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MEETING SUMMARY
This educational symposium discussed advances in blocking the renin–angiotensin–aldosterone system
(RAAS) for patients with chronic systolic heart failure (HF), and the issues of managing hyperkalaemia in
these patients.
Prof John McMurray introduced the session, outlining the current treatment paradigm and the challenges
presented by the associated risks of hyperkalaemia. Prof Faiez Zannad discussed the under-utilisation of
life-saving RAAS inhibitor (RAASi) drugs in clinical practice and the benefits to be gained for patients
by optimising their use. Prof Ileana Piña reviewed current advances in pharmacological treatments
for chronic HF that aim to reduce the risks of renal dysfunction and hyperkalaemia. Finally, Prof John
McMurray discussed the potential of new treatment paradigms for improved outcomes in patients with
chronic HF.

Symposium Background and
Learning Objectives
Treatment with agents that block the RAAS
(RAASi) is considered the standard of care (SOC)
for patients with systolic HF (HF with reduced
ejection fraction [HF-REF]).1 However, their use is
associated with an increased risk of hyperkalaemia.
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Hyperkalaemia is defined by an abnormally high
concentration of potassium ions in the blood
(>5.0 mmol/L according to US guidelines).2 It can
become a chronic, persistent condition that is an
ongoing concern for patients with HF, as serum
potassium levels >5 mmol/L have been associated
with an increased risk of mortality in patients with
cardiovascular and renal diseases.3
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Current practice is to discontinue or reduce the use
of RAASi in patients who develop hyperkalaemia.
However, lack of knowledge regarding when to
titrate, or the failure to titrate, these drugs leads
to variation in their use in practice as clinicians
attempt to avoid harm. Registries have consistently
reported a large gap between real-life practice
and recommended practice in international
guidelines in the use of these life-saving, evidencebased therapies.4,5
With new options for the treatment of
hyperkalaemia becoming available, it may
be feasible to follow guidelines for directed
medical therapy and optimise the use of RAASi,
allowing patients to benefit from these lifesaving treatments, before considering other
therapeutic options.6
The learning objectives of the symposium were:
1) To explain why RAASi doses should be optimised
and maintained; 2) To review the reasons why
target doses are not reached for RAASi; 3) To
compare and contrast new pharmacological
options for RAAS inhibition and hyperkalaemia
management; and 4) To describe the barriers and
challenges to RAASi use in HF, in order to identify
new paradigms for consideration in achieving
better outcomes for HF patients.

Professor Faiez Zannad
RAASi have a proven benefit in reducing deaths
in HF patients, and international guidelines, such
as those published by the European Society of
Cardiology (ESC), recommend their use in patients
with systolic HF.1 Our analysis of the ESC Heart
Failure Long-term Registry shows that not all
patients who are eligible for these drugs are being
treated with them. In this registry, <10% of eligible
ambulatory patients with chronic HF are not
treated with either angiotensin-converting enzyme
inhibitors (ACEi) or aldosterone receptor blockers
(ARBs) and beta-blockers, while around 30% of
patients eligible for mineralocorticoid receptor
antagonists (MRAs) are not being treated either.4
While the majority of eligible patients in this
registry were receiving RAASi, many were not
receiving them at their target dose (70.7% of
those on ACEi, 75.9% of those on ARBs, 82.5% of
those on beta-blockers, and 69.5% of those on
MRAs).4 Previous reports in the literature from the
US show higher rates of underuse, such as 80% of
eligible patients receiving an ACEi or ARB, 86%
receiving a beta-blocker, but only 36% receiving
an MRA in the IMPROVE HF registry of outpatient
cardiology practices.7

Rates of death after visit 2 (4 weeks) by treatment,
based on serum potassium levels at visit 2.
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Figure 1: Mortality in the RALES study population in relation to serum potassium levels.
p<0.0001 for comparison between spironolactone and placebo. Shaded areas represent 95%
confidence intervals.
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The main reasons for underuse of these
treatments are chronic kidney disease (CKD) and
hyperkalaemia.4,8 Hyperkalaemia is a serious threat
to HF patients and is associated with increased
mortality.3 Our findings from the ESC registry
study and the IMPROVE HF registry suggest that
concern over these serious risks leads clinicians to
discontinue RAASi or use them at doses below the
guidelines’ recommended target: approximately
60% of patients on ACEi or ARBs and approximately
70% of patients on beta-blockers were below the
target dose at baseline and 2 years later. This is of
concern as it has been shown that patients who do
not receive RAASi at discharge from hospitalisation
for HF have double the 30-day risk of death
or readmission.9

