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AF

Diabetes 
mellitus

Renal 
Impairment

Overlapping Comorbidities Increase the 
Complexity of Stroke Prevention in AF Patients

1. Patel MR et al. N Engl J Med 2011;365:883–891; 2. Giugliano RP et al. N Engl J Med 2013;369:2093–2104; 3. Granger CB et al. N Engl J Med 2011;365:981–992; 4. The Stroke Risk in Atrial 
Fibrillation Working Group. Neurology 2007;69:546–554; 5. Bansilal S et al. Am Heart J 2015;170:675–682.e8; 6. Boriani G et al. Sci Rep 2016;6:30271; 7. Boriani G et al. Europace
2015;17:1169–1196; 8. Kirchhof P et al. Eur Heart J 2016;37;2893–2962; 9. Olesen JB et al. N Engl J Med 2012;367:625–635; 10. Beckman JA et al. JAMA 2002;287:2570–2581; 11. Pecoits-
Filho P et al. Diabetol Metab Syndr 2016;8:50.

● Microvascular complications in DM can damage the kidneys10

● Diabetic kidney disease occurs in around one-third of patients with type 2 DM11

● 25-35% of patients with AF have 
renal impairment6

● CKD is associated with an 
increased risk of developing AF 
and vice versa7, as well as 
bleeding 8,9

● Up to 40% of AF patients have DM1–3

● DM is an independent risk factor for 
stroke in patients with AF (RR: 1.7)4

● Risk of death following a stroke is 
greater for patients with vs without 
DM5



AF on ILR Recordings during Dialysis
Number and Rate of AF Events

ILR detected 

AF

ILR Detected 

AF ≥6 Minutes

Number of Events 4419 1710

Subjects with Events

(% of Subjects with Any ILR Data)

27

(41%)

23

(35%)

Estimated Events Per Patient Month 

[95% CI Bounds]

11.9

[4.9,28.7]

4.62

[1.8,11.5]

Koplan et al –Clinical Cardiology – in press

66 patients on 
maintenance 
hemodialysis 
(mean age 56, 
70% male) 
underwent ILR 
placement.



Why Does Kidney Disease Matter?

Patients with NVAF 
and renal impairment 
are at higher risk of 
bleeding and stroke
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Olesen JB et al. N Engl J Med 2012;367:625–635. 

Large Danish cohort study (N=132,372) in AF patients with chronic kidney disease. 28% of patients with no renal disease 
received warfarin. 



CV Risk (Stroke or Bleeding) is Aggravated by 
deterioration of Renal Function

Event non-incidence rates in AF patients by quartile of annual eGFR change

Fauchier L et al, Am Heart J 2018;198:39-45

Quartile 1 Quartile 2 Quartile 3 Quartile 4

No. of patients 661 662 666 664

eGFR change
（mL/min/1.73m2/year）

＞1.56 1.56 to -1.25 -1.25 to -4.81 ＜-4.81

Subjects and methods: We retrospectively analyzed 2,653 patients with AF at a single site in France between 2000 and 2010.

Mean observation period: 1499 days. Treatment with VKA: 62-68%.
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Elderly AF Patients with Chronic Kidney 
Disease receiving Anticoagulation

Patients aged 65 years and over with a new diagnosis of AF and eGFR of <50 ml/min/1.73 m2

2,434 pairs using propensity scores by exposure to anticoagulant and followed for a median of 506 days

Kumar S, et al. BMJ 2017

Major BleedsStrokes



Warfarin in Patients with AF and ESRD 

Study Design
Number of 

patients
Outcome on warfarin vs no 

warfarin

Lai, 2010 Retrospective cohort 93
Warfarin effective against ischemic 

stroke

Winkelmayer, 2011 Prospective cohort 1185 No effect on overall stroke

Wizemann, 2010 Prospective cohort 17,513
Warfarin increased risk of stroke 2-fold 

in over 75 y.o.

