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Definition of Heart Failure (HF)Definition of Heart Failure (HF)

•• The failure of the heart as a pump resulting in The failure of the heart as a pump resulting in 
inadequate cardiac output to peripheral tissues inadequate cardiac output to peripheral tissues 
and stasis of blood in the lungs resulting most and stasis of blood in the lungs resulting most 
commonly in fatigue and pulmonary commonly in fatigue and pulmonary commonly in fatigue and pulmonary commonly in fatigue and pulmonary 
congestion.congestion.

•• A complex mechanical and neurohumoral A complex mechanical and neurohumoral 
syndrome characterized by effort intolerance, syndrome characterized by effort intolerance, 
fluid retention, and reduced longevity.fluid retention, and reduced longevity.

•• At least 7 definitions in the literature based on At least 7 definitions in the literature based on 
tested scoring schemes and expert opinion.tested scoring schemes and expert opinion.



Clinical presentation of acute kidney injury
Heart Failure as a Clinical 

Syndrome

Stasis of blood, tissue deposition of water and salt resulting 
in effort intolerance, progressive dyspnea, fatigue, edema



Cardio-Renal Syndromes (CRS) General Definition:
Disorders of the heart and kidneys whereby acute or chronic dysfunction 
in one organ may induce acute or chronic dysfunction of the other

Acute Cardio-Renal Syndrome (Type 1)
Acute worsening of cardiac function leading to renal dysfunction

Definition and Classification of the 
Cardio-Renal Syndromes

Acute worsening of cardiac function leading to renal dysfunction

Chronic Cardio-Renal Syndrome (Type 2)
Chronic abnormalities in cardiac function leading to renal dysfunction

Acute Reno-Cardiac Syndrome (Type 3)
Acute worsening of renal function causing cardiac dysfunction  

Chronic Reno-Cardiac Syndrome (Type 4)
Chronic abnormalities in renal function leading to cardiac disease

Secondary Cardio-Renal Syndromes (Type 5)
Systemic conditions causing simultaneous dysfunction of the heart and 
kidney Ronco, et al , JACC 2008



Outcomes after an Episode of AKI (n=47,017)
New CKD 7.8 events/100 patient-years
ESRD 4.9 events/100 patient-years
Mortality 8.9 deaths/100 patient-years

>6 mo F/U



Tubular Injury in AKI

Thadhani et al., N Engl J Med 1996
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N=1,681, WRF, defined as a rise in serum creatinine of >0.3 mg/dl (26.5 µmol/l).

SBP >200 mm Hg 1.63



Impact of Major In-hospital 
Complications:  POSH Study

•Worsening renal function (WRF) defined as an increase in 
serum creatinine of 0.26 mmol/L (0.3 mg/dL)
•Major complication included:  circulatory shock, hypotension, 
cardiac arrest, sepsis, acute coronary syndrome
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Cardio-Renal Syndrome Pathophysiology

Altered Intra-renal Hemodynamics

Precipitators
Diuretics

Vasodilators
Procedures Acute on 

Chronic 
Kidney 
Injury

Increased 
venous 

pressure
Decreased  Perfusion

Renal 
Congestion

Toxicity 
Vascocostriction

Acute on Chonic
Cardiac 
Disease

Acute Neurohoromonal Activation

CKD-Associated Myocardial Changes

Myocyte hypertrophy

Myocyte dysfunction

↑↑Interstitial Fibrosis

↓Capillary density

↑↑LV Mass

Elevated serum troponin levels

CKD-Associated Vascular Changes

Accelerated atherosclerosis

↑Vascular stiffness

↓Smooth muscle density

Osteoblastic VSMC transformation

Intra-and extracellular calcification

Systolic or Diastolic Dysfunction or Both

DM+HTN + other CKD

Renal hypoperfusion

Decreased GFR

Resistence to diuretics

Resistance to ANP/BNP

Na + H2O retention

Necrosis / apoptosis

Fibrosis

Biomarkers

↑BNP/NT-proBNP

↑ N-GAL

↑ KIM-1

↑IL-18

Catalytic iron

↑Cystatin-C

↑Creatinine

Urine albumin
Many others

Humoral 
signalling

Cytokine 
secretion

Injury

IL-1, 
TNF-
Alpha

↓Tubulo-
Glomerular 
Function

Chronic Neurohormonal

↑SNS, RAS, Aldosterone

↓Vitamin D

↑PTH

↑PO4

Hypotestesteronism

↓EPO

↓Fe utilization

Marinobufagen

Inciting Events

↓Medical compliance

↑Sodium intake

Ischemia

Arrhythmias (AF)

