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Learning Objectives

By the end of the presentation participants should be able to:

1. Discuss the literature on the use of DOACs in the CKD 

population.

2. Compare and Contrast the pharmacology and 

pharmacokinetics of the various DOACs in CKD patients

3. Identify knowledge gaps regarding use of these medications in 

the CKD patient population.



Case
Mrs V.  is a 55 year old lady on HD since 2007. She has 

ESKD from unknown origin.

• PMH:

• CAD- MI and ischemic cardiomyopathy

• AF- right occipital infarct in 2015

• PVD

• Hepatitis C (treated with interferon)

• Medications:

• rosuvastatin, ramipril, metoprolol, clopidogrel, ASA, warfarin, 

pantoprazole, replavite, cinacalcet, Aranesp, Venofer

• She is admitted with calciphylaxis of her left foot



Question

What do we do about her anticoagulation for AF?

A) Continue warfarin

B) D/C warfarin and start a DOAC

C) D/C warfarin and start a LMWH

D) D/C warfarin



Question 

What is the prevalence of AF in the 

general population?

a) 1%

b)10%

c) 3%

d)18%



Question

What is the prevalence of AF in the HD 

population?

a) 1%

b) 10%

c)  3%

d) 18%



Prevalence of AF in HD 

Wizemann. KI 2010 (77): 1098-1106



Ischemic Stroke in Dialysis

Zimmerman, D., et al. Nephrol Dial Transplant. 2012; 27:3816-3822



Mortality in Dialysis

Zimmerman, D., et al. Nephrol Dial Transplant. 2012; 27:3816-3822



Mortality Due to Bleeding, MI and Stroke 

in Dialysis Patients

Ocak, JTH 2018;16:1953-1963



Management of AF in HD patients



Bjhatia et al Clin Cardio 2018



Kidney Disease: Improving Global 

Outcomes- Update

KDIGO Update: EHJ 2018



Study Design
Risk of Stroke

HR (95% CI)
Risk of Major 

Bleeding
HR (95% CI)Ischemic Hemorrhagic

Chan et al. 

2009 

Retrospective 

cohort, n=1671
1.81 (1.12-2.92) 2.22 (1.01-4.91) 1.04 (0.73-1.46)

Winkelmayer et al. 

2011

Prospective cohort, 

n=2313
0.92 (0.61-1.37) 2.38 (1.15-4.96) 0.96 (0.70-1.31)

(GI bleed)

Garg et al

2016

Retrospective 

cohort, n=302
0.93 (0.49-1.82) Not specified 1.53 (0.94-2.51)

Genovesi et al

2015

Prospective 

cohort,n=296
0.12 (0.00-3.59) Not specified 3.96 (1.15-13.68)

Wakasugi et al
Prospective cohort, 

n=60 3.36 (0.67-16.66) Not specified 0.85 (0.19-3.64)

Shah et al

2014

Retrospective 

cohort, n=1626
1.17(0.79-1.75) Not specified 1.41 (1.09-1.81)

Yodagawa et al

2016

Retrospective 

cohort, n=84 1.07 (0.2-5.74) Not specified Not specified



Systematic Review Discussion

Conclusion

• Our review suggested a lack of association 
between warfarin use and reduced risk of stroke

• And an association between warfarin use and 
increased risk of bleeding in patients with AF on 
HD

Limitations

• Differences in definitions and reporting of 
outcomes make direct comparison difficult

• INR not recorded in studies

Battistella et al. CJKHD 2017



Research Question

• What is the anticoagulation control in our HD unit?

• Time in Therapeutic Range (TTR) is a common way to evaluate 

anticoagulation

• TTR measurement methods:

1. Rosendaal (linear interpolation model)

2. Fraction of INRs in Range



Question

What TTR is acceptable for patients taking warfarin?