Phelan, 2011 Retrospective cohort 845
Warfarin increased risk of hemorrhagic 

stroke 2-fold

Chan, 2009 Retrospective cohort 1671 Warfarin increased risk of stroke 2-fold

Wiesholzer, 2001 Retrospective cohort 430 Warfarin increased risk of stroke 3-fold

Wang, 2016 Prospective cohort 141
Warfarin increased risk of ICH 11-fold; 

no difference in SE 

Dahal, 2016
Meta-analysis of 6 retro- and 5 

prospective cohorts
48,500

No effect  on stroke/SE, 
1.3-fold risk of ICH

Liu, 2016 Meta-analysis of 11 studies 25,407 
No effect  on stroke/SE, 

1.27-fold risk of MB

X



Absorption, Metabolism and Elimination
Different NOACs 

Heidbuchel H et al. Europace 2013;15:625-651



Oral Anticoagulants 
Pharmacokinetics in Renal Disease

Warfarin Dabigatran Rivaroxaban Apixaban Edoxaban

Target VKA IIa Xa Xa Xa

Hours to Cmax 3 days 1.25–3 2–4 3–4 1–2

Half-life: normal renal function 35 h 14 – 17 h 7 – 8 h 11-12 h 9-10 h

Half life: CrCl<30 ml/min 35 h 27 h 10 h N/A 17 h

Dose for SPAF Variable 150 mg BID 20 mg  OD 5 mg BID 60 mg OD

Dose in CKD
Variable

OD

110 mg  BID

CrCl<50

15 mg  OD

CrCl<50

2.5 mg BID

CrCl<30*

30mg OD

CrCl<50

Lowest allowed CrCL - 30ml/min 15ml/min 15ml/min 15ml/min

Dialysis effect Not effective 62-68% drug removal Not effective Not effective Not effective

*If accompanied by one of the following criteria: 1) Age >80 years, body weight ≤60 kg
As there have been no head to head trials; it is not possible to make comparisons between the DOACs

• In the absence of hard endpoint studies it is advised to avoid the routine use of NOACs in patients with severe renal dysfunction 
(CrCl <15 mL/min) as well as in patients on dialysis1

Table adapted from Mar et al. Int J Cardiol 2016; 202:578–85

1. Steffel J, et al. Eur Heart J. 2018;39:1330–93.



Patients With Renal Impairment: 
Higher Exposure for Dabigatran vs Factor Xa Inhibitors

NOTE: Graphs based on data in respective SmPCs. No head to head comparison. Data for edoxaban are currently not available.

Dabigatran is contraindicated for patients with CrCl <30ml/min
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Mild

Moderate

Severe

1.4 1.5 1.2 1.3 1.51.41.6

3.2

6.4

Renal clearance 
(of absorbed dose)1 33% 27% 80% Dabigatran is predominantly 

renally excreted

Level of renal 
impairment

~50%

1.3
1.7 1.7

1. Rivaroxaban SmPC;   2. Apixaban SmPC; 3. Dabigatran SmPC;   4. Stangier J et al. Clin Pharmacokinet. 2010;49(4):259–268;



Patients with Renal Impairment in the Phase III 
NOAC Trials

ROCKET AF1 ARISTOTLE2 ENGAGE AF3 RE-LY4

Proportion of patients N=2950 (20.7%) N=3017 (16.6%) N=2740 (19.5%) N=3374 (18.9%)

Mean CHADS2 score 3.7 2.6 3.1 –

CHF, % 65.7 32.7 55 32.6

Hypertension, % 91.9 84.9 92 85.6

Diabetes mellitus, % 32.5 21.1 28 29.1

Prior stroke/TIA/SE, % 49.6 25.1 30 20.1#

Renal impairment

CHADS2 score

1. Fox KAA et al, Eur Heart J 2011;32:2387–2394; 2. Hohnloser SH et al, Eur Heart J 2012;33:2821–2830; 3. Bohula EA et al, Circulation 2016;134:24–36 
4. Hijazi Z et al, Circulation 2014;129:961–970