OSAS

Added Insults  

NSAIDS, TZDs

ANP/
BNP Natruretic Peptides

Monocyte 
Activation

Endothelial 
Dysfunction

Blocked 
Natriuresis

Disease

Significantly  and Severely  Adapted, Courtesy Ronco, C 2009

↑Adhesion Molecules, ↑Enzymatic Activation, ↑Oxidative Stress

Anemia/Relative ↓Epo/Fe transport blocked

SNS+RAS+Aldosterone+ Endothelin+ADH+, 
renal vasoconstriction 

(adenosine)+prostaglandin dysregulation

Framingham 
HF Risk

1. HTN

2. CAD/MI

3. Valve Dz



High Central Venous Pressure and CRS

JACC Vol. 53, No. 7, 2009



Venous Congestion and Glomerular 
Filtration
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Neutrophil Gelatinase-Associated Lipocalin (NGAL) 

– a specific biomarker of acute kidney injury

Neutrophil Gelatinase-Associated Lipocalin (NGAL) 

– a specific biomarker of acute kidney injury

Goetz et al. 

Mol Cell 2002

NGAL

Siderophore

Iron

NGALControl



NGAL is an endogenous bacteriostatic protein by 
reducing available catalytic iron

NGAL is an endogenous bacteriostatic protein by 
reducing available catalytic iron

NGAL Siderophore
E. coli

X

Goetz et al. 

Mol Cell 2002

Iron X

with NGAL

without NGALbacterial 
growth 
curves
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Diagnosis of Early AKI in Emergency Department
Acute kidney injury was based on the RIFLE (risk, injury, failure, loss, and end-stage) criteria 

N=635 adults admitted to hospital, mean 

age 60, 30 (4.7%) developed AKI:

•Cardiogenic shock (40%)

•Urinary obstruction (16.7%)

•Multiple myeloma (10%)

•sepsis (6.7%)

•HTN emergency (6.7%)

•NSAIDS (6.7%)

32% of NGAL > 

130 µg/g required 

dialysis

Ann Intern Med. 2008;148:810-819.

•SLE nephritis (3.3%)

•Interstitial nephritis(3.3%)
•Glomerulonephritis (3.3%)
•Rhabdomyolysis (3.3%)



Urinary Neutrophil Gelatinase Associated Lipocalin 
(NGAL) Is Increased in Patients with Chronic Heart 

Failure

European Journal of Heart Failure 10 (2008) 997–1000



Serum Neutrophil Gelatinase Associated Lipocalin 
(NGAL) Is Increased in Patients with Diabetes and 

Microalbuminuria



Overexpressed/Recombinant 
NGAL as a Preventive Strategy

•May play an extracellular role in cell defense against 
toxicants and/or facilitate the survival of the remaining cells 
(in vitro human adenocarcinoma A549 cells)

•Potent inducer of heme-oxygenase-1 and superoxide 

Biochem. J. (2005) 391 (441–448) , Cell Stress Chaperones. 2009 Nov 11. , Exp Cell Res. 2009 Nov 1;315(18):3140-51. Arch 
Med Res. 2008 Aug;39(6):560-6

•Potent inducer of heme-oxygenase-1 and superoxide 
dismutase SOD(1) and SOD(2) and it appears that part of 
antioxidant property of NGAL could be attributed to the 
induction of HO-1 and SOD(1, 2)

•Protects against heat/cold stress

•Protects against H2O2 induced apoptosis
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Heart Failure Management

Early Recognition
and Treatment

Revised Staging System

Stage D

Stage C

Stage B

Stage A

Adapted from: Hunt SA et al. ACC/AHA 2005 CHF Guideline Update. Circulation 2005;112:e154-235.

Pharmaceuticals and Devices
Preserve Renal Function



Moderate
HF

Severe
HF

Mild
HF

Post-MI
LV Dysfunction

Pharmacologic Therapy and CRT

SOLVD Treatment
(enalapril)

CONSENSUS
(enalapril)

AIRE/SAVE
(ramipril/captopril)

US Carvedilol/MERIT
(carvedilol/metoprolol)

COPERNICUS
(carvedilol)

CAPRICORN
(carvedilol)

RALES
(spironolactone)

EPHESUS
(eplerenone)

CHARM/Val-HeFT
(candesartan/valsartan)

CRT and/or ICD

A-HeFT
Long-acting nitrate/hydralazine

CHARM
(candesartan)

Val-HeFT
(valsartan)

VALIANT
(valsartan)





CKD in HF ACTION Trial (EF < 35%)

Am J Nephrol. 2010;32(3):226-33. Epub 2010 Jul 22



CKD in HF ACTION Trial (EF < 35%):

