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KaplanςMeier curvesfor overallsurvivalin (A) men or (B) 
womenwith diffrent canceroor hrart failure

Mamas MA et al. EuropeanJournal of HeartFailure(2017) 19, 1095ς1104
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Palmer BF, N EnglJMed 2004; 351:585-592
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Guidelinesfor the diagnosisand
treatment of acute and chronicheart failure

2016 ESC Guidelines 2017 ACC/AHA/HFSA FocusedUpdate

PonikowskiPeyal. EurHeartJ2016 YancyCW et al. Circulation2017

An ACE-I is recommended, in addition
to a beta-blocker, for symptomatic
patientswith HFrEFto reduce the risk
of HF hospitalizationand death.

A beta-blockeris recommended,
in additionan ACE-I, for patientswith 
stable, symptomaticHFrEFto reduce 
the riskof HF hospitalizationand death

An MRAis recommendedfor patients
with HFrEF, who remainsymptomatic
despitetreatment with an ACE-I and a
beta-blocker, to reduce the riskof
HF hospitalizationand death

The clinicalstrategyof inhibition of the 
reninangiotensinsystemwith ACE 
inhibitors (Level of Evidence: A), OR 
ARBs(Level of Evidence: A), OR ARNI 
(Level of Evidence: B-R) in conjunction
with evidencebasedbeta blockers, and 
aldosterone antagonistsin selected
patients, is recommendedfor patients
with chronicHFrEFto reduce 
morbidity and mortality.
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ThirtyYearsof Evidenceon the Efficacyof DrugTreatmentsfor Chronic
HeartFailureWith ReducedEjectionFraction

A Network Meta-Analysis

Burnett H et al. Circ Heart Fail. 2017;10:e003529.

All-cause mortality
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Ď 30% riskof death
Ď 30% Hxfor cardiaccause
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(JuurlinkDN et al. N EnglJ Med2004;351:543-51)
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Current Evidence on Treatment of Patients With Chronic

Systolic Heart Failure and Renal Insufficiency

Damman K et al. J Am Coll Cardiol 2014;63:853ï71



All-Cause mortalityassociatedwith serumpotassiumlevelsin non-dialysis
dependentpatientswith chronickidneydiseaseand in patientsundergoing

peritonealdialysis

Dunn JD et al. Am J Manag Care 2015;21(15 suppl):e307-e315

non-dialysis dependent patients patients undergoing peritoneal dialysis



KDIGO Guidelines do not provide recommendations5

*ESC HFA: Management of acute hyperkalemia (>6.0) may require a short-term cessation of K+-retaining agents and RAASi, but this should be minimized and RAASishould be carefully 
reintroduced as soon as possible while monitoring K+ levels.3

1. YancyCW, et al. Circulation. 2016;134:[Epubahead of print].  2. YancyCW, et al. Circulation. 2013;128:1810-1852.  3. PonikowskiP, et al. European Heart Journal. 2016 May 20. pii: ehw128. 
[Epubahead of print].  4. Heart Failure Society of America, Lindenfeld J, et al. J Card Fail. 2010;16(6):475-539.   
5. KDIGO Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease. Kidney Int Suppl. 2013;3(1).  6. National Institute for Health and Clinical Excellence (NICE) 
[UK]. Chronic kidney disease (partial update): Early identification and management of chronic kidney disease in adults in primary and secondary care. 2014. 
https://www.nice.org.uk/guidance/cg182/evidence/update-full-guideline-191905165.  7.  National Kidney Foundation. Guideline 11. 
http://www2.kidney.org/professionals/kdoqi/guidelines_bp/guide_11.htm. Accessed February 17, 2015.

Serum K+ Threshold Before Change in RAASi Guideline Recommendation
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Most conservative Most aggressive

K/DOQI7: 
Discontinue ACEi/ARB if >5.5

ESC HFA3: 
Discontinue ACEi/ARB if >5.5; 

Halve dose of MRA if >5.5. 

