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Data Source: Special analyses, Medicare 5% sample. Patients aged 66 and older, alive, without end-stage renal disease, and 
residing in the United States on 12/31/2016 with fee-for-service coverage for the entire calendar year. Abbreviation: CKD, chronic 
kidney disease.

2018 Annual Data Report

Heart failure in patients with or without CKD
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Mild HF in normal renal function
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• 10 asymptomatic MHF (class I, LVEF 29.7±2 %)                                                                                      
and normal renal function (sCreat 1.0 ± 0.06)

• 10 matched normal subjects 

• Low salt intake (6 g/day) vs high salt intake (15 g/day)                            
estimated by 24h UNaV

• Renal hemodynamics and tubular function (clearances studies)

• Effects of 6-week treatment with Enalapril 5 mg/day
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Effects of increased NaCl-i
on GFR, RPF and RVR               
in normal and MHF
Responses to high salt diet 

was similar in the two groups. 
*P<.05 vs low salt
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Effects of increased NaCl-i
on UNaV and Na+ balance 
in normal and MHF
The two groups differed  in cumulative 
Na+ balance with increased ECV of 1.6 L 
in normal and 2.4 L in MHF 
(P<.001)
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Effects of increased NaCl-i on markers 
of  proximal Na+ reabsorption in 
normal and MHF
Proximal reabsorption of Na+
decreased in normal and increased in MHF

FLNa: filtered load of Na, 
FCH2O: fractional clearance of free water, FEK: 
fractional excretion of K
FENA: fractional excretion of Na+
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Amino acid 
infusion

Healthy
status

 NO 
 AII

DM, HTN
HF, GN, CsA

 NO 
 AII

RVR / =

R Prox 

SNGFR 

SNGFR  =

Renal Functional Reserve is a “in vivo proxy” 
of Nitric Oxide/Angiotensin II balance

De Nicola et al:  KI 1991; Diabetes 1992; JCI 1992; Hypertension 1992; JCI 1993; NDT 1994, JACC 1998

RVR 

R Prox/ =

 NO & AII
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The kidney in advanced HF
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Diuretic Resistance in Human Heart Failure…

Ellison, NEJM 2017
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Diuretic Resistance in Human Heart Failure…
…and role of salt intake

amount by which 
Na excretion 
exceeds Na 
intake 

Fixed salt 
intake
(8.5 g/day)

Ellison, NEJM 2017
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Diuretic Resistance in Human Heart Failure

Rao, JASN 2017

• 128 patients with HF receiving treatment with loop diuretics
• Fractional excretion of lithium for in vivo assessment of proximal tubular 

and loop of Henle sodium handling
• FENa to assess the net sodium excreted into the urine
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Schrier, NEJM 1999 

Mechanisms of salt and water retention in HFwater
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Jessup & Costanzo, JACC 2009

In HF increased central venous pressure (CVP) contributes “per se” 
to renal dysfunction and mortality also by……          

….. intra-abdominal pressure
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Patient outcome
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Data Source: Special analyses, Medicare 5% sample. Patients aged 66 and older, alive, without end-stage 
renal disease, and residing in the United States on 12/31/2014, with fee-for-service coverage for the entire 
calendar year. Abbreviation: CKD, chronic kidney disease.

2018 Annual Data Report

Survival of patients with heart failure by CKD status
adjusted for age and sex
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Collins, Am J Nephrol 2017

• 911,698 pts (US integrated health delivery networks)
• 21% DM, 11% CKD, 6% HF, 1% all 3 conditions
• Basal sK ≥5.0 mEq/L: 8.3% DM, 11.5% CKD, 9.1% in HF,  13.1% all 3 conditions
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Chang, Hypertension 2016

• Integrated healthcare system in Pennsylvania (44 Units)
• Serum K measured over a three-year period (2011-13) in 194.456 outpatients
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• 243 hyperkalemic patients with CKD (90% eGFR<60) under RAASi
• 42% with HF class I-III 
• Patiromer vs Placebo for 4 weeks
• Primary efficacy endpoint was mean change in serum K+ from baseline to week 4
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S&C: Effects of HF on Kidney and Patient Outcome

RFR
Rprox

RPF, GFR
UNaV

Intra-addominal
Pressure 

Water 
retention

 Response 
to high salt

 Diuretic Resistance       
 CKD progression
 sK → RAASI Stop

ESRD 
Death

Ejection Fraction
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Research Perspectives
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Ronco, JACC 2008

The Cardio-Renal Syndrome

A pathophysiological disorder of the heart and 

kidneys in which acute or chronic dysfunction in one 

organ may induce acute or chronic dysfunction in 

the other organ
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This clinical classification has broadened interest in

cardiorenal interactions, but it is merely descriptive, does 

not rely on or inform predominant pathophysiology, and has 

produced little change in either practice or research agenda

The Cardio-Renal Syndrome …REVISITED

Zannad, Circulation 2018
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