Peak VO2 and Clustered Risk Features

Am J Nephrol. 2010;32(3):226-33. Epub 2010 Jul 22





PEARL HFStudy design and methods

� PEARL-HF was a multicenter, randomized, double-blind, placebo-controlled, parallel-

group, multiple-dose study that compared RLY5016 30 g (non-absorbed, oral, potassium 

binding polymer ) once daily with placebo

� Eligible patients were those with serum potassium 4.3–5.1 mEq/L, and CKD (eGFR 

<60 mL/min) on one or more HF therapies (ACEIs, ARBs, or β-blockers), or documented 

history of hyperkalemia (serum potassium >5.5 mEq/L) within the last 6 months leading to 

the discontinuation of an AA, ACEI, ARB, or β-blocker

105 patients with HF and CKD or history of hyperkalemia within the last 6 months

*Spironolactone titrated to 50 mg/day if serum potassium ≤5.1 mEq/L at Day 15
AA = aldosterone antagonist; ACEI = angiotensin-converting enzyme inhibitor
ARB = angiotensin receptor blocker CKD = chronic kidney disease
eGFR = estimated glomerular filtration rate; HF = heart failure

105 patients with HF and CKD or history of hyperkalemia within the last 6 months

RLY5016 30 g/day 

+ spironolactone 25 mg/day* (n=55)

Placebo

+ spironolactone 25 mg/day* (n=49)

Primary endpoint: Change from baseline in serum potassium following 4 weeks’ treatment

Secondary endpoints: Incidence of hyperkalemia (serum potassium 5.5 mEq/L); spironolactone dose 

titration; safety and tolerability   

R

Pitt B.  ESC Scientific Session 2010. Stockholm, Sweden



Baseline patient characteristics

RLY5016 
30 g/day 

(n=55)

Placebo 

(n=49) p

Age (years) 68.3±8.6 68.2±10.5 0.940

Male (%) 53 69 0.108

BMI (kg/m2) 28.4±5.5 27.0±4.3 0.145

HF duration (years) 4.5±4.8 4.1±3.4 0.581HF duration (years) 4.5±4.8 4.1±3.4 0.581

Ejection fraction (%) 39.6±11.7 41.2±11.8 0.561

NYHA class (%)

I

II

III

IV

4

53

44

0

2

57

41

0

0.936

eGFR (mL/min) 84.1 78.1 0.360

Diabetes (%) 27 37 0.399

BMI = body mass index; eGFR  = estimated glomerular filtration rate
HF = heart failure; NYHA = New York Heart Association 
Pitt B.  ESC Scientific Session 2010. Stockholm, Sweden



Baseline medications

RLY5016 
30 g/day 

(n=55)

Placebo 

(n=49) p

No RAAS inhibitors or    
β-blockers*, n (%)

0 2 (4) NS

ACEI, ARB or β-blocker 
only, n (%)

13 (24) 9 (18) NS

ACEI or ARB + β-blocker, 
n (%)

40 (73) 37 (76) NS

ACEI + ARB + β-blocker, 
n (%)

2 (4) 1 (2) NS

Diuretics (Total), n (%)

Thiazide, n (%)

Loop, n (%)

Indapamide, n (%)

41 (75)

10 (18)

32 (58)

4 (7)

36 (73)

6 (12)

27 (55)

5 (10)

NS

NS

NS

NS

*Eligible under criteria of discontinuation of RAAS inhibitor due to hyperkalemia
ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker
NS = not statistically significant; RAAS = renin-angiotensin-aldosterone system

Pitt B.  ESC Scientific Session 2010. Stockholm, Sweden



Change from baseline in serum potassium 
by visit

5.1

4.9

4.7

LS mean serum potassium (mEq/L)

RLY5016
Placebo

n=49

Spironolactone increased to
50 mg/day on Day 15 if potassium ≤ 5.1

4.7

4.5

4.3

4.1

Study day
0 7 14 21 28

*

**

**
**

** **

Placebo

n=55

*p<0.01; **p<0.001
Pitt B.  ESC Scientific Session 2010. Stockholm, Sweden



Proportion of patients receiving up-titration to  
spironolactone 50 mg/day*

RLY5016
30 g/day 

(n=55)

Placebo 

(n=49) p

Patients receiving up-
titration to spironolactone
50 mg/day, n (%)

50 (91) 36 (74) 0.019

*Spironolactone titrated to 50 mg/day if serum potassium ≤5.1 mEq/L at Day 15

Pitt B.  ESC Scientific Session 2010. Stockholm, Sweden



Summary of adverse events

RLY5016
30 g/day 

(n=55)

Placebo 

(n=49) p

At least one AE, n (%) 30 (54) 15 (31) 0.019

At least one GI AE, n (%) 12 (21) 3 (6) 0.028

SAEs, n (%) 2 (4) 2 (4) NS

Deaths, n (%) 0 1 (2) NSDeaths, n (%) 0 1 (2) NS

Discontinuations due to 
AE, n (%)

4 (7) 3 (6) NS

No SAEs were deemed to be drug-related by the investigators
AE = adverse event; GI = gastrointestinal; SAE = serious AE 