Odds ratio of death within 24-hour period
(within 1 day of hyperkalaemia event)

Even in patients with severe renal disease,
treatment with RAASi can reduce mortality.10
The range of potassium levels in clinical trials
may be underestimated, since patients with
multiple comorbidities or moderate-to-severe renal
impairment have typically been excluded.11-14 In
clinical practice, cardiologists treating patients
with HF may have to deal with higher rates of
hyperkalaemia, depending on the patient
population and severity of CKD.3,15-19 An
understanding of the mechanism of action of
RAASi shows that elevations in potassium levels
are a common feature of all RAASi, and increases
in mortality rates were seen at levels >5.0 mmol/L
in the original studies (Figure 1).20 Patients with
risk factors for hyperkalaemia, including older age,

diabetes, and CKD, are also those who receive the
greatest absolute benefit from RAASi therapy.3,13
These data demonstrate that increased survival
can be achieved in patients with HF who are at
risk of hyperkalaemia due to the development of
new hyperkalaemia therapies, through the use
of algorithm-based, life-saving RAASi treatment,
and by monitoring of potassium and creatinine
levels.13,21 If hyperkalaemia occurs, clinical outcomes
can be optimised by the prompt recognition
and management of hyperkalaemia, and the
new potassium binders can potentially treat
hyperkalaemia without the need to reduce
or discontinue RAASi, allowing patients to
continue benefitting from reduced mortality
and hospitalisation.6

New Pharmacological Options for Heart
Failure
Professor Ileana L. Piña
The treatment of HF today is complex, with
challenging patients who present in clinics with
more comorbidities and more advanced disease.
The goals of treatment remain unchanged and aim
to alleviate symptoms, reduce excess extracellular
fluid volume, improve haemodynamics, maintain
renal function and perfusion to vital organs, prevent
hospital admissions, avoid disease progression,
and reduce deaths. Optimising chronic therapy
for HF patients is a key part of these goals.

