratio.ti,ab. or international normalized ratio/ 

18. international normalized ratio.ti,ab. 

19. blood clotting factor 10a/ or anti factor Xa.ti,ab. 

20. factor Xa assay.ti,ab. 

21. anti factor Xa assay.ti,ab. 

22. pharmacokinetics/ 

23. pharmacokinetic*.ti,ab. or pharmacokinetic assay/ or pharmacokinetic parameters/ 

24. pharmacodynamic*.ti,ab. or pharmacodynamics/ 

25. blood coagulation test.ti,ab. or blood clotting test/ 

26. ecarin clotting time.ti,ab. 

27. assay.ti,ab. or quantitative assay/ or pharmacokinetic assay/ or assay/ 

28. therapeutic drug monitoring.ti,ab. 

29. TDM.mp. 

30. blood monitoring.ti,ab. 

31. blood level/ 

32. blood level*.ti,ab. 

33. 1 or 2 or 3 or 4 or 5 

34. 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 

35. 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 
32 

36. 33 and 34 and 35 

37. limit 36 to (english language and "remove preprint records") 

38. limit 37 to (article or article in press or books or chapter or editorial or "review"). 
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Appendix 3: Evidence tables 

Supplementary Table 1. Summary of the study characteristics of included NVAF studies investigating the efficacy and safety of anticoagulation versus no 
anticoagulation in CKD stage 4 and non-dialysis dependent stage 5 

Reference 
 

Study design Renal function Treatment 
(study size, n) 

Control 
(study size, n) 

Age, years 
(mean) 

Follow-up 
(median)   

Stroke risk 
(median) 

 

Bleeding risk  
(HAS-BLED, 

median) 

Study outcome(s) 

Chantrarat, 
2020  

Prospective 
cohort 

CKD stage 3 
CKD stage 4-5 

CKD stage 3: 
Warfarin; n=978 
DOAC;  
n=110 
CKD stage 4-5:  
Warfarin; n=160 
DOAC;n=11 

CKD stage 3: 
No treatment;  
n= 270 
CKD stage 4-5:  
No treatment;  
= 65 

CKD stage 3:  
70 
CKD stage 4-
5: 72.1 

25.5 months  CHA2DS2-VASc:  
>2 
(94.1%in CKD 
stage 4–5) 
 

>3: 38% in CKD 
stage 4–5 
 

Ischaemic stroke or TIA  (0 and 
1.2%, p = 0.554) 
Major bleeding (3.3% and 
7.4%, p = 0.122)  
ICH (1.8% and 1.5%, p = 
0.602) 
Death (10% and 6.5%, p = 
0.002) 

Welander, 2022  Retrospective 
cohort  

CKD G3-G5D Warfarin; 
G3: n=444 
G4: n=1,011 
G5: n=375 
G5D: n=405 

No treatment; 
G3: n=990 
G4: n=2,830 
G5: n=1,433 
G5D: n=2,843 

77 n/a CHA2DS2-VASc:  
G3: 5  
G4: 5   
G5: 5  
G5D: 5  

n/a Ischaemic stroke (HR 0.53; 
95% CI 0.38–0.74) 
Major bleeding requiring 
hospitalisation (HR 1.22; 95% 
CI 1.02-1.46) 
All-cause mortality (HR 0.45; 
95% CI 0.40-0.51) 

Chang, 2019  Retrospective 
cohort 

eGFR <29 
ml/min/1.73m2 
including dialysis  
Dialysis: 25%  

DOAC; n=280  
(Dabigatran, 
Rivaroxaban, 
Edoxaban, Apixaban at 
varying doses) 
Warfarin; n=520 

No treatment; 
n=2,971 

DOACs: 79 
Warfarin: 76 
No treatment: 
78 

Up to 5 years 
or until 
outcome 

CHA2DS2-VASc:  
DOACs: 4.7 
Warfarin: 4.6 
No treatment: 
4.5 

DOACs: 3.7 
Warfarin: 4.0 
No treatment: 
4.0 

Hospitalisation from ischaemic 
stroke or systemic embolism 
(warfarin vs. no treatment; aHR 
3.1; 95% CI 2.1 – 4.6) (DOACs 
vs. no treatment aHR 1.1; 95% 
CI 0.3-3.4)  
Major bleeding events (warfarin 
vs. no treatment aHR 2.8; 95% 
CI 2.0-3.8) (DOACs vs. no 
treatment aHR 3.1; 95% CI 1.9-
5.2) 
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Lai, 2009  Retrospective 
cohort 

eGFR<60 
ml/min/1.73m2 

eGFR<15 
ml/min/1.73m2: 
33% 
HD: 23%  
 

Warfarin: 
eGFR 30-59: 10% 
eGFR 15-29: 5% 
eGFR <15: 10% 
HD: 10% 

No treatment: 
eGFR 30-59: 20% 
eGFR 15-29: 21% 
eGFR <15: 37% 
HD: 38% 

Warfarin: 73 
No treatment: 
77 

Warfarin:  
31 months 
No treatment: 
23 months  

n/a n/a Thromboembolic stroke (5% 
vs. 21%, p < 0.05)  
Major bleeding (14% vs. 9%,  p 
not significant)  

 

Supplementary Table 2. Summary of the study characteristics of included NVAF studies investigating the efficacy and safety of VKAs versus no anticoagulation 
in HD patients   

Reference 
 

Study design Renal function Treatment 
(study size, n) 

Control 
(study size, n) 

Age, years 
(mean) 

Follow-up 
(median)   

Stroke risk 
(median) 

 

Bleeding risk  
(HAS-BLED, 

median) 

Study outcome(s) 
Significant/ 

Not significant  
Sy, 2022  Retrospective 

cohort  
Propensity 
matched 

ESKD 
transitioning 
into dialysis 

Warfarin; 
n=5,960 

 

No treatment; 
n=22,660 

77 n/a CHA2DS2-VASc:  
Total cohort: 7 
Warfarin: 7 
No treatment: 7  

Total cohort: 3 
Warfarin: 4 
No treatment: 3 

 

Ischaemic stroke (adjusted 
sHR 1.44; 95% CI 1.23-1.69)  
Bleeding events (adjusted sHR 
1.38; 95% CI 1.25-1.52) 

Wakasugi, 2014  Prospective 
cohort  
Propensity 
matched 

HD Warfarin; n=28 No treatment; 
n=32 

Warfarin: 67.8 
No treatment: 68.4 

110 person 
years 

CHADS 2: 
Warfarin (n):  
1: 2 
2: 6 
3: 4 
4: 2 
5: 2 
6: 0 
No treatment (n): 
1: 2 
2: 7  
3: 3 
4: 1 
5: 3 
6: 0 

 n/a Ischaemic stroke (HR 3.36; 
95% CI 0.67-16.66) 
Major bleeding (HR 0.85; 95% 
CI 0.19-3.64) 
Haemorrhagic stroke (HR 1.00; 
95% CI 0.40-2.52) 

Genovesi, 2015  Prospective 
cohort 

HD Warfarin; 
n=134 

No treatment;  
n=156 

> 75years: 
50% in both groups 

2 years or 
death 

CHA2DS2-VASc:  
Warfarin:  
0-1: 2.2% 
2-4: 57.5% 
5-9: 40.3% 
No treatment:  
0-1: 5.8% 
2-4: 46.1% 
5-9: 48.1% 

Warfarin:  
0-1: 1.5% 
2-3: 39.5% 
4-9: 59.0% 
No treatment:  
0-1: 0.6% 
2-3: 27.6% 
4-9: 71.8% 
 

Thromboembolic events (HR 
0.12; 95% CI 0.00–3.59; p = 
0.2) 
Bleeding events (HR 3.96; 95% 
CI 1.15-13.68; p = 0.03) 
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Kai, 2017  Retrospective 
cohort  
Propensity 
matched 

HD Warfarin; 
n=888 

No treatment; 
n=888 

Warfarin: 68.9 
No treatment: 67.3 

2.1 years  CHA2DS2-VASc >2: 
Warfarin: 98.6% 
No treatment: 98.2% 

>3: 
Warfarin: 98.4% 
No treatment: 
99.1% 

All-cause death (HR 0.76; 95% 
CI 0.69–0.84)  
Ischaemic stroke (HR 0.68; 
95% CI 0.52–0.91) 
Haemorrhagic stroke (HR 1.2; 
95% CI 0.6–2.2)  
GI bleeding (HR 0.97; 95% CI 
0.77–1.2) 

Yoon, 2017  Retrospective 
cohort 
Propensity 
matched 

HD Warfarin; 
n=2,774 

No treatment;  
n=2,774 

67.6 in both groups 15.9 months CHA2DS2-VASc >3: 
Warfarin: 44.7%  
No treatment: 44.6% 

>2: 
Warfarin: 73.7% 
No treatment: 
78.6% 

Ischaemic stroke (HR 0.95; 
95% CI 0.78–1.15; p = 0.569) 
Haemorrhagic stroke (HR 1.56; 
95% CI 1.10–2.22; p = 0.013) 

Winkelmayer, 
2011  

Retrospective 
cohort 
Propensity 
matched 

HD  Warfarin; 
n=237 

No treatment; 
n=948 

Warfarin: 68.6 
No treatment: 70.1 

n/a n/a n/a Ischaemic stroke (HR 0.92; 
95% CI 0.61-1.37) 
Haemorrhagic stroke (HR 2.38; 
95% CI 1.15-4.96) 
All-cause death (HR 1.06; 95% 
CI 0.90-1.24) 
GI bleeding (HR 0.96; 95% CI 
0.70-1.31) 

Akbar, 2023  Retrospective 
cohort 

HD Warfarin; n=44 No treatment;  
n=44 

Warfarin: 51 
No treatment: 53 

11 months CHA2DS2-VASc ≥2: 
86.4% 

≥3: 62.5% All-cause death (HR 0.782; 
95% CI 0.494-1.237; p = 
0.293) 
Ischaemic stroke (HR 0.435; 
95% CI 0.103-1.846; p = 
0.259) 
Haemorrhagic stroke (HR 
0.564; 95% CI 0.034-9.386; p = 
0.689) 
MI (HR 0.337; 95% CI 0.178-
0.639; p = 0.001) 
GI bleeding (HR 0.646; 95% CI 
0.195-2.143; p = 0.476) 
Minor bleeding (HR 0.420; 95% 
CI 0.068-2.980; p = 0.351) 

