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Objectives

❑Epidemiology.

❑What is AKI.

❑Risk factors and Pathophysiology

❑Highlight strategies for Prevention & Management

❑Take home message.



Epidemiology

❑More than 2millions cardiac surgery/y. CSA-AKI is the 2nd most 

common cause of AKI in the intensive care .

❑Mortality of AKI in ICU up to 23%.

❑Incidence Post cardiac Surgery 11-30% . 

❑7% of hospital admission & 30% of ICU admission. (Goyal et al.2023)

❑ 3-5% of AKI end with long term RRT.

❑The kidneys are less than 0.5% of body wt. , receive 20%

of COP with less O2 extraction 7-10%.



Do not forget
❑Anuria (< 100 mL/day) 

Urinary tract obstruction, renal artery obstruction, rapidly progressive 
glomerulonephritis, bilateral diffuse renal cortical necrosis

❑Oliguria (100-500 mL/day) 

Pre-renal failure, hepatorenal syndrome, and severe AKI.

❑Non-oliguria (> 500 mL/day)  

Acute interstitial nephritis, acute glomerulonephritis, partial 
obstructive nephropathy, nephrotoxic and ischemic acute tubular 
necrosis, radio contrast-induced AKI, and rhabdomyolysis.

❑Polyuria

Urine output > 3 liters/24h or > 2liters/m2

❑Creatinine remains normal up to GFR of 50%



What is AKI

Definition:

To date, no consensus definition ,however , several different criteria 
have been used. Among these Kidney disease Improving Global 

Outcomes. KDIGO reported any :

1.Increase creatinine by 0.3mg/dl within 48 hours.

2.Increase creatinine 1.5 times within one week.

3.Urine output less than 0.5 ml/kg/h.

Pathophysiology:

1.Prerenal.

2.Renal.

3.Postrenal.



Cardiac Surgery &AKI
❑ Renal hypoperfusion: due to hypotension, anemia ,atheroembolism

,reperfusion injury . decreased cardiac output, sympathetic stimulation, the 

administration of vasoconstrictive medications, and activation of the renin-angiotensin-

aldosterone system.

❑ Acute kidney injury (AKI) affects 30–50% of high-risk cardiac surgery 

patients.

❑ Re-exploration increased risk of AKI.

❑ Associated with 2–8 folds increased mortality risk.

❑ Leads to prolonged ICU stay, dialysis dependency, and higher costs.



Pathophysiology & CPB
**Hemodynamic Factors:**

❑Renal hypoperfusion due to low cardiac output, systemic 
hypotension, Reperfusion , atheromatous plaques, and non-
pulsatile flow during CPB.

❑Venous congestion impairs renal filtration.

**Ischemia-Reperfusion Injury:**

❑ Temporary oxygen deprivation damages tubular cells.

❑Reperfusion causes oxidative stress and inflammation.

**Inflammatory Response:**

❑CPB activates cytokines, leukocytes, and complements, leading 
to systemic inflammation.

❑ Lysis of RBCs.

 **Direct Tubular Damage:**

❑Nephrotoxic agents like contrast dyes and certain antibiotics.

❑  Oxidative stress damages renal cells.



Cardiopulmonary bypass 
non-pulsatile flow ,hypotension ,Hemodilution , altered hemodynamics, 

decreased oxygen delivery, inflammation, and oxidative stress w lead  to 

AKI.



Risk Factors
**Patient-related:**
❑ Age >65 years
❑ Pre-existing CKD, diabetes, anemia

**Surgical-related:**
❑ Cardiopulmonary bypass (CPB) duration , non pulsatile , low perfusion , 

Hemodilution , and Reperfusion injury.
❑ Aortic cross-clamping time

**Post-operative:**
❑  Hemodynamic instability

❑ Sepsis, nephrotoxic drugs (antibiotics{aminoglycosides, β-lactams, and 
vancomycin}, angiotensin-converting enzyme inhibitors, angiotensin 
receptor blockers, (NSAIDs), diuretics, PB , and intravascular 
contrast agents



Clinical Prediction Scores



Algorithm of AKI



Summary of Management



Diagnosis and Monitoring

**Standard parameters:**

❑  Serum creatinine , urea

❑  Urine output

**Emerging biomarkers:**

❑NGAL(neutrophil gelatinase).

❑KIM-1(protein expressed in response to ischemia or nephrotoxic insult)

❑Cystatin C (express low eGFR)

❑Interlukin-18.

❑Kidney Injury Molecule-1



Prevention Strategies till 2011

**Pre-operative:**

❑ Risk assessment (e.g., EuroSCORE).

❑ Optimize volume & nutritional status.

**Intra-operative:**

❑ Limit CPB& ischemic time.

❑Maintain hemodynamic stability.

❑ Avoid nephrotoxins.

❑ Biocompatible circuit & reperfusion time.

**Post-operative:**

❑Monitor renal function regularly.

❑ Early identification (Biomarkers) and intervention.



