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Cardiac Surgery Associated AKI (CSA-AKI)

• Common complication

• 5 – 42% of cardiac surgery patients undergoing CPB

• 1 – 5% of those require renal replacement therapy (RRT) 

• Associated with decreased survival 

INTRODUCTION 



Cardiac Surgery Associated AKI (CSA-AKI)

• Diagnosis 

• KDIGO criteria (Kidney Disease Improving Global Outcomes)

INTRODUCTION 

Stage Creatinine Urine Output

1
1.5–1.9 times baseline, OR
Increase in SCr by ≥0.3 mg/dL

<0.5 mL/kg/h × 6–12 h

2 2.0–2.9 times baseline <0.5 mL/kg/h for ≥12 h

3
≥3 times baseline, OR
SCr ≥4 mg/dL, OR
Initiation of RRT

<0.3 mL/kg/h for ≥24 h, OR
Anuria ≥ 12 h



Pathophysiology of CSA-AKI

• Complex

• Multifactorial 

• Poorly understood 

• Major injury pathways

• Hypoperfusion, ischemia-reperfusion injury 

• Inflammation, oxidative stress, hemolysis 

• Neurohumoral activation, nephrotoxins, mechanical factors 

PATHOPHYSIOLOGY
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Prevention Strategies of CSA-AKI

• Pharmacologic strategies

• Hemodynamics / Fluid management strategies

• Other strategies 

PREVENTION



Pharmacologic Strategies

• Dexmedetomidine (α2-adrenergic receptor agonist)

• Sedative, analgesic, anti-sympathetic effects 

• inflammatory cytokines levels, damage associated molecular patterns ↓
 prevent renal tubular damage 

• CSA-AKI Incidence ↓
• especially in patients > 60 years-old 

• administered immediately after induction 

• maintained intraoperatively 

PREVENTION

J Cardiothorac Vasc Anesth. 2020 Mar;34(3):603-613

Meta-analysis (9 RCT, n=1308)



Pharmacologic Strategies

• Atrial Natriuretic Peptide 
• Inhibit renin–angiotensin–aldosterone system and sympathetic nervous 

system  prevent vasoconstriction 

• CSA-AKI incidence ↓

• RRT ↓

• 30-day mortality ↓

PREVENTION

Br J Anaesth. 2021 Jan;126(1):131-138

Meta-analysis (14 trials, n=2207)



Pharmacologic Strategies

• Statins 
• Anti-inflammatory and antioxidant activities

• Control group : 26 / 100 (26%)

• Statin group : 21 / 100 (21%)

• Statin treatment not associated with reduced incidence of CSA-AKI 

PREVENTION

Intensive Care Med. 2016 Sep;42(9):1398-407

Single Center RCT , n=200



Pharmacologic Strategies

• Fenoldopam 
(selective dopamine D1 receptor agonist)

• Smooth muscle relaxation, vasodilation, sodium reabsorption inhibition in renal 
tubules  renal vasodilatory effect 

• Control group : 60 / 329 (18%)

• Fenoldopam group : 69 / 338 (20%)

• Not effective in AKI prevention, instead associated with hypotension 

PREVENTION

JAMA. 2014 Dec 3;312(21):2244-53

Multicenter RCT, n=667



Pharmacologic Strategies

• Failed to show preventive effects on CSA-AKI 
(Introduced  evaluated  abandoned)

• Exogenous Erythropoetin

• Intravenous bicarbonate/Urinary alkalization 

• Albumin

• Corticosteroids

• Etc

PREVENTION



Pharmacologic Strategies (Nephrotoxins)

• Preoperative ACEi and ARB
• Higher risk of intraoperative hypotension 

• Most studies show association with postoperative AKI 

• No exposure group : 31%

• Held group : 34%

• Continued group : 42%

• Recommend ACEi/ARB discontinuation
at least 24h before operation 

PREVENTION

Nephrol Dial Transplant. 2013 Nov;28(11):2787-99

Multicenter Prospective Study, n=1594



Pharmacologic Strategies (Nephrotoxins)

• NSAID 
• No preventive effects on CSA-AKI

• Increases risk of AKI due to reduced prostaglandin synthesis and 
alterations in renal microcirculation causing renal hypoxia 

PREVENTION

Pharmaceuticals (Basel). 2010 Jul 21;3(7):2291-2321

Review



Hemodynamic/ Fluid Management Strategies

• Hemodynamic stability / adequate intravascular blood volume
crucial for renal protection 

• Dynamic fluid shifts / venous congestion: common after operation 

• Renal perfusion: sensitive to changes in arterial blood flow and renal afterload 

• Reduced MAP, increased fluid 

balance independently associated 

with increased mortality and RRT 

PREVENTION

Blood Purif. 2017;43(4):298-308 

Single Center Prospective Study, n=282



Hemodynamic/ Fluid Management Strategies

• Optimization of intravascular blood volume 
• Volume status Assessment 

• Point-of-care-ultrasound (POCUS)

• Fluid responsiveness 

• Arterial pulse-contour analysis 

• Dynamic measures from 
POCUS : better estimate of 
volume status than CVP

PREVENTION

J Am Coll Surg. 2009 Jul;209(1):55-61

Single Center Prospective Study, n=124



Hemodynamic/ Fluid Management Strategies

• Diuretics 
• Control group vs. Intermittent furosemide group : No difference

• Selective administration of diuretics, only for managing fluid overload 

• No prophylactic or routine use of diuretic therapy 

PREVENTION

ARYA Atheroscler. 2015 May;11(3):173-8

Single Center RCT, n=123



Hemodynamic/ Fluid Management Strategies

• Fluids
• High-chloride fluids : significantly higher risk of AKI 

• Balanced crystalloid solutions significantly decreases stage 1 AKI 

PREVENTION

Br J Surg. 2015 Jan;102(1):24-36

Meta-analysis (21 trials, n=6253)



Other Strategies

• Hyperglycemia 
• Increased production of inflammatory cytokines and superoxide 

• Glycemic control 

• AKI incidence ↓

• RRT ↓

• 30-day mortality ↓

PREVENTION

Crit Care. 2008;12(6):R154

Single Center Retrospective Study, n=1050



Other Strategies

• KDIGO bundle 
• Discontinue nephrotoxins, optimize hemodynamics/fluid status, avoid 

hyperglycemia, monitor SCr and urine output 

• CSA-AKI incidence ↓

• CSA-AKI Severity ↓

PREVENTION

Intensive Care Med. 2017 Nov;43(11):1551-1561

Single Center RCT, n=276



Other Strategies

• KDIGO bundle 
• Incidence of stage 2 and 3 AKI ↓

PREVENTION

Anesth Analg. 2021 Aug 1;133(2):292-302

Single center RCT, n=276

Multicenter RCT, n=278



CONCLUSION 

• CSA-AKI : Common, pathophysiology complex  

• KDIGO Bundle 

• Significantly reduces incidence/severity of CSA-AKI 

• Application of KDIGO Bundle important

• Further Research : Needed to identify effective 

interventions for CSA-AKI prevention optimization 

SUMMARY
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