Genovesi, 2017  Retrospective 
cohort 

HD Warfarin; 
n=134 

No treatment; 
n=150 

76 in both groups 4 years or 
death  

CHA2DS2-VASc:  
Warfarin: 
2-4: 54% 
5-9: 43.3% 
No treatment: 
2-4: 52.8% 
5-9: 42.9%  

Warfarin: 
2-3: 45.6% 
4-9: 53.1% 
No treatment: 
2-3: 45.6% 
4-9: 53.3% 
 

Death (HR 0.53; 95% CI 0.28–
0.90; p = 0.04) 
Thromboembolic events (HR 
0.36; 95% CI 0.13–1.05;  
p = 0.06)   
Bleeding events (HR 1.79; 95% 
CI 0.72–4.39; p = 0.20) 

Garg, 2016  Retrospective 
cohort 

HD Warfarin; 
n=119 

No treatment; 
n=183 

Warfarin: 75 
No treatment: 78 

2.1 years CHA2DS2-VASc: 
Warfarin:  
2-4: 52.9% 
5-9: 47.1% 
No treatment:  

Warfarin: 
2-3: 32.8% 
4-9: 65.5% 
No treatment: 
2-3: 39.9% 

Ischaemic stroke (HR 0.93; 
95% CI 0.49–1.82; p = 0.88)  
Death (HR 1.02; 95% CI 0.91–
1.15; p = 0.62) 
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2-4: 61.7% 
5-9: 38.3% 

4-9: 59.5% Bleeding events (HR 1.53; 95% 
CI 0.94–2.51; p = 0.086)  

Mitsuma, 2015  Retrospective 
cohort 

HD Warfarin; n=27 No treatment; 
n=55 

71.2 years 3 years n/a 
 

n/a All-cause death (30% vs. 49%; 
Log rank test p = 0.25) 
Ischaemic stroke/systemic 
embolism (11% vs. 9%; Log 
rank test = 0.47) 
Major bleeding (26% vs. 16%; 
Log rank test = 0.71) 

Shen, 2015  Retrospective 
cohort 

HD Warfarin; 
n=1,838 

No treatment; 
n=10,446 

Warfarin: 61.8 
No treatment: 61.9 

1.4 years  CHADS 2 >2: 
Warfarin: 92.0% 
No treatment: 90.9% 

>3: 
Warfarin: 70.9% 
No treatment: 
69.3% 

All-cause mortality (HR 1.01; 
95% CI 0.92-1.11) 
Ischaemic stroke (HR 0.68; 
95% CI 0.47-0.99) 
GI bleeding (HR 1.00; 95% CI 
0.69-1.44) 

Yodogawa, 2015  Retrospective 
cohort 

HD Warfarin; n=30 No treatment; 
n=54 

Warfarin: 69.5 
No treatment: 70.4 
 

n/a CHADS 2: 
Warfarin: 1.7 
No treatment: 1.5 

n/a Stroke (HR 1.07; 95 % CI 
0.20–5.74) 

Chan, 2009  Retrospective 
cohort 

HD Warfarin; 
n=746 

No treatment; 
n=925 

72 1.6 years CHADS 2: 
Warfarin: 2.74 
No treatment: 2.58 

n/a Ischaemic stroke (HR 1.81; 
95% CI 1.12-2.92) 
Haemorrhagic stroke (HR 2.22; 
95% CI 1.01-4.91) 
Hospitalisation from bleeding 
(HR 1.04; 95% CI 0.73-1.46) 

 

Supplementary Table 3. Summary of the study characteristics of included NVAF studies investigating the efficacy and safety of VKAs versus no anticoagulation 
in PD patients   

Reference 
 

Study 
design 

Renal 
function 

Treatment 
(study size, 

n) 

Control 
(study size, 

n) 

Age, years 
(mean) 

Follow-up 
(median)   

Stroke risk 
(median) 

 

Bleeding risk  
(HAS-BLED, 

median) 

Study outcome(s) 

Phan, 2019  Retrospective 
cohort  

PD Warfarin; 
n=115 

No treatment; 
n=361 

Warfarin: 67.3 
No treatment: 62.9 
 

2 years CHA2DS2-VASc >2: 
Warfarin: 4.6 
No treatment: 4.2 
p = 0.061 

Warfarin: 4.6 
No treatment: 
4.0 
p < 0.001 
 

Death (HR 0.8; 95% CI 0.53–1.2; p = 0.28) 
Ischaemic stroke (HR 2.3; 95% CI 0.94–
5.4; p = 0.07) 
Haemorrhagic stroke (HR 2.0; 95% CI 0.32–
12.8; p = 0.46) 
GI bleeding (HR 0.92; 95% CI 0.39–
2.2; p = 0.86) 

Chan, 2016  Retrospective 
cohort 

PD  Warfarin; n=67 No treatment; 
n=118 

Mean 
Warfarin: 69.4  
No treatment: 69.5 

18 months  CHA2DS2-VASc:  
Warfarin: 3.46   
No treatment: 2.97 

Warfarin: 2.55  
No treatment: 
2.56 

Ischaemic stroke (HR 0.19; 95% CI: 0.06–
0.65; p = 0.01) 
No cases of ICH in both groups 
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Supplementary Table 4. Summary of the study characteristics of included NVAF studies investigating the efficacy and safety of oral anticoagulation versus no 
anticoagulation in CKD5d patients  

Reference 
 

Study design Renal 
function 

Treatment 
(study size, n) 

Control 
(study size, n) 

Age, years 
(mean) 

Follow-up 
(median)   

Stroke risk 
(median) 

 

Bleeding risk  
(HAS-BLED, 

median) 

Study outcome(s) 

Mavrakanas, 
2020  

Retrospective 
cohort  
Propensity 
matched 

HD and 
PD  

Apixaban; n=521 
5mg BD; n=207 
2.5mg BD; n=257  

No treatment; 
n=1,561 

Apixaban: 68 
No treatment: 69 

155 days n/a n/a Hospital admission for strokes, TIA, 
or systemic thromboembolism (HR 
1.24; 95% CI 0.69-2.23) 
Fatal bleeding or ICH (HR 2.74; 95% 
CI 1.37-5.47) 

Welander, 2022  Retrospective 
cohort  

CKD G3-
G5D 

Warfarin; 
G3: n=444 
G4: n=1,011 
G5: n=375 
G5D: n=405 

No treatment; 
G3: n=990 
G4: n=2,830 
G5: n=1,433 
G5D: n=2,843 

77 n/a CHA2DS2-VASc:  
G3: 5  
G4: 5   
G5: 5  
G5D: 5  

n/a Ischaemic stroke (HR 0.49; 95% CI 
0.30-0.79) 
Major bleeding requiring 
hospitalisation (HR 1.23; 95% CI 
1.00-1.51) 

Tan, 2017  Retrospective 
cohort 

PD and 
HD  

Warfarin; 
n=1,651 

No treatment; 
n=4,114 

74 in both groups n/a CHA2DS2-VASc 
(high):  
Warfarin: 83.5%  
No treatment: 84.3% 

High:  
Warfarin: 49.0% 
No treatment: 
50.7% 

Ischaemic stroke (HR 0.88; 95% CI 
0.70–1.11) 
Major bleeding (HR 1.50; 95% CI 
1.33–1.68) 
GI bleeding (HR 1.03; 95% CI 0.80–
1.32)  
Death (HR 0.72; 95%CI 0.65–0.80) 

Wang, 2015  Retrospective 
cohort 

HD and 
PD  

Warfarin; n=59 No treatment; 
n=82 

Warfarin: 59.8  
No treatment: 62.1 

4.4 years CHA2DS2-VASc: 
Warfarin: 3.9 
No treatment: 3.7 

Warfarin: 3.3 
No treatment: 
3.5 

Ischaemic stroke (HR 12.6; 95% CI 
3.32-48.1; p < 0.001) 
ICH (HR 11.1; 95% CI 1.15-107; p = 
0.038)  
Other bleeding events (HR 3.26; 
95% CI 1.13-9.40; p = 0.028) 

Shah, 2014  Retrospective 
cohort 

HD and 
PD  

Warfarin; n=756 No treatment; 
n=870 

75 n/a CHADS 2 >2: 
Warfarin: 77% 
No treatment: 69% 

>3: 
Warfarin: 84% 
No treatment: 
86% 

Stroke (aHR 1.14; 95% CI 0.78–
1.67)  
Bleeding (aHR 1.44; 95% CI 1.13–
1.85) 

Olesen, 2012  Retrospective 
cohort 

HD and 
PD 

Warfarin; n=178 No treatment; 
n=678 

66.8 n/a CHA2DS2-VASc >2: 
77.0% 

2: 34.6% 
>3: 22.1% 

Ischaemic stroke or peripheral artery 
embolism (TIA not included) (HR 
0.43; 95% CI 0.25-0.74) 

 

Supplementary Table 5. Summary of the study characteristics of included NVAF studies investigating the efficacy and safety of oral anticoagulation versus no 
anticoagulation in CKD5d patients (dialysis modality not specified)   

Reference 
 

Study design Renal function Treatment 
(study size, n) 

Control 
(study size, n) 

Age, years 
(mean) 

Follow-up 
(median)   

Stroke risk 
(median) 

 

Bleeding risk  
(HAS-BLED, 

median) 

Study outcome(s) 
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Kim, 2024  Retrospective 
cohort  
Propensity 
matched 

Dialysis (modality 
not specified) 

Oral 
anticoagulant 
(OAC); n=562  

No treatment; n= 
1,636 

69.4 2.65 years CHA2DS2-VASc:  
Anticoagulation: 
3.9 
No treatment: 3.8   

n/a All-cause death (HR 0.67; 95% CI 
0.55-0.81) 
Ischaemic stroke (HR 0.61; 95% 
CI 0.41-0.89) 
Hospitalisation for major bleeding 
(HR 0.99; 95% CI 0.72-1.35) 

See, 2021  Retrospective 
cohort 
Propensity 
matched 

Dialysis (modality 
not specified) 

