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New therapeutic options to treat hyperkalaemia, such as potassium binders, have
been suggested as potentially beneficial by allowing the maintenance (or increase)

Trials; of the dose of medications that improve outcomes in several cardiovascular condi-

Outcomes

tions, but which have in common the propensity for raising serum potassium.

However, potassium binding drugs have yet to prove their causal association with
improvements in patients’ prognosis before their widespread use can be recom-
mended. In this review we provided an up-to-dare appraisal on potassium binders,
their potential clinical applications and directions for future research.

Introduction

Potassium is the most abundant intracellular cation and is
essential for normal cellular function. Derangements of
potassium regulation often lead to life-threatening neuro-
muscular, gastrointestinal, and cardiac abnormalities if left
untreated.

New therapeutic options to treat hyperkalaemia, such as
potassium binders, have been suggested as potentially ben-
eficial by allowing the maintenance (or increase) of the
dose of medications that improve outcomes in several
cardiovascular conditions, but which have in common
the propensity for raising serum potassium. However,
potassium-binding drugs will need to be shown to improve
clinical outcomes before their widespread use can be
recommended.

This article focuses on implementation issues and future
directions for the treatment of hyperkalaemia. We use
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examples from the heart failure (HF) field which is our area
of expertise.

Potassium homeostasis alterations and their
association with outcomes

Neuro-hormonal antagonists have driven a remarkable
prognostic improvement in patients with heart failure
and reduced left ventricular ejection fraction (HF-REF).
However, both B-blockers and renin-angiotensin-
aldosterone system inhibitors (RAASi) may cause hypoten-
sion, and RAASi, in particular, may decrease estimated
glomerular filtration rate (eGFR) and increase serum potas-
sium levels. More recently, sacubitril/valsartan has been
shown to improve morbidity and mortality compared to
enalapril with less frequent hyperkalaemia and eGFR dete-
rioration.'

The occurrence of hyperkalaemia has been highlighted
in several observational studies and, despite the low-grade
evidence, hyperkalaemia has become a major concern for
clinicians, particularly in association with the use of miner-
alocorticoid receptor antagonists (MRAs).* Consequently,
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MRAs have been persistently under-prescribed and under
dosed despite their remarkable improvement in clinical
outcomes and Class IA guideline indication for patients
with HF-REF.>'% Once they are initiated they are often dis-
continued due to an increase in serum potassium or a de-
crease in renal function.” " Furthermore once a MRA is
administered patients often do not receive guideline-rec-
ommended monitoring of serum potassium or renal func-
tion. On the other hand, evidence from prospective
randomized trials has consistently demonstrated a low rate
of hyperkalaemia without any hyperkalaemia-associated
fatal events.'®""1¢"9 | the large-scale randomized trials
of MRAs in patients with HF including RALES, EPHESUS,
EMPHASIS-HF, and TOPCAT, the incidence of hyperkalaemia
(serum K* >5.5mmol/L) was low (up to a maximum of
12%), and there has not been, to our knowledge, a single
death attributable to hyperkalaemia in a patient random-
ized to a MRA in these trials, including >7000 patients tak-
ing MRAs. Therefore, a discrepancy exists between the
evidence from randomized clinical trials and daily clinical
practice. Awareness and concern about hyperkalaemia
may have been enhanced by the recent introduction of
new potassium-binding therapies, putting undue emphasis
on the hyperkalaemia ‘issue’. Actually, while hyperka-
laemia is an important issue, it is possible that an increase
in serum potassium contributes to the beneficial mecha-
nism of RAASI, particularly reduced rates of sudden cardiac
death associated with the administration of a MRA.'*'®
Post hoc analyses of the RALES and EMPHASIS-HF trials
show that the outcome benefits of a MRA, compared with
placebo, were maintained in patients who developed mod-
erate hyperkalaemia (potassium levels between 5.5 mmol/
L and 6.0 mmol/L) during treatment.?%" Presumably, once
patients manifest potassium levels in this range, many had
study drug and/or concomitant RAASi reduced or discontin-
ued, raising the question whether treatment benefit might
have been further enhanced if potassium binders had been
used, thereby facilitating preservation of RAASi dosing.
Whether the use of potassium binders may improve out-
come through enabling optimal use of RAASi is still an open
question.?>?3 In HF, the association of K* with mortality
has been described as U-shaped i.e. patients with both
low- and high-potassium levels have increased death
rates.?*?> For example, K™ levels below 4.0 mmol/L are as-
sociated with increased death rates with similar risk as K™
levels above 5.0 mmol/L. Of note, patients with K™ below
3.0mmol/L may have higher mortality risk than patients
with K" above 5.5mmol/L. U-shaped associations have
been described in HF but also in other settings, such as
chronic kidney disease (CKD),2® hypertension,?” myocardial
infarction,?®?° and in the general population.*® Despite
the narrow nadir of optimal K* levels, clinical attitudes
towards serum K* levels vary widely, with some clinicians
becoming concerned when the serum K" is <3.5 or
>5.5mmol/L, whereas others become concerned and con-
sider altering cardiovascular drug therapy at a serum K*
<4.0 or >5.0mmol/L.? Generally, the associations be-
tween K* levels and clinical outcomes are derived from ob-
servational data prone to a number of confounding factors.
Reverse causation is one of them, i.e. K alterations arise
in consequence of other underlying illnesses or treatments

