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NHLBI working group definition (2004)
The extreme cardio-renal dysregulation whereby therapy to 
relieve congestive symptoms of heart failure is limited by 
further decline in renal function.

ADQI Classification (2009)
Disorder of the heart and kidneys whereby acute or chronic 
dysfunction in one organ may induce acute or chronic 
dysfunction of the other

Definition of Cardiorenal Syndrome (CRS) 

Ronco C, et al. EHJ 2009, ADQI guidelines.
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Definition of Cardiorenal Syndrome (CRS) 

Worsening renal failure
(WRF)

Persistent congestion
(Diuretic resistance)

Increase in creatinine of > 0.3 mg/dl 
or 25% increase from baseline 
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Definition & Classification of Cardiorenal Syndrome

CRS Type 1 (acute cardiorenal syndrome)
Acute worsening of cardiac function (e.g. ADHF or ACS) leads to AKI

CRS Type 2 (chronic cardiorenal syndrome)
Chronic cardiac dysfunction leads to progressive and potentially permanent CKD

CRS Type 3 (acute renocardiac syndrome)
AKI leads to acute cardiac dysfunction (eg. acute HF, arrhythmia, or ischemia)

CRS Type 4 (chronic renocardiac syndrome)
CKD leads to progressive cardiac dysfunction

CRS Type 5 (secondary cardiorenal syndrome)
Systemic conditions (eg. sepsis or DM) cause simultaneous cardiac & renal dysfunction

Adapted from Ronco C, et al. Contrib Nephrol 2010, 164:33–8.

A complex pathophysiological disorder of the heart and kidneys whereby acute or chronic 
dysfunction in one organ may induce acute or chronic dysfunction in the other organ. 
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Prevalence and Prognostic Importance of WRF in ADHF

Gottlieb SS, J Card Fail 2002. Metra M, Euro J HF 2008.

• Prevalence: 23%
• Serum creatinine > 0.3 mg/dL
• In-hospital mortality:

- Sensitivity of 65%
- Specificity of 81%

• 2.3 days increase in LOS
• 67%  risk of death within 6 

months after discharge
• 33%  risk for readmission
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15 Damman K, et al. JCF 2007.

Degree of Worsening Renal Function, 
Serum Creatinine and Mortality
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Cardiorenal syndrome Type 1

Ronco C, et al. J Am Coll Cardiol 2008;52:1527–39.

 Hemodynamic 
alterations

 Pharmacological 
intervention

 Neurohormonal 
activation

 Biochemical 
dysregulation
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Cardiorenal syndrome: Pathophysiology
Hemodynamic Abnormalities

19

 Low cardiac output
 Venous congestion
 Increased intraabdominal pressure
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Complex Interplay in Cardiorenal syndrome:
Hemodynamic Abnormalities

21 Tang WH and Mullens W. Heart 2010;96::255-60.
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Venous Congestion and 
Worsening Renal Function in Advanced HF

Mullens W, Tang WH, et al. J Am Coll Cardiol 2009;53:589–96.

WRF defined as an increase of serum creatinine >0.3 mg/dl during hospitalization

CVP CI

SBP PCWP
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26 Mullens W, Tang WH, et al. J Am Coll Cardiol 2009;53:589–96.

Venous Congestion and 
Worsening Renal Function in AHF

Cutoff values for CI = 2.4 l/min/m2 and CVP = 8 mm Hg.

WRF defined as an increase of serum creatinine >0.3 mg/dl during hospitalization
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29 Mullens W, et al. J Am Coll Cardiol 2008;51:300–6.

Elevated Intraabdominal Pressure and
Worsening Renal Function in AHF
Elevated IAP : > 8 mm Hg, Prevalence 60% (24/40)
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30 Dupont M, et al. Curr Heart Fail Rep 2011.

Glomerular Hemodynamic Changes in Heart Failure
GFP = RPP – RVP  CO/MAP

 Renal venous congestion
 GFP

 IAP and RIP
 PTP

GFP = glomerular filtration pressure
RPP = renal perfusion pressure
RVP = renal venous pressure

PTP = proximal tubule pressure
IAP = intraabdominal pressure
RIP = renal interstitial pressure

 GFR
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Glomerular hemodynamics: 
Effects of ACEI on Renal Hemodynamics

32 Triposkiadis F, et al. Heart Fail Rev 2012, 17:355–66.
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WRF after RAAS inhibitor use in Heart Failure

33 Clark H,  et al. Eur J Heart Fail 2014.
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 Hypothesis: low-dose dopamine or low-dose nesiritide may enhance 
decongestion and preserve renal function in patients with acute heart failure 
and renal dysfunction

 Low-dose dopamine (2 μg/kg/min) vs. Low-dose nesiritide (0.005 
μg/kg/min without bolus) vs placebo ontop standard diuretic

 Multicenter, double-blind, placebo-controlled clinical trial
 360 hospitalized patients with acute HFand renal dysfunction (eGFR 15-60 

mL/min/1.73m2), randomized within 24 hours of admission.
ROSE-AHF study. Chen HH, et al. JAMA 2013.
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ROSE-AHF Study 
Renal Optimization Strategies Evaluation

Co-primary end points:
- 72-hour cumulative urine volume (decongestion end point) and 
- Change in serum cystatin C from enrollment to 72 hours (renal function end point).