Retrospective analysis of 245,808 veterans
25

Potassium serum level, mmol/L
<5.5

19.5

20

>5.5 and <6.0
>6.0

15

11.6

10
5.4

5.7

5
1.0

1.1
0
Stage 3

Stage 4

Severity of chronic kidney disease

Figure 2: Risk of mortality in relation to serum potassium levels in a retrospective cohort of patients with
heart failure and chronic kidney disease.3
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Current treatment options for patients with systolic
HF are limited by issues of hypotension, reductions
in renal function, and hyperkalaemia. Exciting
advances in pharmacological treatments for HF
may overcome these limitations by addressing new
targets. Currently, treatments for HF target the
sympathetic nervous system, the RAAS, sodium
and water retention, and loss of contractility. The
question is whether the new drugs in development
(vasodilators, synthetic natriuretic peptides, sinus
node inhibitors, neutral endopeptidase inhibitors
[used with ARBs or an angiotensin receptor
neprilysin inhibitor such as valsartan/sacubitril
(LCZ696)], actin–myosin binders, and potassium
binders) will be subject to the same limitations
or not.
Serelaxin is a new vasodilator drug that has shown
efficacy for the primary endpoint of dyspnoea
relief in acute HF in the RELAX-AHF trial.22,23
Notably, the risk of cardiovascular death was
significantly reduced at 6 months with SOC plus
serelaxin versus SOC plus placebo (hazard ratio
[HR]: 0.63, 95% confidence interval [CI]: 0.41–0.96;
p=0.028), and this is now being investigated
further in the ongoing RELAX-AHF-2 prospective
mortality trial (NCT01870778). It is also of interest
that the serelaxin group showed fewer increases in
creatinine and blood urea nitrogen, indicating fewer
patients at risk of reduced renal function versus the
placebo group.22,23
Ularitide is a synthetic natriuretic peptide that
causes vasodilation, diuresis, and natriuresis. It has
demonstrated symptom relief and vasodilation
with preserved renal function in Phase I and II trials,
and is currently in a Phase III trial for safety and
efficacy on clinical status and mortality outcome
safety in acute HF (TRUE-AHF).24,25 This trial aims
to enrol patients within the first few hours of
presenting at the hospital as there is evidence
that treating patients as early as possible
is beneficial.24
Ivabradine inhibits the sinus node by targeting
the If pacemaker current sodium channel and
hence reducing heart rate. This drug was recently
approved in Europe and the USA on the basis of
the SHIFT trial, which demonstrated improvements
in the primary endpoint of cardiovascular mortality
and hospitalisations (HR for the combined primary
endpoint: 0.82, 95% CI: 0.75–0.90; p<0.001). This
was driven by reductions in hospitalisations more
than reductions in cardiovascular mortality.26
Analysis of factors influencing outcomes showed
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that ivabradine was more effective in patients with
high baseline heart rate, and in fact only about half
of the patients (56%) in the trial were receiving
>50% of their target dose of beta-blocker,
confirming the challenge of optimising patients’
chronic heart therapy.
Loss of contractility has traditionally been treated
with inotropes, but their use is restricted by
increased mortality. The novel selective cardiac
myosin activator omecamtiv mecarbil (OM) is a
promising new drug in development that does
not change left ventricle contractility (dP/dt), but
strengthens and prolongs it without increasing
oxygen consumption in the myocardium.27,28 In the
Phase II ATOMIC-AHF trial of OM in HF, despite
the study not reaching its primary endpoint of
dyspnoea relief, the response appeared to be
better in the cohort of patients given higher doses
of the drug.28 Further trials to assess the efficacy
of this new approach in treating loss of contractility
are ongoing.
An important advance in the treatment of patients
with HF has been the development of potassium
binders to address the need for hyperkalaemia
management, in particular for hyperkalaemia
resulting from RAAS inhibition. The clinical evidence
base for the use of RAASi to benefit both postmyocardial infarction and chronic HF patients
is strong, and hence their use is recommended
by international guidelines.2 RAASi treatment,
particularly in combination with comorbidities
such as CKD and/or diabetes, contributes to
hyperkalaemia development in these patients.
While hyperkalaemia can be controlled to some
extent in clinical trials with careful patient selection
and monitoring,11,12,29 this is not representative of
real-life patient populations in whom hyperkalaemia
rates are notably higher.11,30-32 These real-world
rates of potassium levels ≥5.0 mmol/L, combined
with the increasing prevalence of patients with
combined HF, CKD, and diabetes, leads to many
patients not being given RAASi because of the risk
of hyperkalaemia.33,34 It is in the best interests of
clinicians and patients to manage hyperkalaemia,
since it contributes to increased costs through
emergency department visits and hospitalisations,35
and increases the risk of death in HF and renal
disease patients (Figure 2).3,36
Patients find it difficult to control potassium levels
through diet alone, and since the 1950s the only
pharmacological option in the USA for reducing
potassium has been sodium polystyrene sulfonate
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(Kayexalate®), which is neither a pleasant nor
benign treatment.37 Therefore, the availability
of potassium binders is particularly welcome in
order to make it possible for more patients to
benefit from life-saving RAASi therapy. Zirconium
cyclosilicate (ZS-9) is an insoluble, non-absorbed
zirconium silicate that preferentially and selectively
traps potassium ions, and is eliminated in stools
(Figure 3). It has a rapid onset of action due to
the selective mechanism of trapping potassium
ions that starts in the upper gastrointestinal
tract. ZS-9 normalises serum potassium in a median
time of 2.2 hours, and consistently maintains
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normokalaemia across a range of patients receiving
RAASi.38,39 Another agent, patiromer sorbitex
calcium, is a non-specific, organic polymer that
binds potassium primarily in the colon and is then
eliminated in stools. Its slow onset and low response
rate of action may limit its usefulness; however, it
appears to maintain normokalaemia.40
There are also developments in RAASi to treat
HF-REF that may have less severe effects on
potassium levels, in particular the non-steroidal MRA
finerenone. Studies indicate that this drug’s effects
on potassium levels and renal function are doserelated; trials are ongoing.41
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Figure 3: Mechanism of action of ZS-9 in binding potassium.
Similarly to physiological potassium channels, the pore size of ZS-9 is such that only potassium ions (K+)
interact strongly and are selectively captured.
ZS-9: Zirconium cyclosilicate.
Reproduced with permission from Stavros F et al. Characterization of structure and function of ZS-9, a K+
selective ion trap. PLoS One. 2014;9(12):e114686.
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The future prospects for the treatment of HF are
exciting, with new drugs and new targets providing
a wider range of options for treatment, as well as
allowing better use of currently available RAASi by
addressing hyperkalaemia. Lessons learned from
previous trials serve to inform future studies with
regards to earlier intervention and refining the
choice of patient population through biomarkers.
Improvement is also needed in patients’ transition
from acute care to chronic HF therapy in order to
prevent hospital readmissions.42