responsible for the outcomes associations (e.g. hyperka-
laemia is frequently caused by haemolysis or renal failure—
itself associated with RAASi drug discontinuation, whereas
hypokalaemia is often caused by diuretics often used to
treat patients with severe signs and symptoms of systemic
congestion or high blood pressure.

A rise in potassium level represents a frequent cause for
RAASi dose reduction or discontinuation—actions that may
deprive patients of therapy proven to improve clinical out-
comes.”?" Although optimal dosing of MRAs for outcome
benefit has not been explored, for other RAASi antagonists
the clinical benefit has been shown to be dose-dependent,
despite an increased risk of hyperkalaemia.?'32 For these
reasons, management of the adverse effects of RAASi,
without discontinuing or reducing the dose of the thera-
peutic agent, may represent an attractive goal. Thus, the
recent availability of safe and tolerable oral potassium
binders may change the approach to managing hyperka-
laemia and RAASi usage.?”33 However, without a clear
demonstration of outcome improvement with these agents
their widespread use cannot be recommended. More
research and education about hyperkalaemia may help
increase awareness about this issue and promote
better clinical practice. This should include: (i) identifying
patients at risk of hyperkalaemia, (ii) preventing hyperka-
laemia with available ‘life-style’ changes, including die-
tary changes, (iii) monitoring serum potassium as per
international guidelines, and (iv) treating emerging rise of
potassium with dose adjustments of drugs likely to increase
serum potassium, and/or using potassium binders. One
should use good clinical judgement to mitigate an increase
in serum potassium levels before adding another drug to
the polypharmacy of a HF patient. Finally, education
should be more generally applied to potassium
haemostasis. Hypokalaemia is also an often-overlooked
cause of iatrogenic mortality among patients with cardio-
vascular conditions. Focus on hyperkalaemia should not
shift the attention to only ‘one side of the coin’.

Potassium binders

The majority of potassium is renally excreted, but ~5-10%
is secreted in the colon. Two new agents, patiromer and so-
dium zirconium cyclosilicate (SZC), were developed for the
treatment of hyperkalaemia. These agents may offer
advantages over existing approaches to hyperkalaemia
treatment (e.g. kayexylate). Both patiromer and SZC act
to remove potassium by exchanging cations (calcium and
sodium for patiromer and SZC, respectively) for potassium
in the gastrointestinal tract, binding potassium, and in-
creasing its faecal excretion.>*

Patiromer clinical trials

The PEARL-HF study (Evaluation of RLY5016 in Heart
Failure Patients) was a multicentre, randomized, double-
blind, placebo-controlled parallel-group study to evaluate
the effects of patiromer in 120 patients with HF.3> All
patients had either an eGFR of <60mL/min or a docu-
mented history of RAASi discontinuation because of hyper-
kalaemia within 6 months. Spironolactone 25 mg/day was
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initiated in all patients. At 28 days, serum potassium was
significantly lower in the patiromer group compared with
placebo and fewer patients randomized to patiromer expe-
rienced serum potassium >5.5 mEq/L (7% vs. 25%;
P=0.015). However, more patiromer-treated patients had
serum potassium <3.5 mEq/L (6% vs. 0%; P=0.094) and
hypomagnesaemia (<1.8mg/dL) was reported in 24% of
the patiromer patients and 2% of the placebo patients
(P=0.001). Overall, patiromer was well tolerated.

The AMETHYST-DN (RLY5016 in the Treatment of
Hyperkalaemia in Patients With Hypertension and Diabetic
Nephropathy) trial*® was a multicentre, randomized, open-
label, dose-ranging study, randomizing 304 patients with
type 2 diabetes mellitus and CKD (eGFR 15 to <60 mL/min/
1.73m?) who developed hyperkalaemia in the setting of
RAASi optimization to either patiromer or ‘control’. Serum
potassium fell with patiromer treatment and rose after
patiromer discontinuation. Serum potassium <3.5 mEq/L
occurred in 17 patients (5.6%). Hypomagnesaemia (7.2%),
and constipation (4.6%) were the most commonly reported
treatment-related adverse events.