A) 40%

B) 55%

C) 65%

D)100%



Methods

• Study Design: Retrospective chart review (2006-2012)

• Study Population: All HD patients in a single center 

on warfarin

• for a minimum of one year for VTE or AF with a target INR of 2-3

• Data Collection:– Weekly INR measurements from 

the most recent full year

• Patient demographics, medication histories, clinical outcomes

Quin et al. Clin Nephro 2014



Results

Quin et al. Clin Nephro 2014



Clinical Outcomes

Quin et al. Clin Nephro 2014



Serious Bleeding Events

Quin et al. Clin Nephro 2014



Summary so far….

• Clinical equipoise to use warfarin in HD patients

• TTR is low

• INRs are labile- many reasons

• So what do we do with this?



Important Question

How do Clinicians feel about warfarin use in 

CKD/HD patients?



Nephrologist

Cardiologist



Methods

Study Design:

• Cross-sectional survey of nephrologists and cardiologists in Canada

Sampling Frame:

1. Nephrologists: 

a. Members of the Canadian Society of Nephrology (CSN), n = 400

2. Cardiologists: 

a. Members of the Canadian Cardiovascular Society (CCS), n = 900

• Members of the Canadian Heart Rhythm Society (CHRS), n = 204

c. Cardiologists affiliated with the Division of Cardiology at:

• University of Calgary, n = 60

• University of Alberta, n = 30

• University of Toronto, n = 103



Questionnaire Structure

1. Patient Cases

• 4 scenarios which vary in severity of stroke and 

bleeding risk 

• respondents asked to decide on the management of 

AF-related stroke risk and report their level of 

certainty for each case

• 6 drug therapy options for stroke risk management

• certainty scale of zero to ten (0 being very uncertain, 5 being 

neutral, 10 being very certain) 

2. Demographics



Stroke and Bleeding Risk Matrix



Sample Questionnaire Case

Case 3: A 79-year-old female on HD with non-valvular AF, previous 
ischemic stroke, hypertension, type 2 diabetes and congestive 
heart failure.

a. Aspirin

b. Other anti-platelet agent (clopidogrel, dipyridamole, etc)

c. Dual anti-platelet therapy (Aspirin plus other)

d. Warfarin

e. One of the new oral anticoagulant therapies (apixaban, 
rivaroxaban or dabigatran)

f. No drug therapy

Level of CERTAINTY (0 being very uncertain, 5 being neutral, 10 
being very certain):

0      1      2      3      4      5      6      7      8      9      10



RESULTS



Survey 

Distribution and 

Response



Summary
Anticoagulant vs antiplatelet/no drug therapy

• Both cardiologists and nephrologists recommend anticoagulant therapy 

less when bleeding risk is high and more when stroke risk is high.

• Cardiologists are 3 times more likely to recommend anticoagulant 

therapy than nephrologists, regardless of the bleeding/stroke risk profile.

Certainty

• When bleeding risk is low (scenarios 1 and 3), there is no difference in 

certainty between cardiologists and nephrologists (6.8 vs 6.2, p=0.078).

• When bleeding risk is high (scenarios 2 and 4), nephrologists have 

higher certainty than cardiologists (6.7 vs 5.4, p=0.001).



Clinical Dilemma



Calciphylaxis

Calcific Uremic Arteriolopathy (CUA)
• Rare and serious 

disorder presenting with 

skin ischemia and 

necrosis

• Reduced blood flow caused 

by calcification, fibrosis, and 

thrombus formation

• Most commonly occurs 

in ESRD and dialysis

• CKD-mineral bone disorder

• CKD-MBD treatment

• Chronic inflammation

• Deficiencies in inhibitors 

of vascular calcifications

45

Nigwekar SU, N Engl J Med. 2018;378:1704.



Warfarin and Vascular Calcification

• Matrix gamma-carboxyglutamate Gla protein (MGP)

• Highly insoluble protein synthesized by vascular smooth muscle 

cells

• Binds calcium phosphate, preventing calcification

• MGP requires vitamin K to be converted to its active form

• Vitamin K antagonists (VKAs) such as Warfarin ↑ systemic 

calcification  stroke

46

Poterucha TJ, Am J Med. 2016;129:635.e1–635.e4.