Warfarin; n=448 
DOACs; n=488 

No treatment; 
n=2,977 

DOACs: 74.3 
Warfarin: 
75.2 
No 
treatment: 
71.1 

Up to 5.5 years 
or until study 
outcome 

CHA2DS2-VASc:  
DOACs: 4.5 
Warfarin: 4.7 
No treatment: 4.1 

DOACs: 3.7 
Warfarin: 3.6 
No treatment: 3.6 

Anticoagulation vs no treatment: 
Ischaemic stroke or systemic 
embolism (HR 1.54; 95% CI 1.29-
1.84; p < 0.0001) 
ICH (HR 1.41; 95% CI 0.99-2.02; 
p = 0.0550) 
GI bleeding (HR 1.01; 95% CI 
0.83-1.22; p = 0.9384) 
Major bleeding (HR 1.14; 95% CI 
0.97-1.34; p = 0.1222) 
DOACs vs. warfarin: 
Ischaemic stroke vs systemic 
embolism (HR 1.21; 95% CI 0.76-
1.92; p = 0.4183) 
ICH (HR 0.78; 95% CI 0.29-2.10; 
p = 0.6255) 
GI bleeding (HR 1.06; 95% CI 
0.65-1.74; p = 0.8187) 
Major bleeding (HR 0.98; 95% CI 
0.64-1.51; p = 0.9373) 

Agarwal, 2020  Retrospective 
cohort 

Dialysis (modality 
not specified) 

Warfarin; n=6,682 No treatment; 
n=16,089 

Warfarin: 
71.4 
No 
treatment: 
74.3 
 

Up to 7.5 years 
or until outcome 
or death 

CHA2DS2-VASc:  
Warfarin: 5.1 
None: 6 

n/a Ischaemic CVA (HR 1.23; 95% CI 
1.16-1.30) 
Major bleeding (HR 1.36; 95% CI 
1.29-1.44) 
Death (HR 0.94; 95% CI 0.90-
0.97) 

 

Supplementary Table 6. Study characteristics of included NVAF studies in patients with stage 4 CKD  
Reference 

 
Study 
design 

Renal 
function 

Treatment 
(study size, 

n) 

Control 
(study size, 

n) 

Age, years 
(mean) 

Follow-up 
(median)   

Stroke risk 
(median) 

 

Bleeding risk  
(HAS-BLED, 

median) 

Study outcome(s) 

Kreutz, 2024  Prospective 
cohort  

eGFR 15-49 
ml/min/1.73m2 
 

Rivaroxaban; 
n=764 

VKA; 
n=691 

78  2.1 years  CHA2DS2-VASc: 
4 in both groups 
 

2 in both groups  A composite of stroke or other 
thromboembolic events, major bleeding (HR 
0.97; 95% CI 0.72-1.31) 
All-cause mortality (HR 0.76; 95% CI 0.59-
0.98) 
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Chantrarat, 
2020  

Prospective 
cohort 

CKD stage 3 
CKD stage 4-5 

Warfarin; 
n=1,138 
DOAC;  
n=121 

No treatment;  
n=335 

CKD stage 3:  
70 
CKD stage 4-
5: 72.1 

25.5 months  CHA2DS2-VASc:  
>2 
(94.1%in CKD 
stage 4–5) 
 

>3: 38% in CKD 
stage 4–5 
 

Ischaemic stroke or TIA  (0 and 1.2%, p = 
0.554) 
Major bleeding (3.3% and 7.4%, p = 0.122)  
ICH (1.8% and 1.5%, p = 0.602) 
Death (10% and 6.5%, p = 0.002) 

Heleniak, 2020  Prospective 
cohort 

eGFR 15-29 
ml/min/1.73m2 

DOAC;  
n=90 
Apixaban;  
n=61 
Rivaroxaban; 
n=29 

Warfarin;  
n=92 

DOACs: 70.4 
Warfarin: 68.8 

26.3 months CHA2DS2-VASc: 
DOAC: 3.1 
Warfarin: 3.0 

n/a Stroke or TIA (9 [10%] vs. 7 [7.61%], p = 0.56) 
Major bleeding and CRNB (HR 1.12; 95% CI, 
0.53-2.39) 

Fu, 2023  Retrospective 
cohort  
Propensity 
matched  

CKD stage 4 
and 5 
(diagnostic 
codes used) 
No dialysis 
patients  

Warfarin;  
n= 6,244 
Rivaroxaban; 
n=2,860 

Apixaban;  
n=6,244  
Apixaban;  
n= 2,860 

78 ITT 183 days  CHA2DS2-VASc:  
5.3-5.4 

2.9 in all groups Major bleeding (HR 1.85; 95% CI, 1.59-2.15)  
Ischaemic stroke (warfarin vs apixaban: HR 
1.14; 95% CI 0.83-1.57) (Rivaroxaban vs 
apixaban: HR 0.71; 95% CI 0.40-1.24) 

Ha, 2023  Retrospective 
cohort  
Propensity 
matched  

eGFR >60 
ml/min/1.73m2 
45-59 
ml/min/1.73m2 
30-44 
ml/min/1.73m2 
<30 
ml/min/1.73m2 

No dialysis 
patients 

Rivaroxaban; 
n=27,784 

Warfarin; 
n=27,784 

74  
 

n/a  CHA2DS2-VASc: 
>2 
51,508 (92.7%) 
matched cohort  
 

≥3: 17,368 
(31.3%) 

1-year composite outcomes of all-cause 
death, first hospitalisation for ischaemic 
stroke, or TIA (pooled HR 0.78; 95% CI 0.62-
0.99) 
First hospitalisation for major bleeding (pooled 
HR 0.63; 95% CI 0.37-1.09) 

Lin, 2023 (3) Retrospective 
cohort  
Propensity 
matched 

eGFR 15-30 
ml/min/1.73m2 
eGFR < 15 
ml/min/1.73m2  
Chronic dialysis 

VKA;  
n=1,335 

Apixaban;  
n=471 
Dabigatran;  
n=104 
Edoxaban;  
n=130 
Rivaroxaban; 
n=342 

VKA: 71.6 
DOACs: 74.2 

VKAs: 2.6 
years 
DOACs: 2.3 
years 

CHA2DS2-VASc:  
VKA: 4.0 
DOAC: 4.2 

VKA: 4.1 
DOAC: 4.1 

Ischaemic stroke (HR 1.05; 95% CI 0.79-
1.39) 
Systemic thromboembolism (sHR 0.50; 95% 
CI 0.34-0.73) 
Composite of stroke and thromboembolism 
(sHR 0.78; 95% CI 0.62-0.98) 
Major bleeding (HR 0.77; 95% CI 0.66-0.90) 
Haemorrhagic stroke (HR 0.52; 95% CI 0.36-
0.76) 
Composite of bleeding events (sHR 0.80; 
95% CI 0.69-0.92) 

Koretsune, 
2022  

Retrospective 
cohort 
Propensity 
matched 

CrCl  
15-49ml/min 

Apixaban; 
n=1,394 
5mg BD: 
17.9% 
2.5mg BD: 
80.4% 
Other dose: 
1.6% 

Warfarin;  
n=1,394 

Apixaban: 
81.8 
Warfarin: 81.5 

Apixaban: 717 
days 
Warfarin: 735 
days 

CHA2DS2-VASc:  
3 in both groups  

2 in both groups Major bleeding events (HR 0.71; 95%CI 0.54-
0.93; p = 0.01) 
Stroke and systemic embolism (HR 0.65; 
95% CI 0.50-0.85; p < 0.01) 
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Fu, 2021 Retrospective 
cohort  
Propensity 
matched 

CKD stage 1-5  
eGFR <30 
mL/min/1.73m2 
Warfarin; 
n=131 
Apixaban; 
n=119 

Warfarin; 
n=5,555 
eGFR <30 
mL/min/1.73m2 
Warfarin; 
n=131 
 

Apixaban;  
n=1,788 
eGFR <30 
mL/min/1.73m2 
Apixaban; 
n=119 
 

Warfarin: 68.7 
Apixaban: 
75.1 

n/a  CHA2DS2-VASc:  
Warfarin: 3.81 
Apixaban: 3.83 

2.92 in both 
groups 

Stroke and systemic embolism (aHR 0.63; 
95% CI 0.40-0.98; p = 0.04) 
Major bleeding (standard apixaban doses: 
aHR 0.66; 95% CI 0.45-0.96; p = 0.03) 
(reduced apixaban doses: aHR 0.84; 95% CI 
0.63-1.12; p = 0.23) 
 

Weir, 2020  Retrospective 
cohort 
Propensity 
matched 

CrCl  
15-30ml/min: 
81.3% 
CrCl<15 ml/min 
non-dialysis: 
3.7% 
Dialysis:  
15% 

Rivaroxaban; 
n=781 
15mg OD: 60% 
20mg OD: 15% 
<15mg OD: 
25% 

Warfarin;  
n=781 

79.9 in both 
groups  

Up to 2 years CHA2DS2-VASc: 
4.5 in both groups 

3.5 in both 
groups 

Hospitalisation for ischaemic stroke or 
systemic embolism (HR 0.93; 95% CI 0.46-
1.90; p = 0.85) 
Major bleeding (HR 0.91; 95% CI 0.65-
1.28; p = 0.60) 

Hsu, 2023  Retrospective 
cohort  

eGFR <30 
ml/min/1.73m2  
Chronic dialysis 

Warfarin; 
n=202  

DOACs;  
n=809  
Apixaban: 
25.2% 
Rivaroxaban: 
25.4%  
Dabigatran: 
15.3% 
Edoxaban: 
14.1% 

Warfarin: 82.5 
DOACs: 83.1 

Restricted to 
only 1 year  

CHA2DS2-VASc:  
4.5 in both groups 

Warfarin: 3.6 
DOACs: 3.3 

Hospitalisation for stroke or systemic 
embolism (aHR 0.29; 95% CI 0.09-0.97) 
Major bleeding (aHR 0.99; 95% CI 0.34-2.92) 

Kee, 2023 Retrospective 
cohort  

Pre-dialysis 
CKD and 
ESKD  
 

Warfarin; 
n=970 

DOAC;  
n=915 

Warfarin:68.4 
DOACs: 73.7 

23.8 months  CHA2DS2-VASc:  
VKA: 4.64 
DOACs: 5.17 
 

mHAS-BLED:  
Warfarin: 2.72 
DOACs: 3.07 

Ischaemic stroke (1.73 vs. 1.96 per 1,000 
patient-years, p = 0.89) 
Intracranial haemorrhage (1.92 vs. 2.12 per 
1,000 patient-years, p = 0.02) 
Gastrointestinal bleeding (1.82 vs. 1.93 per 
1,000 patient-years, p = 0.02) 
Extracranial or unclassified major bleeding 
(1.84 vs. 1.99 per 1,000 patient-years, p 
= 0.04) 

