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Hospitalization Discharge Diagnoses for Kidney 
Disease - United States, 1980--2005

CDC MMWR 57(12);309-312, 2008
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Acute Renal Failure in critically ill patients (n=29,260)
A multinational, multicenter study

UCHINO et al. JAMA 294:813-818, 2005
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Pharmacokinetic issues for antibiotics in the 
critically ill patient

ROBERTS & LIPMAN Crit Care Med 37(3):926-933, 2009



Practice patterns in the management of acute renal failure
in the critically ill patient: an international survey

RICCI et al. Nephrol Dial Transpl, 21: 690–696, 2006
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Drug dosing regimens identical in each group.  Was 
Intensive CRRT group underdosed with Abx?

The RENAL Replacement Therapy Study Investigators  NEJM 361:1627-38 ,2009
The VA/NIH Acute  Renal Trial  network  NEJM  359:7-20, 2008



Hypophosphatemia as a surrogate marker for inadequate 
drug dosing ?

The VA/NIH Acute  Renal Trial  network  NEJM  359:7-20, 2008
The RENAL Replacement Therapy Study Investigators  NEJM 361:1627-38 ,2009



Intensity and renal support in critically ill patients with 
acute kidney injury

The VA/NIH Acute  Renal Trial  network  NEJM  359:7-20, 2008
The RENAL Replacement Therapy Study Investigators  NEJM 361:1627-38 ,2009



Effect in higher RTT on mortality and its relation to the 
number of  septic patients in the study

Kielstein, unpublished



Uremic toxins
Antibiotics

Uremic toxins
AntibioticsAntibiotics
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Vancomycin

Indication: invasive gram-positive 
infections 

MW: 1449 Da
Protein bndg: 10-50%
VOD: 0.6 L/kg

Elimination: urine 
(80% to 90% as unchanged drug) 

Half life: -4-6 h in healthy subjects
-200-250 h in ESRD
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Markedly increased clearance of vancomycin during 
hemodialysis using polysulfone dialyzers

LANESE et al. Kidney Int 35(6):1409-12, 1989

Clearance (ml/min)

Removal (%)

Cuprophane 0.8 m2 Polysulfone 0.65 m2 Polysulfone 1.2 m2 Polysulfone 1.9 m2



Use of  vancomycin in high-flux hemodialysis: experience 
with 130 courses of therapy

BARTH et al. Kidney Int 50(3):929-36, 1996

We conclude that in high-flux hemodialysis, a 20 mg/kg 

loading dose of vancomycin followed by 500 mg doses after 

each dialysis treatment achieves predictable, adequate and 

safe therapeutic levels, does not lead to unacceptably high 

peaks, and does not accumulate during long treatment courses. 

By contrast, once-weekly vancomycin dosing resulted in 

subtherapeutic serum levels after five to seven days, and 

should be abandoned in the high-flux setting.
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Higher Renal Replacement Therapy Dose Delivery
Influences on Drug Therapy

MUELLER et al. Artificial Organs 27(9):808–814, 2003



Pharmacokinetics and total elimination of meropenem and 
vancomycin in ICU patients undergoing EDD

KIELSTEIN et al. Critical Care Medicine 34(1):51-56, 2006
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• F 60 S
•surface 1.3 m2

•blood flow/dialysate 
flow 160 ml/min
•treatment: 8 hrs

• F 60 S
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•blood flow/dialysate 
flow 160 ml/min
•treatment: 8 hrs

Dialysate content: 26 %





Vancomycin

No renal 
impairment

20-45
mg/kg/d

20-45 
mg/kg/d

20-45 
mg/kg/d

IHD
+ after HD

15-20 mg/kg
1 g - 15-20 mg/kg

1 g

CVVH 15-20 mg/kg
1 g / d - 15-20 mg/kg

1 g / d

SLED - - 15-20 mg/kg
1 g / d



Meropenem / Meronem ®

Indication: invasive gram-positive and gram negative
infections ß—lactamase producers and
pseudomonas aeruginosa 

MW: 437 Da
Protein bndg: 2 %
VOD: 0.21 L/kg

Elimination: 65% - 80% in urine as unchanged drug
(glomerular filtration and tubular secretion)

