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Expanded Challenges in Cardiac Surgery

• Older patients

• Multiple procedures within operation 

• Reoperation

• Comorbidities

• Coagulopathies

• New supportive technology(LVAD,ECMO,..)



Defining acute kidney injury



Pathogenesis











5-fold increased odds of developing 
CKD.
New-onset CKD in 1/4 patients 



CSA-AKI Prediction

• Several risk scores to predict AKI: 

 Cleveland Clinic score

Mehta score

Simplified Renal Index (SRI) score

• No guidelines for use of a specific prediction model

• Poor for predicting non-RRT AKI



The Thakar model offers the best 

discriminative value to predict CSA-AKI and 

is applicable in a preoperative setting and 

for all patients undergoing cardiac 

surgery.

 Rahmanian

 Palomba

 Aronson

 Thakar

 Mehta

 Fortescue

 Wijeysundera



33,217 patients underwent open-heart surgery at the 
Cleveland Clinic Foundation (1993 to 2002)

The primary outcome was ARF that required dialysis









Biomarkers

• serum creatinine :

diagnostic criteria for CSA- AKI

Diminished accuracy in non–steady state conditions

• Other AKI-related biomarkers

Better prediction

Earlier detection

Perform inconsistently



Stages of AKI potentially subject to diagnosis

• Diagnosis of Cardiac Surgery-Associated Acute Kidney Injury: State of the Art and Perspectives, 2022



 Timeline highlighting the potential for novel 
biomarkers to identify AKI as compared to serum 
creatinine-based criteria

Acute Kidney Injury after Cardiac Surgery: Prediction, Prevention, and Management  (Sreekanth R. Cheruku)





• Early rise in serum cystatin C  :  increase requiring RRT

• IL18 : elevated in CSA- AKI, as early as 4 to 6 h after CPB

• Combination of KIM-1 and IL-18 : excellent predictive value

• Tissue inhibitor of metalloproteinase & insulin-like growth factor

-binding protein: superior sensitivity and specificity in predicting

KDIGO stage 2 to 3 AKI

• C-C motif chemokine ligand 14 : renal nonrecovery



Other Predicting Tests

Renal Functional Reserve

Noninvasive Urine Oximetry



Noninvasive Urine Oximetry



Renal Functional Reserve

Proposed roles of renal functional reserve as a biomarker

 Detection of subclinical kidney disease in high-risk groups such as patients with hypertension, diabetes 
mellitus, or systemic sclerosis

 Preoperative clinical risk assessment for AKI in individuals undergoing high-risk surgery (e.g., cardiac surgery) 

 Assessment of level of renal recovery after AKI 

 Pre donation risk stratification among living kidney donors

Renal functional reserve: from physiological phenomenon to clinical biomarker and 

beyond(2020)



Preoperative Strategies to Prevent CSA-AKI  

• Pharmacological Interventions: 

No specific drugs proven effective

• Optimization of Preoperative Medication:Avoid nephrotoxins

ACE inhibitors/ARBs: Controversial

• Prehabilitation:

Recommended to begin at least 4 weeks pre-surgery.

Focus on education, nutrition, exercise

Evidence of benefits  remains unclear.



Pharmacological Interventions     
• No specific drugs proven effective for preventing CSA-AKI

• Various agents evaluated (e.g., corticosteroids, N-acetylcysteine, 
dopamine) but none routinely recommended. 

• Dexmedetomidine:Mixed results; potential nephroprotective effects 
but caution due to hypotension.

• Atrial Natriuretic Peptide (ANP) :Low-dose may reduce RRT needs

• high doses linked to adverse events

• Levosimendan:Limited impact on AKI

• some evidence for reduced RRT need in specific trials.



Intraoperative Strategies for Preventing CSA-AKI

• Optimal Target of Mean Arterial Pressure (MAP)

• Inotropic and Vasopressor Support

• Transfusion Strategies

• Remote Ischaemic Preconditioning (RIPC)

• Goal-Directed Oxygen Delivery on CPB

• CPB Rewarming Temperature



•MAP Considerations:

•MAP < 65 mmHg for >10 min linked to increased RRT risk.