The OPAL-HK (Study Evaluating the Efficacy and Safety
of Patiromer for the Treatment of Hyperkalaemia),?
examined the effects of patiromer on serum potassium lev-
els of 102 patients with CKD (eGFR 15 to <60 mL/min/
1.73m?) and serum potassium of 5.1 to <6.5mmol/L. In
this study, patiromer treatment decreased serum potas-
sium levels and reduced hyperkalaemia recurrence com-
pared with placebo. Hypokalaemia (serum potassium of
<3.8mmol/L) was observed in 5% and 2% of the patiromer
and placebo groups, respectively. Hypomagnesaemia oc-
curred in 8 (3%) patiromer patients during the initial treat-
ment phase.

Sodium zirconium cyclosilicate clinical trials

The sodium zirconium cyclosilicate in hyperkalaemia®’ ran-
domized 753 patients with serum potassium between 5.0
and 6.5 mmol/L to either SZC or placebo for 48 h. No spe-
cific requirements for eGFR (excluding dialysis) or RAASi
use were specified. The decrease in serum potassium was
greater with SZC compared with placebo. Adverse events
were rare and similar between SZC and placebo.

The HARMONIZE (Hyperkalaemia Randomized Intervention
Multidose SZC Maintenance) trial?? studied the effects of SZC
on serum potassium levels in 95 HF patients with baseline K*
>5.1 mmol/L. Among these, 93% achieved the target potas-
sium level of 3.5-5mmol/L within 48h of receiving open-
label SZC without adjusting RAASi doses. Oedema was
reported in 2.4% of the placebo group and up to 14.3% with
15g SZC dosing. Serum potassium of <3.5 mmol/L was ob-
served in 10% of patients in the SZC 10g group and 11% of
patients in the SZC 15g group vs. no cases in the 5g or pla-
cebo groups. No clinically significant changes in serum mag-
nesium, phosphate, or bicarbonate were observed.

Taken together, these studies demonstrate that both
patiromer and SZC are effective for reducing hyperka-
laemia. However, both agents increase the rates of
hypokalaemia and patiromer increased rates of hypomag-
nesaemia, and SZC, in particular, is associated with in-
creased oedema in patients with HF.

Potassium binders for the prevention of
hyperkalaemia in heart failure patients: the
equipoise

The benefit of potassium-binding agents in controlling
hyperkalaemia in patients’ at risk, needs to be substanti-
ated with further studies determining whether administra-
tion of potassium-binding agents will allow maximizing the
use of RAASi in patients at risk of hyperkalaemia, and con-
sequently improving clinical outcomes. The current state
of equipoise may be summarized as follows:

e In daily practice, physicians may be less permissive
to hyperkalaemia due to concern about its
consequences.

e Yet, monitoring of serum potassium in daily practice,
including in hyperkalaemia risk situations, is subopti-
mal and below guideline recommendations.

e Inertia is the likely main driver of suboptimal monitor-
ing of serum potassium.

e Inertia is also one reason for lack of optimal monitor-
ing, because time and resource consuming, HF drug-
dose adjustments, including drug re-initiation or re-up
titration after drug discontinuation or down titration,
in response to rise in potassium.

e An increase in serum creatinine after initiation of a
MRA may be due to reversible haemodynamic factors
rather than renal injury.

e Down-titration of RAASi in response to hyperkalaemia
and or an increase in serum creatinine may be unnec-
essarily conservative for many patients, provided that
potassium levels and kidney function are carefully
monitored.

e Potassium-binding agents may enable using life-saving
RAASi at target doses.

e Potassium-binding agents may enable optimal use of
life-saving RAASi and therefore may improve clinical
outcomes.

RAASi therapy is being refined

In the PARADIGM-HF trial,? sacubitril/valsartan (an angio-
tensin receptor blocker combined with a neprilysin inhibi-
tor), when used concomitantly with an MRA, resulted in
lower hyperkalaemia rates when compared to the concom-
itant use of enalapril and an MRA. This lower risk of hyper-
kalaemia was also observed among participants who were
not treated with an MRA at baseline but who were initiated
on MRA therapy during the course of the study.? These data
from the PARADIGM-HF trial suggest that the substitution of
an angiotensin-converting enzyme inhibitor (ACEi) or an-
giotensin receptor blocker (ARB) for sacubitril/valsartan
may enhance the potassium safety and tolerability of MRAs
in suitable HF-REF patients by moderating the risk of seri-
ous hyperkalaemia. Therefore, future studies of potassium
binders might be needed specifically within the context of
use of HF medications, including sacubitril/valsartan.
Several new non-steroidal MRAs are being developed.
The one that has undergone the most extensive clinical
evaluation is finerenone.>® Finerenone is tightly bound to
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Table 1 Spironolactone dose adjustment proposal

Serum K™ (mmol/L) Dose adjustment

Baseline:

eGFR >50mL/min/1.73 m?> — spironolactone dose =25 mg/day
eGFR 30-49 mL/min/1.73 m? — spironolactone dose = 25 mg every other day

<4.5 Increase dose:

