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Atorvastatin in Patients with Type 2 Diabetes 

Mellitus Undergoing Hemodialysis 
WANNER et al. N Engl J Med 353:238-48, 2005 

http://www.mh-hannover.de/index.php


Acute Renal Failure in critically ill patients (n=29,260) 

A multinational, multicenter study 
UCHINO et al. JAMA 294:813-818, 2005 

http://www.mh-hannover.de/index.php


Factors that determine the relationship between 

prescribed drug dosage and drug effect 

 Goodman & Gilman's The Pharmacological Basis of Therapeutics, 11th Edition 

Specifics of RRT: 

•treatment mode 

•blood flow 

•dialysate flow 

•treatment time 

•filter type 

•ultrafiltration rate 



Ambulante Dialyse 
 

http://www.mh-hannover.de/index.php




Dialyse auf der Intensivstation  

Wohin geht der Weg? 
KIELSTEIN  Intensivmed.  46:228–234, 2009 

http://www.mh-hannover.de/index.php


„Dialyse“ = „Auto“ 

 

http://www.mh-hannover.de/index.php


„Dialyse“ = „Auto“ 
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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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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 

 

http://cp.gsm.com/direct/getpics.asp?monotype=full&caller=hill&cpnum=638&gname=Vancomycin


„Vancomycin bei Dialysepatienten  

alle 1-2 Wochen 1g“ 

http://www.mh-hannover.de/index.php


The treatment of chronic uremia by means of intermittent 

hemodialysis: a preliminary report  
SCRIBNER et al. Trans. Am. Soc. Antif. Intern. Organs 6: 114-122, 1960 

……on the fifth day of the infection, he was admitted to the hospital 

and started on a program of Vancomycin 1 .0 grams every 48 hours. 

The signs of infection cleared……. 

http://www.mh-hannover.de/index.php


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  



Vancomycin Dosing in Patients on Intermittent 

Hemodialysis  
VANDECASTEELE et al. Seminars in Dialysis 24:50-55,  2011 

A weight-based loading dose 

of 20–25 mg⁄kg seems the 

most appropriate, with a 

preference for the higher 

dose range in patients with 

severe sepsis or higher BMI.  

http://www.mh-hannover.de/index.php


If you don't take a temperature, you 

can't find a fever 

Wenn Du Vancomycin nicht misst, stellst 

Du auch keinen  

subtherapeutischen Spiegel fest ! 

 



The Hannover-Dialysis-Outcome (HAN-D-OUT)-study: 

Comparison of standard versus intensified extended 

dialysis in treatment of patients with AKI in the ICU 
HAFER et al. Nephrol Dial Transplant. 24(7):2179-86, 2009 

http://www.mh-hannover.de/index.php


Vancomycin concentration in the Hannover-Dialysis-

Outcome (HAN-D-OUT)-study 
unpublished 
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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 

 



Pharmacokinetics and total elimination of meropenem and 

vancomycin in ICU patients undergoing EDD  
KIELSTEIN et al. Critical Care Medicine 34(1):51-56, 2006 

• F 60 S 

•surface 1.3 m2 

•blood flow/dialysate 

flow 160 ml/min 

•treatment: 8 hrs 

Dialysate content: 18 % 



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 



Meropenem / Meronem ® 

 

No renal 

impairment 
1g / 8 h 

IHD 

+ after HD 

0.5 g / 24 h 

0.5 g 

CVVH 1g / 8 h 

SLED 1g / 8 h 



Ampicillin & Sulbactam / Unasyn ® 
 

Indication:  -skin and skin-structure infections 

  - respiratory infections 

 

MW:   ampicillin (365.4 D)  

  sulbactam (250.0 D)  

Protein bndg: ampicillin 28 %  / sulbactam 38 %   

 

Elimination: urine (60% as unchanged drug) 

  

Half life:  -1.4 / 1.7 hrs in healthy subjects 

  -17 / 15   hrs in ESRD 



Ampicillin & Sulbactam / Unasyn ® 

 

http://www.mh-hannover.de/index.php


Pharmacokinetics of ampicillin (2.0 grams) and sulbactam 

(1.0 gram) coadministered to subjects with normal and 

abnormal renal function and with ESRD on hemodialysis. 
BLUM et al. Antimicrob Agents Chemother 33(9):1470-6, 1989 

- patients weighed 100 to 225 lb (45.4 to 102.3 kg) 

- the dialyzer used was the C-DAK model 3500, 1.0 m²…” 

- blood flow was 200 ml/min and dialysate flow was 500                                                           

    ml/min for all four subjects.  

