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What is the  

“Cardiorenal syndromes” ? 

Definition and Classification 



Mortality is increased in patients with HF who have a reduced GFR 
 

Patients with CKD have an increased risk of both atherosclerotic CV disease and HF 
 

Acute or chronic systemic disorders can cause both cardiac and renal dysfunction 

Heart and Kidney 



Definition : Cardiorenal syndromes 

2004 NHLBI Report 

 

A condition in which therapy to relieve 

congestive symptoms of HF is limited by a 

decline in renal function 

2013 11th ADQI Consensus Conference 

 

A pathophysiologic disorder of the heart and 

kidneys whereby acute or chronic dysfunction 

in one organ may induce acute or chronic 

dysfunction of the other organ 



McCullough PA, Diez J, KDIGO 2010 Workshop 

Systolic or diastolic dysfunction or both 

Acute on 

chronic 

kidney injury 

Acute on 

chronic cardiac 

disease 



Classification of the Cardiorenal syndromes 

CRS Type 1 [Acute Cardiorenal Syndrome] 

Abrupt worsening of cardiac function (e.g. Acutely decompensated congestive heart failure) 
leading to acute kidney injury 

CRS Type 2 [Chronic Cardiorenal Syndrome] 

Chronic abnormalities in cardiac function (e.g. chronic congestive heart failure) causing 
progressive and permanent chronic kidney disease 

CRS Type 3 [Acute Renocardiac Syndrome] 

Abrupt worsening of renal function (e.g. acute kidney injury) causing acute cardiac disorder 
(acute heart failure) 

CRS Type 4 [Chronic Renocardiac Syndrome] 

Chronic kidney disease (diabetic nephropathy) contributing to decreased cardiac function, 
cardiac hypertrophy, fibrosis, and/or increased risk of adverse cardiovascular events 

CRS Type 5 [Secondary Cardiorenal Syndrome] 

Systemic condition (e.g. sepsis) causing both acute cardiac and renal injury and dysfunction 

2013 ADQI Consensus on ‘Pathophysiology of Cardiorenal Syndromes‘ 



CRS Type 1 

2013 ADQI Consensus on ‘Pathophysiology of Cardiorenal Syndromes‘ 

• Abrupt worsening of 

cardiac function leading 

to acute kidney injury 

 

• A syndrome of 

worsening renal function 

that frequently 

complicates ADHF 

 

• 27-40% of hospitalized 

ADHF patients develop 

AKI (sCr ≥ 0.3 mg/dL ↑) 

 

• Higher mortality and 

morbidity, increased 

length of hospitalization 

 



CRS Type 2 

2013 ADQI Consensus on ‘Pathophysiology of Cardiorenal Syndromes‘ 

• More chronic HF hastening the progression of CKD 

 

• Approximately 63% of patients with HF meet the definition of stage 3–5 CKD 

with an estimated GFR <60 ml/min/1.73 m2  



CRS Type 3 

2013 ADQI Consensus on ‘Pathophysiology of Cardiorenal Syndromes‘ 

• Abrupt worsening of renal function causing acute cardiac disorder 

 

• Little is known about the frequency of acute HF following AKI  

Volume overload 

Hypertension 

Uremic cardiomyopathy 



CRS Type 4 

2013 ADQI Consensus on ‘Pathophysiology of Cardiorenal Syndromes‘ 

• CKD is an accepted 

independent 

determinant for the 

progression of HF to 

hospitalization, pump 

failure death, and 

sudden death.  