Ruff CT, et al. Lancet 2014;383:955-62

Parameter Relative risk (95% CI) Relative risk (95% CI)

Creatinine clearance (mL/min)

<50
50–80
>80

0.79 (0.65, 0.96)
0.75 (0.66, 0.85)
0.98 (0.79, 1.22)

Parameter Relative risk (95% CI) Relative risk (95% CI)

Creatinine clearance (mL/min)

<50
50–80
>80

0.74 (0.52, 1.05)
0.91 (0.76, 1.08)
0.85 (0.66, 1.10)

0.5 1.0
Favours NOAC Favours warfarin

1.5

p=0.12

0.5 1.0

Favours NOAC Favours warfarin
1.5

p=0.57

Stroke or SEE

Major bleeding

CI, confidence interval; NOAC, novel oral anticoagulants; SEE, systemic embolic events

Meta-analysis of All NOACs vs Warfarin
Renal Function Subgroups



ARISTOTLE: Apixaban versus Warfarin 
According to Renal Function

Hohnloser SH, et al. Eur Heart J 2012;33:2821–2830

7518 patients (42%) with an estimated GFR (eGFR) of >80 mL/min, 7587 (42%) 
between 50 and 80 mL/min, and 3017 (15%) with an eGFR of ≤50 mL/min

Warfarin 95% CI Apixaban 95% CI
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Renal Outcomes in AF Patients on NOACs

Yao X et al, J Am Coll Cardiol 2017;70:2621–2632

Renal outcomes HR (95% CI) HR (95% CI) p-value

≥30% decline in eGFR 0.77 (0.66–0.89) <0.001

Doubling of serum 

creatinine 
0.62 (0.40–0.95) 0.03

Acute kidney injury 0.68 (0.58–0.81) <0.001

0.25 0.5 1 2

Favours
NOACs

Favours
warfarin

● At 2 years, the cumulative risk was 
▪ 24.4% for ≥30% decline in eGFR

▪ 4.0%, doubling of serum creatinine

▪ 14.8% for AKI

▪ 1.7% for kidney failure

● Compared with warfarin, the use of 
NOACs was associated with reduced 
risks of ≥30% decline in eGFR, doubling 
of serum creatinine and acute 
kidney disease



RIVAL: Rivaroxaban Associated with Lower Risk of Acute 
Kidney Injury or Progression to Stage 5 CKD Than Warfarin

● Analysis of US Truven MarketScan claims data for patients with NVAF 
initiating rivaroxaban or warfarin
▪ Patients with stage 5 CKD or on haemodialysis at baseline excluded

Event rate
(per 100 person-years)

HR (95% CI) HR (95% CI)

Rivaroxaban
N=36,318

Warfarin
N=36,281

AKI 4.91 8.45 0.81 (0.75–0.87)

Stage 5 CKD or 
dialysis

2.67 4.12 0.82 (0.74–0.91)

Favours
rivaroxaban

Favours
warfarin

Coleman CI et al, presented at ESOC 2019 (Abstract AS25-017)

0.5 1 2



RELOADED: Rivaroxaban and Apixaban Showed Risk Reductions for 
ESRD/Dialysis, and Only Rivaroxaban Showed Benefit for AKI

Rivaroxaban vs phenprocoumon Apixaban vs phenprocoumon

Outcome HR (95% CI)

ESRD/
dialysis overall

0.34 (0.23; 0.51)

ESRD/dialysis 

renal*
0.27 (0.16; 0.43)

AKI overall 0.81 (0.66; 1.00)

AKI renal* 0.77 (0.58: 1.01)

0 1 2

Outcome HR (95% CI)

ESRD/dialysis 
overall

0.67 (0.49–0.92)

ESRD/dialysis 
renal*

0.43 (0.29–0.63)

AKI overall 0.90 (0.69–1.17)

AKI renal* 0.99 (0.80–1.22)

0 1 2

*Renal insufficiency subgroup defined by following ICD-10 codes: D63.1, E10.2, E11.2, E13.2, I12, I13, N02, N03, N04, N05, N07, N08, N14, N18.1-N18.4, N18.9, N19, Q61.

