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Cardiac-surgery associated AKI 

Outline 

 

• Epidemiology and Characteristics of CSA-AKI 

 

• Pathophysiology and prediction of AKI 

 

• Biomarkers in CSA-AKI 

 

• Prevention 
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Acute Kidney Injury: A Common  

Complication of Cardiac Surgery 

KDIGO Clinical Practice Guideline for Acute Kidney Injury. 

Kidney Int Suppl. 2012;2:1-128   

Fuhrmann et al. Curr Opin Anesthesiol, 2017:30 
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AKI occurs after 2–40% of cardiac 

surgical procedures with variability in 

reported rates because of differences 

in study populations and AKI 

definitions  
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Definitions of AKI 
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Cardiac-surgery associated AKI 
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Unpublished 

Cardiac-surgery associated AKI 
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Presence of CSA-AKI is associated with increased in-

hospital morbidity, death, LOS, and treatment costs 

Alshaikh H et al Ann Thorac Surg 2018;105:469–76 

Wang, et al Nature Rev Nephrol. 2017;13:697-711 
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Patient impact Financial impact 
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Cardiac-surgery associated AKI 

• Retrospective study of 2973 patients undergoing cardiac 

surgery (1992-2002) 

 

• AKI was diagnosed by using the RIFLE classification 

 

Hobson CE, Circulation 2009;119:2444 
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Cardiac-surgery associated AKI 

• Only 6% of the patients with AKI required RRT 



Klinik für Anästhesiologie, 

operative Intensivmedizin und Schmerztherapie 12 

Cardiac-surgery associated AKI 



Klinik für Anästhesiologie, 

operative Intensivmedizin und Schmerztherapie 13 

Cardiac-surgery associated AKI 

Outline 

 

• Epidemiology and Characteristics of CSA-AKI 

 

• Pathophysiology and prediction of AKI 

 

• Biomarkers in CSA-AKI 

 

• Prevention 



Klinik für Anästhesiologie, 

operative Intensivmedizin und Schmerztherapie 14 

Cardiac-surgery associated AKI 
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Cardiac-surgery associated AKI 

• 33,217 patients underwent open-heart surgery at the Cleveland 

Clinic Foundation (1993 to 2002)  

 

• Primary outcome:  AKI that required dialysis  

 

• The scoring model was developed in a randomly selected test set 

(15,838) 

 

• Model was evaluated in 17,000 patients 
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Cardiac-surgery associated AKI 

The AUC for the score in the test data set 

was 0.81 (95% CI 0.78 to 0.83), whereas 

it was 0.82 (95% CI 0.80 to 0.85) 

evaluation cohort 
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Cardiac-surgery associated AKI 

• Prospective routinely collected clinical data (n=30,854) 

 

• UK cardiac surgical centres (Bristol, Birmingham and 

Wolverhampton) 

 

• AKI was defined by using the KDIGO criteria 

 

• The model was developed using the Bristol and Birmingham 

datasets, and externally validated using the Wolverhampton data.  
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Cardiac-surgery associated AKI 

• Any stage of AKI affected 23.7% patients in the Bristol dataset, 

20.9% patients in Birmingham and 24.6% patients in 

Wolverhampton. 

 

• 23 factors were investigated for their association with AKI 

 

• 20 factors were strongly associated with any stage of AKI 

• Age 

• Sex (male) 

• Body mass index 

• Smoking status 

• Angina 

• Dyspnoea 

• Previous operation 

• Preoperative diabetes 

• Peripheral vascular 

disease 

• Operative priority 

• Neurological disease 

• Hypertension 

• Haemoglobin 

• GFR 

• Heparin or nitrates 

• Critical preoperative 

event 

• Catheter to surgery 

• Triple vessel disease 

• EF 

• Cardiac procedures 
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Cardiac-surgery associated AKI 



Klinik für Anästhesiologie, 

operative Intensivmedizin und Schmerztherapie 20 

Cardiac-surgery associated AKI 

Outline 

 

• Epidemiology and Characteristics of CSA-AKI 

 

• Pathophysiology and prediction of AKI 

 

• Biomarkers in CSA-AKI 

 

• Prevention 



Klinik für Anästhesiologie, 

operative Intensivmedizin und Schmerztherapie 

The Golden hour of AKI 

KDIGO Guidelines 

Biomarkers 

Risk assessment, may identify the 

“golden hours” prior to diagnosis 

in which early treatment may 

change course of disease 

Increased 
Risk 

Normal Damage Decreased 
GFR 

Kidney 
Failure 

KDIGO 

Diagnosis and staging, typically over 

several days 

Clinically silent Clinically manifests  
as AKI stage 1-3* 

Cardiac-surgery associated AKI 
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Cardiac-surgery associated AKI 
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Koyner JL, CJASN, 2010, 2154 

Cardiac-surgery associated AKI 
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Composite value 
(highest value within 

the first 24h) 