If spironolactone dose =25 mg/day — increase to 50 mg/day
If spironolactone dose = 25 mg every other day — increase to 25 mg/day

4.5-5.4

5.5-5.9 Decrease dose:

No adjustment recommended

If spironolactone dose =50 mg/day — decrease to 25 mg/day
If spironolactone dose =25 mg/day — decrease to 25 mg very other day
If spironolactone dose =25 mg every other day — stop treatment
>6.0 Stop treatment and reintroduce when serum K™ <4.5 mmol/L
Stop treatment at any case if eGFR <30 mL/min/1.73 m? and reintroduce upon clinical decision

and highly specific for the MRA. In the ARTS trial,* finere-
none was compared to spironolactone in patients with HF-
REF and CKD. The incidence of hyperkalaemia was less fre-
quent with finerenone compared with spironolactone (5.3%
vs. 12.7%, P=0.048). In the ARTS-HF study,*' finerenone
was compared to eplerenone in patients with chronic HF-
REF plus CKD and/or diabetes mellitus. A potassium level
increase to >5.6mmol/L at any time point occurred in
4.3% of patients without differences between finerenone
and eplerenone. Finerenone is currently under evaluation
in patients with diabetic nephropathy (FIDELIO trial:
NCT02540993) and in patients with renal disease at in-
creased risk for cardiovascular events (FIGARO trial:
NCT02545049). These patients are also at increased risk of
hyperkalaemia. It has to be seen whether finerenone will
be ‘potassium-safe’ and whether potassium binders might
be useful in this context of use. Unfortunately, finerenone
is not currently being developed for HF.

How to manage the risk of hyperkalaemia?

Most often, hyperkalaemia is predictable, manageable,
and reversible. Risk factors for hyperkalaemia are well
documented and include: advanced stages of CKD (fre-
quency up to 40-50%),%° chronic HF (frequency up to
30%),2" diabetes mellitus (frequency up to 17%),** resistant
hypertension with add-on MRA therapy (frequency 8-
17%),*® advanced age,** and drugs that interfere with renal
potassium excretion (especially when used concomi-
tantly).** In all these conditions, more frequent serum po-
tassium monitoring is advisable, patient education about
potassium diet is important, and in case of recurrent epi-
sodes of hyperkalaemia the use of potassium binders may
be useful in maintaining normokalaemia and optimal RAASi
therapy. Monitoring of serum potassium is often over-
looked, even in high-risk situations and after an episode of
hyperkalaemia."® International guidelines suggest that se-
rum potassium should be tested within 120 days before ini-
tiation of a RAASI, during the early post-initiation period
(Days 1 through 10), and during the extended post-

initiation period (Days 11 through 90), typically every 4
months.*> This cycle of monitoring should be repeated at
each new RAASi initiation, re-initiation or dose adjust-
ment, and after any change in electrolyte status.

How to manage hyperkalaemia?

Dietary management

Restriction of dietary potassium to <2.4g/day is recom-
mended in patients with stage 3 (eGFR <60mL/min/
1.73m?) or higher CKD.“® However, specific guideline-
directed advice is lacking on dietary potassium intake for
other patient groups at risk of hyperkalaemia. In patients
with HF in whom sodium restriction is frequently advised,
the use of salt substitutes including potassium chloride
may expose these patients to the risk of hyperkalaemia, es-
pecially if they have concomitant CKD or diabetes mellitus.
Although patients are often educated to avoid commonly
recognized high-potassium foods, many high-potassium
foods may remain unrecognized by patients and healthcare
providers. Patients at risk for hyperkalaemia should receive
comprehensive dietary potassium education and if neces-
sary consultation with a dietician.

Dose adjustments

The management of hyperkalaemia may require a short-
term cessation of potassium-retaining agents and/or
RAASi, but this should be minimized and RAASi should be
carefully reintroduced as soon as possible while monitoring
potassium levels.%?

One suggested approach is to reduce ACEi/ARB dose by
50% and recheck the serum potassium in 5-7 days until it
has returned to baseline. If serum potassium does not re-
turn to baseline in ~2-4weeks, discontinue the ACEi/ARB.
If the patient is taking some combination of an ACEi or ARB
and a MRA, discontinue one of the agents and recheck the
potassium within 5-7 days.**

In the case of the MRA spironolactone a detailed algo-
rithm for dose adjustment is provided in Table 1.
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Future developments and potential clinical
applications

The FDA and EMA approved Patiromer and SZC for the
treatment of chronic hyperkalaemia in patients receiving
RAASi, with the ‘wide’ indication of ‘treatment of
hyperkalaemia’.

