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MEETING SUMMARY

Renin-angiotensin-aldosterone system (RAAS) inhibitor therapy has been shown to be beneficial in  
patients with reduced left ventricular systolic function after an acute myocardial infarction, chronic systolic 
heart failure, and resistant hypertension. Although RAAS inhibitors are widely regarded as life-saving  
drugs, their use is often associated with changes in renal function, reducing elimination of potassium 
from the body. This can result in elevated concentrations of serum potassium, known as hyperkalaemia,  
which can in turn lead to potentially life-threatening conduction abnormalities and cardiac arrhythmias,  
and is associated with increased risk of death. 

RAAS inhibitors are intrinsically linked to hyperkalaemia, with renin inhibitors, angiotensin-converting  
enzyme (ACE) inhibitors, angiotensin receptor blockers, and mineral corticoid receptor antagonists all 
increasing serum potassium levels. The consequences of this side effect are treatment discontinuation 
or underdosing in patients with heart failure, which may contribute to a higher rate of heart failure-
related hospitalisations and deaths. However, since the benefits of RAAS inhibitors outweigh the risks of 
hyperkalaemia, there remains the need to overcome these challenges rather than withdraw treatment. 

Treatment options currently available for reducing potassium concentrations have many limitations, 
including uncertain efficacy, potential safety issues, as well as the fact that many therapies are temporising, 
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Introduction 

Treatment with RAAS inhibitors is instrumental 
in the treatment of patients with heart failure 
with reduced ejection fraction (HFrEF) to reduce 
heart failure-related hospitalisations and deaths. 
According to 2016 European Society of Cardiology 
(ESC) guidelines, three out of four life-saving drug 
classes in this patient group have RAAS inhibitor 
properties.1 Large-scale randomised clinical trials 
have demonstrated the critical value of RAAS 
inhibitors. In a prospective propensity score-
matched study of heart patients, all-cause mortality 
was significantly higher when RAAS inhibitors were 
not used.2 Furthermore, in a retrospective study 
of 205,108 patients, discontinuing RAAS inhibitors 
or administering them at a submaximal dose was 
associated with a higher death rate.3 

The class of RAAS inhibitors is broad, including 
ACE inhibitors, angiotensin receptor blockers, and 
aldosterone receptor blockers (Figure 1). However, 
due to their mechanisms of action, the use of 
RAAS inhibitors increases serum potassium ion 
concentrations. Given the risk of hyperkalaemia, 
RAAS inhibitors are frequently discontinued, 
underdosed, or just not given to patients with 
heart failure that are eligible for these life-saving 

medications.4 Hence, there is a substantial unmet 
need for optimisation and maintenance of RAAS 
inhibitor therapy. Developing novel and better 
strategies for the management of hyperkalaemia is 
an integral part of addressing this clinical need.

The issues around optimising RAAS inhibitor  
therapy in heart failure and resistant hypertension 
were discussed by international experts at a 
Lorraine University, Nancy, France, organised, 
educational event held during the ESC Congress 
2016 in Rome. These challenges and solutions 
included predicting the risk of hyperkalaemia, 
preventing the development of hyperkalaemia, 
monitoring serum potassium, and novel agents for 
treating hyperkalaemia.

Renin-Angiotensin-Aldosterone System 
and Potassium Homeostasis 

RAAS is a complex system that plays a vital role 
in maintaining arterial blood pressure, water, and 
electrolyte balance in the body. Renin regulates the 
first step of the RAAS by converting angiotensinogen 
to angiotensin I (Figure 1). Angiotensin I is then 
activated by the enzyme ACE to form angiotensin II.  

only reducing serum potassium levels for a short amount of time, rather than eliminating excess  
potassium from the body. The clinical need to improve hyperkalaemia treatment options has led to the 
emergence of two novel agents: patiromer, which has been approved in the USA, and sodium zirconium 
cyclosilicate (SZC) which is currently in the clinical development stage. Studies have shown that these  
two new agents are efficacious in terms of achieving and maintaining normal potassium levels for up to  
1 year and are well tolerated.

Figure 1: Schematic diagram summarising the renin-angiotensin-aldosterone system.
ACE: angiotensin-converting enzyme. 
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Angiotensin II, in turn, results in the release of 
aldosterone. The system is regulated through a 
negative feedback mechanism.

