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Antikoagulation bei (schwerer) 
Niereninsuffizienz und

Evidence Based Medicine

Evidenzbasierte Medizin ist demnach der gewissenhafte, 
ausdrückliche und vernünftige Gebrauch der gegenwärtig 
besten externen, wissenschaftlichen Evidenz für 
Entscheidungen in der medizinischen Versorgung 
individueller Patienten.





Definition and classification of chronic kidney disease
and vague German prevalences

NHANES 1999-2004, Coresh et al. JAMA 2007; 298: 2038-47
National Kidney Foundation, Am J Kidney Dis 2002; 39, Suppl 1: S46-S75
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Definition and Classification of Chronic Kidney Disease
German Prevalences

NHANES 1999-2004, Coresh et al. JAMA 2007; 298: 2038-47
National Kidney Foundation, Am J Kidney Dis 2002; 39, Suppl 1: S46-S75



Classification and stratification of chronic kidney disease by the 
National Kidney Foundation are slightly different from those reported in 

regulatory guidelines on studies required to assess the influence of 
renal dysfunction on drug kinetics and

the SPC (Summary of Product Characteristics)

Harder J Clin Pharmacol  2012; 52(7): 964-75



Gerinnungsstörung bei (schwerer) 
Niereninsuffizienz

erhöhte Blutungsneigung

erhöhte Thromboseneigung



Kidney disease and indications for anticoagulation
Independent association between renal dysfunction and mortality after acute coronary
syndrome: decrease of 10 ml/min CrCl is associated with substantial increase in mortailty at
1 month, 6 month, as well as 1 year. Patients with CKD are less likely to receive proper 
treatment for ACS (e.g. angiography, angioplasty, effective multimodality drug therapy).

Chronic kidney disease (stages 3 through 4) increases risk for venous thromboembolism.

The prevalence of atrial fibrillation in patients on hemodialysis is 10- to 20-fold higher than
in the general population.  Risk for stroke is increased by each stage of CKD, with the
highest risk in the patients who are on hemodialysis and have atrial fibrillation. Cumulative
2-yr mortality rates after stroke or transient ischemic attacks (TIA) is increased in patients
who have CKD or are on hemodialysis.

Periinterventional anticoagulation.

Hemodialysis.

review Rodrigues et al. Clin J Am Soc Nephrol 2010; 5: 1530-1536

Wattanakit et al. J Am Soc Nephrol 2008; 19: 135-140
similar result: Folsom et al. Nephrol Dial Transplant 2010; 25: 3296-3301

Reinecke et al. J Am Soc Nephrol 2009; 20: 705-11
Barrios et al. Future Cardiol 2014; 10: 215-220

Laible et al. from Heidelberg Eur J Neurol 2015; 22: 64-69



Wilke et al. Thromb 
Haemost 2012; 107(6): 

1053-65

Oral anti-
coagulation use 
by patients with 
AF in Germany 
based on data 
of 183.448 
patients (source 
TK, AOKplus)

* potential indicator
of CKD risk
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Urban et al. J Am Coll Cardiol 2011; 57: 1445-54

Stent thrombosis and bleeding complications after implantation 
of sirolimus-eluting coronary stents in an unselected worldwide 

population (n=15147; at 1year)
Report from the e-SELECT (multi-center post-market surveillance) registry

2 mg/dl
i.e.≤50%



In-hospital major 
bleeding according to 
renal status and 
antithrombotic 
treatment.

*P<0.0001 across the
three groups,
p ns between UFH and
LMWH.

Collet et al.  Eur Heart J  2005; 26: 2285-2293

Non-ST-Segment Elevation Acute Coronary Syndrome in 
Patients with Renal Dysfunction

n (major bleeding)                            25      39      34                  17       23      26

n (total UFH/LMWH alone 275     889  1583                295   1149  2158
no GP IIb/IIIA)

9.47l 4.16l 2.37 including all
pharmacologic/invasive interventions

n (all)                                               982   3705  7194

(84% enoxaparin)

(Global Registry of Acute Coronary Events, GRACE; 100 centers in 17 countries [USA, Europe, South-
America, Australia]; ACS [UA or AMI] in-hospital +6 mo after discharge)



Mortality at 30 days 
according to renal 
status and 
antithrombotic 
treatment.

*P<0.0001 across the
three groups,
p ns between UFH and
LMWH.

Collet et al.  Eur Heart J  2005; 26: 2285-2293

n (30 days mortality)                        50     70      43                  45      49     37

n (total UFH/LMWH alone 275   889   1583                295  1149  2158
no GPIIb/IIIa)

n (all)                                               982  3705  7194

16.00l5.68l1.91 including all
pharmacologic/
invasive
interventions

(84% enoxaparin)

Non-ST-Segment Elevation Acute Coronary Syndrome in 
Patients with Renal Dysfunction

(Global Registry of Acute Coronary Events, GRACE; 100 centers in 17 countries [USA, Europe, South-
America, Australia]; ACS [UA or AMI] in-hospital +6 mo after discharge)



Olesen et al. New Engl J Med 2012; 367: 625-635

Event rates with respect
to renal disease.

