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Definition

• Akut auftretende Abnahme der Filtration
• innerhalb von Stunden bis Tagen
• prinzipiell rückbildungsfähig 

• Prä-, intra-, postrenal

• Nach normaler Nierenfunktion

• CKD (acute on chronic renal failure)
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RIFLE
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Bellomo R. et al. Crit Care 2004



AKIN
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Mehta R. et al. Crit Care 2007



KDIGO
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https://kdigo.org/
Kidney International Supplements (2012) 2 

Staging of AKI based on the KDIGO Guidelines 
Stage Serum creatinine Urine output

1

1.5–1.9 times the baseline value

OR 

≥0.3 mg/dl (≥26.5 mmol/l) increase within 48 hours

<0.5 ml/kg/h for 6–12 h 

2 2.0–2.9 times the baseline value <0.5 ml/kg/h for ≥12 h 

3

3.0 times the baseline value

OR 

Increase in serum creatinine to ≥4.0 mg/dl (≥353.6 mmol/l) 

OR 

Initiation of renal replacement therapy

OR

In patients <18 years, decrease in the estimated GFR to <35 ml/min per 1.73 m2

<0.3 ml/kg/h for ≥24 h 

OR 

Anuria for ≥12 h 

https://kdigo.org/


Inzidenz

• 8-16% aller hospitalisierten Patienten

• 30-50% ICU PatientInnen

• Erhöhtes Risiko für CKD

• Erhöhte Lang- und Kurzzeit-Mortalität
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Inzidenz

9
Hoste E. et al. Int Care Med 2015



Inzidenz

10
Kork F. et al. Anesthesiology 2015



Outcome

• Hohe Mortalität
• 10-30% 
• 50% im Rahmen MOF

• 50% Restitutio

• 25-50% kompensierte Retention

• 10-15% chronisch dialysepflichtig
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Outcome
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Outcome
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Kork F. et al. Anesthesiology 2015



Folgen
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Endokrine Funktion -
Hormonproduktion

Ausscheidung
Harnkonzentrierung/Reabsorption

Regulation
Wasser- und Elektrolythaushalt

Blutdruckregulation
Das RAAS-System

Homöostase
Säure-Basen-Haushalt
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Gumbert et al. Anesthesiology 2020 

Acute Kidney injury



AKI – was nun…

16

https://kdigo.org/
Kidney International Supplements (2012) 2,4 

https://kdigo.org/


Prävention

• Medikamentöse Prävention nicht möglich
• Optimierung der renalen Perfusion
• Euvolämie
• Diuretika nur bei erhaltener Diurese zur Korrektur einer Hypervolämie

• Hyperhydratation kann eine Nierenschädigung oder Verschlechterung der Nierenfunktion 
hervorrufen

• Einsatz von Diuretika zur Prävention der AKI ist mangels Wirksamkeit abzuraten
• Kontrastmittelgabe zur radiologischen Diagnostik oder Therapie dringend 

erforderlich, soll auch bei AKI-(Risiko-)Patienten nicht darauf verzichtet werden
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Empfehlungen der Sektionen Niere der DGIIN, ÖGIAIN und DIVI 
Med Klin Intensivmed Notfmed 2018



Volumenstatus
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Ostermann M et al. Crit Care 2015 
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Finfer S et al. NEJM 2004
Myburgh JA et al. NEJM 2012

Volumentherapie



HES
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Volumentherapie

• NaCl 0,9% vs balanciertes Kristalloid
• MAKE30 (in-hospital mortality, receipt of new RRT, or persistent 

renal dysfunction)

21
Semler MW et al. AJRCCM 2017



Volumentherapie
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Semler MW et al. NEJM 2018



Hyperhydratation
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Circulation Journal Vol.78, August 2014

1894 SUMIDA M et al.

were treated initially using CHDF. Three of them were subse-
quently treated by intermitted hemodialysis (IHD). For 2 AKI-
with-RRT patients, CHDF was started before surgery and 
stopped during the operation. Restarting CHDF after LVAD 
implantation was decided by surgeons and intensivists based 
on clinical data. Although dilated cardiomyopathy (DCM) is 
the most frequent cause of heart failure in this cohort, only 1 
patient (17%) in the AKI-with-RRT group suffered from DCM. 
Preoperative renal dysfunction was signi!cantly more frequent 
in the AKI-with-RRT group than in the non-AKI and the AKI-
without-RRT groups. RRT-requiring AKI patients had signi!-
cantly longer operation and cardiopulmonary bypass (CPB) 
times, a larger positive intraoperative "uid balance, more blood 
transfusion, a longer length of ICU stay, and a higher total 
mortality.