- hemodialysis patients had normal laboratory tests except that  

  hematocrit values as low as 22% were accepted. 

http://www.mh-hannover.de/index.php


Pharmacokinetics of Ampicillin/Sulbactam in critically ill 

patients with AKI undergoing extended dialysis  
LORENZEN et al., Clin J Am Soc Nephrol. 2012 Jan 5. [Epub ahead of print] 

• F 60 S 

•surface 1.3 m2 

•blood flow/dialysate 

flow 160 ml/min 

http://www.mh-hannover.de/index.php


Ampicillin / Sulbactam (Unacid ®) 

 

No renal 

impairment 
3-4 x 3 g 

IHD 1 x 3 g 

CVVH - 

SLED 2 x 3 g 

http://www.mh-hannover.de/index.php
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Urämietoxine 

Antibiotika 

Urämietoxine 

Antibiotika Antibiotika 



Dosierungsrichtlinien aus der Zeit der Schallplatte für 

Nierenersatzverfahren der i-Phone Ära?  

CAVH 

Cuprophane 



Antiobitikadosierung bei RRT 

Allgemeine Grundsätze 

1. Immer (mindestens) volle Initialdosis des Antibiotikums geben 

Effektivität = Medikament * Conzentration²   E=m*c² 

2. Individuell verordnen (pro kg KG dosieren, Nebenwirkungen) 

3. Renale Rest-Funktion beachten (bei nephrotoxischen Meds.) 

4. Bestimmung der Plasmaspiegel TDM UND Dosis-Adaptation 

5. Umstellung auf orale Therapie 1 Tag nach deutlicher klinischer 

Besserung wenn möglich (Verfügbarkeit, Compliance, etc.) 

6. Dosisadaptation bei Veränderung der GFR oder RRT 

7. Beendigung der Therapie nach Klinik &Procalcitonin im Verlauf  



“Neuer europäischer Fahrzyklus“ (NEFZ) 
 





“It's kind of fun  to do the impossible.” 



Antibiotikadosierung unter CVVH und 

GENIUS-Dialyse 

http://www.mh-hannover.de/index.php


Renal Replacement Trauma 

Reverse Paracelsus 
 Kielstein & David, submitted 

 

 

http://www.mh-hannover.de/index.php


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 



Intradialytic Administration of Daptomycin in End 

Stage Renal Disease Patients on Hemodialysis 
SALAMA CJASN 4: 1190–1194, 2009 



A simplified thrice weekly daptomycin dosing 

regimen for chronic hemodialysis patients 
BURKHARDT & KIELSTEIN Expert Rev Anti Infect Ther, 8 (1), 2010 



Daptomycin pharmacokinetics in critically ill 

patients receiving CVVHD 
VILAY et al.  Crit Care Med, 39:19 -25, 2011 

• Optiflux F160 NR 

•surface 1.5 m2 

•blood flow 180 ml/min 

•dialysate flow 26 

ml/kg/min 

http://www.mh-hannover.de/index.php


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 

http://www.mh-hannover.de/index.php


Daptomycin / Cubicin ® 

 

No renal 

impairment 
 6 mg/kg/24 h 

IHD 
 7-9 mg/kg 

post HD 

CVVH 8 mg/kg/48 h 

SLED 6 mg/kg/24 h 



Linezolid / Zyvoxid ® 
 

Indication:  -skin and skin-structure infections 

  -pneumonia  

  -vancomycin-resistant strains of Enterococcus faecalis 

  -MRSA, sepsis 

 

MW:   337 Da 

Protein bndg: 31 % 

VOD:   0.5-0.8 L/kg 

 

Elimination: urine (30% as parent drug, 50% as metabolites) 

  liver 50 % 

  

Half life:  -4-5  hrs in healthy subjects 



Removal of linezolid by conventional IHD, 

SLED, or  CVVH  in patients with acute renal failure  
FIACCADORI et al. Crit Care Med  32:2437–2442, 2004 

• AN69XT 

•surface 1.65 m2 

•blood flow 150 ml/min 

•35 ml/kg/h pre-dilution 

•treatment: 12 hrs 

http://www.mh-hannover.de/index.php


Pharmacokinetics of linezolid in septic patients 

with and without extended dialysis  
SWOBODA et al. Eur J Clin Parmacol e-pub 16.12.2009 

Dialysis + s/p liver tx Dialysis 

http://www.mh-hannover.de/index.php


Pharmacokinetics of linezolid in septic patients 

with and without extended dialysis  
SWOBODA et al. Eur J Clin Parmacol e-pub 16.12.2009 

http://www.mh-hannover.de/index.php


Ertapenem / Invanz ® 
 

Indication:  anaerobes, Gram-positives and Gram-negatives, incl.

