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Objectives

• Definition 

• Epidemiology of Cardiorenal syndrome

• Review of Classification of Cardiorenal syndrome

• Pathogenesis of Cardiorenal syndrome

• Practical implications of the management of Cardiorenal syndrome

• Limitations of current approach
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Cardiorenal Syndrome (CRS)

CRS encompasses spectrum of 
disorders involving both the heart 
and kidneys in which acute or 
chronic dysfunction of one organ 
may induce acute or chronic 
dysfunction of the other organ 

Coca S. Ptolemy and Copernicus Revisited. The complex Interplay between the Kidneys and Heart Failure. Clin J Am Soc Nephrol. 2018 Jun 7: 13(6): 825-828
Rangaswami J et al., Cardiorenal Syndrome: Classification, Pathophysiology, Diagnosis, and Treatment Strategies. A scientific Statement From the American 
Heart Association. Circulation. 2019; 139: e840-e878. 



Renal dysfunction in HF Vs HF in CKD

• Acute Decompensated Heart Failure National Registry (ADHERE)

• 20-40% of patients hospitalized with Acute Decompensated Heart 
Failure (ADHF) are noted to have renal dysfunction

• NKF-KEEP examined > 100,000 individuals screened for kidney disease
• HF Prevalence: 1.6% among eGFR > 120 Vs 14.9% with eGFR < 30

• The USRDS estimated that > 40% patients with CKD have HF Vs 18.5% 
of patients without CKD

USRDS data 2011
Heywood, J Card Fail, 2007, 13:422



Renal dysfunction in Heart Failure

Heywood, J Card Fail, 2007, 13:422
Hillege et, Circulation 2000; 102: 203

n = 118465



Renal Function Is independent Mortality Predictor

Hillege HL Circulation 2000: 102: 203-210



Changes in Kidney Function (AKI Vs WRF)

Kidney Disease: Improving Global Outcomes (KDIGO) (2012) Acute Kidney Injury Work Group. KDIGO clinical practice guideline for acute kidney injury. Kidney Int Suppl 2:1–138
Chua HR, Glassford N, Bellomo R (2012) Acute kidney injury after cardiac arrest. Resuscitation. 83:721–727

Risk Injury-Failure-Loss-End-Stage (RIFLE) Criteria



Worsening Renal Function 



Worsening Renal Function 



Worsening Renal Function in Heart Failure

Damman K. J Card Failure 2007: 13: 599-608



Renal dysfunction in Heart Failure

• Renal dysfunction is independent risk factor for poor outcomes and 
all cause mortality in patients with Heart Failure 

• Hospitalized HF patients with prolonged hospitalization, 
rehospitalization and death
• Elevated serum creatinine on admission

• Worsening creatinine during hospitalization



Classification of CRS

Rangaswami J et al., Cardiorenal Syndrome: Classification, Pathophysiology, Diagnosis, and Treatment Strategies. A scientific Statement From the 
American Heart Association. Circulation. 2019; 139: e840-e878. 



Significance of Renal dysfunction in Heart Failure

Incidence & Prevalence

Phenotype Recognition 

Management Strategies

Prognostication 



Incidence of Type I CRS
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CRS Type I & Type II



Cardiorenal and Renocardiac Syndrome 

Kumar U et al. Cardiorenal Syndrome Pathophysiology. Cardiol Clin 2019; 37: 251-265

→ Increased CVP
→ Increased intraabdominal 

pressure
→ Reduced Cardiac output
→ Neurohormonal 

dysregulation
→ RAAS activation
→ SNS activation
→ Adenosine/AVP

→ Oxidative stress
→ Inflammatory mediators
→ Renal failure related 

mechanisms



Driving Factor of Cardiorenal Syndrome 



Cardiac index or output is not the driving factor



Hemodynamic determinants of WRF- ESCAPE

Mullens W et al., JACC 2009; 53: 589
Firth et al. Lancet 1988; 1:1033



Abdominal Pressure – Contributions to CRS



Renal Injury in Heart Failure

Shah BN and Greaves K. The Cardiorenal Syndrome:  A review. International Journal of Nephrology 2011 



Biomarkers of Renal 
Injury in CRS

Rangaswami J et al., Circulation. 2019; 139: e840-e878
Ahmad T. Circulation 2018; 137: 2016-2028 



Investigations

• Echocardiography 
• Right atrial Pressures

• Intrarenal Duplex US (IRD)
• Interlobar vessels

• Arterial resistance index

• Venous impedance index

• Intrarenal venous flow

• Measurement of IAP (intraabdominal Pressures)





What should we ask when we approach CRS? 