Vaitsiakhovich, 
2022  

Retrospective 
cohort 

eGFR 15-60 
ml/min/1.73m2 

Warfarin; 
n=5,903 
 

Rivaroxaban 
15mg OD;  
n=1,465 

Warfarin: 78   
Rivaroxaban: 
79  

Warfarin: 115 
days 
Rivaroxaban: 
119 days 

CHA2DS2-VASc:  
Warfarin: 4.44  
Rivaroxaban: 
4.41  
 

mHAS-BLED: 
3 in both groups 

Composite of ischaemic stroke and 
intracranial haemorrhage (HR 0.61; 95% CI 
0.30–1.24) 
Ischaemic stroke alone (HR 0.77; 95% CI 
0.33–1.82) 
Major bleeding (HR 1.14; 95% CI 0.83–1.58) 

Welander, 
2022  

Retrospective 
cohort  

CKD G3-G5D Warfarin; 
G3: n=444 
G4: n=1,011 
G5: n=375 
G5D: n=405 

No treatment; 
G3: n=990 
G4: n=2,830 
G5: n=1,433 
G5D: n=2,843 

77 n/a CHA2DS2-VASc:  
G3: 5  
G4: 5   
G5: 5  
G5D: 5  

n/a Ischaemic stroke (HR 0.53; 95% CI 0.41–1.55) 
Major bleeding requiring hospitalisation (HR 
1.22; 95% CI 1.02-1.46) 

Wetmore, 2020  Retrospective 
cohort 

eGFR<60 
ml/min/1.73m2 

Apixaban; 
n=6,738 

Warfarin; 
n=10,529 

78 n/a CHA2DS2-VASc: 
5.3 

3.3  Ischaemic stroke and systemic embolism 
Apixaban: HR 0.70; 95% CI 0.51-0.96 
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No dialysis 
patients  

Rivaroxaban; 
n=3,904 
Dabigatran; 
n=1,568 
(No dose 
information) 

Rivaroxaban: HR 0.80; 95% CI 0.54-1.17 
Dabigatran: HR 1.15; 95% CI 0.69-1.94  
Major bleeding 
Apixaban: HR 0.47; 95% CI 0.37-0.59 
Rivaroxaban: HR 1.05; 95% CI 0.85-1.30 
Dabigatran: HR 0.95; 95% CI 0.70-1.31 

Chang, 2019  Retrospective 
cohort 

eGFR <29 
ml/min/1.73m2 
including 
dialysis  
Dialysis: 25%  

DOAC; n=280  
(Dabigatran, 
Rivaroxaban, 
Edoxaban, 
Apixaban at 
varying doses) 
Warfarin; 
n=520 

No treatment; 
n=2,971 

 

DOACs: 79 
Warfarin: 76 
No treatment: 
78 
 

Up to 5 years 
or until 
outcome 

CHA2DS2-VASc:  
DOACs: 4.7 
Warfarin: 4.6 
No treatment: 4.5 

DOACs: 3.7 
Warfarin: 4.0 
No treatment: 4.0 

Hospitalisation from ischaemic stroke or 
systemic embolism (warfarin vs. no treatment; 
aHR 3.1; 95% CI 2.1 – 4.6) (DOACs vs. no 
treatment aHR 1.1; 95% CI 0.3-3.4)  
Major bleeding events (warfarin vs. no 
treatment aHR 2.8; 95% CI 2.0-3.8) (DOACs 
vs. no treatment aHR 3.1; 95% CI 1.9-5.2) 
 

Coleman, 2019  Retrospective 
cohort 

eGFR 15-29  
ml/min/1.73m2: 
15% 
eGFR <15  
ml/min/1.73m2: 
85%  

Rivaroxaban; 
n=1,896  
20mg OD: 
61.3% 
15mg OD: 
38.7% 

Warfarin; 
n=4,848 

72 in both 
groups  

Until outcome 
or treatment 
discontinuation 

CHA2DS2-VASc: 
4 

n/a Stroke or systemic embolism (HR 0.55; 95% 
CI 0.27-1.10)  

Ischaemic stroke alone (HR 0.67; 95% CI 
0.30-1.50) 

Major bleeding (32%; 95% CI 1-53%)  
Di Lullo, 2018  Retrospective 

cohort  
eGFR 15-45  
ml/min/1.73m2 

Rivaroxaban 
15mg OD; 
n=247 
 

Warfarin;  
n=100 

66 in both 
groups  

16 months n/a n/a Occurrence of ischaemic stroke, VTE, or TIA: 
25 stroke episodes (15 haemorrhagic and 10 
ischaemic) in 24 warfarin patients vs. no 
events in the rivaroxaban arm (p ≤ 0.002) 
Occurrence of intracranial haemorrhage, GI 
bleeding, or other bleeding: 8 warfarin patients 
vs. 2 rivaroxaban patients (p = 0.001) 

Lai, 2009  Retrospective 
cohort 

eGFR<60 
ml/min/1.73m2 

eGFR<15 
ml/min/1.73m2: 
33% 
HD: 23%  

Warfarin; 
n=232 

No treatment; 
n=167 

Warfarin: 73 
No treatment: 
77 

Warfarin:  
31 months 
No treatment: 
23 months  

n/a n/a Thromboembolic stroke (5% vs. 21%, p < 
0.05)  
Major bleeding (14% vs. 9%,  p not significant)  

 

Supplementary Table 7. Study characteristics of included NVAF studies in patients with non-dialysis dependent stage 5 CKD  
Reference 

 
Study 
design 

Renal function Treatment 
(study size, 

n) 

Control 
(study size, 

n) 

Age, years 
(mean) 

Follow-up 
(median)   

Stroke risk 
(median) 

 

Bleeding risk  
(HAS-BLED, 

median) 

Study outcome(s) 

Park, 2022  Prospective 
cohort 

ESKD or dialysis Warfarin;  
n= 114 
DOAC; n= 48 

No treatment;  
n= 98 

Warfarin: 70 
DOAC: 77 

24 months CHA2DS2-VASc:  
Warfarin: 3 
DOAC: 5 

Warfarin: 3 
DOAC: 5 
No treatment: 3  

DOACs vs. Warfarin:  
Major or CRNM (aHR 0.11; 95% CI 0.01-
0.93; p=0.043) 
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Apixaban 
2.5mg BD; 
n=22 
Apixaban 
1.25mg BD; 
n=3 
Rivaroxaban 
15mg OD; 
n=12 
Rivaroxaban 
10mg OD; n=2 
Dabigatran 
110mg BD; 
n=5 
Edoxaban 
30mg OD; n=4 

No treatment: 
65 

No treatment: 3 
p < 0.001 

 

p = 0.028 Stroke/systemic embolism (aHR 0.33; 95% 
CI 0.02-6.60; p = 0.468) 
Myocardial infarction/critical limb ischemia 
(CLI) (aHR 1.17; 95% CI 0.09-15.7; p = 
0.908) 
All-cause death (aHR 1.12; 95% CI 0.08-
1.67; p=0.935) 
DOACs vs. no treatment: 
Major or CRNM (aHR 0.28; 95% CI 0.05-
1.69; p=0.165) 
Stroke/systemic embolism (aHR 0.42; 95% 
CI 0.03-5.27; p = 0.501) 
Myocardial infarction/critical limb ischemia 
(CLI) (aHR 0.17; 95% CI 0.02-1.69; p = 
0.130) 
All-cause death (aHR 0.33; 95% CI 0.06-
1.98; p=0.227) 

Fu, 2023  Retrospective 
cohort  
Propensity 
matched  

CKD stage 4 and 
5 (diagnostic 
codes used) 
No dialysis 
patients   
 

Warfarin;  
n= 6,244 
Rivaroxaban; 
n=2,860 

Apixaban;  
n=6,244  
Apixaban;  
n= 2,860 

78 ITT 183 days  CHA2DS2-VASc:  
5.3-5.4 

2.9 in all groups Major bleeding (HR 1.85; 95% CI, 1.59-
2.15)  
Ischaemic stroke (warfarin vs apixaban: 
HR 1.14; 95% CI 0.83-1.57) (Rivaroxaban 
vs apixaban: HR 0.71; 95% CI 0.40-1.24) 

Ha, 2023  Retrospective 
cohort  
Propensity 
matched  

eGFR >60 
ml/min/1.73m2 
45-59 
ml/min/1.73m2 
30-44 
ml/min/1.73m2 
<30 
ml/min/1.73m2 

No dialysis 
patients 

Rivaroxaban; 
n=27,784 

Warfarin; 
n=27,784 

74  
 

n/a  CHA2DS2-VASc: 
>2 
51,508 (92.7%) 
matched cohort  
 

≥3: 17,368 
(31.3%) 

1-year composite outcomes of all-cause 
death, first hospitalisation for ischaemic 
stroke, or TIA (pooled HR 0.78; 95% CI 
0.62-0.99) 
First hospitalisation for major bleeding 
(pooled HR 0.63; 95% CI 0.37-1.09) 

Lin, 2023  Retrospective 
cohort  
Propensity 
matched 

eGFR 15-30 
ml/min/1.73m2 
eGFR < 15 
ml/min/1.73m2  
Chronic dialysis 

VKA;  
n=1,335 

Apixaban;  
n=471 
Dabigatran;  
n=104 
Edoxaban;  
n=130 
Rivaroxaban; 
n=342 

VKA: 71.6 
DOACs: 74.2 

VKAs: 2.6 
years 
DOACs: 2.3 
years 

CHA2DS2-VASc:  
VKA: 4.0 
DOAC: 4.2 

VKA: 4.1 
DOAC: 4.1 

Ischaemic stroke (HR 1.05; 95% CI 0.79-
1.39) 
Systemic thromboembolism (sHR 0.50; 
95% CI 0.34-0.73) 
Composite of stroke and thromboembolism 
(sHR 0.78; 95% CI 0.62-0.98) 
Major bleeding (HR 0.77; 95% CI 0.66-
0.90) 
Haemorrhagic stroke (HR 0.52; 95% CI 
0.36-0.76) 
Composite of bleeding events (sHR 0.80; 
95% CI 0.69-0.92) 
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Xu, 2023 Retrospective 
cohort  
Propensity 
matched 