Half life: 0.9 h in healthy volunteers
6.8 h in ESRD
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Pharmacokinetics and total elimination of meropenem and 
vancomycin in ICU patients undergoing EDD

KIELSTEIN et al. Critical Care Medicine 34(1):51-56, 2006
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Single-Dose Pharmacokinetics of Meropenem during
Continuous Venovenous Hemofiltration

THALHAMMER et al. Antimicrob Agents Chemother 42:2417–2420, 1998

•Diafilter -30
•Polysulfone, 0.43 m2

•blood flow 150 ml/min
•Postdilution 45 ml/min

•Diafilter -30
•Polysulfone, 0.43 m2

•blood flow 150 ml/min
•Postdilution 45 ml/min



Meropenem / Meronem ®

No renal 
impairment 1g / 8 h 1g / 8 h 1g / 8 h

IHD
+ after HD

0.5 g / 24 h
0.5 g

0.5 g / 24 h
0.5 g

0.5 g / 24 h
0.5 g

CVVH 1g / 12 h - 1g / 8 h

SLED - - 1g / 12 h



Would you like to buy a car for 
10.000 € ? 



Dosing regimen from the vinyl age 
for RRT of the i-Pod era?



Daptomycin / Cubicin ®

Indication: -skin and skin-structure infections
-right heart endocarditis
-MRSA, sepsis

MW: 1620 Da
Protein bndg: 92 %
VOD: 0.01 L/kg

Elimination: urine 
(80% to 90% as unchanged drug)

Half life: -7.8 hrs in healthy subjects
-29.3 hrs in ESRD
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Elimination: urine 
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-29.3 hrs in ESRD



Elimination of daptomycin in septic patients in the 
ICU with acute kidney injury undergoing ED

KIELSTEIN et al., Nephrol Dial Transplant, 25: 1537–1541, 2010

Dialysate content: 22 %

• F 60 S
•surface 1.3 m2

•blood flow/dialysate 
flow 160 ml/min
•treatment: 8 hrs
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Daptomycin PK in patients treated with CVVHD
(1.6 m2 high-flux polysulfone dialyzer,Qb150-200 mL/min, 

Qd=2 L/h, Quf=500-700 mL/h)
VILAY et al., JASN. 2008 (Abstract)



Daptomycin / Cubicin ®

No renal 
impairment 6 mg/kg/24 h 6 mg/kg/24 h 6 mg/kg/24 h

IHD 6 mg/kg/48h 6 mg/kg/48h 7-9 mg/kg 
post HD

CVVH - - 6 mg/kg/24 h

SLED - - 6 mg/kg/24 h
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Pharmacokinetics and total elimination of meropenem and 
vancomycin in ICU patients undergoing EDD

KIELSTEIN et al. Critical Care Medicine 34(1):51-56, 2006

The use of high dose 
renal replacement 
therapy mandates 
adjustment of current 
dosing regimens to 
avoid the risk of 
significant under-
dosing, which may 
have detrimental 
effects on critically ill 
patients with life-
threatening infections.
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Dose of renal replacement therapy in 
acute kidney injury 

KIELSTEIN Dtsch Med Wochenschr 134: 1–3, 2009

Dose of renal replacement therapy

Survival

Dose of 
antibiotics and 

nutrition 
dependent 

range

Treatment dose
dependent 

range
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Studies on drugs in CRRT

- only 58 of the
475 studied in
CRRT 
- many were in 
vitro studies

- only 58 of the
475 studied in
CRRT 
- many were in 
vitro studies



Advice

1. Be aware of the problem!
2. Dont blindly trust online and other resources! READ!
3. Create institutional guidelines depending on the type of RRT
4. Drugs that are not renally excreated (almost) never require 

dose adjustment
5. Drugs that are renally (> 30 %) excreated do require dose 

adjustment
6. Dosage adjustment is especially important in drugs with a 

narrow therapeutic window
7. Drugs with MW <5000 Da, low plasma protein binding and a 

small volume of distribution will be removed effectively
8. Use therapeutic drug monitoring!
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