4h value 

TIMP2/IGFB7 
NGAL 

Cardiac-surgery associated AKI 
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Cardiac-surgery associated AKI 
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Cardiac-surgery associated AKI 

• International, multicenter, prospective study (6 centers) 

 

• 1199 patients undergoing cardiac surgery (2007-2009) 

 

• Aim: Investigation of the association between kidney 

damage biomarkers and all-cause mortality 

Coca SG et al., JASN 2014, 25: 1063 
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Cardiac-surgery associated AKI 
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Cardiac-surgery associated AKI 

ADQI XX:  

Cardiac surgery-associated AKI 
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Cardiac-surgery associated AKI 

Recommendations Class 

ACEi/ARBs: 

• Discontinuation 48h preop and after surgery 

• Preop use associated with functional but not structural 

(increased biomarkers) AKI 

1C 

Aldosterone inhibitors: 

• Discontinuation 48h preop and after surgery 

Not rated 

Statins: 

• Continuation 

1A 

Contrast media: 

• When possible delay surgery 48 to 72h, ideally give 

contrast media prior to admission, mixed evidence, 

retrospective studies 

2C 

Preoperative strategies to prevent AKI 
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Cardiac-surgery associated AKI 
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Cardiac-surgery associated AKI 
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 Control (n=120) RIPC (n=120) P-value 

Primary outcome    

   AKI within 72 hrs [%] 63 (52.5) 45 (37.5) 0.02 

      Stage 1 [%] 32 (26.7) 30 (25)  

      Stage 2 [%]     14 (11.7) 8 (6.7)  

      Stage 3 [%] 17 (14.2) 7 (5.8)  

Secondary outcomes    

   RRT [%] 19 (15.8) 7 (5.8) 0.01 

   Time on mechanical ventilation [h] 15 (12-21) 14 (11-21) 0.16 

   Intensive Care Unit stay [days] 4 (2-7) 3 (2-5) 0.04 

   Hospital stay [days] 13 (10-19) 12 (9-19) 0.45 

   In-hospital death [%] 4 (3.3) 6 (5.0) 0.54 

   30-day mortality [%] 5 (4.2) 7 (5.8) 0.77 

   Myocardial infarction [%] 5 (4.2) 6 (5.0) 0.76 

   Stroke [%] 3 (2.5) 2 (1.7) 0.65 

 

OR 0.71 

Stage 2-3 

25.9% 

OR 0.48 

Cardiac-surgery associated AKI 
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Cardiac-surgery associated AKI 

• No benefit of RIPC in studies of unselected patients with non-

standardized intraoperative technique 
   Hausenloy DJ et al. NEJM 2015 

   Meybohm P et al. NEJM 2015 

 

• More than 95% of the patients were treated with propofol, which may 

attenuate the protective effect of RIPC 

Recommendations Class 

RIPC in high-risk patients 2B 
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KDIGO Consensus Guideline for AKI 

Biomarkers to Identify High-risk Patients for Medical 

Intervention: PrevAKI RCT 



Klinik für Anästhesiologie, 

operative Intensivmedizin und Schmerztherapie 35 

Biomarkers to Identify High-risk Patients for Medical 

Intervention: PrevAKI RCT 

Measuring [TIMP2]*[IGFBP7] 4h after cardiac surgery: if [TIMP2]*[IGFBP7] is ≥ 0.3 

Control group 

Patients undergoing cardiac surgery  
 

Enrollment and informed consent 

Randomization 

Intervention group 

 Intervention group (* see next slide) 

- Discontinue all nephrotoxic agents when possible 

(no ACE inhibitors for the first 2 days) 

- Hemodynamic monitoring and parameters: next 

slide 

- Monitor serum creatinine and urine output 

- Avoid hyperglycemia 

- Consider alternatives to radiocontrast procedures 

Control group 

- Standard of care 

(MAP > 65 mmHg, CVP 8-10 mmHg 
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Biomarkers to Identify High-risk Patients for Medical 

Intervention: PrevAKI RCT 

Meersch M et al. Intensive Care Med (2017) 43:1551–1561  
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Early biomarker-triggered implementation of KDIGO 

care bundle to prevent AKI After Major Surgery 

Go¨cze  et al. Annals of Surgery  Volume 267, Number 6, 

June 2018 
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Optimising volume status in combination with maintenance of adequate perfusion pressure 

and discontinuation of nephrotoxic agents through nephrology consultation significantly 

reduced the incidence of moderate and severe AKI. 

Recommendations Class 

KDIGO bundle 1B 
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Cardiac-surgery associated AKI 

Summary 

 

 

• CSA-AKI is a common complication and is associated with an 

increased morbidity and mortality 

 

• Urine output and serum creatinine should be used to diagnose and 

stage an AKI after cardiac surgery 

 

• A kidney damage without  a loss of function is associated with an 

increased mortality 

 

• Different measures exist that might prevent the development of CSA-

AKI 