 

• Exponential relation 

between the severity of 

renal dysfunction and 

the risk for all-cause 

mortality  

 

 



CRS Type 5 

2013 ADQI Consensus on ‘Pathophysiology of Cardiorenal Syndromes‘ 



“Cardiorenal” Syndrome 

Renal dysfunction in advanced HF 

: CRS 1 and 2 



Renal disease in HF 

Adams KF Jr. Am Heart J 2005;149:209-16 



Renal disease in HF 

Heywood JT. J Cardiac Fail 2007;13:422-30 

ADHERE database 

 118,456 hospitalized patients 

• 59.3% of men and 67.6% of women had at least 

moderate renal dysfunction (stage III) at the time of 

admission 

• only 33.4% of men and 27.3% of women were reported 

as having ‘‘renal insufficiency’’ in the database 

• In-hospital mortality increased with severity of baseline 

renal dysfunction 



Renal disease in HF 

Smith GL. JACC 2006;47:1987-96 

• A total of 63% of patients had any renal 

impairment, and 29% had moderate to 

severe impairment. 

 

• Adjusted all-cause mortality was increased 

for patients with any impairment (hazard 

ratio [HR] = 1.56; 95% confidence interval 

[CI] 1.53 to 1.60, p < 0.001) and moderate 

to severe impairment (HR = 2.31; 95% CI 

2.18 to 2.44, p < 0.001).  

Meta-analysis of 16 studies 

 More than 80,000 hospitalized and nonhospitalized patients with HF 



Worsening renal function  

Smith G. J Card Fail 2003;9:13-25 

Worsening renal function (WRF) 

 A prospective cohort of 412 patients hospitalized for HF 

 

• > 70% HF patients experience some increase in sCr 

during admission 

• About 20-30% HF patients experience an increase of 

sCr >0.3 mg/dL 

 

• Risk of death rose with higher creatinine elevations 

(adjusted hazard ratio [HR] = 0.89, 1.19, 1.67, 1.91, and 

2.90 for elevations >/=0.1 to >/=0.5 mg/dL) 



WRF and prognosis 

Incidence of WRF and 6 Mo mortality rates 

Giamouzis G. Curr Heart Fail Rep 2013;10:411-20 

Hillege HL. Circulation 2006;113:671-8 

Incidence of cardiovascular death or unplanned admission to hospital 

for the management of worsening CHF stratified by eGFR  

HFrEF (EF ≤40%) 

HFpEF (EF >40%) 



Renal dysfunction in Korean HF Registry 



Renal dysfunction in Korean HF Registry 

Choi DJ. Korean Circ J 2011;41:363-71 



Renal dysfunction in Korean HF Registry 

Choi DJ. Korean Circ J 2011;41:363-71 



Renal dysfunction in Korean HF Registry 



Renal dysfunction in Korean HF Registry 

Lee SE. Eur J Heart Fail 2014;16:700-8 



Renal dysfunction in Korean HF Registry 

Azotemia (sCr ≥2.0 mg/dL) was independent predictors of in-hospital mortality 

Lee SE. Eur J Heart Fail 2014;16:700-8 



Management 

Clinical Challenges 



Improvement  in cardiac function 

Diuretics 

Renin-angiotensin-aldosterone-system antagonist 

Vasodilators 

Inotropic drugs 

Ultrafiltration 

Investigational therapies 

Management of CRS 

No definite medical therapy to directly increase the GFR 



Improvement in cardiac function 

Kirklin JK. J Heart Lung Transplant 2013;32:1205-13 

INTERMACS registry 

 4,917 patients with continuous-flow LVADs 

• Actuarial survival stratified by degree of renal function reveals that the major effect of severe pre-implant renal 

dysfunction is on mortality during the first 3 months 

 

• Among all levels of pre-implant renal dysfunction, surviving patients showed significant improvement in eGFR, 

BUN, and creatinine within 1 month, which remained stable on average over the next 24 months 



Improvement in cardiac function 

Adelstein EC. PACE 2010;33:850-9 

MIRACLE trial 

 787 CRT-D recipients 

• Baseline renal function was highly predictive of survival among CRT-D patients; survival was shorter as GFR 

declined 

 

• Renal function improved in CRT-D patients with a baseline GFR < 60 mL/min/1.73 m2, whereas GFR was 

worsened in those with normal baseline renal function. 