KIDGO bundle 2024
Rewarming Temperature on Cardiopulmonary Bypass: (rewarming

from 32° to 37°C in a 10- to 15-min period resulted in an increased

incidence of AKI Vs. rewarming to 34°C; however, that sustained mild

hypothermia did not have a nephron protective effect.

Goal-directed Oxygen Delivery &NO on Cardiopulmonary Bypass

Vasopressors &Perioperative Hypotension: Patients who received 

Vasopressin vs. NE as a first-line agent had a significantly lower 

incidence of moderate to severe AKI and a lower mortality.

Anemia , Hemolysis and Transfusion: multimodal preoperative anemia 

management with oral iron therapy, erythropoietin administration in patients with 

iron deficiency anemia, and supplementation with vitamin B12 and folate for B12 and 

folate deficiency anemia.

Intravenous Fluids: Ringer’s lactate vs Na Chloride have been associated with 

a lower risk of AKI. Hydroxy-ethyl starch should be avoided

Early Renal Replacement Therapy



Management of Established AKI
**Supportive Care:**
❑ Fluid management: POCU & Balance between avoiding overload and 

ensuring perfusion.

❑ Hemodynamic optimization: Maintain MAP >65 mmHg with 
vasopressors/inotropes.

**Pharmacological Management:**
❑ Avoid nephrotoxins (e.g., NSAIDs, aminoglycosides).

❑ Diuretics: Limited role unless managing fluid overload.

❑  Investigational therapies: Anti-inflammatory and antioxidant agents.

**Renal Replacement Therapy (RRT):**

Indications: Severe acidosis, hyperkalemia, fluid overload, or uremia.

Timing: Early initiation is controversial but may improve outcomes.

 Modalities: Continuous (CRRT) vs. intermittent hemodialysis.

**Multidisciplinary Approach:**
Collaborate with surgeons, intensivists, nephrologists, and nurses.



Management of AKI in Recent Studies

❑Corticosteroids: Corticosteroids can down regulate pro-

inflammatory cytokines, up regulate anti-inflammatory 

cytokines.

❑Albumin.

❑Erythropoietin.

❑Statins.

❑N-acetylcysteine.

❑Sodium bicarbonate.

❑Intra-Aortic Balloon Pump ???.



Outcomes and Prognosis

**Short-term:** Increased ICU, hospital length 

of stay , and total cost.

**Long-term:** Risk of CKD and ESRD.

**Mortality:** 30–50% in severe AKI cases.



Recent Novel Exploratory Studies of Cardiac 

Surgery AKI Prevention in KIDGO 2024

• Urine Oximetry: (noninvasive urine oximetry is a novel concept for 

intraoperative and postoperative ICU ).

• Haptoglobin: Administration(prevented circulating free 

hemoglobin-induced kidney injury.

• Nitric Oxide: administration of NO (40 ppm via the cardiopulmonary 

bypass circuit) was associated with a significant decrease in the incidence of cardiac 

surgery–associated AKI.

• Acetaminophen: anti-inflammatory and anti-oxidative 

preventing the conversion of iron from the ferric ion to its more 

inflammatory and nephrotoxic ferryl ion form



Recent Advances Under Researches

❑ Biomarkers for early detection.

❑ Machine learning for risk prediction.

❑Novel therapies (e.g., stem cells).

❑Enhanced recovery protocols ,fenoldopam

,dexmedetomidine , acitamenophen ,OpCAB

,Minimally invasive , perioperative clinical 

nutrition .



Take Home Message

I: Health systems are recommended to optimize kidney health and 

outcomes of patients at risk for, or who develop, CSA-AKI .

II: Every patient is recommended to undergo a kidney health 

assessment before cardiac surgery. (evidence ungraded; strong 

recommendation).

III: Allow the consumption of clear liquids up to 2 hours before 

general anesthesia to reduce the risk of dehydration (grade A 

evidence; strong recommendation)

IV: Use of a cardiopulmonary bypass bundle in all patients to 

minimize CSA-AKI (grade C evidence; weak recommendation)



Take Home Message
V:Preservation of adequate intravascular volume (grade B 

evidence; strong recommendation).

VI: No use of excessive ultrafiltration during cardiopulmonary bypass 

(grade C evidence; strong recommendation).

VII: Use of POCU to augment evaluation of postoperative 

intravascular volume status (grade C evidence; weak recommendation).

VIII: Use of a Urinary biomarker-driven care bundle to  reduce 

CSA-AKI (grade C evidence; weak recommendation).

IX: No prophylactic or otherwise routine use of diuretic therapy 

(grade A evidence; strong recommendation).

X: Development of new KDIGO stage 2 for long-term follow-up 

(grade A evidence; strong recommendation)



Conclusion

❑Prevention and early intervention are key.

❑Multidisciplinary care improves outcomes.

❑Future research is essential for better 

management.

❑Prevention and early detection must be the 

primary focus. 

❑No reliable or effective treatment options to 

cure or reverse CSA-AKI
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