When RAAS is activated, release of angiotensin II  
increases sympathetic nervous system activity, 
inducing endothelial dysfunction and oxidative 
stress, stimulating vasoconstriction, sodium and 
water retention, and increasing arterial blood  
pressure. Furthermore, aldosterone stimulates 
sodium reabsorption, which in turn causes 
potassium secretion. Over time this can lead to  
adverse cardiovascular effects, and ultimately 
contribute to the development and progression 
of heart failure (Figure 2). Progressive cardiac 
dysfunction can in turn lead to reduced renal 
perfusion (which may further stimulate RAAS 
activation) thus linking chronic heart failure to 
chronic kidney disease.5 

Role of Renin-Angiotensin- 
Aldosterone System Inhibitors

RAAS inhibitors interfere with the RAAS system at 
various levels and lead to favourable cardiovascular 
effects in patients with heart failure. There is much 
evidence to show that RAAS inhibitors confer 
significant benefits to patients suffering from HFrEF. 

Studies have shown that ACE inhibitors, such as 
enalapril, improved mortality6 and left ventricular 
function,7 while early intervention with captopril 
prevented or reversed progressive left ventricular 
remodelling.8 Angiotensin receptor blockers, 
such as candesartan, reduced cardiovascular 
death and hospitalisation for heart failure,9 
while spironolactone improved mortality and  
hospitalisation in patients with symptomatic heart 
failure with reduced systolic function,10 which may 
in part be due to spironolactone reducing cardiac 
remodelling.11 Eplerenone has been demonstrated  
to reduce cardiovascular death and hospitalisation 
for heart failure in patients with heart failure 
symptoms after myocardial infarction and in those 
with chronic symptomatic heart failure with reduced 
systolic function,12 while combined angiotensin 
receptor blockade and neprilysin inhibition 
improved cardiovascular morbidity and mortality 
to a greater extent than using an ACE inhibitor  
(enalapril) alone.13 

RAAS inhibitors also have proven clinical benefits  
in patients with hypertension. A meta-analysis 
of 26 large scale clinical trials involving 146,838 
patients, of which two-thirds were hypertensive,  
showed that treatment with ACE inhibitors or 
angiotensin receptor blockers reduced the risk of  
stroke, heart disease, and heart failure by ≤27%.14  

Decreased  
renal blood 

flow

RAAS  
activation

Endothelial  
dysfunction and  
oxidative stress

Decreased  
GFR/albuminuria 

Chronic 
kidney 
disease

Chronic 
heart 
failure

Figure 2: Role of the renin-angiotensin-aldosterone system in chronic heart failure linking to chronic 
kidney disease.
GFR: glomerular filtration rate; RAAS: renin-angiotensin-aldosterone system.
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RAAS inhibitors were also shown to reduce 
mortality in hypertensive patients in a meta-analysis  
of 20 cardiovascular morbidity-mortality trials 
(N=158,998), where RAAS inhibitor treatment 
reduced all-cause mortality by 5% (hazard ratio 
[HR]: 0.95; 95% confidence interval [CI]: 0.91–1.00; 
p=0.032), and cardiovascular mortality by 7%  
(HR: 0.93; 95% CI: 0.88–0.99; p=0.018).15 

Causes and Risks of Hyperkalaemia 

As stated above, due to blocking the RAAS system, 
RAAS inhibitors can cause reduced elimination of 
potassium by affecting potassium handling in the 
kidney, subsequently leading to hyperkalaemia.16 
A meta-analysis of five randomised controlled 
trials involving 553 patients showed that the RAAS 
inhibitor spironolactone, despite being highly 
effective at reducing resistant hypertension, raised 
serum potassium levels.17 The risks of hyperkalaemia 
include conduction system abnormalities 
and serious arrhythmias.18,19 Furthermore, in 
epidemiological studies it has been associated 
with an increased risk of mortality.20 For example, a 
retrospective analysis of patients with hypertension 
and heart failure showed that hyperkalaemia  
(defined as serum potassium ≥5.1 mEq/L) was 
associated with increased hospital admissions21 as 
well as increased in-hospital mortality.22 