Physicians will have to figure out how they may take ad-
vantage of these agents. Certainly, because of these are
safer compared to the ‘older’ potassium binders, physicians
may feel more comfortable using Patiromer or SZC to miti-
gate transient increases in serum potassium in patients re-
ceiving RAASi therapy. Further clinical experience will be
required, and future studies may help understand when
best to use these medications, i.e. at what level of serum
potassium they should be initiated and whether or not they
should be initiated before or after adjusting the doses of
RAASi. The optimal duration of treatment in clinical prac-
tice will also need to be better described, i.e. should the K™
binder be discontinued after resolution of hyperkalaemia or
continued with the aim of preventing a recurrence of hyper-
kalaemia in high-risk patients? Importantly, Patiromer and
SZC are not interchangeable. They have important pharma-
cokinetic and safety profile differences. Ideally, a head-to-
head comparison should help physicians determine the best
conditions to use Patiromer and SZC, respectively. Cost and
reimbursement are other factors which will influence the
clinical use of Patiromer and SZC. Cost-effectiveness studies
are required including a comparison to the currently used
potassium binder resins (calcium polystyrene sulfonate and
sodium polystyrene sulfonate).

The benefit of more aggressive use of RAASi with higher
doses might also be investigated if facilitated with concom-
itant use of potassium binders.

A potential use of the new potassium-lowering agents
would be to allow new indications, such as the use of MRAs in
patients with an eGFR <30mL/min/1.73m? in whom they
are currently contraindicated due to the fear of inducing
hyperkalaemia and further renal dysfunction. Another poten-
tial use of the new potassium-lowering agents in association
with a MRA could be in patients with ESRD on renal dialysis
who are at a high risk for HF and sudden cardiac death.

The long-term risks and benefits of strategies using
potassium-lowering agents should be thoroughly tested in
adequately powered outcome trials.?**’

Conflict of interest: F.Z. has received consultant/scientific advisory
board fees from Actelion, Astrazeneca, Amgen, Bayer, Boehringer,
Boston Scientific, CEVA, CVRx, EDDH, GE Healthcare, Janssen,
Novartis, Pfizer, Quantum Genomics, Relypsa, Resmed, Stealth pep-
tide, Takeda, and ZS Pharma. He is CardioRenal co-founder. J.P.F. has
no conflicts of interest to declare. B.P. is a consultant to Bayer, Astra
Zeneca, Sanofi, Stealth peptides, Relypsa/Vifor*, Sarfez*, KBP
Biosciences*, Tricida*, and Sc Pharmaceuticals*. He has patent—site-
specific delivery of eplerenone to the myocardium—US Patent #
9931412 (* denotes stock options).

References

1. McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR,
Rouleau JL, Shi VC, Solomon SD, Swedberg K, Zile MR. Angiotensin-

neprilysin inhibition versus enalapril in heart failure. N Engl J Med
2014;371:993-1004.

. Desai AS, Vardeny O, Claggett B, McMurray JJ, Packer M, Swedberg

K, Rouleau JL, Zile MR, Lefkowitz M, Shi V, Solomon SD. Reduced risk
of hyperkalemia during treatment of heart failure with mineralocor-
ticoid receptor antagonists by use of sacubitril/valsartan compared
with enalapril: a secondary analysis of the PARADIGM-HF trial. JAMA
Cardiol 2017;2:79-85.

. bamman K, Gori M, Claggett B, Jhund PS, Senni M, Lefkowitz MP,

Prescott MF, Shi VC, Rouleau JL, Swedberg K, Zile MR, Packer M,
Desai AS, Solomon SD, McMurray JJV. Renal effects and associated
outcomes during angiotensin-neprilysin inhibition in heart failure.
JACC Heart Fail 2018;6:489-498.

. Ko DT, Juurlink DN, Mamdani MM, You JJ, Wang JT, Donovan LR, Tu

JV. Appropriateness of spironolactone prescribing in heart failure
patients: a population-based study. J Card Fail 2006;12:205-210.

. Juurlink DN, Mamdani MM, Lee DS, Kopp A, Austin PC, Laupacis A,

Redelmeier DA. Rates of hyperkalemia after publication of the
Randomized Aldactone Evaluation Study. N Engl J Med 2004;351:
543-551.

. Bozkurt B, Agoston I, Knowlton AA. Complications of inappropriate

use of spironolactone in heart failure: when an old medicine spirals
out of new guidelines. J Am Coll Cardiol 2003;41:211-214.

. Ferreira JP, Rossignol P, Machu JL, Sharma A, Girerd N, Anker SD,

Cleland JG, Dickstein K, Filippatos G, Hillege HL, Lang CC, Ter
Maaten JM, Metra M, Ng L, Ponikowski P, Samani NJ, van Veldhuisen
DJ, Zwinderman AH, Voors A, Zannad F. Mineralocorticoid receptor
antagonist pattern of use in heart failure with reduced ejection frac-
tion: findings from BIOSTAT-CHF. Eur J Heart Fail 2017;19:
1284-1293.

. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ,

Falk V, Gonzalez-Juanatey JR, Harjola VP, Jankowska EA, Jessup M,
Linde C, Nihoyannopoulos P, Parissis JT, Pieske B, Riley JP, Rosano GM,
Ruilope LM, Ruschitzka F, Rutten FH, van der Meer P. 2016 ESC
Guidelines for the diagnosis and treatment of acute and chronic heart
failure: the Task Force for the diagnosis and treatment of acute and
chronic heart failure of the European Society of Cardiology (ESC).
Developed with the special contribution of the Heart Failure
Association (HFA) of the ESC. Eur J Heart Fail 2016;37:2129-2200.

. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Colvin MM,

Drazner MH, Filippatos G, Fonarow GC, Givertz MM, Hollenberg SM,
Lindenfeld J, Masoudi FA, McBride PE, Peterson PN, Stevenson LW,
Westlake C. 2016 ACC/AHA/HFSA focused update on new pharmaco-
logical therapy for heart failure: an update of the 2013 ACCF/AHA
guideline for the management of heart failure: a report of the
American College of Cardiology/American Heart Association Task
Force on Clinical Practice Guidelines and the Heart Failure Society
of America. J Am Coll Cardiol 2016;68:1476-1488.

. Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, Palensky

J, Wittes J. The effect of spironolactone on morbidity and mortality
in patients with severe heart failure. Randomized Aldactone
Evaluation Study Investigators. N Engl J Med 1999;341:709-717.

. Zannad F, McMurray JJ, Krum H, van Veldhuisen DJ, Swedberg K, Shi

H, Vincent J, Pocock SJ, Pitt B. Eplerenone in patients with systolic
heart failure and mild symptoms. N Engl J Med 2011;364:11-21.

. Zannad F, Gattis Stough W, Rossignol P, Bauersachs J, McMurray JJ,

Swedberg K, Struthers AD, Voors AA, Ruilope LM, Bakris GL,
0O’Connor CM, Gheorghiade M, Mentz RJ, Cohen-Solal A, Maggioni AP,
Beygui F, Filippatos GS, Massy ZA, Pathak A, Pina IL, Sabbah HN, Sica
DA, Tavazzi L, Pitt B. Mineralocorticoid receptor antagonists for
heart failure with reduced ejection fraction: integrating evidence
into clinical practice. Eur Heart J 2012;33:2782-2795.

. Williams EM, Katholi RE, Karambelas MR. Use and side-effect profile

of spironolactone in a private cardiologist’s practice. Clin Cardiol
2006;29:149-153.

. Shah KB, Rao K, Sawyer R, Gottlieb SS. The adequacy of laboratory

monitoring in patients treated with spironolactone for congestive
heart failure. J Am Coll Cardiol 2005;46:845-849.

. Cooper LB, Hammill BG, Peterson ED, Pitt B, Maciejewski ML, Curtis

LH, Hernandez AF. Consistency of laboratory monitoring during initi-
ation of mineralocorticoid receptor antagonist therapy in patients
with heart failure. JAMA 2015;314:1973-1975.

. Pitt B, Williams G, Remme W, Martinez F, Lopez-Sendon J, Zannad F,

Neaton J, Roniker B, Hurley S, Burns D, Bittman R, Kleiman J. The


Deleted Text: hyperkale
Deleted Text: ``
Deleted Text: ''
Deleted Text: ``
Deleted Text: hyperkale
Deleted Text: ''
Deleted Text: ``
Deleted Text: '' 
Deleted Text:  
Deleted Text:  
Deleted Text:  
Deleted Text: l
Deleted Text:  
Deleted Text: hyperkale

A60

F. Zannad et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

EPHESUS trial: eplerenone in patients with heart failure due to sys-
tolic dysfunction complicating acute myocardial infarction.
Eplerenone Post-AMI Heart Failure Efficacy and Survival Study.
Cardiovasc Drugs Ther 2001;15:79-87.

Montalescot G, Pitt B, Lopez de Sa E, Hamm CW, Flather M, Verheugt
F, Shi H, Turgonyi E, Orri M, Vincent J, Zannad F. Early eplerenone
treatment in patients with acute ST-elevation myocardial infarction
without heart failure: the Randomized Double-Blind Reminder Study.
Eur Heart J 2014;35:2295-2302.

Beygui F, Cayla G, Roule V, Roubille F, Delarche N, Silvain J, Van
Belle E, Belle L, Galinier M, Motreff P, Cornillet L, Collet JP, Furber
A, Goldstein P, Ecollan P, Legallois D, Lebon A, Rousseau H,
Machecourt J, Zannad F, Vicaut E, Montalescot G. Early aldosterone
blockade in acute myocardial infarction: the ALBATROSS Randomized
Clinical Trial. J Am Coll Cardiol 2016;67:1917-1927.