Six patients in this cohort died while being treated using 
LVAD. Three patients died of multiple organ failure and re-
quired RRT until death. The other 3 patients died of cerebral 
bleeding and/or infarction. Four patients received a heart trans-
plantation an average of 665 days (480–867 days) after LVAD 
implantation.

Plasma NGAL, Serum Cre, and Urine Volume in LVAD  
Implantation
Figure 1 presents the perioperative values of plasma NGAL, 
serum Cre, and urine volume of each group. The AKI-with-
RRT group showed signi!cantly higher plasma NGAL levels 
than either the AKI-without-RRT group or the non-AKI group 
(Figure 1A). In contrast, serum Cre levels of the AKI-with-
RRT and AKI-without-RRT groups were similar and higher 
than those of the non-AKI patients (Figure 1B). Urine volume 
showed similar patterns to those of plasma NGAL; only the 
AKI-with-RRT group showed a signi!cantly lower urine out-
put (Figure 1C). Univariate logistic regression analysis re-
vealed plasma NGAL measured before surgery (pre) and at 
ICU arrival (0 h), urine volume for 6 h after ICU arrival, cen-
tral venous pressure (CVP) measured before (pre) and 12 h 
after surgery. The preoperative TB score were signi!cantly 
associated with postoperative RRT after LVAD implantation, 
although serum Cre and TB were not (Table 2). ROC analysis 
showed better prediction of plasma NGAL, CVP, and urine 
volume for the postoperative RRT requirement with the area 
under the ROC curve (AUC-ROC) above 0.80. Change of 
plasma NGAL between preoperative (pre) and ICU arrival (0 h) 

tests when the normality assumption does not hold. A Tukey-
Kramer or Steel-Dwass test was used for multiple compari-
sons. Categorical variables were compared using the Fisher’s 
exact test. The urinary biomarker performance was assessed 
using receiver operating characteristic (ROC) curve analysis. 
Optimal cut-off values were ascertained using the Youden index 
(sensitivity + speci!city − 1), which is a common summary 
measure of the ROC curve representing the maximum poten-
tial effectiveness of a marker.25 These calculations were per-
formed using software (JMP ver. 9.0; SAS Institute Inc). A 
conventional criterion of α=0.05 was used to infer statistical 
signi!cance.

Results
Patient Characteristics and Outcomes of LVAD Implantation
Table 1 presents baseline clinical data, operation information, 
and outcomes of the enrolled patients. Of 31 LVAD implanted 
patients, AKI was diagnosed in 17 patients (55%); RRT was 
needed in 6 patients after surgery (19%). All these patients 

Table 2. ROC Analysis for RRT Requirement After LVAD Implantation

AUC-ROC Cut-off value Sensitivity Specificity
Plasma NGAL (pre)  0.83 [0.54–0.95]# 103 ng/ml   83%   72%

Plasma NGAL (0 h)  0.86 [0.66–0.95]# 183 ng/ml 100%   68%

Serum Cre (pre) 0.70 [0.39–0.90] 1.50 mg/dl   67%   76%

Serum Cre (0 h) 0.67 [0.33–0.89] 1.87 mg/dl   67%   88%

Cre socre 0.77 [0.40–0.95] 16.9   67% 100%

TB (pre) 0.44 [0.16–0.77] 5.7 mg/dl 100%   56%

TB score  0.78 [0.57–0.91]# 8.2 100%   56%

CVP (pre)  0.80 [0.56–0.93]# 19 cm H2O   67%   88%

CVP at 12 h  0.89 [0.70–0.97]# 13 cm H2O 100%   68%

Urine volume (0–6 h)  0.82 [0.51–0.95]# 22.8 ml/h   67%   96%

ROC, receiver operating characteristic; AUC-ROC, Area under the receiver operating characteristic curve; NGAL, 
neutrophil gelatinase-associated lipocalin; TB, total bilirubin. Other abbreviations as in Table 1.
Optimal cut-off values were determined using the Youden index (sensitivity + specificity – 1), which represents the 
maximum potential effectiveness of a marker. #P<0.05.