Improvement in cardiac function 

■ Reversible ? 

▪ Impaired renal function  limitation to correct volume overload 

▪ Impaired or worsening renal function  mortality ↑ 

 

▪ It is possible that effective treatment of the CRS could improve patient outcomes 

▪ Improving cardiac function can produce increases in GFR, indicating that types 1 and 2 

CRS have substantial reversible components 

 

■ Irreversible ? 

▪ worse prognosis in patients with HF and impaired renal function could primarily reflect a 

reduced GFR being a marker of more severe cardiac disease 

▪ In this setting, improving renal function alone would not necessarily improve patient 

outcomes 



Diuretics 

■ Diuretics 

▪ First line therapy for managing volume overload  in patients with HF 

▪ An elevated BUN/Cr ratio should not deter diuretic therapy if clinical evidence of 

congestion is present 

Diuretics therapy 

Frank-Starling curves in HF 

■ Diuretics cause renal hypoperfusion ? 

▪ Vasodilators and diuretics normalize 

filling pressure without reducing CO 

 redistribution of extravascular volume 

against intravascular volume depletion 

 

▪ Renal blood flow is preserved until the CI 

below 1.5 L/m2 

 

Weinfeld MS. Am Heart J 1999;138:285-90 

Ljungman S. Drugs 1990;39:10-21 



Venous congestion in CRS 

Mullens W. JACC 2008;51:300-6 

Changes in serum creatinine vs change in intra-abdominal pressure 



Venous congestion in CRS 

Mullens W. JACC 2009;53:589-96 

CVP and WRF 

PCWP and WRF 



Diuretics 

Reduced renal perfusion   vs.   Venous congestion 

Tang WHW. Heart 2010;96:255-60 

Diuretics 



Diuretics 

Testani JM. Circulation 2010;122:265-72 

ESCAPE trial 

 336 patients with ADHF 

• Patients with hemoconcentration 

- treated with higher doses of loop diuretics, more fluid loss, greater reduction in filling pr 

 

• Hemoconcentration was associated with WRF as well as lower mortality rate 



Diuretics 

Greene SJ Eur J Heart Fail 2013;15:1401-11 

EVEREST trial 

 1,684 patients with hospitalized HF patients (tolvaptan vs placebo) 

• Hemoconcentration was associated with greater risk of in hospital WRF, though renal parameters generally 

returned to baseline within 4 weeks of discharge. 

 

• Every 5% increase in-hospital Hct change was associated with a decreased risk of all-cause mortality 

Stratified by absolute in-hospital haematocrit change quartile 



Diuretics 



Renin-angiotensin-aldosterone-system antagonist 

■ Variable effect on the GFR in patients with HF 

▪ Increases in sCr and BUN are often observed after initiation of an ACE inhibitor 

 

▪ CONSENSUS trial 

▪ The mean baseline serum creatinine concentration was 1.5 mg/dL  

▪ The serum creatinine increased by an average of 10 to 15 percent within the first three weeks 

 
 

▪ SOLVD trial 

▪ Early worsening renal function 

(decrease in estimated GFR ≥20 

percent at 14 days) was not 

associated with increased mortality in 

the enalapril group, but was 

associated with increased mortality in 

the placebo group 

 



Renin-angiotensin-aldosterone-system antagonist 

■ RAAS antagonists in CRS 

▪ Clinical trials not specifically focused on patients with the CRS 

 

▪ Subgroup analysis and cohort study 

▪ The beneficial effect of RAAS antagonism on clinical outcomes is not mitigated by concomitant 

CKD 

 

▪ Initiation of RAAS antagonists 

▪ 10 ~ 20% increase in sCr can be anticipated as ACEI is initiated 

▪ Increase of serum creatinine: frequently transient and reversible 

▪ Stabilization or even a decline of sCr levels d/t renoprotective effects of long-term ACEI 

administration 

 