Stroke and bleeding in 
atrial fibrillation with
chronic kidney disease
– Danish registry study
population



Olesen et al. New Engl J Med 2012; 367: 625-635

Hazard ratios for stroke or systemic thromboembolism
in atrial fibrillation with CKD

“....we conclude that there is no strong reason for a different approach to anticoagulation in patients 
with atrial fibrillation and renal disease than in other patients with atrial fibrillation.“



Olesen et al. New Engl J Med 2012; 367: 625-635

Hazard ratios for bleeding in atrial fibrillation with CKD

“....we conclude that there is no strong reason for a different approach to anticoagulation in patients 
with atrial fibrillation and renal disease than in other patients with atrial fibrillation.“



Warfarin use associates with increased risk for stroke 
(ischemic/hemorrhagic) in hemodialysis patients with AF

Elliott et al. Am J Kidney Dis 2007; 50: 433-40,
Chan et al. J Am Soc Nephrol 2009; 20: 2223-2233

Crude stroke curves by drug exposure. 1671 incident HD patients with preexisting AF were 
retrospectively (!) analysed and censored when they changed their drug prescription after 
enrollment. Increased incidence of new stroke was associated with patients who were on warfarin.
Expected major bleeding episode rate: 0.1-0.54 / patient-year.

0                                        1                                         2                                        3 4     years

none
(n=471)

warfarin
(n=477)

CHADS2 

clopidogrel or
aspirin
(n=325)

3.12
2.59

2.58

2.75



Herzog et al. Kidney Int  2011; 80: 572-586

Therefore, until new data become available, and in contrast 
to the previous KDOQI recommendation 9.1, routine 
anticoagulation of CKD 5D (=ESRD) patients with atrial 
fibrillation for primary prevention of stroke is not indicated, 
whereas previous KDOQI recommendations for secondary 
prevention and careful monitoring of all dialysis patients 
receiving anticoagulation remain valid.



Warfarin use in dialysis patients but potentially also in other 
populations, through the inhibition of Matrix Gla protein, a 
local inhibitor of media calcification, can accelerate vascular 
calcification, and might increase plaque vulnerability, which 
eventually might increase the risk for ischemic stroke or
cardiovascular complications in general:



Shah et al. from Canada Circulation 2014; 129: 1196-203

Warfarin use and the risk for stroke and bleeding in patients with atrial
fibrillation undergoing hemodialysis

“Our results suggest that warfarin use is not beneficial in reducing stroke risk, but it is associated with 
a higher bleeding risk in patients with AF undergoing dialysis.”

†Stroke was defined as the first hospital admission or emergency visit for ischemic cerebrovascular disease, TIA, or retinal infarct at any point 
during the follow-up period.    §Bleeding was defined as the first hospital admission or emergency department visit for intracerebral bleeding, 
gastrointestinal bleeding, intraocular bleeding, hematuria, and unspecified location of bleeding at any point during the follow-up period.

Retrospective cohort study of pts. ≥65 yrs admitted 
to a hospital with AF, in Canada from 1998 – 2007, 
grouped into dialysis and nondialysis pts. and into 
warfarin and no-warfarin users according to the first 
prescription filled for warfarin within 30 days after 
AF hospital discharge.



Warfarin, kidney dysfunction, and outcomes following acute myocardial
infarction in patients with atrial fibrillation

“Warfarin treatment was associated with a lower 1-year risk for the composite outcome of death, MI, and 
ischemic stroke without a higher risk of bleeding in consecutive acute MI patients with AF. This 

association was not related to the severity of concurrent CKD..”
Consecutive survivors of an acute MI, AF and known serum creatinine (n = 24 317) from SWEDEHEART registry,
including a total of 5292 (21.8%) who were prescribed warfarin at discharge, 51.7% had manifest CKD (eGFR <60 mL/min.

Carrero et al. from Sweden JAMA 2014; 311: 919-28



Orale Antikoagulantien und Nierenfunktion Fachinformationen
Stand 12/2014



Pharmacology and kidney disease

There is mounting evidence that renal impairment also 
affects hepatic drug metabolism and disposition with a 
greater impact on nonrenal clearance and bioavailability 
than was previously recognized, e.g. downregulation of 
hepatic cytochrome P450 metabolism.

Zhang et al. Clin Pharmacol Ther 2009; 85: 305-311
Limdi et al. Am J Kidney Dis 2010; 56: 823-31

Ufer, Thromb Haemost 2010; 103: 572-585

E.g. app. 10% and 20% dose 
reduction for VKA/Warfarin in 
patients with moderate and severe 
renal impairment.

E.g. rivaroxaban, apixaban.