•Controversy: Meta-analyses show weak association between intraoperative hypotension and AKI.

•Recommended MAP: 50-80 mmHg during CPB (EACTS guidelines)

•Inotropic and Vasopressor Support:

•Inotropes improve renal perfusion in low cardiac output.

•Vasopressors increase renal perfusion pressure in hypotension.

•Vasopressin vs. Norepinephrine: Ongoing debate on first-line treatment for vasoplegia

.

•Fluid Management:

•Complex balance: Avoid both excessive fluid accumulation and hypovolemia.

•Higher positive fluid balance linked to increased AKI.

•Restrictive fluid strategies may reduce complications



•Goal-Directed Therapy:
•Aims to optimize cardiac output and oxygen delivery.

•Associated with reduced AKI incidence post-surgery 

•Transfusion Strategies:

•Restrictive transfusion strategy (Hct ≥ 24%) shows noninferior outcomes compared to liberal strategies.

•Current guideline: Transfusion if Hb < 6.0 g/dL

.

•Remote Ischaemic Preconditioning (RIPC):
•Controversial role in AKI prevention.

•Mixed results from studies



CPB  
• Initial Evidence :Off-pump CABG suggested to reduce AKI risk

• Recent RCT Findings : No significant difference in AKI prevention compared to on-pump 
surgery

Off-Pump CABG Benefits: Reduced bleeding and respiratory complications

Off-pomp Concerns :Increased early revascularization ,Lower graft patency rates

Trials:

ROOBY: No survival or renoprotective benefits, Higher rate of cardiac death

CORONARY :No significant difference in AKI prevention compared to on-pump surgery

HEPCON : limited overall effect of CPB on AKI.



Anemia and Transfusion of Packed RBC

• Anemia and transfusions increase AKI risk in cardiac surgery

• Combined effects elevate risk more than either factor alone

• Transfusion Strategies : Restrictive: Hematocrit ≥ 24% 

• Guidelines :Transfusion recommended if hemoglobin < 6 g/dl 
Acceptable hematocrit: 21% - 24% with adequate oxygen delivery.



Postoperative strategies:KDIGO Bundle of Care for 
AKI

• Incidence of stage 2 and 3 AKI was significantly lower in the KDIGO bundle group



KDIGO Bundle of Care for AKI

• Early Risk Assessment: Identify patients at high risk for AKI preoperatively.

• Monitoring Kidney Function :Regularly check serum creatinine and urine 
output post-surgery.

• Optimized Fluid Management :Tailor fluid therapy to maintain adequate 
renal perfusion.

• Medication Management: Review and adjust nephrotoxic medications; 
avoid if possible.

• Nutritional Support: Ensure adequate nutrition to support recovery.

• Multidisciplinary Approach: A medical team for coordinated care



RRT Initiation in CSA-AKI 

Best Practices and Considerations?



Early RRT may lead to higher long-term dependence.
Delayed RRT strategies show better outcomes



RRT in CSA-AKI
• Current Best Practices:

Reserve RRT for refractory issues: Electrolyte imbalances ,Acid-base     
disturbances ,Volume overload

 Delayed RRT strategies show better outcomes 
 For patients with high likelihood of RRT, early initiation is preferred
 Importance of Monitoring 

• RRT Modalities:

both Intermittent and continuous RRT options

CRRT preferred for hemodynamically unstable patients 



Cytosorb Filters in Cardiac Surgery

•Extracorporeal Cytokine Removal:

•Intended to reduce inflammatory products during cardiac surgery.

•Current Findings:

•Studies show no significant benefits in patient outcomes.

•Limited ability to remove cell-free hemoglobin.

•Usage Restrictions:

•Effective only in specific scenarios with extracorporeal circulation.

•Conclusion:

•Current evidence does not support routine use in cardiac surgery.

•Further research may be needed to explore potential benefits.





Home Messages

• CSA-AKI associated with poor outcome

• Clinical AKI is the tip of the iceberg

• Preventing Aki can reduce long term complication

• Early interventions and prevention is critical 