What about the Direct Oral 

Anticoagulants (DOACS)?



DOACs

Indications: DVT/PE, NVAF, post-op thromboprophylaxis **

rivaroxaban

dabigatran

apixaban

edoxaban



Mechanism of Action of the DOACs

Dabigatran
(Pradaxa)

Rivaroxaban
(Xarelto)

Apixaban
(Eliquis)

Edoxaban
(Lixiana)



Phase III Trials of DOACs approved for AF
Drug Dabigatran

150mg, 110mg
Rivaroxaban
20mg, 15mg

Apixaban
5mg, 2.5mg

Edoxaban
60mg, 30mg, 15mg

Study RE-LY ROCKET AF ARISTOTLE ENGAGE AF-TIMI 
48

No. of patients 18,113 14,264 18,201 21,105

Warfarin (INR 2-3) Open label Double blind Double blind Double blind

Average CHADS2 2.1 3.5 2.1 2.8

Median age (yrs) 71 73 70 72

Median follow-ups 2.0 1.9 1.8 2.8

Dose adjustment None; patients were 
randomized to 
150mg or 110mg BID 

15mg OD if CrCl
30-49 mL/min

2.5mg BID if CrCl
>25 and 2/3 
criteria: age ≥80, 
weight ≤60kg, 
creatinine 
≥133μmol/L

Randomized to 60 
or 30mg; dose 
halved if CrCl 30-
50mL/min, weight 
≤60kg, concomitant 
use of verapamil or 
quinidine

Warfarin in therapeutic 
range

67 (54-78) 58 (43-71) 66 (52-77) 68 (55-77)

Exclusion criteria 
related to CKD

CrCl <30mL/min CrCl <30mL/min CrCl <25mL/min CrCl <30mL/min



Stroke or Systemic Events



Major Bleeding

Ruff et al. Lancet 2014; 383



What about Patients with CKD?



Del-Carpio Munoz, F., et al. Am J Cardiol. 2016; 117: 69-75



Del-Carpio Munoz, F., et al. Am J Cardiol. 2016; 117: 69-75

Stroke Outcomes



Bleeding Outcomes



What about Patients with “Real” 

Chronic Kidney Disease?



Question

Which DOAC would you use in patients with eGFR < 

30ml/min?

A) dabigatran

B) rivaroxaban

C) apixaban

D) Edoxaban

E) None



Question

Which DOAC would you use in patients on HD?

A) dabigatran

B) rivaroxaban

C) apixaban

D) edoxaban

E) none



Drug Properties of the DOACs



Potential Drug Interactions



Dosing of DOACS in CKD

• What is the evidence?