Paradigm Shifts in the Pharmacological
Management of Heart Failure
Professor John McMurray
The past 30 years have seen several paradigm
shifts in the treatment of HF, which have resulted
in consistent international guidelines owing to the
strong evidence base for the drugs that are used
today.1,2 The core therapies for HF are beta-blockers,
ACEi, ARBs, and MRAs, and there are additional
roles for devices or additional drugs in selected
subsets of patients. Is it possible to improve further
on the current paradigm?
The recent PARADIGM-HF trial suggests that it
will be possible to go beyond RAASi, not just
blocking harmful neurohumoral pathways but also
augmenting potentially beneficial effects. The
new paradigm would aim to harness endogenous
protective systems and replace existing treatments
rather than adding to them. The best understood
protective pathways in the heart are the natriuretic
peptides, which can be augmented by inhibiting
neprilysin. Neprilysin breaks down natriuretic
peptides and a range of other vasoactive
substances, including bradykinin, adrenomedullin,
and substance P, as well as angiotensin II. Coupling
neprilysin inhibition with RAASi (angiotensin
receptor neprilysin inhibition [ARNi]) has the
potential to reset the neurohumoral balance in
patients with HF.43,44
The PARADIGM-HF trial compared the efficacy of
ARNi versus ACEi in patients with HF
-REF. Betablocker and MRA therapy was permitted according
to guidelines. Patients were excluded if their
potassium levels rose above 5.2 mmol/L during a
run-in period, first on enalapril then on valsartan.
The run-in was intended to identify patients
susceptible to hypotension and angioedema
but also excluded patients predisposed to
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hyperkalaemia from the trial population. The trial
was stopped early due to the significant benefits
demonstrated by ARNi, both for cardiovascular
mortality (HR: 0.80, 95% CI: 0.71–0.89; p<0.001)
and HF hospitalisations (HR: 0.79, 95% CI: 0.71–
0.89; p<0.001).43 This treatment gave incremental
benefits even for patients who were treated
with the full combination of beta-blocker, MRA,
and ACEi.44
Safety data from PARADIGM-HF suggest that
ARNi may be better tolerated than the ACEi
comparator, enalapril. There were fewer patients in
the ARNi arm with creatinine levels ≥2.5 mg/dL and
slightly fewer patients with serious hyperkalaemia
(potassium levels ≥6.0 mmol/dL: 5.6% on enalapril
versus 4.3% on valsartan), although still a very
high rate of moderate-to-severe hyperkalaemia
(potassium levels ≥5.5 mmol/L: 17.3% on enalapril
versus 16.1% on valsartan).43 It has yet to be
determined whether these improvements in safety
and efficacy are sufficient for this new treatment
to replace existing ARB or ACEi therapy.
Another potential change to the HF treatment
paradigm is to inhibit the RAAS with a direct renin
inhibitor in order to target the rate-limiting step of
the cascade. The ATMOSPHERE trial comparing
the efficacy of the direct renin inhibitor aliskiren
with enalapril, both singly and in combination, on
mortality and hospitalisation in patients with HF
(NCT00853658), will be reporting in early 2016.45
Non-steroidal MRAs, which aim to have a reduced
effect on renal function, may also change the
treatment paradigm. The Phase IIb ARTS-HF trial of
finerenone versus eplerenone was reported at the
2015 ESC Congress,46 and a Phase III trial is planned
to compare finerenone with eplerenone in patients
with HF and Type 2 diabetes or CKD, who are
at risk of hyperkalaemia, for efficacy in reducing
mortality and hospitalisation.
As already mentioned, improvements in treatment
paradigms can be anticipated with the availability
of potassium binders that can treat or prevent
hyperkalaemia. This could allow more patients
to benefit from RAASi while reducing the risks
associated with hyperkalaemia.
Further improvements to the treatment paradigm
may be available owing to the development of a
new RAASi. TRV(120)027 is a biased angiotensin II
type 1 receptor (AT1R) ligand that selectively
activates the beneficial beta-arrestin pathway, but
blocks the alternative detrimental pathway from
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the AT1R. It is currently being tested in a Phase II
proof-of-concept trial in patients with acute HF.47
In summary, blocking the RAAS is the core of
current treatment of HF. We have the hope of
better ways of inhibiting this system through
addressing new targets, such as neprilysin and
renin. Hyperkalaemia and renal insufficiency remain
the Achilles heel of current RAASi therapy and
prevent many people from benefitting from these
treatments, but this may be addressed by the new
RAASi with reduced effects on potassium levels
or renal function, or by using potassium binders
to manage hyperkalaemia.