ACC/AHA HF2 and HFSA HF4: MRA not 
recommended >5.0

K/DOQI7: 
Halve dose of RAASiif >5.0

NICE CKD6Υ ŘƻƴΩǘ ǊƻǳǘƛƴŜƭȅ ǎǘŀǊǘ 
RAASi if >5.0

NICE CKD6: Stop RAASiif >6.0
ESC HFA3 Stop MRA if >6.0*

ACC/AHA/HFSA HF1, ESC HFA3:
ACEi/ARB use with caution >5.0

GuidelinesRecommendRAASiDose ModificationsWith 
IncreasingSerumK+ 
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Å RAASiprescriptions were classified by dose level using the following dose categories: 

ï άaŀȄƛƳǳƳΣέ defined as the labeled dose

ï άSubmaximumΣέ defined as any RAASidose lower than the labeled dose

ï ά5ƛǎŎƻƴǘƛƴǳŜŘΣέ defined as the absence of RAASiprescriptions for >390 days subsequent to 
prior prescription

Å Distribution of RAASiDose Levels in Patients With 
CKD Stage 3-4 or Heart Failure or Diabetes 

N=100,907

FewPatientsAre on Maximum RAASi

Epstein M, et al. Am J ManagCare. 2015;21:S212-S220.
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(n = 43,288 total patients 
across dose categories)

(n = 20,529 total patients 
across dose categories)

(n = 79,087  total patients across 
dose categories)

(n = 201,655  total patients across 
dose categories)

Epstein M, et al. Am J ManagCare. 2015;21:S212-S220.

PercentMortality by PriorRAASiDose



RAASi: renin-angiotensin-aldosterone system inhibitor, SPS: sodium polystyrene sulfonate

Therapy

Dialysis1

Loop diuretics1 Sodium bicarbonate1

SPS1

Low K+ diet2

RAASi 

reduction2

Membrane stabilization

K+ redistribution

K+ elimination

wŜƳƻǾŀƭκǊŜŘǳŎǘƛƻƴ ƻŦ ŘǊǳƎǎ ǘƘŀǘ ҧǎŜǊǳƳ Y+

Emergent

Insulin1

 adrenoreceptor-ה

agonists1

Calcium 

gluconate salt1

Intermediate Maintenance

Acute management

1. Weisberg L. CritCare Med. 2008;36(12):3246-3251.  2. Palmer BF, et al. N EnglJ Med. 2004;351(6):585-592.

TraditionalTreatment Optionsfor Hyperkalemia
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{ƛƴŎŜ ǘƘŜ ƛƴ ǾƛǾƻ ŜŦŦƛŎƛŜƴŎȅ ƻŦ {t{ ƛǎ ŀōƻǳǘ оо҈Σ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мκо ƻŦ ǘƘŜ ǊŜǎƛƴΩǎ ŀŎǘǳŀƭ ǎƻŘƛǳƳ ŎƻƴǘŜƴǘ ƛǎ ōŜƛƴƎ ŘŜƭƛǾŜǊŜŘ ǘo the body1

SPS dosing may use up a sizable portion of a sodium-ǊŜǎǘǊƛŎǘŜŘ ǇŀǘƛŜƴǘΩǎ Řŀƛƭȅ ǎƻŘƛǳƳ ŀƭƭƻǿŀƴŎŜ

1. Kayexelate[package insert]. Bridgewater, NJ: Sanofi-Aventis; 2010.

2. WheltonP, et al. Circulation. 2012;126:2880-2889. 

3. KDIGO Clinical Practice  Guideline for the Evaluation and Management of Chronic Kidney Disease. Kidney Int Suppl. 2013;3(1).  

4. AronowWS, et al. Circulation.2011;123:2434 -2506.

Recommended Sodium Limits in Many Patients 

at Risk for Hyperkalemia

ACCF/AHA 2011 ςHypertension2

AHA 2012 ςSodium Advisory4

KDIGO 2013 ςCKD3

SPS Contains 9.4% Sodium by Weight (4.1 mEq/g)1

SodiumPolystyreneSulfonate
and SodiumContent



ü High-capacity K+ binder

ü Average bead size (100 ˃M) is too large for patiromerto be absorbed from the 
gastrointestinal tract, enabling patiromerto be passed through the entire GI tract and 
absorb more K+

ü Uniform spherical shape, size, and low-swelling beads ratio

High-capacity polymer Uniform, spherical patiromer beads

Li L, et al. J Cardiovasc PharmacolTher. 2016;doi:10.1177/107428416629549.