Pitt B.  ESC Scientific Session 2010. Stockholm, Sweden



Recognize Failures from Clinical 
Trials and Registries

� Programmatic use of PA catheter (Nohria JACC 2008)

� Programmatic use of inotropes/indodilators (ACC/AHA Guidelines)

� High-dose loop diuretics (Heywood, ADHERE, HF Reviews, 2005)

� Beta-blocker withdrawal (Fonarow, JACC 2008)

Drug/Strategy 
Ineffective/Harmful

� ACEI/ARB withdrawal (Shukla, CIRC, 2008)

� Digoxin withdrawal (Packer, NEJM, 1993)

� Rolophylline (PROTECT, ESC, 2009)

� Endothelin receptor antagonists (Forbes KI 2001)

� Argnine vasopressin receptor antagonists (Konstam JAMA 2007)

� ?Nesiritide (Sackner-Bernstein, CIRC, 2005)

Ineffective/Harmful

OR

Have not identified 
the ideal patient 

subset for benefit



Role of Adenosine in the Kidney:  Type 1 
and Type 2 Adenosine Receptors

V. Vallon et al. Eur J Heart Fail 10 (2008) 176–187



Metra M,, et al.  Effects of Rolofylline in Patients with Acute Heart Failure Syndrome and Renal Impairment: Findings from the 
PROTECT Study.   ESC 2009
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Metra M,, et al.  Effects of Rolofylline in Patients with Acute Heart Failure Syndrome and Renal Impairment: Findings from the 
PROTECT Study.   ESC 2009



Dopamine in Acute Decompensated Heart 
FailureDopamine in Acute Decompensated 

Heart Failure (DAD-HF) trial

•ADHF, O2 sat <90%, and BNP >400 pg/mL

•Excluded serum Cr >200 µmol/L (2.26 mg/dl), 
eGFR<30 mL/min per 1.73 m2), SBP <90 mm Hg.

•Randomized to receive higher-dose IV furosemide (40-mg 

Triposkiadis F. Renoprotective and potassium-sparing effects of low-dose dopamine in acute decompensated heart failure. 
Heart Failure Society of America 2009 Scientific Meeting; September 16, 2009; Boston, MA. Late-Breaking Clinical Trials 2.

•Randomized to receive higher-dose IV furosemide (40-mg 
bolus followed by 20 mg/hr for 8 hrs) or lower-dose 
furosemide (40-mg bolus followed by 5 mg/hr for 8 hrs) 
plus dopamine (5 µg/kg per min for 8 hrs)

•N=300 planned for death or hospitalization endpoint, first 
50 patients randomized at the centers in Greece reported



DAD-HF:  Urine Output and Serum 
Creatinine

Triposkiadis F et al. Heart Failure Society of America 2009  Scientific Meeting; September 16, 2009: Boston, MA.



Acute Heart Failure (1 symptom AND 1 sign)

<24 hours after admission

2x2 factorial randomization

Low Dose (1 x oral)

Q12 IV bolus
High Dose (2.5 x oral)

Q12 IV bolus

Low Dose (1 x oral)

Continuous infusion
High Dose (2.5 x oral)

Continuous infusion

DOSE Trial:  Study Design

48 hours

1) Change to oral diuretics

2) continue current strategy

3) 50% increase in dose

Co-primary endpoints

72 hours

Clinical endpoints

60 days



Change in Creatinine at 72 hours

p = 0.45p = 0.45 p = 0.21p = 0.21
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• Removes fluid from the blood at the 
same rate that fluid can be naturally 
recruited from the tissue

• Transient removal of blood illicits 
compensatory mechanisms, termed 
plasma or intravascular refill 1,2

Fluid Removal by Ultrafiltration

Ultrafiltrate
Interstitial

Space (edema)

Na

Na

K

H2O

K

P

plasma or intravascular refill 

• Ultrafiltrate is isotonic with plasma, 

• Removes more sodium than diuretic 
therapy 

• Decreases ECF volume more than a 
comparable volume of diuretic-
induced fluid loss without 
neurohormonal activation

1. Lauer et al. Arch Intern Med. 1983;99:455-460.  2. Marenzi et al. J Am Coll Cardiol. 2001;38:4.

Vascular
Space

Vascular

Space
Na

Na

K

P

PR



Effects of Ultrafiltration vs IV 
Furosemide

+ 80 –

+ 40 –

Neurohormones

Norepinephrine Plasma Renin Activity

+ 170 –

+ 80 –

Aldosterone

+ 80 –

+ 40 –+ 40 –

% 0 –

-140 –

d    0  1d   2d   3d   4d   5d     3m

Triangles = Ultrafiltration
Squares = Furosemide

Agostoni et al. Am J Med. 1994;96:191-199.
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Costanzo, M. et al., J Am Coll Cardiol 2007;49:675-83.

P = 0.037
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