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Acute Decompensated Heart Failure

(ADHF)
- Lifetime prevalence: 20–33 % 

- Currently, over 5 million Americans with HF (more than 8 million by 2030) 

- ADHF : the leading cause of hospitalization in patients over 65

- ADHF: the highest rate of 30-day re-hospitalization among all medical conditions 

- ADHF: the 3-month re-hospitalization rate of 40%

- ADHF: the 1-year mortality rate of over 30% 

- Total costs for HF: $31 billion in 2012, estimated at $70 billion in 2030

(80%  due to hospitalization) – Major Financial Burden on Healthcare
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How do we manage 
congestion in ADHF?
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How well are we 
managing congestion in 

ADHF now?
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Identifying the Right CardioRenal Endpoints

- Efficacy
- Fluid Removal
- Change in Weight
- Improvement of Dyspnea

- Safety
- Renal Function

- Re-Hospitalization
- Unscheduled clinic visit
- ED visit

- Mortality
- Heart Failure
- All Cause-

- Jugular venous distention of < 8 cm
- Orthopnea
- Peripheral edema at hospital discharge
Changes in B-type natriuretic peptide
- Lung ultrasound, Bioimpedance 
Cardiography

- Length of stay during the index hospitalization         
- Total number of days re-hospitalized for HF at 30 and 90 
days 
- IV therapy for HF , including diuretics and/or positive 
inotropic agents and/or vasodilators at 30 and 90 days after 
discharge
- Total number of HF re-hospitalizations at 30 and 90 days 
after discharge
-Total number of cardiovascular re-hospitalizations at 30 and 
90 days after discharge
- Total number of days for CV re-hospitalizations at 30 and 
90 days after discharge

- Serum creatinine (sCr)
- Blood urea nitrogen (BUN)
- BUN/sCr
- Glomerular filtration rate (eGFR) 
- Renal biomarkers
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Why Use “Increase in Serum Creatinine”
as a Surrogate Endpoint in HF Trials?

Intervention

A surrogate endpoint (SE) is a laboratory measure or a physical sign that is intended 
to be used as a substitute for a clinically meaningful endpoint.

1) Changes induced by a therapy on a SE are expected to reflect changes in a 
clinically meaningful endpoint.

2) This expectation must be supported by strong data (“validation”).

3) Ideally, the surrogate should exist within the therapeutic pathway between the 
treatment and meaningful benefit
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Why Use “Increase in Serum Creatinine”
as a Surrogate Endpoint in HF Trials?

↑ SCrIntervention Adverse 
Outcomes

validated

A surrogate endpoint (SE) is a laboratory measure or a physical sign that is intended 
to be used as a substitute for a clinically meaningful endpoint.

1) Changes induced by a therapy on a SE are expected to reflect changes in a 
clinically meaningful endpoint.

2) This expectation must be supported by strong data (“validation”).

3) Ideally, the surrogate should exist within the therapeutic pathway between the 
treatment and meaningful benefit

?
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[Smith GL. J Card Fail 2003; 9: 13]  

Increase in S creat (“WRF”): 
Impact on Survival

412
patients



Multicenter
RCT

Clinical 
Asmnt
(n=218)

PAC
(n=215)

The primary end point: days alive out of the hospital during 6 months following randomization, component 
end points included time to events.

Secondary End Points:  physiologic secondary end points, focusing on mitral regurgitation, natriuretic peptides, and peak oxygen consumption, were 
selected as measurable without knowledge of group assignment. Other functional end points were 6-minute walk distance, the Minnesota Living with Heart 
Failure questionnaire, and the time trade-off tool.

Severe HF

[Binanay C. JAMA 2005; 294: 1625]

The ESCAPE Trial



30

Baseline RF (and also discharge RF) can impact outcomes, but not WRF

[Nohria A. J Am Coll Cardiol 2008; 51: 1268]
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The Dose Trial

[Felker GM. New Engl J Med 2011; 364: 797]

Diuretic Optimization Strategies Evaluation

* PGA: patient global assessment, VAS: visual analog scale



HD group: better decongested, WRF more often, but no impact on outcome

[Felker GM. New Engl J Med 2011; 364: 797]
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[Felker GM. J Am Coll Cardiol 2012; 59: 2145]
[Felker GM. New Engl J Med 2011; 364: 797]

HD group: more WRF, but no impact on outcomes (death, re-hospit, ED visit)

The Dose Trial



Short-term SCr as an EP in Clinical Trials

[Coca SG, et al. J Am Soc Nephrol 2016; 27: 2529]
Interventions that increased the risk of AKI (dual or add-on RAAS blockade)

7 RCT’s
48,436 patients



Short-term SCr as an EP in Clinical Trials

Interventions that decreased the risk of AKI

7 RCT’s
5,817 patients

[Coca SG, et al. J Am Soc Nephrol 2016; 27: 2529]



[van Veldhuisen DJ, et al. Eur Heart J 2016; 37:2577]