PatiromerIsa Novel, Sperical, Non-absorbedK+ Binder

Patiromer travels through the 

gastointestinal tract over 24-72 

hours

Patiromeris fully ionized at the physiologic  pH of the colon for optimal ion exchange. 
Carboxylate groups of patiromerbind to K+,  which is primarily in the colon due to  upregulationof BK 
channels in colonic  epithelial cells. Patiromerbeads are excreted, leading to  removal of excess K+ and 
reduction of  serum K+ levels. Ca2+ is exchanged for K+



Evaluation of the efficacyand safetyof RLY5016, a polymericpotassiumbinder, 
in a double-blind, placebo-controlledstudyin patientswith chronicheart

failure(the PEARL-HF) trial

Pitt B et al. European Heart Journal (2011) 32, 820ς828

Õ hyperkalaemia
(7.3% RLY5016 vs. 24.5% placebo, P. 0.015)

Õ spironolactone50 mg/day
(91% RLY5016 vs. 74% placebo, P. 0.019).



Part A: 
Treatment Phase (Single-Blind)

Part B: 
Randomized Withdrawal Phase (Single-Blind)

Moderate 
to severe hyperkalemia

Baseline serum K+ 

5.5-<6.5 mEq/L; 
8.4 g BID starting dose (n=151)

Mild hyperkalemia
Baseline serum K+

5.1-<5.5 mEq/L; 
4.2 g BID starting dose 

(n=92)

Week 4
Part A Primary Endpoint

Week 4
Part B Primary Endpoint

Baseline Part B

Subjects with Part A baseline 
K+җрΦр Ƴ9ǉκ[ ǿƘƻ ŎƻƳǇƭŜǘŜŘ tŀǊǘ ! 
and
ÅSerum K+ 3.8-<5.1 mEq/L 

at Part A, week 4
ÅStill on patiromer
ÅStill on RAASi

(n=107)

Patiromer, 
continued RAASi 

(n=55)

Placebo, 
continued RAASi

(n=52)

R

Subjects 
with CKD* 
on RAASi
(N=243)

Baseline Part A Week 8
Part B Sec. Endpoints

R

*eGFR 15 to <60 mL/min/1.73 m2.

eGFR: estimated glomerular filtration rate;           : randomization.

Protocol for Weir MR, et al. N EnglJ Med. 2015;372(3):211-221; Pitt B, et al. Presented at: 18th Annual Scientific Meeting of 
the  Heart Failure Society of America; Las Vegas, NV; Sept 14-17, 2014.

Patiromerin Patientswith KidneyDiseaseand Hyperkalemia
ReceivingRAAS Inhibitors: OPAL-HK



Pitt B et al. EuropeanJournal of HeartFailure(2015) 17, 1057ς1065

Effectof patiromeron reducingserumK+ and preventingrecurrent
hyperkalaemiain patientswith HF and CKD on RAAS inhibitors: OPAL-

HK
Treatment phase Withdrawal phase
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ID commonly occurs even 

without anaemia in HF

ü ID (with or without anaemia) 

is present in 50% of HF 

patients

Iron deficiency definition used:

īSerum ferritin <100 µg/L or 

īSerum ferritin <299 µg/L if TSAT 

<20%

Irondeficiencyand/or anemia stratifiedby NYHA functionalclass.
Prevalenceof ID and/or anemia per NYHA functionalclass.

KlipIT et al. AmHeartJ2013;165:575-582



Differencein event-free survivalratesbetweeniron-deficientand 
nonςiron-deficientpatientswith HF with or without anemia

KlipIT et al. AmHeartJ2013;165:575-582



Differencein event-free survivalratesbetweeniron-deficientand 
nonςiron-deficientpatientswith HF with or without anemia

KlipIT et al. AmHeartJ2013;165:575-582



ANAEMIA

Tissue 
hypoxia

Peripheral 
vasodilation

®Blood 
pressure

¬Sympathetic 
activity

®Renal blood 
flow

¬Renin-angiotensin 
aldosterone  ADH

Salt & Fluid 
retention

¬Plasma volume

Oedema

¬LV
diameter

LV remodelling 
Apoptosis   Necrosis

Worsening

HF

Vicious circle of Anemia and HF

HF¬

Anand IS et al. J AmColl Cardiol2008;52:501ς11



Impact of iron status on exercisecapacity(6-minute walktest) in 
patientswith chronicheart failure