  extended-spectrum β-lactamase (ESBL) and AmpC- 

  producing Enterobacteriaceae 

MW:    497 Da 

Protein bndg: 85-95 % 

VOD:   0.12 L/kg 

 

Elimination: 80% urine  

   38 % unchanged 

   42 % hydrolytic metabolite  

  

Half life:  -3.8 hrs in healthy subjects 

  -14 hrs  in ESRD 



Ertapenem Clearance during Modeled Continuous 

Renal Replacement Therapy 
STEVENSON et al. Int J Artif Organs 31(12):1027-34, 2008 

• Dialysate/ultrafiltrate 

flow rates (1, 2, 3, 6 L/hr) 

•AN69 (Multiflow 100, 

Hospal) 1.0 m2  

•polysulfone (Optiflux 

F160, Fresenius)1.6 m2 



Ertapenem in patients with acute renal failure 

undergoing EDD 
BURKHARDT et al. NDT, 24(1):267-71, 2009 

MIC90 values for  

 

 

 

 

-Streptococcus pneumoniae 

-Staphylococcus aureus  

-Klebsiella pneumoniae 

 

 

-Enterobacteriaceae 

 
• F 60 S 

•surface 1.3 m2 

•blood flow/dialysate 

flow 160 ml/min 

•treatment: 8 hrs 



Ertapenem / Invanz ® 

 

No renal 

impairment 
1g / 24 h 

IHD 

+ after HD 

0.5 g / 24 h 

0.15 g 

CVVH 1g / 24 h 

SLED 1g / 24 h 



Moxifloxacin / Avalox ® 
 

Indication:  -skin and skin-structure infections 

  -community acquired pneumonia / sinusitis 

  - complicated intra-abdominal infections 

 

MW:   437.9 D    

Protein bndg: 54% 

 

Elimination:  20 % urine as unchanged drug 

  

Half life:  -12  hrs in healthy subjects 

 

Price:  400 mg i.v.  =  36.61 €   ORAL 3.37 €    !!!!!!!!!  



Pharmacokinetics of Moxifloxacin and Levofloxacin in 

Intensive Care Unit Patients Who Have Acute Renal 

Failure and Undergo Extended Daily Dialysis 
CZOCK et al. Clin J Am Soc Nephrol 1: 1263–1268, 2006 



Pharmacokinetics of Moxifloxacin and Levofloxacin in 

Intensive Care Unit Patients Who Have Acute Renal 

Failure and Undergo Extended Daily Dialysis 
CZOCK et al. Clin J Am Soc Nephrol 1: 1263–1268, 2006 



Moxifloxacin / Avalox ® 

 

No renal 

impairment 
400 mg / d 400 mg / d   400 mg / d 

IHD 400 mg / d  400 mg / d 400 mg / d 

CVVH 400 mg / d - 400 mg / d 

SLED  - - 400 mg / d 

http://pennhealth.com/


Gentamicin 
 

Indication:  -skin and skin-structure infections 

  - respiratory infections 

 

MW:   ampicillin (371.39 D)  

  sulbactam (255.22 D)  

Protein bndg: ampicillin 28 %  / sulbactam 38 %   

 

Elimination: urine (60% as unchanged drug) 

  

Half life:  -1.1  hrs in healthy subjects 

  -24 hrs in ESRD 



Kidney Disease: Improving Global Outcomes 

www.kdigo.org 

 

Drug Dosing Consideration in 

Patients with Acute and 

Chronic Kidney Disease -- 

A Clinical Update from Kidney 

Disease: Improving Global 

Outcomes (KDIGO) 



Epidemiology of Acute Infections among Patients 

with Chronic Kidney Disease 
DALRYMPLE et al. Clin J Am Soc Nephrol  3: 1487–1493, 2008 

•Risiko für Pneumonie    x 10 

•Risiko für Sepsis     x 100 

•Risiko für invasive MRSA Infektion x 100 

•MRSA Kolonialisierung von Dialysepatienten: 

 30 % Europa 

 60 % USA 

•15 % aller MRSA Infektionen bei Dialysepatienten 

http://www.mh-hannover.de/index.php


Using population pharmacokinetics to determine 

gentamicin dosing during extended daily diafiltration 

in critically ill patients with AKI 
ROBERTS et al. Antimicrob Agents Chemother 54(9):3635-40, 2010 

http://www.mh-hannover.de/index.php