Butler J, Anstrom KJ, Felker GM, Givertz MM, Kalogeropoulos AP,
Konstam MA, Mann DL, Margulies KB, McNulty SE, Mentz RJ, Redfield
MM, Tang WHW, Whellan DJ, Shah M, Desvigne-Nickens P, Hernandez
AF, Braunwald E. Efficacy and safety of spironolactone in acute heart
failure: the ATHENA-HF randomized clinical trial. JAMA Cardiol
2017;2:950.

Rossignol P, Dobre D, McMurray JJ, Swedberg K, Krum H, van
Veldhuisen DJ, Shi H, Messig M, Vincent J, Girerd N, Bakris G, Pitt B,
Zannad F. Incidence, determinants, and prognostic significance of
hyperkalemia and worsening renal function in patients with heart
failure receiving the mineralocorticoid receptor antagonist eplere-
none or placebo in addition to optimal medical therapy: results from
the Eplerenone in Mild Patients Hospitalization and Survival Study in
Heart Failure (EMPHASIS-HF). Circ Heart Fail 2014;7:51-58.

Vardeny O, Claggett B, Anand I, Rossignol P, Desai AS, Zannad F, Pitt
B, Solomon SD. Incidence, predictors, and outcomes related to hypo-
and hyperkalemia in patients with severe heart failure treated with
a mineralocorticoid receptor antagonist. Circ Heart Fail 2014;7:
573-579.

Anker SD, Kosiborod M, Zannad F, Pina IL, McCullough PA, Filippatos
G, van der Meer P, Ponikowski P, Rasmussen HS, Lavin PT, Singh B,
Yang A, Deedwania P. Maintenance of serum potassium with sodium
zirconium cyclosilicate (ZS-9) in heart failure patients: results from
a phase 3 randomized, double-blind, placebo-controlled trial. Eur J
Heart Fail 2015;17:1050-1056.

Pitt B, Bakris GL, Bushinsky DA, Garza D, Mayo MR, Stasiv Y, Christ-
Schmidt H, Berman L, Weir MR. Effect of patiromer on reducing se-
rum potassium and preventing recurrent hyperkalaemia in patients
with heart failure and chronic kidney disease on RAAS inhibitors. Eur
J Heart Fail 2015;17:1057-1065.

Aldahl M, Jensen A-SC, Davidsen L, Eriksen MA, Megller Hansen S,
Nielsen BJ, Krogager ML, Keber L, Torp-Pedersen C, Segaard P.
Associations of serum potassium levels with mortality in chronic
heart failure patients. Eur Heart J 2017;38:2890-2896.

Nunez J, Bayes-Genis A, Zannad F, Rossignol P, Nunez E, Bodi V,
Minana G, Santas E, Chorro FJ, Mollar A, Carratala A, Navarro J,
Gorriz JL, Lupon J, Husser O, Metra M, Sanchis J. Long-term potas-
sium monitoring and dynamics in heart failure and risk of mortality.
Circulation 2018;137:1320-1330.

Collins AJ, Pitt B, Reaven N, Funk S, McGaughey K, Wilson D,
Bushinsky DA. Association of serum potassium with all-cause mortal-
ity in patients with and without heart failure, chronic kidney dis-
ease, and/or diabetes. Am J Nephrol 2017;46:213-221.

Krogager ML, Torp-Pedersen C, Mortensen RN, Kober L, Gislason G,
Sogaard P, Aasbjerg K. Short-term mortality risk of serum potassium
levels in hypertension: a retrospective analysis of nationwide regis-
try data. Eur Heart J 2016;38:104-112.

Goyal A, Spertus JA, Gosch K, Venkitachalam L, Jones PG, Van den
Berghe G, Kosiborod M. Serum potassium levels and mortality in
acute myocardial infarction. JAMA 2012;307:157-164.

Pitt B, Rossignol P. Serum potassium in patients with chronic heart
failure: once we make a U-turn where should we go? Eur Heart J
2017;38:2897-2899.

Kovesdy CP, Matsushita K, Sang Y, Brunskill NJ, Carrero JJ, Chodick
G, Hasegawa T, Heerspink HL, Hirayama A, Landman GWD, Levin A,
Nitsch D, Wheeler DC, Coresh J, Hallan SI, Shalev V, Grams ME,
Consortium CKDP. Serum potassium and adverse outcomes across the
range of kidney function: a CKD Prognosis Consortium meta-analysis.
Eur Heart J 2018;39:1535-1542.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Konstam MA, Neaton JD, Dickstein K, Drexler H, Komajda M,
Martinez FA, Riegger GA, Malbecq W, Smith RD, Guptha S, Poole-
Wilson PA. Effects of high-dose versus low-dose losartan on clinical
outcomes in patients with heart failure (HEAAL study): a rando-
mised, double-blind trial. Lancet 2009;374:1840-1848.

Packer M, Poole-Wilson PA, Armstrong PW, Cleland JG, Horowitz JD,
Massie BM, Ryden L, Thygesen K, Uretsky BF. Comparative effects of
low and high doses of the angiotensin-converting enzyme inhibitor,
lisinopril, on morbidity and mortality in chronic heart failure. ATLAS
Study Group. Circulation 1999;100:2312-2318.