Favours
apixaban

Favours
phenprocoumon

Favours
rivaroxaban

Favours
phenprocoumon

Bonnemeier H et al. Presented at ESOC 2019, Milan, Italy, AS25-066.



Risk of Renal Impairment in Patients with 
NOACs vs.  VKAs/ASA

11 RCTs and 
3 observational studies

189,483 (119,188 patients 
with NOACs and 70,295 
patients with VKA/ASA)

33% reduction in renal 
impairment with NOACs 

Zhang C, et al. Thrombosis Research 2019;174:16-23



Anticoagulation-Related Nephropathy and AKI

INR=international normalized ratio

Wheeler DS et al. J Thromb Haemost 2016;14:461–467



VKAs Promote Vascular Calcification and 
Decline in Renal Function

Medial 

calcification is 

highly 

prevalent in 

patients with 

CKD2

MGP

(Matrix G1 Protein 

non-carboxylated)

cMGP
(carboxilated

-active)Vitamin K-induced

carboxylation

X
VKA

MGP is the main inhibitor of vascular calcification, and vitamin K is required for full activity of MGP1

Inhibition of 

vessel calcification

Intimal calcification

(macro calcification)

Intimal calcification

(micro calcification)
Medial calcification

Intima Media Calcification

1. Van Gorp RH, Schurgers LJ. Nutrients 2015;7:9538–9557; 2. Willems BAG et al. Mol Nutr Food Res 2014;58:1620–1635.
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Duration of warfarin therapy

Warfarin
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Arterial calcification is increased in warfarin-
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In patients with AF and CKD, renal function declines 

faster in those with VKA exposure vs no VKA exposure1
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VKA exposure (n=7409)

p=0.009 

at 5 yrs exposure

Effects of VKA on Calcification

*Calcification analysis in X-rays of lower extremity arteries at knee level and below.

1. Posch F, et al. Presented at ÖGIM 2017, poster 07; 2. Han KH, O’Neill WC. J Am Heart Assoc 2016;5:e002665.

chi‐square test



Vitamin K is Required to Inhibit Vascular Calcification

Potential of Vitamin K in CKD-MBD: Ayumu Nakajima; Chronic Kidney Disease associated with CKD-MBD;revised edition, p276-281

Vitamin K

Activation of 

matrix Gla

proteins (MGP)

Gla conversion 

(activation) of 

osteocalcin

Suppression with 

vascular 

calcification

Enhances bone 

formation

Healthy bone turnover

Improves insulin-

sensitizing effects

Reducing risk of 

fracture

Improving the 

function of bone as a 

Ca buffer system

Warfarin Antagonizes the Activity of Vitamin K



Coagulation System and Renal Impairment

Hertig A et al, J Am Soc Nephrol 2004;15:844-53, Farquhar A et al, J Clin Path 1972;25:657-67, Tanaka M et al, Kidney Int 2005;67:2123-33, Sumi 
A et al, Biol Pharm Bull 2011;34:824-30, Amdur RL et al, Clin J Am Soc Nephrol 2016;11:1546-56

Inflammation

(TNF-α, IL-6, IL-1β)

Fibrosis

Abnormal cell growth

Ⅴa

Ⅸ

ⅡⅡ Ⅱ
Ⅱ Ⅱ

Ⅱ
Ⅱ

Ⅱa
ⅡaⅡaⅡa

Ⅱa Ⅱa
Ⅱa

Fibrinogen

Prothrombin

Ⅸa

Ⅹ

Tissue factor

Thrombin

Ⅶa

Ⅷa

Fibrin deposition in the 

glomerulus

Renal impairment

Coagulation system

Fibrin

PAR2

PAR1

PAR: Proteinase​-activated​ receptor (proteinase activated receptors: 

PARs) is a seven-transmembrane receptor specifically activated by 

identified proteases and four PAR family members (PAR1 to 4) 

have been identified.