Kidney Disease: Improving Global 

Outcomes- Update

KDIGO Update: EHJ 2018



Edoxaban Dosing

Drug Canada US

Edoxaban 50-80ml/min: 60mg daily1

30-50ml/min: 30mg daily

<30ml/min: Not recommended

HD: Not recommended

51-95ml/min:60mg daily

15-50ml/min: 30mg daily

<15ml/min: Not recommended

HD: Not recommended



Dosing for Dabigatron

Drug Canada US

Dabigatran >30ml/min: 150mg bid1

or 110mg bid3

<30ml/min: Avoid

HD: Avoid

>50ml/min: 150mg bid

30-50ml/min:150mg bid1

15-30ml/min:75mg bid2

<15ml/min: Avoid

HD: Avoid



Dosing of Dabigatran

Kooiman et al. JACC 2016

• 15 patients with eGFR 23 ml/min- 75mg bid for 7 days

• Observed compared to PK modeling



Removal of Dabigatran by Dialysis

• PK Case Study show 50% removal by HD

• Used in overdoses

Chang, AJKD 2013



Dosing for Rivaroxaban

* Rivaroxaban updated monograph for VTE (15-50ml/min): 15mg bid x 3weeks then 

20mg od; prevention: 10-20mg daily

Drug Canada US

Rivaroxaban* >50ml/min: 20mg daily

15-50ml/min: 15mg daily

< 15ml/min: Avoid

HD: Avoid

>50ml/min: 20mg daily

15-50ml/min: 15mg daily

<15ml/min: Avoid

HD: Avoid



Rivaroxaban Dosing 

Dias et al. Am J Nephr 2016

• 8 patients in each group

• Single Dose study- PK parameters calculated on 

unknown number of blood samples



Rivaroxaban Dosing



Rivaroxaban Dosing



Dose-Finding Study of Rivaroxaban in 

Hemodialysis Patients
• PK study

• Groups

• 10mg rivaroxaban at end of 3 consecutive 

dialysis sessions (n=12)

• 10mg single dose 6-8hrs before dialysis (n=12)

• 10mg once daily before dialysis for 7 days (n=6)

Am J Kidney Dis. 2015;66(1):91-98



Results of Rivaroxaban PK Study

• ↑AUC 1.7 fold compared 
to healthy volunteers 
receiving 10mg but 
similar to healthy 
volunteers receiving 
20mg

• No effect of HD on 
plasma concentrations 
and anticoagulation 
effect

• No accumulation after 
multiple daily dosing

Am J Kidney Dis. 2015;66(1):91-98



Apixaban dosing for atrial fibrillation

Drug Canada US

Apixaban >30 ml/min: 5mg BID1

15-29 ml/min: Use with caution

<15 ml/min: Not recommended

HD: Not recommended

> 15ml/min: 5 mg BID1

HD: 5 mg BID1



Pharmacokinetics and Safety of 

Apixaban in Subjects on Hemodialysis

• Open-label, single dose study (5mg)

• Groups: HD (n=8) vs CrCl >80 ml/min(n=8)
• Matched according to age (±5 years), weight (±20% post 

dialysis weight) and sex

• Results
• ↑AUC by 36% higher in ESRD

• Similar protein binding

• 4-hr dialysis session: ↓exposure by 14%

• No difference in INR, PT and aPTT

The Journal of Clinical Pharmacology 2016. 56(5) 628-636



CJASN 2017; 28



Study Methods

CJASN 2017; 28



Results

CJASN 2017; 28



Results

CJASN 2017; 28



Results



Is there any clinical evidence with the 

DOACs in CKD 4 or 5/Dialysis?



DOAC use in CKD and Dialysis with AF

Systematic Review

• Background: Lack of clear benefit and potential risk of 

bleeding with DOAC use in CKD and dialysis with AF

• Aim: Evaluate how treatment with DOACs affect stroke 

and bleeding outcomes compared with Warfarin or 

Aspirin in this population

82

Feldberg J, Nephrol Dial Transplant. 2018:1–13.



Flow Diagram of Study Selection

RCTs (6), cohort studies (3) 

and case series (1)

Feldberg J, Nephrol Dial Transplant. 2018:1–13.



DOACs vs. Warfarin in CKD with AF

Systematic Review Results

DOAC Stroke/Systemic Embolism Major Bleeding

Apixaban 2.5–5mg BID

Dabigatran 110mg BID

Dabigatran 150mg BID

Rivaroxaban 10–20mg daily

Edoxaban 30–60mg daily

84

Feldberg J, Nephrol Dial Transplant. 2018:1–13.



DOACs vs. Warfarin in Dialysis with AF

Systematic Review Results

85

DOAC
Stroke/Systemic 

Embolism
Major Bleeding

Apixaban 2.5–5mg BID

Dabigatran 75–150mg BID

Rivaroxaban 15–20mg 

daily

Feldberg J, Nephrol Dial Transplant. 2018:1–13.



Limitations

• Heterogeneity of the ten included studies. 

• the studies had varying definitions of major bleeding and stroke 

outcomes, and heterogeneous inclusion/exclusion criteria

• Each of the trials included had different definitions for 

kidney dysfunction and dose adjustments for the DOACs 

varied in the studies.