Panel Discussion
Prof McMurray invited Prof Piña to explain the
pros and cons of the two different potassium
binders discussed in the symposium. Prof Piña
explained that, whereas ZS-9 was a binder with
a structure that literally caged potassium ions
preferentially, patiromer was an organic polymer
that, when mixed with water, absorbed potassium
in a non-specific manner in the colon. Potassium
levels rise again after withdrawal of both binders.
She noted that the best ways to use the binders
were not yet determined – for example, whether
they should only be used sporadically when
hyperkalaemia occurred, or be prescribed
concomitantly when mineralocorticoids were
initiated. It would be reasonable to raise the dose
of RAASi therapy in patients with controlled
potassium levels. Both drugs have been followedup for 1 year. In addition, more information was
needed on their effects on other electrolytes, such
as sodium, calcium, and magnesium. Prof Zannad
noted that patiromer, as an organic polymer, would
expand in the gastrointestinal tract, and that ZS-9,
because it is an ion trap, would not expand.
However, in the absence of a head-to-head trial,
he could not compare the tolerability of the two
therapies, although the overall safety of both
appeared to be good in their respective trials.
A general practitioner from the UK confirmed
the problem raised by the panel with regard to
patients having their RAASi discontinued when
they are hospitalised, and that non-cardiologist
healthcare professionals (HCPs) were focussing
too much on acute renal injury. He called for more
education in hospitals regarding the balance
of risk and benefit for RAASi and ways to stop
hyperkalaemia. Prof Zannad agreed that the
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evidence from trials indicated that increases of
10–15% in creatinine were not a cause for concern,
and that there was a need to educate HCPs on the
importance of uptitrating a treatment once the
problem has been reversed, since the benefit of
RAASi on mortality is greater than the potential
harm from increased creatinine. On the other hand,
the risks of hyperkalaemia secondary to RAASi
therapy are real and monitoring treatment is
necessary. Prof Zannad emphasised that HF is
a chronic disease that needs chronic, adaptive
therapy with regular monitoring of patients,
which has become more feasible with the advent
of ‘telemedicine’.
The final question was regarding advice on the rate
at which RAASi could be uptitrated, following the
message from the symposium that a patient’s dose
should ideally be optimised by the time they leave
hospital, since further optimisation after discharge
is unlikely. The panel agreed that this depended
on the condition of the individual patient, and that
the paradigm of ‘start low, go slow’ was good
advice where time and resources allowed weekly
uptitration. Prof McMurray noted that in the UK,
where the median hospital stay is 8 days, most
patients can be titrated to a full dose of ACEi by
the time they are discharged, with HF nurses
monitoring electrolyte levels after the patient goes
home. Prof Piña’s practice in the USA, where the
mean hospital stay is 4.5 days, was to uptitrate
doses daily while managing the diuretics by dose
reduction, but this required experience with the
drugs because creatinine levels were affected.
Where shorter hospital stays are the norm, fasteracting agents would make it easier to optimise a
patient’s dose by the time they were discharged.

Conclusions
RAAS inhibition is a proven, life-saving therapy
for patients with HF, and RAASi are recommended
by international guidelines. However, there is still
underuse of these treatments and many patients
are not receiving optimal doses of RAASi
recommended for clinical benefit. Hyperkalaemia
is a key barrier to the optimal use of RAASi.
New, safe, and efficacious therapies to address
hyperkalaemia are being made available, which may
allow patients with HF and a risk of hyperkalaemia
to benefit from increased survival due to RAASi
therapy. New RAASi with fewer undesirable effects
could become available, with the potential to
improve the paradigm for the treatment of HF.
EMJ EUROPEAN MEDICAL JOURNAL
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