CKD stage 4 and 
NDD stage 5 

Apixaban 5mg 
BD; n=1,705 
(40%)  

Apixaban 
2.5mg BD; 
n=2,608 (60%) 

Apixaban 
5mg BD:72 
Apixaban 
2.5mg BD: 80 

n/a CHA2DS2-VASc:  
3.7 in both 
groups 

2.5 in both 
groups 

Stroke or systemic embolism (sHR 1.01; 
95% CI 0.59–1.73) 
Bleeding (sHR 1.63; 95% CI 1.04-2.54) 
Death (sHR 1.03; 95% CI 0.77-1.38) 

Sy, 2022 Retrospective 
cohort  
Propensity 
matched 

ESKD 
transitioning into 
dialysis 

Warfarin; 
n=5,960 
 

No treatment; 
n=22,660 

77 n/a CHA2DS2-VASc:  
Total cohort: 7 
Warfarin: 7 
No treatment: 7  

Total cohort: 3 
Warfarin: 4 
No treatment: 3 
 

Stroke events (adjusted sHR 1.44; 95% CI 
1.23-1.69)  
Bleeding events (adjusted sHR 1.38; 95% 
CI 1.25-1.52) 

Fu, 2021  Retrospective 
cohort  
Propensity 
matched 

CKD stage 1-5  
eGFR <30 
mL/min/1.73m2 
Warfarin; 
n=131 
Apixaban; n=119 

Warfarin; 
n=5,555 
eGFR <30 
mL/min/1.73m2 
Warfarin; 
n=131 
 

Apixaban;  
n=1,788 
eGFR <30 
mL/min/1.73m2 
Apixaban; 
n=119 

Warfarin: 68.7 
Apixaban: 
75.1 

n/a  CHA2DS2-VASc:  
Warfarin: 3.81 
Apixaban: 3.83 

2.92 in both 
groups 

Stroke and systemic embolism (aHR 0.63; 
95% CI 0.40-0.98; p = 0.04) 
Major bleeding (standard apixaban doses: 
aHR 0.66; 95% CI 0.45-0.96; p = 0.03) 
(reduced apixaban doses: aHR 0.84; 95% 
CI 0.63-1.12; p = 0.23) 
 

Weir, 2020  Retrospective 
cohort 
Propensity 
matched 

CrCl 15-30ml/min: 
81.3% 
CrCl<15 ml/min  
non-dialysis: 3.7% 
Dialysis: 15% 

Rivaroxaban; 
n=781 
15mg OD: 60% 
20mg OD: 15% 
<15mg OD: 
25% 

Warfarin; 
n=781 

80 Up to 2 years CHA2DS2-VASc: 
4.5 

3.5 in both 
groups 

Hospitalisation for ischaemic stroke or 
systemic embolism (HR 0.93; 95% CI 0.46-
1.90; p = 0.85) 
Major bleeding (HR 0.91; 95% CI 0.65-
1.28; p = 0.60) 

Jun, 2017 Retrospective 
cohort  
Propensity 
matched 

eGFR <59 
ml/min/1.73m2 
excluding dialysis 

Warfarin; 
n=7,446 

No treatment; 
n=7,446 

Warfarin: 78.2 
No treatment: 
78.1 

1 year CHA2DS2-VASc: 
Warfarin: 
1: 22.2% 
2: 36.3% 
3: 23.5% 
4: 9.1% 
5: 2.1% 
6: 0.6% 
No treatment: 
1: 23.9% 
2: 33.9%  
3: 22.5%  
4: 8.9%  
5: 2.5%  
6: 0.7% 

mHAS-BLED: 
Warfarin: 
1: 16.6% 
2: 60.9% 
3: 18.9% 
4: 3.4% 
5: 0.2% 
6: 0.01% 
No treatment: 
1: 16.6% 
2: 59.1%  
3: 20.0%  
4: 3.9%  
5: 0.4%  
6: 0.01% 

Stroke or TIA (HR 0.54; 95% CI 0.26-1.13; 
p for interaction = 0.8) 
Major bleeding (HR 0.95; 95% CI, 0.60-
1.50; p for interaction = 0.02) 
Death (HR 0.62; 95% CI 0.44-0.87; p for 
interaction = 0.9)  

Hsu, 2023  Retrospective 
cohort  

eGFR <30 
ml/min/1.73m2  
Chronic dialysis 

Warfarin; 
n=202  

DOACs;  
n=809  
Apixaban: 
25.2% 
Rivaroxaban: 
25.4%  
Dabigatran: 
15.3% 
Edoxaban: 
14.1% 

Warfarin: 82.5 
DOACs: 83.1 

Restricted to 
only 1 year  

CHA2DS2-VASc:  
4.5 in both 
groups 

Warfarin: 3.6 
DOACs: 3.3 

Hospitalisation for stroke or systemic 
embolism (aHR 0.29; 95% CI 0.09-0.97) 
Major bleeding (aHR 0.99; 95% CI 0.34-
2.92) 
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Kee, 2023  Retrospective 
cohort  

Pre-dialysis CKD 
and ESKD  
 

Warfarin; 
n=970 

DOAC;  
n=915 

Warfarin:68.4 
DOACs: 73.7 

23.8 months  CHA2DS2-VASc:  
Warfarin: 4.64 
DOACs: 5.17 
 

mHAS-BLED:  
Warfarin: 2.72 
DOACs: 3.07 

Ischaemic stroke (1.73 vs. 1.96 per 1,000 
patient-years, p = 0.89) 
Intracranial haemorrhage (1.92 vs. 2.12 per 
1,000 patient-years, p = 0.02) 
Gastrointestinal bleeding (1.82 vs. 1.93 per 
1,000 patient-years, p = 0.02) 
Extracranial or unclassified major bleeding 
(1.84 vs. 1.99 per 1,000 patient-years, p 
= 0.04) 

Welander, 2022  Retrospective 
cohort  

CKD G3-G5D Warfarin; 
G3: n=444 
G4: n=1,011 
G5: n=375 
G5D: n=405 

No treatment; 
G3: n=990 
G4: n=2,830 
G5: n=1,433 
G5D: n=2,843 

77 n/a CHA2DS2-VASc:  
G3: 5  
G4: 5   
G5: 5  
G5D: 5  

n/a Ischaemic stroke (HR 0.53; 95% CI 0.41–
1.55) 
Major bleeding requiring hospitalisation 
(HR 1.22; 95% CI 1.02-1.46) 

Lin, 2021  Retrospective 
cohort 

eGFR 
<15ml/min/1.73m2 
including dialysis 

Rivaroxaban; 
n=173 
10mg OD; 
n=88   
15mg OD; 
n=67 
20mg OD; 
n=18 

Warfarin; 
n=3,185 

69 Up to 4 years 
or until 
outcome 

CHA2DS2-VASc: 
Rivaroxaban: 
0-2: 20% 
3: 24%  
 >4: 56% 
Warfarin: 
0-2: 25% 
3: 22% 
 >4: 53% 

ORBIT:  
Rivaroxaban: 
0-2: 54% 
3: 20%  
 >4: 26% 
Warfarin: 
0-2: 55% 
3: 20% 
 >4: 25% 

Composite ischaemic stroke or systemic 
embolism (adjusted sHR 0.36; 95% CI 
0.17-0.79; p = 0.01) 
Ischaemic stroke alone (adjusted sHR 
0.62; 95% CI 0.24-1.61; p = 0.33)  
Major bleeding (adjusted sHR 0.86; 95% CI 
0.50-1.47; p = 0.59) 
CRNB (adjusted sHR 0.74; 95% CI 0.48-
1.13; p = 0.16) 

Wetmore, 2020  Retrospective 
cohort 

eGFR<60 
ml/min/1.73m2 

No dialysis 
patients  

Apixaban; 
n=6,738 
Rivaroxaban; 
n=3,904 
Dabigatran; 
n=1,568 
(No dose 
information) 

Warfarin; 
n=10,529 

78 n/a CHA2DS2-VASc: 
5.3 

3.3  Ischaemic stroke and systemic embolism: 
Apixaban (HR 0.70; 95% CI 0.51-0.96) 
Rivaroxaban (HR 0.80; 95% CI 0.54-1.17) 
Dabigatran (HR 1.15; 95% CI 0.69-1.94) 
Major bleeding: 
Apixaban (HR 0.47; 95% CI 0.37-0.59) 
Rivaroxaban (HR 1.05; 95% CI 0.85-1.30) 
Dabigatran (HR 0.95; 95% CI 0.70-1.31) 

Chang, 2019  Retrospective 
cohort 

eGFR <29 
ml/min/1.73m2 
including dialysis  
Dialysis: 25%  

DOAC; n=280  
(Dabigatran, 
Rivaroxaban, 
Edoxaban, 
Apixaban at 
varying doses) 
Warfarin; 
n=520 

No treatment; 
n=2,971 
 

DOACs: 79 
Warfarin: 76 
No treatment: 
78 
 

Up to 5 years 
or until 
outcome 

CHA2DS2-VASc:  
DOACs: 4.7 
Warfarin: 4.6 
No treatment: 
4.5 

DOACs: 3.7 
Warfarin: 4.0 
No treatment: 
4.0 

Hospitalisation from ischaemic stroke or 
systemic embolism (warfarin vs. no 
treatment; aHR 3.1; 95% CI 2.1 – 4.6) 
(DOACs vs. no treatment aHR 1.1; 95% CI 
0.3-3.4)  
Major bleeding events (warfarin vs. no 
treatment aHR 2.8; 95% CI 2.0-3.8) 
(DOACs vs. no treatment aHR 3.1; 95% CI 
1.9-5.2) 
 

Coleman, 2019  Retrospective 
cohort 

eGFR 15-29  
ml/min/1.73m2: 
15% 
eGFR <15  
ml/min/1.73m2: 
85%  

Rivaroxaban; 
n=1,896  
20mg OD: 
61.3% 
15mg OD: 
38.7% 

Warfarin; 
n=4,848 

72 in both 
groups  

Until outcome 
or treatment 
discontinuation 

CHA2DS2-VASc: 
4 

n/a Stroke or systemic embolism (HR 0.55; 
95% CI 0.27-1.10)  
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Ischaemic stroke alone (HR 0.67; 95% CI 
0.30-1.50) 