In IgA nephropathy and diabetic nephropathy, it has been suggested that the coagulation system is involved in 

the disease state formation of renal impairment

X

X
NOACs

X



Hypercoagulability Causes Atrial Fibrosis 
and Promotes Atrial Fibrillation?

Reappraisal of Atrial Fibrillation: Interaction between hyperCoagulability, Electrical 
remodeling, and Vascular Destabilisation in the Progression of AF (RACE V)

The hypercoagulable state during AF causes 
pro-fibrotic and pro-inflammatory responses in 
adult atrial fibroblasts. 

Inhibition of coagulation may not only prevent 
strokes but also inhibit the development of a 
substrate for AF.

Spronk HM et al. Eur Heart J 2017;38:38-50

In isolated rat atrial fibroblasts, thrombin 
enhanced the phosphorylation of the pro-
fibrotic signalling molecules….. All effects 
could be attenuated by the thrombin 
inhibitor dabigatran.



2019 ACC Guideline Recommendations
● Section 4.2.2.2 – Anticoagulant options – “Over time, NOACs (particularly 

dabigatran and rivaroxaban) may be associated with lower risks of 
adverse renal outcomes than warfarin in patients with AF (S4.2.2.2-16).”

January CT et al, Circulation 2019; 140:e125–e151



AC, anticoagulation; APT, antiplatelet therapy; VKA, vitamin K antagonist. Patients in the rivaroxaban or 
VKA arm can also receive APT in addition to AC
XARENO Clinicaltrials.gov. NCT NCT02663076. Available at 
https://clinicaltrials.gov/ct2/show/NCT02663076 (accessed November 2017)

Factor XA – inhibition in RENal patients with non-

valvular atrial fibrillation Observational registry

Minimal follow up: 12 months

N ≥1,000

Patient 
selection and 

choice of 
type, dose 

and duration 
of drug used 
at discretion 
of attending 

physician

Investigators collect data usually obtained 

during clinical routine at initial visit and during 

follow-up (e.g. quarterly)

Rivaroxaban for 

≥3 months

VKA for

≥3 monthsStudy 
population: 

Patients with 
NVAF (N 

≥2,500) and 
eGFR/CrCl

15–49 ml/min

N ≤500No OAC for
≥3 months

N ≥1,000

Pre-study 
phase

Follow-up
phase

Day 1 90 180 270 Day 720365 … 

XARENO



What is the Evidence for Warfarin in AF 
Patients undergoing Haemodialysis?

Systematic review and meta-analysis

In AF patients undergoing dialysis, warfarin therapy (vs nothing or placebo) was not associated with 

and increase of mortality and stroke/thromboembolism, but significantly increased the risk of 

major bleeding

Nochaiwong S, et al. Open Heart 2016;3:e000441.

All-cause mortality Major bleeding
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Apixaban Use in End-Stage Kidney Disease

Siontis et al. Circulation 2018 DOI: 10.1161/CIRCULATIONAHA.118.035418

Retrospective cohort study of Medicare beneficiaries: 25,523 patients (45.7% women; age 
68.2±11.9 years), including 2,351 patients on apixaban and 23,172 patients on warfarin

Matched cohorts - Apixaban 1:3 Warfarin

All Apixaban
N= 2321
Apixaban 5 mg BID
N = 1004
Apixaban 2.5 mg BID
N= 1317

No significant differences between the groups
in stroke/systemic embolism (HR 0.88; 
95% CI, 0.69–1.12)
Apixaban group (5mg BID or 2.5mg BID) had 
lower risk for major bleeding (HR 0.72; 95% CI, 0.59–0.87)