39ASCEND-HF study. N Engl J Med 2011; 365: 32-43.
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 Multicenter, double-blind, placebo-controlled clinical trial
 7141 patients who were hospitalized with acute heart failure
 Nesiritide vs. Placebo for 24 to 168 hours in addition to standard care.
 Within 24 hours after admission/48 hours after diagnosis of acute HF

ASCEND-HF
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42ASCEND-HF study. N Engl J Med 2011; 365: 32-43.
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ASCEND-HF Study 
Acute Study of Clinical Effectiveness of Nesiritide in ADHFRenal Outcomes
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45 Felker GM. New Engl J Med 201; 364: 797-805.

 Prospective, double-blind, randomized trial
 308 pts with ADHF Dx within 24 hr, chronic HF, on oral loop diuretic 

(furosemide 80-240 mg/d, or equivalent) for > 1 mo
 IV bolus vs. IV continuous
 Low-dose strategy (1x) vs. High-dose strategy (2.5x)
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DOSE trial: Secondary end points

47 Felker GM. New Engl J Med 2011; 364: 797-805.
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Ultrafiltration as a Therapy for Congestion? 

48

 Removes both sodium and free 
water (isotonic solution)

 Allows for titration of rate of 
fluid removal to match plasma 
refill rate

 Allows for reduction in diuretic 
use

 Remove inflammatory cytokines 

Felker GM and Mentz RJ, et al. JACC 2012.
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49 Costanzo MR, et al. JACC 2007.

UNLOAD study
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UNLOAD study: Primary endpoint

51 Costanzo MR, et al. JACC 2007.

Primary efficacy endpoint:
Mean weight loss at 
48 hr

Primary safety endpoint:
Serum creatinine 
change



7/21/2016

13

คณะแพทยศาสตรศ์ิรริาชพยาบาล มหาวิทยาลยัมหิดล
Faculty of Medicine Siriraj Hospital, Mahidol University

52 Bart BA. New Engl J Med 2012; 367: 2291-304.

 188 patients with acute decompensated heart failure, worsened renal function 
(defined as increase in serum creatinine of > 0.3 mg/dL within 12 weeks before or 
10 days after the index admission for heart failure), and persistent congestion

 Stepped pharmacologic therapy vs. ultrafiltration (UF 200 ml/hr) 
 Mean LVEF 30%, on ACEI 55%, MRA 22%, on oral furosemide 120 mg/day, 
 Mean BUN 48.7 mg/dL, Cr 1.90 mg/dL

CARRESS study

คณะแพทยศาสตรศ์ิรริาชพยาบาล มหาวิทยาลยัมหิดล
Faculty of Medicine Siriraj Hospital, Mahidol University

CARRESS study: Primary endpoint
Mean changes in creatinine and weight at 96 hours

53 Bart BA. New Engl J Med 2012; 367: 2291-304.

188 patients with ADHF, WRF (Cr >0.3 mg/dL in 12 wks), and persistent congestion
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CARRESS study: Changes in Serum Creatinine

Bart BA. New Engl J Med 2012; 367: 2291-304.
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56 Felker GM and Mentz RJ, et al. JACC 2012.
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ESCAPE Study: Inpatient Mortality by Diuretic Dose

57 Hasselblad V, et al. Eur J Heart Fail 2007; 9: 1064-9.

 Sicker patients gets higher doses 
of diuretics?
– Older
– Greater severity of heart 

failure
– More chronic kidney disease

 Relationship between diuretic 
dose and outcomes are 
confounded by indication
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DOSE trial: 
Mean Change in Serum Creatinine

60

Low dose
High dose

Felker GM. New Engl J Med 2011; 364: 797-805.
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DOSE trial: 
Death, HF Rehospitalization, ED Visit

61 Felker GM. New Engl J Med 2011; 364: 797-805.
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Persistent vs. Transient Worsening Renal Function in AHF

Aronson D, and  Burger AJ. J Cardiac Fail 2010;16:541-7.

WRF: >0.5 mg/dL increase in serum creatinine above baseline at any time point
Persistent WRF: WRF throughout Day 30
Transient WRF: Creatinine levels subsequently decreased to <0.5 mg/dL above baseline.
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65 Testani AJ, et al. Circulation. 2010;122:265-272.

Hemoconcentration is Associated More WRF, 
but Better Survival – Data from ESCAPE study

Hemoconcentration defined as top tertile of > 2 of the change in protein, albumin and Hct
Higher dose of loop diuretic, lost more weight/fluid and greater reduction in filling 

pressures (p < 0.05) Hemoconcentration

No hemoconcentration
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Confounding issued in AKI definition in CRS

72

 Intravascular volume has direct and indirect impact 
on renal hemodynamics

 Serum creatinine may rise due to azotemia or 
hemoconcentration

 Decongestive therapy with loop diuretics may 
obscure AKI urine output criteria

 Change in renal biomarkers may not reflect clinical 
status in CRS

Dupont M, et al. Curr Heart Fail Rep 2011.
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Other treatment causes of WRF with different 
prognostic implications

76

 NSAIDs
 Nephrotoxic ATB
 AKI secondary to contrast or other nephrotoxic 

agents
 Urinary tract obstruction
 ATN secondary to hypotension/hypovolemia as 

result of medications or blood loss
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