Major bleeding (32%; 95% CI 1-53%)  
Lai, 2009  Retrospective 

cohort 
eGFR<60 
ml/min/1.73m2 

eGFR<15 
ml/min/1.73m2: 
33% 
HD: 23%  

Warfarin; 
n=232 

No treatment; 
n=167 

Warfarin: 73 
No treatment: 
77 

Warfarin:  
31 months 
No treatment: 
23 months  

n/a n/a Thromboembolic stroke (5% vs. 21%, p < 
0.05)  
Major bleeding (14% vs. 9%,  p not 
significant)  

 

Supplementary Table 8. Study characteristics of included observational studies in patients with dialysis-dependent stage 5 CKD 
Reference 

 
Study 
design 

Renal function Treatment 
(study size, n) 

Control 
(study size, 

n) 

Age, years 
(mean) 

Follow-up 
(median)   

Stroke risk 
(median) 

 

Bleeding risk  
(HAS-BLED, 

median) 

Study outcome(s) 

Wakasugi, 2014  Prospective 
cohort  
Propensity 
matched 

HD Warfarin; n=28 No treatment; 
n=32 

Warfarin: 67.8 
No treatment: 
68.4 

110 person 
years 

CHADS 2: 
Warfarin (n):  
1: 2 
2: 6 
3: 4 
4: 2 
5: 2 
6: 0 
No treatment (n): 
1: 2 
2: 7  
3: 3 
4: 1 
5: 3 
6: 0 

 n/a Ischaemic stroke (HR 3.36; 95% CI 0.67-
16.66) 
Major bleeding (HR 0.85; 95% CI 0.19-
3.64) 
Haemorrhagic stroke (HR 1.00; 95% CI 
0.40-2.52) 

Park, 2022  Prospective 
cohort 

ESKD or dialysis Warfarin;  
n= 114 
DOAC; n= 48 
Apixaban 2.5mg 
BD; n=22 
Apixaban 
1.25mg BD; n=3 
Rivaroxaban 
15mg OD; n=12 
Rivaroxaban 
10mg OD; n=2 
Dabigatran 
110mg BD; n=5 

No treatment;  
n= 98 

Warfarin: 70 
DOAC: 77 
No treatment: 65 

24 months CHA2DS2-VASc:  
Warfarin: 3 
DOAC: 5 
No treatment: 3 
p < 0.001 
 

Warfarin: 3 
DOAC: 5 
No treatment: 3  
p = 0.028 

DOACs vs. Warfarin:  
Major or CRNM (aHR 0.11; 95% CI 0.01-
0.93; p=0.043) 
Stroke/systemic embolism (aHR 0.33; 
95% CI 0.02-6.60; p = 0.468) 
Myocardial infarction/critical limb 
ischemia (CLI) (aHR 1.17; 95% CI 0.09-
15.7; p = 0.908) 
All-cause death (aHR 1.12; 95% CI 0.08-
1.67; p=0.935) 
DOACs vs. no treatment: 
Major or CRNM (aHR 0.28; 95% CI 0.05-
1.69; p=0.165) 
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Edoxaban 30mg 
OD; n=4 

Stroke/systemic embolism (aHR 0.42; 
95% CI 0.03-5.27; p = 0.501) 
Myocardial infarction/critical limb 
ischemia (CLI) (aHR 0.17; 95% CI 0.02-
1.69; p = 0.130) 
All-cause death (aHR 0.33; 95% CI 0.06-
1.98; p=0.227) 

Konigsbrugge, 
2021  

Prospective 
cohort 

HD Phenprocoumon; 
n=61 

No treatment; 
n=139 

Phenprocoumon: 
70 
No treatment: 73 

870 days CHA2DS2-VASc:  
Phenprocoumon: 
3 
No treatment: 4 

4 n/a 

Genovesi, 2015  Prospective 
cohort 

HD Warfarin; n=134 No treatment;  
n=156 

> 75years: 
50% in both 
groups 

2 years or 
death 

CHA2DS2-VASc:  
Warfarin:  
0-1: 2.2% 
2-4: 57.5% 
5-9: 40.3% 
No treatment:  
0-1: 5.8% 
2-4: 46.1% 
5-9: 48.1% 

Warfarin:  
0-1: 1.5% 
2-3: 39.5% 
4-9: 59.0% 
No treatment:  
0-1: 0.6% 
2-3: 27.6% 
4-9: 71.8% 
 

Thromboembolic events (HR 0.12; 95% 
CI 0.00–3.59; p = 0.2) 
Bleeding events (HR 3.96; 95% CI 1.15-
13.68; p = 0.03) 
 

Lai, 2009  Retrospective 
cohort 

eGFR<60 
ml/min/1.73m2 

eGFR<15 
ml/min/1.73m2: 
33% 
HD: 23%  

Warfarin; n=232 No treatment; 
n=167 

Warfarin: 73 
No treatment: 77 

Warfarin:  
31 months 
No treatment: 
23 months  

n/a n/a Thromboembolic stroke (5% vs. 21%, p 
< 0.05)  
Major bleeding (14% vs. 9%,  p not 
significant)  

Kim, 2024  Retrospective 
cohort  
Propensity 
matched 

Dialysis (modality 
not specified) 

Oral 
anticoagulant 
(OAC); n=562  

No treatment; 
n= 1,636 

69.4 2.65 years CHA2DS2-VASc:  
Anticoagulation: 
3.9 
No treatment: 
3.8   

n/a All-cause death (HR 0.67; 95% CI 0.55-
0.81) 
Ischaemic stroke (HR 0.61; 95% CI 0.41-
0.89) 
Hospitalisation for major bleeding (HR 
0.99; 95% CI 0.72-1.35) 

Laville, 2024  Retrospective 
cohort  
Propensity 
matched 

HD: 92% 
PD: 8% 

DOAC; n=483 
(unweighted)  

VKA; n=8,471 
(unweighted)   

73 1.7 years  n/a n/a Thromboembolic events (weighted HR 
0.66; 95% CI 0.46-0.94) 
Bleeding events (weighted HR 0.68; 95% 
CI 0.41-1.12) 

Lin, 2023  Retrospective 
cohort  
Propensity 
matched 

eGFR 15-30 
ml/min/1.73m2 
eGFR < 15 
ml/min/1.73m2  
Chronic dialysis 

VKA;  
n=1,335 

Apixaban;  
n=471 
Dabigatran;  
n=104 
Edoxaban;  
n=130 
Rivaroxaban; 
n=342 

VKA: 71.6 
DOACs: 74.2 

VKAs: 2.6 
years 
DOACs: 2.3 
years 

CHA2DS2-VASc:  
VKA: 4.0 
DOAC: 4.2 

VKA: 4.1 
DOAC: 4.1 

Ischaemic stroke (HR 1.05; 95% CI 0.79-
1.39) 
Systemic thromboembolism (sHR 0.50; 
95% CI 0.34-0.73) 
Composite of stroke and 
thromboembolism (sHR 0.78; 95% CI 
0.62-0.98) 
Major bleeding (HR 0.77; 95% CI 0.66-
0.90) 
Haemorrhagic stroke (HR 0.52; 95% CI 
0.36-0.76) 
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Composite of bleeding events (sHR 0.80; 
95% CI 0.69-0.92) 

See, 2021  Retrospective 
cohort 
Propensity 
matched 

Dialysis (modality 
not specified) 

Warfarin; n=448 
DOACs; n=488 

No treatment; 
n=2,977 

DOACs: 74.3 
Warfarin: 75.2 
No treatment: 
71.1 

Up to 5.5 years 
or until study 
outcome 

CHA2DS2-VASc:  
DOACs: 4.5 
Warfarin: 4.7 
No treatment: 
4.1 

DOACs: 3.7 
Warfarin: 3.6 
No treatment: 
3.6 

DOACs vs warfarin:  
Ischaemic stroke or systemic embolism 
(HR 1.21; 95% CI 0.76-1.92; p = 0.4183) 
ICH (HR 0.78; 95% CI 0.29-2.10; p = 
0.6255) 
GI bleeding (HR 1.06; 95% CI 0.65-1.74; 
p = 0.8187) 
Major bleeding (HR 0.98; 95% CI 0.64-
1.51; p = 0.9373) 
Anticoagulation vs no treatment: 
Ischaemic stroke or systemic embolism 
(HR 1.54; 95% CI 1.29-1.84; p < 0.0001) 
ICH (HR 1.41; 95% CI 0.99-2.02; p = 
0.0550) 
GI bleeding (HR 1.01; 95% CI 0.83-1.22; 
p = 0.9384) 
Major bleeding (HR 1.14; 95% CI 0.97-
1.34; p = 0.1222) 

Mavrakanas, 
2020  

Retrospective 
cohort  
Propensity 
matched 

HD and PD  Apixaban; n=521 
5mg BD; n=207 
2.5mg BD; 
n=257  

No treatment; 
n=1,561 

Apixaban: 68 
No treatment: 69 

155 days n/a n/a Hospital admission for stroke (ischaemic 
or haemorrhagic), TIA, or systemic 
thromboembolism (HR 1.24; 95% CI 
0.69-2.23; p = 0.47) 
Fatal or intracranial bleeding (HR 2.74; 
95% CI 1.37-5.47; p = 0.004) 

Weir, 2020  Retrospective 
cohort 
Propensity 
matched 

CrCl 15-
30ml/min: 81.3% 
CrCl<15 ml/min  
non-dialysis: 
3.7% 
Dialysis: 15% 

Rivaroxaban; 
n=781 
15mg OD: 60% 
20mg OD: 15% 
<15mg OD: 25% 

Warfarin; 
n=781 

80 Up to 2 years CHA2DS2-VASc: 
4.5 

3.5 in both 
groups 

Hospitalisation for ischaemic stroke or 
systemic embolism (HR 0.93; 95% CI 
0.46-1.90; p = 0.85) 
Major bleeding (HR 0.91; 95% CI 0.65-
1.28; p = 0.60) 