Biomarkers of Renal Injury and Function in HF



B2M, b-2-microglobulin; BUN, blood urea nitrogen; FABP, fatty acid-binding protein (types L and H); KIM-1, kidney injury molecule 1; NAG, N-acetyl-b-
d-glucosaminidase; NGAL, neutrophil gelatinase-associated lipocalin; NP, natriuretic peptide

Biomarkers of Renal Injury and Function in HF

[van Veldhuisen DJ, et al. Eur Heart J 2016; 37:2577]



Kidney Injury  Molecule-1 (KIM-1), neutrophil gelatinase-associated lipocalin (NGAL) and N-acetyl-β-d-glucosaminidase (NAG). [Ahmad T, et al. Circulation 2018;137:2016]

NAG and Kim-1 were not correlated with changes in cystatin C or SCr

WRF in ADHF Undergoing Aggressive Diuresis;
Not Tubular Injury

283 patients 
in ROSE-AHF
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No difference in level of biomarkers between those with or without WRF 
(“reduction” in NAG among those with creatinine-based WRF)

[Ahmad T, et al. Circulation 2018;137:2016]



Kidney Injury  Molecule-1 (KIM-1), neutrophil gelatinase-associated 
lipocalin (NGAL) and N-acetyl-β-d-glucosaminidase (NAG).

WRF in ADHF Undergoing Aggressive Diuresis;
Impact on Survival

Decline in kidney function and increase in tubular injury markers; the best outcomes
No change or improvement in kidney function/tubular injury biomarkers; the worst outcomes.

283 patients 
in ROSE-AHF

[Ahmad T, et al. Circulation 2018;137:2016]



Kidney Injury  Molecule-1 (KIM-1), neutrophil gelatinase-associated 
lipocalin (NGAL) and N-acetyl-β-d-glucosaminidase (NAG).

WRF in ADHF Undergoing Aggressive Diuresis;
Creatinine vs. Biomarkers 

Lack of association between 
levels of the biomarkers
between those with and without
WRF (≥20% reduction in eGFR).

105 patients in 
CARRESS-HF

[Rao VS, et al. Circulation Heart Fail 2019;12:In Press]



[Damman K, et al. Eur Heart J 2015;36:1437]

Darker colors indicate higher mortality risk. Suggested cut-off values for WRF (chronic HF): ≥26.5 mmol/L and ≥25% increase in
creatinine OR ≥ 20% decrease in eGFR over 1–26 weeks, and AKI (acute HF): increase of 1.5–1.9 times baseline creatinine within 1–7
days before or during hospitalization OR ≥ 26.5 mmol/L increase in creatinine within 48 h OR urine output , 0.5 mL/kg/h for 6–12 h

Good Endpoint for Renal Function in AHF:
SCr-WRF-AKI?

Rise in SCr
AKI (tubular Injury)
Benign AKI
WRF
PseudoAKI
PseudoWRF
Hemodynamic AKI



Maybe there is “something else” more 
important than Rise in Serum Creatinine 

that is driving the outcomes in AHF. 

A Confounding Factor?



In ADHF , WRF is associated with adverse outcome only when congestion persists. 

WRF +/CONG +

WRF +/ CONG −

[Testani JM. Eur J Heart Fail 2011; 13: 877]

- 386 patients with ADHF (from the ESCAPE trial)
- Hemoconcentration (HC) defined as a change in hematocrit in the top tertile

(low number of events if defined as ≥ 2 out of 3 (protein, albumin, and Hct)
- WRF: ≥ 20% reduction in eGFR
- Primary objective: to determine whether WRF was associated with in-hospital BP reduction
- In patients who experienced HC, WRF was not associated with mortality (p= 0.429)
- WRF increased mortality if no HC (p=0.019) 

Congestion Modulates the Impact of 
↑Scr in ADHF

386 
patients
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[Metra M. Circ Heart Fail 2012; 5: 54]

Congestion Modulates the Impact of 
↑Scr in ADHF

599 
patients



In ADHF , WRF is associated with adverse outcome only when congestion persists. 

[Metra M. Circ Heart Fail 2012; 5: 54]
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Endpoints: 1 year death or urgent transplantation

WRF +/CONG +

WRF +/ CONG −

Congestion Modulates the Impact of 
↑Scr in ADHF

[Metra M. Circ Heart Fail 2012; 5: 54]

599 
patients



[Salah K. JACC HF 2015; 3: 751]
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Persistent congestion, but not WRF, was associated with adverse outcomes 

Congestion Modulates the Impact of 
↑Scr in ADHF 1232 

patients 
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Adverse outcomes are mainly driven by persistent congestion

Congestion Modulates the Impact of 
↑Scr in ADHF

[Salah K. JACC HF 2015; 3: 751]

1232 
patients 
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Take-Home Message

 - Changes in SCr do not necessarily reflect tubular injury (AKI) in 
HF.

 - While renal biomarkers are promising, their therapeutic 
implications in HF are yet to be clarified. 

 - Congestion is the main reason for hospital admission and the 
driver of outcomes in ADHF.

 - If renal function is used as an endpoint, it needs to be 
considered along with measures of decongestion (CARRESS-HF)



Thank You…

...سپاسگزار هستم توجهتون از 