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

DOAC absorption and metabolism



Meta-data on direct
oral anticoagulants
and renal function

Sardar et al. (USA)
Can J Cardiol 2014; 30: 888-897

Harel et al. (Canada)
J Am Soc Nephrol 2014; 25: 431-442

Pathak et al. (USA) 
Am J Cardiol 2015; epub Nov 13, 2014



Kirchhof, Internist 2013; 54: 583-595



gemeinsamer Informationsbrief der Zulassungsinhaber vom 5. September 2013 :



Heparine, Bivalirudin und Nierenfunktion
(ohne Argatroban)

Fachinformationen
Stand 12/2014



Creatinine female <1.00mg/dl; male < 1.2mg/dl (<50J) – 1.3mg/dl (≥50J); children separate
~1998 Cystatin C < 0.96mg/L 

mGFR Inulin-clearance, 99mTc-DTPA-clearance, Iohexol plasma clearance

Creatinine-clearance:  creatinine(urine) x vol / creatinine(serum) x time (corrected for BSA 1.73m2)
(normal range depends upon sex, age; roughly: after age 1 >90 mL/min)

eGFR

1976 Cockcroft-Gault: (140 - age) x body weight / (72 x creatinine) x 0.85 (if female)

1999 MDRD:           170 x creatinine-0.999 x age-0.176 x urea-0.170 x albumin+0.318 x 0.762 (if female)  x  1.180 (if black)
(simplified)   175 x creatinine-1.154 x age-0.203 x 0.742 (if female)  x  1.212 (if black)

2009 CKD-EPIcrea: female ≤ 0.7 mg/dL :  144 x (creatinine / 0.7)-0.329  x  0.993age  x 1.159 (if black)
female > 0.7 mg/dL :  144 x (creatinine / 0.7)-1.209  x  0.993age  x 1.159 (if black)
male       ≤ 0.9 mg/dL :  141 x (creatinine / 0.9)-0.411    x  0.993age  x 1.159 (if black)
male       > 0.9 mg/dL :  141 x (creatinine / 0.9)-1.209    x  0.993age  x 1.159 (if black)

2012 CKD-EPI CysC1:          76.7 x cystatin C-1.19

CKD-EPI CysC2:        127.7 x cystatin C-1.17 x  age-0.13 x  0.91 (if female)
CKD-EPI CysC3:        177.6 x creatinine-0.65 x  cystatin C-0.57 x age-0.20 x 0.82 (if female)

2012 BIS1:                            3736 x  creatinine-0.87 x  age-0.95 x 0.82 (if female)
BIS2:                              767 x  cystatin C-0.61 x creatinine-0.40 x age-0.57 x 0.87 (if female)

MDRD: modification of diet in renal disease 
CKD-EPI: chronic kidney disease epidemiology collaboration
BIS: Berlin initiative study

Measuring kidney function and estimating GFR

modified from Schaeffner et al. Ann Intern Med 2012; 157: 471-481



Sadie Mintz, geb. 26.2.1907
Entrepreneur at The Hollywood Jewel Box

Alter 18 Jahre Alter 105Jahre



Alter 18 Jahre 105 Jahre
Größe 158 cm 156 cm
Gewicht 50 kg 42 kg
Kreatinin 0,75 mg/dl 0,45 mg/dl
CystatinC 0,85 mg/l 1,55 mg/l
Harnstoff-N 28 mg/dl
Albumin 3,0 g/dl

eGFR CG 96 ml/min 39 ml/min
MDRD 102 ml/min
MDRDvereinfacht 101 ml/min 127 ml/min
CKD-EPIcrea 116 ml/min 80 ml/min
CKD-EPIcrea/cysC 112 ml/min 53 ml/min
CKD-EPIcysC 106 ml/min 34 ml/min
BIS1(crea) - 74 ml/min
BIS2(crea/cysC) - 50 ml/min

mGFR ? ?

eingesetzter Labor-Kasus weibl., 102 J., altersentspr. o.B. (E.Schäffner, Charite 2013)
eGFR z.B. www.labor-limbach.de , www.bioscientia.de

eGFR



Alter 88 Jahre
männlich

Größe
Gewicht 75 kg
Kreatinin 0,93 mg/dl
CystatinC 1,35 mg/l
Harnstoff-N
Albumin

eGFR CG 58 ml/min
MDRD
MDRDvereinfacht 77 ml/min
CKD-EPIcrea 73 ml/min
CKD-EPIcrea/cysC 59 ml/min
CKD-EPIcysC 47 ml/min
BIS1(crea) 57 ml/min
BIS2(crea/cysC) 43 ml/min

mGFR Iohexol-Clear. 44 ml/min

eingesetzter Labor-Kasus , altersentspr. o.B. (E.Schäffner, Charite 2013)
eGFR z.B. www.labor-limbach.de , www.bioscientia.de

eGFR, Beispiel mit mGFR-Validierung
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