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Classification (ADQI)

Rangaswami et al, Circ (2019)



Epidemiology



Epidemiology
2006  

Eur Heart J (2014) 

35, 455–469

- Over 1 million individuals

- 32% had CKD

CKD associated with 2.4-fold risk of death in aHF



WRF (SCr 0.3 mg/dL) occurred in 23% of the ~50K patients



Wendy McCallum et al. J Am Coll Cardiol HF 2020; 8:537-547.

Not all WRF is the same



Pathophysiology – CRS 1



Importance of Venous Congestion for Worsening of Renal 

Function in Advanced Decompensated Heart Failure 

2009  

Mullens et al, JACC 2009



Diagnosis

• Biomarkers

– Cardiac

• Injury (cTn)

• Stretch (BNP and NTproBNP)

– Kidney

• Glomerular Integrity (CyC, SCr; Albuminuria)

• Tubular Injury (KIM-1, L-FABP, NGAL, NAG,  IL-18…)

• Imaging

– Cardiac (echo, cardiac MRI)

– Kidney (U/sound, intra-renal venous flow patterns)

• Volume Status

– Lung US, IVC diameter, Bioimpedance, intra-abdominal pressure

– Implantable monitoring devices

– Invasive haemodynamic monitoring



Interpretation of Cardiac 

Biomarkers

McCullough AJKD 2003



Anwaruddin, 

JACC 2005



Caveats of Kidney Function Assessment

• Creatinine

– Cardiac cachexia may lead to 
reduced muscle mass

• eGFR

– Estimating equations require 
stable SCr concentration

• Bun/Cr ratio

– Typically associated with ‘pre-
renal’ states

– Should not deter initiation of 
decongestive therapy if needed

• Urine Na

– Lower UNa strongly associated 
with adverse outcomes

Luk et al, Am Heart J. 203 (2018) 95–100



Haemodynamic Assessment



N=433; 2005 Nohria et al, 2008



Treatment Strategies

• Decongestion

– Diuretics

• Given to around 90% of those with acute HF

• Class 1 recommendation based on expert opinion alone

– Ultrafiltration

• Conflicting results

• Limited data in CRS 1 suggest no benefit

– Reduce Intra-abdominal pressure

• Neurohormonal modulation

• Inotropes

Fonarow et al, Am Heart J. 2007; 153:1021–1028

Yancy et al, Circulation. 2017; 136:e137–e161



Diuretics

Ellison et al, NEJM, 2017



Diuretic PK in Heart Failure



Diuretic PK in Heart Failure



2011

DOSE-AHF; N=308



2011



2014

DIUR-AHF; N=82



2014

DIUR-AHF; N=82



2014

DIUR-AHF; N=82

aHR 2.57 (1.01-6.58) 



Ultrafiltration



UNLOAD; N=200; JACC 2007  



CARRESS-HF; N=188; 2012

‘Sicker’ popn than UNLOAD – Only trial with CRS 1 patients!

Fixed UF protocols

UF group 

- Higher SCr at 96 hrs

- More adverse events (72 vs. 53%)



Ultrafiltration

Pharmacological



Intra-abdominal Hypertension

Mullens et al J Card Fail. 2008



Intra-abdominal Hypertension

Mullens et al J Card Fail. 2008



AVP antagonists



N=4133; 2007



N=4133; 2007



Recombinant BNP 



ASCEND-HF; N=7141; 2011

Neither met pre-specified P<0.0025

No effect on death or 

HF rehospitalization



N=7141; 2011



Persistent renal impairment 

(0.3 SCr from day 0 to 7) 

developed in 15.0% vs 13.7% 

(P=0.44) 

N=2033; Massie et al, 2010

Enrolled patients with ADHF and renal dysfunction

1o outcome – success/failure/no change in survival, HF status or WRF







Angiotensin/Neprilysin Inhibition



N=8442; 2014

N=881

-47% vs -25%

Ratio of change: 

0.71 (0.63 to 0.81)



July 2023



Voors et al, 2022

N=530; 90-day follow-up



Inotropes



2005

None of these studies included participants with CRS 1



2013



No significant difference in either decongestion or renal endpoint



Summary

• Diagnosis of Cardiorenal Syndrome is challenging

• Classifications are a start, but should not detract from 
the need to identify the underlying pathophysiology

• Decongestion is a key strategy for patients with CRS 1

• Distinguishing true AKI from functional changes in SCr in 
setting of diuresis is critical for delivery of goal-directed 
therapies

• Overcoming diuretic resistance requires focused 
research effort

• Still a paucity of proven beneficial therapies
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