Figure 2.  Changes of plasma NGAL before and after the 
LVAD implantation surgery. No significant difference of abso-
lute change of plasma NGAL was found between preopera-
tive (pre) and ICU arrival (0 h) among the groups: non-AKI 
(n=14), AKI-without-RRT (n=11), and AKI-with-RRT (n=6). 
NGAL, neutrophil gelatinase-associated lipocalin; LVAD, left 
ventricular assist device; ICU, intensive care unit; AKI, acute 
kidney injury.

Sumida M et al. Circ J 2014



Perfusionsdruck

• Standard treatment group
Ø ephedrine iv 6-mg boluses for any decrease in SBP below

80 mm Hg or lower than 40% from the patient’s
reference value

• Individualized treatment group
Ø SBP within ±10% of the reference value using a 

continuous infusion of norepinephrine

• Primary outcome
Ø composite of SIRS + at least 1 organ system dysfunction
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Futier E et al. JAMA 2017



Perfusionsdruck

25

Futier E et al. JAMA 2017



Vasopressortherapie
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Nephrotoxine

• Laufende Medikation regelmäßig evaluieren

• ACE-Hemmer und ATII-Blocker pausieren

• Nephrotoxische Pharmaka absetzen
ØAminoglykoside: tägl. Einzelgaben
ØVancomycin: kontinuierliche Infusion
ØKombination von Vancomycin mit Pipitaz höheres Risiko
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Empfehlungen der Sektionen Niere der DGIIN, ÖGIAIN und DIVI 
Med Klin Intensivmed Notfmed 2018



Kontrastmittel-assoziiertes AKI
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Rozenbaum Z et al. Nephron 2018
Goto Y et al. Crit Care 2019
Ehmann M et al. ICM 2023

• Risiko bei isoosmolaren Kontrastmittel sehr gering
• Wichtige diagn. Untersuchungen od. Interventionen nicht verzögern



Hu J et al. Crit Care 2016

Prävention – Remote  ischemic preconditioning



Pickkers P et al. JAMA 2018

Prävention – Alkalische Phosphatase



31

Meersch M et al. ICM 2017

• High-risk Patient:innen
• Renoprotektive Maßnahmen

– Vermeidung von nephrotox. 
Substanzen

– Keine ACEI/ARB für 48h
– Vermeiden von Hyperglykämie
– Engmaschiges SCr & UO Monitoring
– Erweitertes hämodynamisches

Monitoring
– Optimierter Volumenstatus 
– KM-Alternativen 

Prävention – Care bundles



Prävention – Care bundles



Präoperative Risikofaktoren

35

• Nierenfunktion beeinflusst
Kurz- und Langzeitüberleben

• Erhöhtes präoperatives
Serumkreatinin ist ein
unabhängiger Risikofaktor

Bernardi MH et al. Br J Anaesth 2015



Präoperative Risikofaktoren
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Bernardi MH et al. Br J Anaesth 2015
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acute renal replacement therapy

preoperative dialysis without RRT

eGFR  50 ml min–1

eGFR>50 ml min–1

bSCr  115 mmoI Iitre–1

bSCr>115 mmoI Iitre–1

A

B

C

Fig 2 Kaplan–Meier survival curves. (A) Kaplan–Meier survival curve of our complete patient cohort. n, number of patients at risk. Events, number of
deaths. Cens, number of censored patients. (B) Kaplan–Meier survival curves of our patient cohort divided into patients with bSCr above and below
the cut-off value of .115 mmol litre21 (green lines) and eGFR above and below the cut-off value of ≤50 ml min21 (blue lines). (C) Kaplan–Meier
survival curve of our patient cohort stratified by chronic haemodialysis (green line) and by postoperative need for RRT (blue line).