▪ The risk of adverse events 

▪ The risk of adverse events including hyperkalemia and worsening renal function is higher than 

in patients without CKD 

▪ Patients with CKD should be monitored closely during periods of drug initiation and titration 

and should receive periodic monitoring of electrolytes and creatinine throughout the duration of 

therapy 

Schoolwerth AC. Circulation 2001;104:1985-91 



Vasodilators 

Costanzo MR. Am Heart J 2007;154:267-77 

ADHERE database 



Vasodilators 

O‘Connor CM. NEJM 2011;365:32-43 

ASCEND-HF 



Vasodilators 

Chen HH. JAMA 2013;310:2533-43 

ROSE trial 



Inotropic drugs 

■ Intravenous inotropics 

▪ Dobutamine, dopamine, milinone 

▪ Has a role in the Tx of cardiogenic shock and in selected patients with ADHF 

▪ Routine use of short-term IV inotropics in ADHF : increase in mortality 

■ Inotropics in CRS 

▪ The role of inotropes in patients with CRS : 

uncertain 

 

▪ Lack of proven efficacy 

▪ Associated with adverse events 

 



Inotropic drugs 

Giamouzis G. J Card Fail 2010;16:922-30 

DAD-HF 
   60 patients with ADHF 

   High dose furosemide vs. 

           low dose furosemide + low dose dobutamine 



Inotropic drugs 

Chen HH. JAMA 2013;310:2533-43 

ROSE trial 



Ultrafiltration 

• Removal of isotonic fluid from the venous compartment via filtration of plasma across a 

semipermeable membrane. 

 

• By removing isotonic fluid, ultrafiltration tends to maintain physiologic electrolyte balance, in 

contrast to diuretic therapy 

 

• May be helpful for fluid removal in acute decompensated HF in patients unresponsive to diuretics 

 

• Not recommended as first line therapy for AHDF or as an effective therapy for CRS 



Ultrafiltration 

Costanzo MR. JACC 2007;49:675-83 

UNLOAD trial 

 200 hospitalized HF patients with hypervolemia : ultrafiltration vs. IV diuretics 



Ultrafiltration 

Bart BA. NEJM 2012;367:2296-304 

CARRESS-HF trial 

 188 ADHF patients with WRF and persistent congestion 

 Stepped pharmacologic therapy vs. ultrafiltration 

• Although weight loss was similar in ultrafiltration and stepped pharmacologic therapy groups, 

ultrafiltration therapy caused an increase in serum creatinine and a higher rate of adverse events. 



Investigational therapies 

Tolvaptan 

 A selective vasopressin 2 receptor antagonist that produces a water diuresis 

Constam MA. JAMA 2007;297:1319-31 



Investigational therapies 

Adenosine A1 receptor antagonist 

 Adenosine : acting on the adenosine-1 receptor 

      constricts the afferent glomerular arteriole, reducing GFR 

 PROTECT trial  

  2,033 hospitalized HF patients with impaired renal function 

  Rolofylline vs. placebo 

Massie BM. NEJM 2010;363:1419-28 

•  Rolofylline therapy was associated with a higher rate of neurologic events (seizure and stroke) 



Summary 

■ Renal disease in heart failure 

▪ Bidirectional interaction of heart and kidney  

▪ CRS 1 and CRS 2 : relatively common, independent predictor of poor prognosis 

 

■ Pathophysiology of CRS 

▪ Neurohormonal adaptations 

▪ Reduced renal perfusion 

▪ Increased renal venous pressure 

 

■ Management of CRS 

▪ Reversible ? 

▪ May have reversible components 

▪ No definite medical therapy 

▪ The outcomes may be improved with aggressive fluid removal even if accompanied by sCr ↑ 

▪ Ultrafiltration may be helpful for fluid removal in acute decompensated HF in patients 

unresponsive to diuretic therapy 

 

 