Kosiborod M, Rasmussen HS, Lavin P, Qunibi WY, Spinowitz B,
Packham D, Roger SD, Yang A, Lerma E, Singh B. Effect of sodium zir-
conium cyclosilicate on potassium lowering for 28 days among outpa-
tients with hyperkalemia: the HARMONIZE randomized clinical trial.
JAMA 2014;312:2223-2233.

Tamargo J, Caballero R, Delpon E. New drugs for the treatment of
hyperkalemia in patients treated with renin-angiotensin-aldosterone
system inhibitors - hype or hope? Discov Med 2014;18:249-254.

Pitt B, Anker SD, Bushinsky DA, Kitzman DW, Zannad F, Huang IZ.
Evaluation of the efficacy and safety of RLY5016, a polymeric potas-
sium binder, in a double-blind, placebo-controlled study in patients
with chronic heart failure (the PEARL-HF) trial. Eur Heart J 2011;32:
820-828.

Bakris GL, Pitt B, Weir MR, Freeman MW, Mayo MR, Garza D, Stasiv Y,
Zawadzki R, Berman L, Bushinsky DA. Effect of patiromer on serum
potassium level in patients with hyperkalemia and diabetic kidney
disease: the AMETHYST-DN randomized clinical trial. JAMA 2015;
314:151-161.

Packham DK, Rasmussen HS, Lavin PT, El-Shahawy MA, Roger SD,
Block G, Qunibi W, Pergola P, Singh B. Sodium zirconium cyclosilicate
in hyperkalemia. N Engl J Med 2015;372:222-231.

Konstam MA. Hyperkalaemia in heart failure: binding the patient to
improved treatment? Eur J Heart Fail 2015;17:997-999.

Liu LC, Schutte E, Gansevoort RT, van der Meer P, Voors AA.
Finerenone: third-generation mineralocorticoid receptor antagonist
for the treatment of heart failure and diabetic kidney disease.
Expert Opin Investig Drugs 2015;24:1123-1135.

Pitt B, Kober L, Ponikowski P, Gheorghiade M, Filippatos G, Krum H,
Nowack C, Kolkhof P, Kim SY, Zannad F. Safety and tolerability of the
novel non-steroidal mineralocorticoid receptor antagonist BAY 94-
8862 in patients with chronic heart failure and mild or moderate
chronic kidney disease: a randomized, double-blind trial. Eur Heart
J 2013;34:2453-2463.

Filippatos G, Anker SD, Bohm M, Gheorghiade M, Kober L, Krum H,
Maggioni AP, Ponikowski P, Voors AA, Zannad F, Kim SY, Nowack C,
Palombo G, Kolkhof P, Kimmeskamp-Kirschbaum N, Pieper A, Pitt B.
A randomized controlled study of finerenone vs. eplerenone in
patients with worsening chronic heart failure and diabetes mellitus
and/or chronic kidney disease. Eur Heart J 2016;37:2105-2114.
Uribarri J, Oh MS, Carroll HJ. Hyperkalemia in diabetes mellitus.
J Diabet Complications 1990;4:3-7.

Khosla N, Kalaitzidis R, Bakris GL. Predictors of hyperkalemia risk
following hypertension control with aldosterone blockade. Am J
Nephrol 2009;30:418-424.

Palmer BF. Managing hyperkalemia caused by inhibitors of the
renin-angiotensin-aldosterone system. N Engl J Med 2004;351:
585-592.

Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner MH,
Fonarow GC, Geraci SA, Horwich T, Januzzi JL, Johnson MR, Kasper
EK, Levy WC, Masoudi FA, McBride PE, McMurray JJ, Mitchell JE,
Peterson PN, Riegel B, Sam F, Stevenson LW, Tang WH, Tsai EJ,
Wilkoff BL. 2013 ACCF/AHA guideline for the management of heart
failure: executive summary: a report of the American College of
Cardiology Foundation/American Heart Association Task Force on
practice guidelines. Circulation 2013;128:1810-1852.

Kidney Disease Outcomes Quality Initiative (K/DOQI). K/DOQI
clinical practice guidelines on hypertension and antihypertensive
agents in chronic kidney disease. Am J Kidney Dis 2004;43:11-290.
Zannad F, Rossignol P, Stough WG, Epstein M, Alonso Garcia M. DL A,
Bakris GL, Butler J, Kosiborod M, Berman L, Mebazaa A, Rasmussen
HS, Ruilope LM, Stockbridge N, Thompson A, Wittes J, Pitt B. New
approaches to hyperkalemia in patients with indications for renin an-
giotensin aldosterone inhibitors: considerations for trial design and
regulatory approval. Int J Cardiol 2016;216:46-51.