BJA Bernardi et al.
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Perioperative Risikofaktoren
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Demirjian S et al. JAMA 2022https://riskcalc.org/AKIpostCardiacSurgery/

https://riskcalc.org/AKIpostCardiacSurgery/
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Postoperative Früherkennung



adequate hemodynamics and volume status, a loop
diuretic (furosemide, 20 to 80 mg intravenous push, or
bumetanide, 1 to 2 mg intravenous push) would be given.

Data Collection
Patient demographics, preoperative comorbidities, and
type of cardiac operation were recorded. Laboratory data
were collected from the preoperative period through
postoperative day 7 and accessed from the data ware-
house, an electronic repository of patient information. In
the ICU, UO was routinely measured hourly until the
bladder catheter was removed and recorded in the elec-
tronic medical record (Centricity; GE Healthcare IT,
Barrington, IL). Bladder catheters were maintained until
the patient was liberated from mechanical ventilation,
hemodynamically stable without vasopressors or

inotropes, and hourly UO was no longer necessary.
Catheters and hourly UOs were collected for at least 24
hours in 69% of patients and for at least 48 hours in 25%
of patients. When clinical symptoms were suggestive of
urinary retention, such as prior urinary clots and a
sudden decrease in UO, catheters were flushed and irri-
gated, as necessary.

Outcomes
AKI was explored using both Cr-based and UO-based
criteria. AKI-Cr was defined using KDIGO criteria
(stage 1: >0.3 mg/dL increase in Cr or >50% increase,
stage 2: >100% increase, stage 3: >200% increase) using
the highest Cr value by the morning of postoperative day
3. The last preoperative Cr value was used as the baseline.
For multivariable analyses, the different stages of AKI-Cr

Fig 1. Urine output threshold and acute kidney injury. Heat map shows adjusted odds ratios of developing at least Kidney Disease Improving
Global Outcomes stage 1 acute kidney injury by creatinine criteria based on urine output meeting the hourly threshold averaged (A) over the several
hours (mean) or (B) below that value for all hours (consecutive). Each box shows the odds ratio (95% confidence interval) and the number of
patients who developed acute kidney injury by creatinine/the number of patients whose urine output met the threshold value for that many hours.
The red outline shows boxes where the odds ratio is statistically significant.

1231Ann Thorac Surg ENGOREN ET AL
2017;103:1229–38 URINE OUTPUT AND CREATININE ELEVATION
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Harnausscheidung
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Engoren M et al. Ann Thorac Surg 2017; 103(4):1229-37

Risk for AKI Risk for 30-day mortality

Bsp.:
Harnmenge:

<0.3ml/kg/h seit 9 Stunden



Biomarker
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Malhotra, Siew CJASN 2017



Biomarker
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Ostermann M. et al. Nephron Clin Pract 2022 



Klinische Abteilung für Herz- Thorax- und Gefäßchirurgische Anästhesie und Intensivmedizin
Martin H. Bernardi
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Bonventre J. Nat Biotechnol 2010
Ostermann M. et al. JAMA 2020 

Stress Marker Damage Marker Functional Marker 

Ø Risk assessment
Ø Prediction
Ø Diagnosis
Ø Severity
Ø Recovery

Biomarker
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TIMP2*IGFBP7

• IGFBP7 – insulin-like growth factor-binding
protein 7 

• TIMP-2 – tissue inhibitor of
metalloproteinases-2

• „Cell cycle arrest“ Biomarkers 
• Identifikation von Hochrisikopatient:innen



Biomarker
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• Eventuell frühere Risikoerkennung

– Frühzeitiger Einsatz von “care-bundles” 

– Reduktion von potentiellen AKI-Komplikationen

– Hilfestellung bei Entscheidung zum Start/Stop einer RRT

Derzeit nicht
empfohlen!

Bagshaw SM. Nephron 2015
Berdugo MA et al. J Med Econ 2019
Meersch M et al. Intensive Care Med 2017



Indikationenen Nierenersatztherapie
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Jeong R et al. Curr Opin Crit Care 2021



Nierenersatztherapie Early vs. Late

47 Jeong R et al. Curr Opin Crit Care 2021



Danke für die 
Aufmerksamkeit!

Martin Bernardi
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