Rivaroxaban Appears to be Associated with Similar Efficacy and 
Significantly Less Major Bleeding vs Warfarin in ERSD Patients

Event rate (per 100 PYs)

HR (95% CI)Rivaroxaban
(N=1896)

Warfarin 
(N=4848)

Stroke or SE 1.10 2.16 0.55 (0.27–1.10)

Ischaemic stroke 0.85 1.44 0.67 (0.30–1.50)

Major bleeding 3.73 6.16 0.68 (0.47–0.99)

Intracranial 0.08 0.28 0.19 (0.02–1.56)

Gastrointestinal 3.39 4.52 0.87 (0.58–1.30)

0 1 2

Favours
rivaroxaban

Favours
warfarin

Coleman CI et al. Am J Med 2019; doi: 10.1016/j.amjmed.2019.04.013.



US FDA Labeling on ESRD

1. Eliquis FDA label Suppl-20 2. Xarelto FDA label Suppl-32

Apixaban1
Rivaroxaban2



2019 AHA/ACC/HRS Focused Update: 
Management of Patients with Atrial Fibrillation



LAAO for AF Patients with CKD
AMPLATZER European Registry

Kefer J, et al. Int J Cardiol. 2016;207:335-40

● ACP multicentre registry, 1014 pts (75±8yrs)
● CKD (N=375, CHA2DS2-VASc: 4.9±1.5, HASBLED: 

3.4±1.3) 
● High procedural (97%) and occlusion (99%) 

success
● Peri-procedural major adverse events:

▪ 5.1% of patients, 
▪ 0.8% death
▪ No difference between patients with and 

without CKD (6.1 vs 4.5%, p=0.47)
● 1319 patient years follow up
● Survival:

▪ 1 yr:  84 vs 96% 
▪ 2 yr: 84 vs 93%; p<0.001) 

patients with an eGFR 
<30ml/min/1.73m



Decision to anticoagulate
based on current clinical
guidelines and consensus

statements

Anticoagulate after careful
consideration of

benefit and harm*

No RCT evidence to support OAT
Does individual circumstance,

clinician and patient preference 
favour OAT? Other bleeding risks? 

Consider non-
pharmacological

treatment method
(e.g., left atrial appendage
occlusion) or no therapy

Evidence favours DOAC over VKA for both efficacy and safety**
If vascular calcification or calciphylaxis are a concern, avoid VKAs

Use appropriate (usually labelled) dose of OAT

No

Yes

No

Yes

* Existing scoring systems are not validated in this setting;  ** Please refer to current dosage recommendations 

eGFR   ≥ 90 60-89 45-59 30-44 15-29 < 15 eGFR

CKD   
Stage

CKD 
Stage1 2 3a 3b 4 5 5D

Re-test 12m 6m 4m 3m 2m 6w Re-test

Chronic Kidney Disease and Non-Valvular Atrial Fibrillation



● Renal impairment increases the likelihood of AF and the consequent stroke and 
bleeding risks

● Vitamin K antagonists (VKA) have not been shown to be advantageous in t provide net 
clincal benefit  to patients with modest to severe chronic kidney disease (CKD)

● All non vitamin K oral anticoagulants (NOACs) are partially excreted via the kidney and 
dose reduction strategies are often needed in patients with renal impairment

● Anticoagulation with vitamin K antagonist therapy may lead to further impairment of 
renal function via a variety of mechanisms, and factor Xa inhibitors may themselves 
reduce progressive renal impairment

● NOAC therapy is generally preferred in patients with moderate renal impairment, 
particularly when diabetes is also present

● For patients with ESRD/CKD class 5, OAC may be possible but LAAO may be preferable

Conclusions



Thank you for your 
attention…

John Camm
jcamm@sgul.ac.uk