• Volume status of the patient?

• Is the Blood Pressure adequate for renal perfusion?

• What is the Cardiac output?

• What is the Central Venous Pressure? (JVP)

• Is there intrinsic renal disease?

Heywood et al., The Cardiorenal Syndrome: A Clinician’s Guide to Pathophysiology and Management 2011 



Pre-diuretic Era

→Venesection
→Scarification
→Sweating utilizing hot air bath or warm 

water bath
→Schwartz in 1930 discovered that 

Sulfonamide has Na secretion property 
and used for edema in CHF 



Diuretic Strategies in Patients with ADHF



Aggressive diuresis Improved Survival 



Aggressive Diuresis in ADHF



Diuretic Resistance 

No Consensus on definition of diuretic resistance
→ Poor response to diuretic therapy
→ Persistent Signs and symptoms despite 

diuretic therapy
→ Furosemide > 80 mg Vs 120 mg
→ Fractional Sodium Excretion < 0.2%
→ Failure to excrete at least 90 mmol of 

sodium within 72 hours of 160 mg oral 
Furosemide BID

→ Lack of Weight loss during IV loop diuretic 
therapy

→ Lack of negative fluid balance with Loop 
diuretic therapy

Kramer BK. Am J Med 1999; 106: 90-96



Mechanisms of diuretic Resistance 

Rangaswami J et al., Cardiorenal Syndrome: Classification, Pathophysiology, Diagnosis, and Treatment Strategies. A scientific 
Statement From the American Heart Association. Circulation. 2019; 139: e840-e878. 



Ultrafiltration in Heart Failure

Rangaswami J et al., Cardiorenal Syndrome: Classification, Pathophysiology, Diagnosis, and Treatment Strategies. A scientific Statement From the American Heart Association. Circulation. 2019; 139: e840-e878. 



Vasoactive Agents in CRS

• Dopamine
• ROSE-HF & DAD-HF II Showed no benefit of low dose Dopamine

• Nesiritide
• ASCEND-HF showed no difference in WRF between Nesiritide and Placebo

• Dobutamine or Milrinone
• No benefit shown in terms of diuresis or renal function



Vasoactive Agents in CRS

• Vasopressin Antagonist 
• EVEREST: similar rates of adverse events with greater degree of weight 

reduction in Tolvaptan arm

• SECRET of CHF trial: No improvement in dyspnea 

• Dobutamine or Milrinone
• No benefit shown in terms of diuresis or renal function

• Levosimendan & Omecamptive Mecarbil
• Insufficient or Limited data in the context of CRS



Clinical Phenotypes – AKI in Cardiogenic shock 

Pre-Renal Intrinsic Post-renal

Cardiac Output CVP
Systemic Congestion

SNS: Vaso 
Constriction

SNS: RAAS activation Papillary necrosis &
Ureteral Obstruction 

Mispositioning of devices
Contrast administration
Nephrotoxic agents 
Excess Intrathoracic Pressure during Mechanical ventilation 

Heart Failure Reviews (2021) 26:487-496
https://doi.org/10.1007/s10741-020-10034-0





Initiation or Continuation of RAAS agents during ADHF

Gilstrap L et al., J Am Heart Assoc. 2017; 6: e004675



GDMT in 
HFrEF with 

Renal 
dysfunction 



Future 
Directions

Costanza MR., The Cardiorenal Syndrome in Heart Failure. Cardiol Clin 40 (2022) 219–235
https://doi.org/10.1016/j.ccl.2021.12.010



Conclusion

• Heart Failure and Renal disease frequently co-
exist 

• Bidirectional

• Temporally regulated

• Mediated by multiple mechanisms

• Heterogeneity in clinical manifestations

• Functional Vs structural damage

• May affect other organs

• Associated with poor prognosis

• Management is Challenging

• Recognition of this syndrome is essential for 
institution of appropriate management strategies





Limitations

• Significant inherent heterogeneity within the classes of CRS 

• Lack of mechanistic framework