Kai, 2017  Retrospective 
cohort  
Propensity 
matched 

HD Warfarin; n=888 No treatment; 
n=888 

Warfarin: 68.9 
No treatment: 
67.3 

2.1 years  CHA2DS2-VASc 
>2: 
Warfarin: 98.6% 
No treatment: 
98.2% 

>3: 
Warfarin: 98.4% 
No treatment: 
99.1% 

All-cause death (HR 0.76; 95% CI 0.69–
0.84)  
Ischaemic stroke (HR 0.68; 95% CI 
0.52–0.91) 
Haemorrhagic stroke (HR 1.2; 95% CI 
0.6–2.2)  
GI bleeding (HR 0.97; 95% CI 0.77–1.2) 

Yoon, 2017  Retrospective 
cohort 
Propensity 
matched 

HD Warfarin; 
n=2,774 

No treatment;  
n=2,774 

67.6 in both 
groups 

15.9 months CHA2DS2-VASc 
>3: 
Warfarin: 44.7%  
No treatment: 
44.6% 

>2: 
Warfarin: 73.7% 
No treatment: 
78.6% 

Ischaemic stroke (HR 0.95; 95% CI 
0.78–1.15; p = 0.569) 
Haemorrhagic stroke (HR 1.56; 95% CI 
1.10–2.22; p = 0.013) 

Winkelmayer, 
2011  

Retrospective 
cohort 

HD  Warfarin; n=237 No treatment; 
n=948 

Warfarin: 68.6 
No treatment: 
70.1 

n/a n/a n/a Ischaemic stroke (HR 0.92; 95% CI 0.61-
1.37) 
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Propensity 
matched 

Haemorrhagic stroke (HR 2.38; 95% CI 
1.15-4.96) 
All-cause death (HR 1.06; 95% CI 0.90-
1.24) 
GI bleeding (HR 0.96; 95% CI 0.70-1.31) 

Akbar, 2023  Retrospective 
cohort 

HD Warfarin; n=44 No treatment;  
n=44 

Warfarin: 51 
No treatment: 53 

11 months CHA2DS2-VASc 
≥2: 86.4% 

≥3: 62.5% All-cause death (HR 0.782; 95% CI 
0.494-1.237; p = 0.293) 
Ischaemic stroke (HR 0.435; 95% CI 
0.103-1.846; p = 0.259) 
Haemorrhagic stroke (HR 0.564; 95% CI 
0.034-9.386; p = 0.689) 
MI (HR 0.337; 95% CI 0.178-0.639; p = 
0.001 ) 
GI bleeding (HR 0.646; 95% CI 0.195-
2.143; p = 0.476 ) 
Minor bleeding (HR 0.420; 95% CI 
0.068-2.980; p = 0.351) 

Hsu, 2023  Retrospective 
cohort  

eGFR <30 
ml/min/1.73m2  
Chronic dialysis 

Warfarin; n=202  DOACs;  
n=809  
Apixaban: 
25.2% 
Rivaroxaban: 
25.4%  
Dabigatran: 
15.3% 
Edoxaban: 
14.1% 

Warfarin: 82.5 
DOACs: 83.1 

Restricted to 
only 1 year  

CHA2DS2-VASc:  
4.5 in both 
groups 

Warfarin: 3.6 
DOACs: 3.3 

Hospitalisation for stroke or systemic 
embolism (aHR 0.29; 95% CI 0.09-0.97) 
Major bleeding (aHR 0.99; 95% CI 0.34-
2.92) 

Wetmore, 2022  Retrospective 
cohort 

HD Warfarin; 
n=12,517 

Apixaban 
label; n=2382 
Apixaban 
dose below 
label (2.5mg 
BD); n=2257 

Age (%) 
Warfarin, 
Apixaban label, 
Apixaban non-
label: 
18-44: 2.7, 3.7, 
2.0  
45-64: 34.7, 
39.0, 30.0 
65-74: 44.3, 
43.0, 44.4  
75-79: 18.3, 
14.3, 23.6 

567 days CHA2DS2-VASc:  
Warfarin: 4.5 
Apixaban label: 
4.3  
Apixaban non-
label: 4.7  

Warfarin: 3.0 
Apixaban label: 
2.9  
Apixaban non-
label: 3.1 

Stroke or systemic embolism (HR 0.89; 
95% CI 0.65-1.21)  
Major bleeding (HR 0.67; 95% CI 0.55-
0.81) 
All-cause death (HR 0.85; 95% CI 0.78-
0.92) 

Welander, 2022  Retrospective 
cohort  

CKD G3-G5D Warfarin; 
G3: n=444 
G4: n=1,011 
G5: n=375 
G5D: n=405 

No treatment; 
G3: n=990 
G4: n=2,830 
G5: n=1,433 
G5D: n=2,843 

77 n/a CHA2DS2-VASc:  
G3: 5  
G4: 5   
G5: 5  
G5D: 5  

n/a Ischaemic stroke (HR 0.53; 95% CI 
0.41–1.55) 
Major bleeding requiring hospitalisation 
(HR 1.22; 95% CI 1.02-1.46) 
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Lin, 2021  Retrospective 
cohort 

eGFR<15 
ml/min/1.73m2 
including dialysis 

Rivaroxaban; 
n=173 
10mg OD; n=88   
15mg OD; n=67 
20mg OD; n=18 

Warfarin; 
n=3,185 

69 Up to 4 years 
or until 
outcome 

CHA2DS2-VASc: 
Rivaroxaban: 
0-2: 20% 
3: 24%  
 >4: 56% 
Warfarin: 
0-2: 25% 
3: 22% 
 >4: 53% 

ORBIT:  
Rivaroxaban: 
0-2: 54% 
3: 20%  
 >4: 26% 
Warfarin: 
0-2: 55% 
3: 20% 
 >4: 25% 

Composite ischaemic stroke or systemic 
embolism (adjusted sHR 0.36; 95% CI 
0.17-0.79; p = 0.01) 
Ischaemic stroke alone (adjusted sHR 
0.62; 95% CI 0.24-1.61; p = 0.33)  
Major bleeding (adjusted sHR 0.86; 95% 
CI 0.50-1.47; p = 0.59) 
CRNB (adjusted sHR 0.74; 95% CI 0.48-
1.13; p = 0.16) 

Agarwal, 2020  Retrospective 
cohort 

HD Warfarin; 
n=6,682 

No treatment; 
n=16,089 

Warfarin: 71.4 
No treatment: 
74.3 
 

Up to 7.5 years 
or until 
outcome or 
death 

CHA2DS2-VASc:  
Warfarin: 5.1 
None: 6 

n/a Ischaemic CVA (HR 1.23; 95% CI 1.16-
1.30) 
Major bleeding (HR 1.36; 95% CI 1.29-
1.44) 
Death (HR 0.94; 95% CI 0.90-0.97) 

Chang, 2019  Retrospective 
cohort 

eGFR <29 
ml/min/1.73m2 
including dialysis  
Dialysis: 25%  

DOAC; n=280  
(Dabigatran, 
Rivaroxaban, 
Edoxaban, 
Apixaban at 
varying doses) 
Warfarin; n=520 

No treatment; 
n=2,971 
 

DOACs: 79 
Warfarin: 76 
No treatment: 78 
 

Up to 5 years 
or until 
outcome 

CHA2DS2-VASc:  
DOACs: 4.7 
Warfarin: 4.6 
No treatment: 
4.5 

DOACs: 3.7 
Warfarin: 4.0 
No treatment: 
4.0 

Hospitalisation from ischaemic stroke or 
systemic embolism (warfarin vs. no 
treatment; aHR 3.1; 95% CI 2.1 – 4.6) 
(DOACs vs. no treatment aHR 1.1; 95% 
CI 0.3-3.4)  
Major bleeding events (warfarin vs. no 
treatment aHR 2.8; 95% CI 2.0-3.8) 
(DOACs vs. no treatment aHR 3.1; 95% 
CI 1.9-5.2) 

Coleman, 2019  Retrospective 
cohort 

eGFR 15-29  
ml/min/1.73m2: 
15% 
eGFR <15  
ml/min/1.73m2: 
85%  

Rivaroxaban; 
n=1,896  
20mg OD: 
61.3% 
15mg OD: 
38.7% 

Warfarin; 
n=4,848 

72 in both 
groups  

Until outcome 
or treatment 
discontinuation 

CHA2DS2-VASc: 
4 

n/a Stroke or systemic embolism (HR 0.55; 
95% CI 0.27-1.10)  

Ischaemic stroke alone (HR 0.67; 95% 
CI 0.30-1.50) 

Major bleeding (32%; 95% CI 1-53%)  
Phan, 2019  Retrospective 

cohort  
PD Warfarin; n=115 No treatment; 

n=361 
Warfarin: 67.3 
No treatment: 
62.9 
 

2 years CHA2DS2-VASc 
>2: 
Warfarin: 4.6 
No treatment: 
4.2 
p = 0.061 

Warfarin: 4.6 
No treatment: 
4.0 
p < 0.001 
 

Death (HR 0.8; 95% CI 0.53–
1.2; p = 0.28] 
Ischaemic stroke (HR 2.3; 95% CI 0.94–
5.4; p = 0.07) 
Haemorrhagic stroke (HR 2.0; 95% CI 
0.32–12.8; p = 0.46) 
GI bleeding (HR 0.92; 95% CI 0.39–
2.2; p = 0.86) 

Tan, 2019  Retrospective 
cohort 

PD and HD  Warfarin; 
n=1,651 

No treatment; 
n=4,114 

74 in both 
groups 

n/a CHA2DS2-VASc 
(high):  
Warfarin: 83.5%  
No treatment: 
84.3% 

High:  
Warfarin: 49.0% 
No treatment: 
50.7% 

Ischaemic stroke (HR 0.88; 95% CI 
0.70–1.11) 
Major bleeding (HR 1.50; 95% CI 1.33–
1.68) 
GI bleeding (HR 1.03; 95% CI 0.80–
1.32)  
Death (HR 0.72; 95%CI 0.65–0.80) 
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Siontis, 2018  Retrospective 
cohort 

HD and PD  Apixaban; 
n=2,351 
5mg BD; 
n=1,034 
2.5mg BD; 
n=1,317 

Warfarin; 
n=23,172 

68 in both 
groups 

Up to 5 years, 
death or 
anticoagulant 
switch 

CHA2DS2-VASc:  
Apixaban: 5.27 
Warfarin: 5.24 

n/a Stroke or systemic embolism (HR 0.88; 
95% CI 0.69–1.12; p = 0.29) 
Major bleeding (HR 0.72; 95% CI 0.59–
0.87; p < 0.001) 
Apixaban standard vs. reduced dose: 
Stroke or systemic embolism (HR 0.61; 
95% CI 0.37–0.98; p = 0.04)  
Death (HR 0.64; 95% CI 0.45–0.92; p = 
0.01) 