EnjunaesC et al. Rev Esp Cardiol. 2016;69(3):247ς255



27

1. RinesAK andArdehaliH.J Mol Cell Cardiol. 2013; 55: 50ς57
2. Cartier LJ et al.J BiolChem. 1986 ;261:13827-32
3. OexleH et al. BiochimBiophysActa. 1999 ;1413:99-107

Asa vigorouslymetabolicallyactivetissue, the heart isa primary
tissuetarget of iron delivery



Distribution of iron in adults

AndrewsNC. N EnglJ Med. 1999 Dec 23;341(26):1986-95.Brown DA et al. Nat Rev Cardiol. 2017 April ; 14(4): 238ς250.

The numbersof the 
heart:

Õ 100.800 beats/day

Õ 5-6 kg ATP/day

Õ mitochondria: 
40% cellvolume



Effectof OralIron Repletionon ExerciseCapacityin PatientsWith 
HeartFailureWith ReducedEjectionFractionand Iron Deficiency.

The IRONOUT HF RandomizedClinicalTrial

Lewis GD et al. JAMA. 2017;317(19):1958-1966.



RelationshipsBetweenQuartilesof Baseline Plasma HepcidinLevels
and Responsein ParticipantsTreatedWith Iron Polysaccharide

The IRONOUT HF RandomizedClinicalTrial

Lewis GD et al. JAMA. 2017;317(19):1958-1966.

ΧThesefindingsdo not supportthe use of oral ironsupplementationin patientswith 
heartfailureand reducedleft ventricularejectionfractionand irondeficiency.



DeLougheryTG. N EnglJ Med 
2014;371:1324-31.

Michels K et al. PLoS Pathog. 2015 Aug; 11(8): e1004998

Ganz T. PhysiolRev 93: 1721ς1741, 2013



Recommendationsfor iron replacementin HF

2017 ACC/AHA/HFSA Focused Update of the 2013 
ACCF/AHA Guideline for the Management of HF1

COR LOE

In patients with NYHA class II and III HF and iron deficiency 
(ferritin <100 ng/mL or 100 to 300 ng/mL if transferrin saturation 
is <20%), intravenous iron replacement might be reasonable to 
improve functional status and QoL.

NEW: New evidence consistent with therapeutic benefit.

IIb B-R

(3,4)

2016 ESC Guidelines for the diagnosis and treatment 
of acute and chronic heart failure2

Class Level

Intravenous FCM should be considered in symptomatic patients 
όǎŜǊǳƳ ŦŜǊǊƛǘƛƴ ғмлл ˃Ǝκ[Σ ƻǊ ŦŜǊǊƛǘƛƴ ōŜǘǿŜŜƴ мллςнфф ˃Ǝκ[ ŀƴŘ 
transferrin saturation <20%) in order to alleviate HF symptoms, 
and improve exercise capacity and quality of life.

IIa A

(3,4)

1Yancy CW et al. Circulation. 2017 Aug 8;136(6):e137-e161
2Ponikowski Pet al. European Heart Journal (2016) 37, 2129ς2200

3Anker SD, et al. N EnglJMed2009;361:2436ς2448   Č FAIR-HF
4Ponikowski P, et al. EurHeartJ2015;36:657ς668 Č CONFIRM



AnkerSD et al. N EnglJ Med 2009;361:2436-48.

FAIR-HF: primaryendpoint: Self-
ReportedPatientGlobal 
Assessmentat Wk24

Õ 459 pts with chronicHF - NYHA classII or III, 
LVEF  <40% (for patientswith NYHA classII or 
<45% for NYHA classIII)

Õ Iron deficiency(ferritin level<100 ˃ Ǝ/L or 
between100 and 299 ˃ Ǝ/L, if the transferrin
saturationwas<20%), and a hemoglobinlevel
of 95 to 135 g/L. 

FAIR-HF: primaryendpoint: 
NYHA FunctionalClass at Wk24



FAIR-HF: primaryendpoint: Self-ReportedPatientGlobal 
Assessmentand NYHA classat Wk24 accordingto the presenceor 

absenceof anaemiaat baseline

FilippatosG et al. EuropeanJournal of HeartFailure(2013) 15, 1267ς1276

Self-Reported Patient Global Assessment


