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Overcoming the Cardiorenal 
Syndrome 

• Definitions

• Pathophysiology

• Tactics to manage



Classification of Cardio-Renal Syndrome

Ronco C, DiLullo L. Heart Failure Clin 10 (2014) 251-280.

Ronco C et al. J ACC 2008;52;1527-1539



Cardio-Renal Syndrome
from a cardiology perspective

Ronco C, DiLullo L. Heart Failure Clin 10 (2014) 251-280.

• CRS Type 1
• Acute heart failure leading to AKI/WRF

• Acute MI, cardiogenic shock, ADHF

• CRS Type 2
• Chronic heart failure leading to CKD

• CRS Type 5
• Systemic disease (diabetes, hypertension, atherosclerosis) 

leading to heart and renal failure



Cardio-Renal Syndrome Type 4

Ronco C, DiLullo L. Heart Failure Clin 10 (2014) 251-280.



Multi-Factorial Impact of Venous Congestion and Arteriolar 

Resistance on Renal Function

Dupont et al, Curr Heart Fail Rep 2011

Mullens W et al JACC 2008;51:300-6.

IAP = intra-abdominal pressure

IRP = interstitial renal pressure

CVP = central venous pressure

RVP = renal venous pressure

MAP = mean arterial pressure

GFP = glomerular filtration pressure

PTP = proximal tubular pressure

Renal
Filtration
Gradient:
GFP - PTP



Complex Interplay 

Cardiorenal Syndrome

Tang & Mullens, Heart 2010
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Decreases in Mean Arterial Pressure rather than 

Changes in Central Hemodynamics Portend 

Cardiorenal Syndrome

dynamics in hospital 

Dupont et al, Eur J Heart Fail 2013

▲MAP

>20%



Venous Congestion and Renal Function in Acute 

Systolic HF:

measured on presentation to hospital

Mullens et al, JACC 2008

CVP but NOT
Cardiac Index
Predictive of 

WRF   

CVP 18.7 WRF vs 12.6
p<0.001

an



J Am Coll Cardiol 2016;67:2199-208.



Failed Trials to Preserve Renal Function 
and Improve Diuresis

• Nesiritide  ASCEND HF

• Ultrafiltration  CARRESS

• Dopamine  ROSE, DAD HF II

• Rolofylline  PROTECT

• Serelaxin  RELAX AHF 

• Tolvaptan TACTICS- HF



Nesiritide did NOT lead to 
increased urine output

Factors Affecting ability to diurese

• Dose of diuretic
• Sicker patients more refractory
• BUN more predictive than cr
• Lower diastolic BP impairs

Spearman correlation 0.154 (p<0.0001)



59% in hosp RRT
14% home RRT
30% mortality

J Am Coll Cardiol. 2012 Nov 6;60(19):1906-12.



J Am Coll Cardiol HF 2016;4:674-82.



Strategies to Overcome Cardiorenal 
Syndrome

• Avoid Hypotension

• Avoid “over diuresis” and allow adequate time for circulatory “refill”

• Addition of thiazide-type diuretics should be considered when a progressive 
decrease in loop diuretic efficacy is observed; Add to block distal tubule

• Reduce CVP and TR

• Improve RV function when possible: reduce PVR, support RV function

• MRA: use natriuretic dose (> 25 mg spironolactone). Peak effect 48 hours; 
use with loop diuretic

• Reduce Intra abdominal pressure: paracentesis

Goodfriend TL Life Sci 63:1998.

Clin J Am Soc Nephrol 4: 2013–2026, 2009

Verbrugge FH et al. Curr Treat Opt CV Med 2016;18(2):11.



Summary
• Current approach with diuretics associated with WRF, 

neurohormonal activation, increased mortality and 
readmission rate

• Lack of response to diuretics independently predicts adverse 
outcomes

• Better methods to assess “diuretic efficiency” needed

• Diuretic resistance is multifactorial, related to intrinsic renal 
substrate,  physiology, age and comorbidities

• Mechanical strategies not superior to diuretics; UF may be 
harmful

• Methods to improve diuresis and avoid diuretic resistance 
and overcome CRS remain an unmet need



Back Up Slides



“Worsening Renal Function”

• Serum creatinine  0.3 mg/dL:

• In-hospital mortality:

- Sensitivity of 65%

- Specificity of 81%

• 2.3 days  length of stay 

• 67%  risk of death within 6 

months after discharge

• 33%  risk for readmission 

• Risk factors:

- Co-morbidities (diabetes)

- Age

- CKD (admit Cr >2.5 mg/dL)

- Nephrotoxic drugs

Krumholz et al, Am J Cardiol 2000; Smith et al, J Card Fail 2003; 

Gottlieb et al, J Card Fail 2002; Metra et al, Eur J Heart Fail 2007

Damman K et al, Eur Heart J (2014) 35 (7): 455-469.    
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• Diuretic response: ▲weight kg/ 40 mg furosemide

• Median response -0.38 kg/40 mg furosemide

• Poor response: diabetes, low SBP,   Bun, ASCVD

• Worse response predicted mortality and morbidity

Am Heart J 2015;170(2):313-21.



• Diuretic efficiency (DE) was 

estimated as the net fluid output 

produced per 40 mg of 

furosemide equivalents

• moderate correlation between 

DE and both intravenous 

diuretic dose and net fluid 

output (r2≤0.26 )

• low DE during decongestive 

therapy portends poorer long-

term outcomes in patients 

hospitalized with 

decompensated heart failure



Abdominal Contribution to Cardio-Renal Dysfunction: 

right heart failure, TR 

Verbrugge et al, JACC 2013; Fallick et al, CircHF 2011



Diuretic Resistance….mechanisms?

• Decreased GFR

• Increased activation of RAAS

• Hypertrophy of distal tubule epithelial cells

• Decreased intestinal absorption of drug

• Altered pharmokinetics; 

– impaired concentration of drug in renal tubule



• Potential benefit
• Need for a future adequately designed clinical trial