Genovesi, 2017  Retrospective 
cohort 

HD Warfarin; n=134 No treatment; 
n=150 

76 in both 
groups 

4 years or 
death  

CHA2DS2-VASc:  
Warfarin: 
2-4: 54% 
5-9: 43.3% 
No treatment: 
2-4: 52.8% 
5-9: 42.9%  

Warfarin: 
2-3: 45.6% 
4-9: 53.1% 
No treatment: 
2-3: 45.6% 
4-9: 53.3% 
 

Death (HR 0.53; 95% CI 0.28–0.90; 
p = 0.04) 
Thromboembolic events (HR 0.36; 95% 
CI 0.13–1.05;  p = 0.06)   
Bleeding events (HR 1.79; 95% CI 0.72–
4.39; p = 0.20) 

Chan, 2016  Retrospective 
cohort 

PD  Warfarin; n=67 No treatment; 
n=118 

Mean 
Warfarin: 69.4  
No treatment: 
69.5 

18 months  CHA2DS2-VASc:  
Warfarin: 3.46   
No treatment: 
2.97 

Warfarin: 2.55  
No treatment: 
2.56 

Ischaemic stroke (HR 0.19; 95% CI: 
0.06–0.65; p = 0.01) 
No cases of ICH in both groups 

Garg, 2016  Retrospective 
cohort 

HD Warfarin; n=119 No treatment; 
n=183 

Warfarin: 75 
No treatment: 78 

2.1 years CHA2DS2-VASc: 
Warfarin:  
2-4: 52.9% 
5-9: 47.1% 
No treatment:  
2-4: 61.7% 
5-9: 38.3% 

Warfarin: 
2-3: 32.8% 
4-9: 65.5% 
No treatment: 
2-3: 39.9% 
4-9: 59.5% 

Ischaemic stroke (HR 0.93; 95% CI 
0.49–1.82; p = 0.88)  
Death (HR 1.02; 95% CI 0.91–1.15; 
p = 0.62) 
Bleeding events (HR 1.53; 95% CI 0.94–
2.51; p = 0.086)  

Chan, 2015  Retrospective 
cohort 

HD Rivaroxaban; 
n=244 20mg 
OD: 32.1%   
15mg OD: 
67.8% 
Dabigatran; 
n=281 150mg 
BD: 15.3%    
75mg BD: 84.7% 

Warfarin; 
n=8,064 

Rivaroxaban: 
66.9 
Dabigatran: 68.4 
Warfarin: 70.6 

Up to 2 years CHADS 2: 
Rivaroxaban: 2.2 
Dabigatran: 2.3 
Warfarin: 2.4 

n/a 
 

Systemic embolism: 
Dabigatran vs. warfarin (RR 1.71; 95% 
CI 0.97-2.99) 
Rivaroxaban vs. warfarin (RR 1.80; 95% 
CI 0.89-3.64) 
Major bleeding: 
Dabigatran vs. warfarin (RR 1.48; 95% 
CI 1.21-1.81) 
Rivaroxaban vs. warfarin (RR 1.38; 95% 
CI 1.03-1.83) 

Mitsuma, 2015  Retrospective 
cohort 

HD Warfarin; n=27 No treatment; 
n=55 

71.2 years 3 years n/a 
 

n/a n/a 

Shen, 2015  Retrospective 
cohort 

HD Warfarin; 
n=1,838 

No treatment; 
n=10,446 

Warfarin: 61.8 
No treatment: 
61.9 

1.4 years  CHADS 2 >2: 
Warfarin: 92.0% 
No treatment: 
90.9% 

>3: 
Warfarin: 70.9% 
No treatment: 
69.3% 

All-cause mortality (HR 1.01; 95% CI 
0.92-1.11) 
Ischaemic stroke (HR 0.68; 95% CI 0.47-
0.99) 
GI bleeding (HR 1.00; 95% CI 0.69-1.44) 

Wang, 2015 Retrospective 
cohort 

HD and PD  Warfarin; n=59 No treatment; 
n=82 

Warfarin: 59.8  
No treatment: 
62.1 

4.4 years CHA2DS2-VASc: 
Warfarin: 3.9 

Warfarin: 3.3 
No treatment: 
3.5 

Ischaemic stroke (HR 0.667; 95% CI 
3.32-48.1; p = 0.482) 
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No treatment: 
3.7 

ICH (HR 11.1; 95% CI 1.15-107; p = 
0.038)  
Other bleeding events (HR 3.26; 95% CI 
1.13-9.40; p = 0.028) 

Yodogawa, 2015  Retrospective 
cohort 

HD Warfarin; n=30 No treatment; 
n=54 

Warfarin: 69.5 
No treatment: 
70.4 
 

n/a CHADS 2: 
Warfarin: 1.7 
No treatment: 
1.5 

n/a Stroke (HR 1.07; 95 % CI 0.20–5.74) 

Shah, 2014  Retrospective 
cohort 

HD and PD  Warfarin; n=756 No treatment; 
n=870 

75 n/a CHADS 2 >2: 
Warfarin: 77% 
No treatment: 
69% 

>3: 
Warfarin: 84% 
No treatment: 
86% 

Stroke (aHR 1.14; 95% CI 0.78–1.67)  
Bleeding (aHR 1.44; 95% CI 1.13–1.85) 

Olesen, 2012  Retrospective 
cohort 

HD and PD Warfarin; n=178 No treatment; 
n=678 

66.8 n/a CHA2DS2-VASc 
>2: 77.0% 

2: 34.6% 
>3: 22.1% 

Ischaemic stroke or peripheral artery 
embolism (TIA not included) (HR 0.43; 
95% CI 0.25-0.74) 

Chan, 2009  Retrospective 
cohort 

HD Warfarin; n=746 No treatment; 
n=925 

72 1.6 years CHADS 2: 
Warfarin: 2.74 
No treatment: 
2.58 

n/a Ischaemic stroke (HR 1.81; 95% CI 1.12-
2.92) 
Haemorrhagic stroke (HR 2.22; 95% CI 
1.01-4.91) 
Hospitalisation from bleeding (HR 1.04; 
95% CI 0.73-1.46) 

Lai, 2009  Retrospective 
cohort 

eGFR<60 
ml/min/1.73m2 

eGFR<15 
ml/min/1.73m2: 
33% 
HD: 23%  

Warfarin; n=232 No treatment; 
n=167 

Warfarin: 73 
No treatment: 77 

Warfarin:  
31 months 
No treatment: 
23 months  

n/a n/a Thromboembolic stroke (5% vs. 21%, p 
< 0.05)  
Major bleeding (14% vs. 9%,  p not 
significant)  

 

Supplementary Table 9. Study characteristics of currently published RCTs in patients with dialysis-dependent stage 5 CKD 
Reference 

(Study name) 
Trial design Dialysis 

modality  
Intended sample size Study drug and dose 

(study size) 
Control group(s)  

(study size) 
Follow-up, median (IQR)  Primary outcome(s) 

Reinecke, 2023 
(AXADIA-AFNET 8)  

Prospective, 
parallel-group, 
multicentre  

HD 222 patients for assessing 
superiority initially but was 
changed to assess non-
inferiority  

Apixaban 2.5mg BD; n=48 VKA; n=49 Apixaban: 429 days (37 – 
1,370) 
VKA: 506 days  
(101 – 1,379) 

Composite of ischaemic stroke, all-cause 
death, MI, and DVT or PE (p = 0.51; log 
rank) 
Composite of major bleeding, CRNM, or 
all-cause death (HR 0.93; 95% CI 0.53-
1.65; pnon-inferiority = 0.157) 

Pokorney, 2022  
(RENAL-AF) 

Prospective, 
open-label, 
blinded outcome 
evaluation, 
multicentre 

HD 762 patients  
(85% power for assessing 
non-inferiority)  

Apixaban 5mg BD; n=55 
Apixaban 2.5mg BD; n=22 
Apixaban reduced to 2.5mg 
BD; n=5 

VKA; n=72 Apixaban:  
330 days (n/a) 
VKA:  
340 days (n/a) 

Time to major or CRNM bleeding (HR; 
1.20; 95% CI 0.63–2.30) 
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De Vriese, 2021 
(Valkyrie) 

Prospective, 
open-label, 
parallel-group, 
multicentre 

HD 27 patients in each arm 
required for 80% power 

Rivaroxaban 10mg OD; 
n=46 

VKA; n=44 
Rivaroxaban 10mg OD and 
vitamin K2 2000µg three 
times a week; n=42 

1.88 years 
(1.01 – 3.38) 

Composite of fatal and non-fatal stroke, 
cardiac events, and other vascular 
events (HR 0.41; 95% CI 0.25-0.68; p = 
0.0006) 
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Dr John Hartemink, Dr Maria A Gauci, Prof Gregory Lip 
 
Section 4 
Treatment options for NVAF thromboprophylaxis 
Isaac Tseng, Kathrine Parker, Dr Richard Buka 
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Areas of interest 
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Appendix 5: List of abbreviations 

ACC American College of Cardiology 

AHA American Heart Association 

AF Atrial Fibrillation 

C-G Cockcroft-Gault 

CKD Chronic Kidney Disease 

CKD-EPI Chronic Kidney Disease Epidemiology Collaboration 

CrCl Creatinine Clearance 

DOAC Direct Oral Anticoagulants 

DOPPS Dialysis Outcomes and Practice Patterns Study 

EMA European Medicines Agency 

ESKD End-stage kidney disease 

FDA Food and Drug Administration 

HD Haemodialysis 

ICH Intracranial haemorrhage 

KDIGO Kidney Disease Improving Global Outcomes 

MDRD Modification of Diet in Renal Disease 

MHRA Medicines and Healthcare products Regulatory Agency 

NICE National Institute for Health and Care Excellence 

NVAF Non-Valvular Atrial Fibrillation 

OR Odds Ratio 

PD Peritoneal dialysis 

SSE Stroke and systemic embolism 

TTR Time in Therapeutic-Range 

UGIB Upper gastrointestinal bleed 

VKA Vitamin K antagonist 
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