• Only two studies done comparing DOACs to warfarin for 

atrial fibrillation in HD patients 

• both were retrospective cohort studies.



Ziontis KC, Zhang X, Eckard A, Bhave N, Schaubel DE, et al.



Study design and methodology

• Retrospective cohort study 

• Data from United States Renal Data System (USRDS)

• 5 year period (Oct 2010 – Dec 2015)

• Two parts:

• Study population and trends of DOAC use

• Outcomes of matched cohorts 3:1 (based on prognostic score)



Sample size

Warfarin
23,172

Rivaroxaban
328

Apixaban
2,351

Dabigatran
260



Outcomes

Apixaban: 12.4 per 100 patient-years

Warfarin: 11.8 per 100 patient-years
Apixaban: 19.7 per 100-patient years

Warfarin: 22.9 per 100-patient years



Outcomes

Apixaban: 3.1 per 100 patient-
years

Warfarin: 3.5 per 100 patient-years

Apixaban: 23.8 per 100-patient years

Warfarin: 23.4 per 100-patient years



Apixaban Dosing



Limitations

• Confounding factors, e.g. selective prescribing

• Did not report minor bleeding

• No information on body weight, adherence to treatment, 

use of non-oral anticoagulants during dialysis (e.g. 

heparin), or time in therapeutic range/INRs

• High number of patients censored due to expiration of 

prescription or >30-day gap between prescriptions (62.4% 

apixaban, 72.5% warfarin)



Case
Mrs V.  is a 55 year old lady on HD since 2007. She has 

ESKD from unknown origin.

• PMH:

• CAD- MI and ischemic cardiomyopathy

• AF- right occipital infarct in 2015

• PVD

• Hepatitis C (treated with interferon)

• Medications:

• rosuvastatin, ramipril, metoprolol, clopidogrel, ASA, warfarin, 

pantoprazole, replavite, cinacalcet, Aranesp, Venofer

• She is admitted with calciphylaxis of her left foot



Question

What do we do about her anticoagulation for AF?

A) Continue warfarin

B) D/C warfarin and start a DOAC

C) D/C warfarin and start a LMWH

D) D/C warfarin



DOACs for the management of DVT in 

CKD Patients



Recurrent DVT or Death related to VTE

Turpie, Ther Adv Crdiovasc Dis 2017 Sep; 11(9): 243–256.



Bleeding in VTE Treated Patients 

Turpie, Ther Adv Crdiovasc Dis 2017 Sep; 11(9): 243–256.



What about Patients with “Real” 

Chronic Kidney Disease?



• Retrospective cohort design comparing CKD patients who 

received either warfarin or apixaban for Afib or DVT

• Primary outcome- bleeding at 3 months

• Secondary Outcomes- stroke or recurrent DVT at 3, 6 and 12 

months

Annals of Pharmacotherapy 2018



Annals of Pharmacotherapy 2018



Bleeding, Stroke and Thromboembolism

Annals of Pharmacotherapy 2018



What do we do with this data?

Clinicaltrials.gov

• Trial to Evaluate Anticoagulation Therapy in 
Hemodialysis Patients With Atrial Fibrillation 
(RENAL-AF)

• Compare Apixaban and Vitamin-K Antagonists in 
Patients With Atrial Fibrillation (AF) and End-Stage 
Kidney Disease (ESKD) (AXADIA)

• Strategies for the management of Atrial Fibrillation 
in patiEnts receiving HemoDialysis (SAFE-HD)



Conclusion

• Increase risk of stroke and bleeding among CKD patients 

compared to general population

• Treatment of AF in Stage 5 CKD/dialysis is controversial

• Clinicians should continue to weigh the risk of stroke 

versus bleeding before prescribing warfarin or DOACs in 

the dialysis population with Afib.

• For DVT treatment- clinicians need to asses the risk of 

bleed and duration of treatment 





Reversal Agents

•Idarucizumab: a specific 

reversal agent for dabigatran

•Andexanet for reversal of both 

direct and indirect Xa inhibitors