RAAS inhibitors are tightly linked with 
increased serum potassium concentrations, and,  
consequently, hyperkalaemia in HFrEF and 
hypertensive patients. Hyperkalaemia is common 
in patients with hypertension taking blood pressure 
lowering medications, as demonstrated by a 3-year 
evaluation of 194,456 patients in the Geisinger 
Health System, USA. Patients using the following 
medications at baseline showed an increase in 
risk of hyperkalaemia (defined as potassium >5 
mEq/L), of 54% with ACE inhibitors, 13% with 
β-blockers and 7% with angiotensin receptor 
blockers.23 Although much less frequently used, 
potassium-sparing diuretics (including aldosterone  
antagonists, amiloride, and triamterene) were not  
associated with an increase in risk (HR: 1.00, 95%  
CI: 0.91–1.10). Loop/thiazide diuretic use at baseline  
was associated with a decrease in risk for  
hyperkalaemia.23 A similar trend was seen with the  
ACE inhibitor lisinopril in 118 male patients with 
mild-to-moderate essential hypertension, where 
reduction in blood pressure was associated with 
significantly increased serum potassium.24 Estimates 
of the incidence of hyperkalaemia in patients 
with HFrEF who have been treated with optimal  
medical therapy vary substantially, although it is  
widely acknowledged that reported rates in clinical 
trials are an underestimation of the actual rates  
of hyperkalaemia in clinical practice.25

Figure 3: The actions of various renin-angiotensin-aldosterone system inhibitors in causing hyperkalaemia.
ACE: angiotensin-converting enzyme; ARBs: angiotensin receptor blockers.
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A retrospective analysis of hypertensive patients 
receiving spironolactone for the treatment of 
resistant hypertension demonstrated that a  
12-fold increase in the rate of patients achieving  
a satisfactory systolic blood pressure response in 
a categorical multivariate model was associated 
with a baseline potassium ion level of <4.5 mEq/L.26  
In hypertensive patients both hyper and  
hypokalaemia increase mortality risk, as seen 
from a retrospective analysis of patients included 
in the Danish National Patient Registry (DNPR) 
on at least two concomitant antihypertensive  
drugs (n=44,799).27

It is noted that hyperkalaemia can also be caused by 
other regularly prescribed medications in patients 
with heart failure and/or hypertension, such as 
beta blockers and non-steroidal anti-inflammatory 
drugs, and it is emphasised that alternative  
hyperkalaemia-reducing agents are required. 
The actions of various RAAS inhibitors in causing 
hyperkalaemia are illustrated in Figure 3.

Effect of Hyperkalaemia on  
Renin-Angiotensin-Aldosterone  

System Inhibitor Use

Due to the significant risks associated with 
hyperkalaemia, RAAS inhibitor therapy is often 
altered following hyperkalaemia events, such 
as maximum doses being downtitrated to a 
submaximum dose or even discontinuation of the 
drugs. In turn, this may lead to greater risk of heart 
failure readmissions and cardiovascular mortality. 
In comparison, using the maximum RAAS inhibitor 
dose is associated with a reduced risk of heart  
failure hospitalisations and cardiovascular death.3 
Indeed, hyperkalaemia is a key reason for both 
not starting and discontinuing RAAS inhibitors. 
In a retrospective review of patients with Stage 
3–5 chronic kidney disease, past or current 
hyperkalaemia was the reason for not starting  
RAAS inhibitor therapy in 14% of patients, and the 
reason for discontinuation of RAAS inhibitors in  
67% of patients.28 In the 3-year study using the 
data from the Geisinger Health System, USA 
of approximately 200,000 patients, both dose 
reduction and discontinuation were common in 
patients with a serum potassium concentration of 
>5.5 mEq/L receiving ACE inhibitors or angiotensin 
receptor blockers (n=1,715).23 

Treatment discontinuation or administration of 
submaximal doses is a suboptimal approach 
to managing patients with hyperkalaemia.  
An alternative approach to hyperkalaemia would 
allow RAAS inhibitors to be used at their maximum 
dose and consequently reduce the risk of adverse 
outcomes from both progressive heart failure  
and hyperkalaemia. 

Currently Available Treatments  
and Their Limitations

Since the incidence of hyperkalaemia is on the 
rise due in part to the increase in chronic kidney 
disease, heart failure, and diabetes as well as greater 
use of RAAS inhibitors in patients that have clear 
indications for these therapies (those with heart 
failure, chronic kidney disease, and/or diabetes), 
its recognition and treatment is becoming more 
important than ever.25,29,30 Unfortunately, current 
hyperkalaemia treatments have several important 
limitations so the need for new treatment options 
is becoming more apparent. The only treatment 
options currently available are temporising agents 
such as intravenous calcium, alkalinisation agents 
(such as sodium bicarbonate), glucose and insulin, 
and loop diuretics. Calcium is used to stabilise the 
cardiomyocyte membrane, reducing the risk of 
conduction abnormalities and cardiac arrhythmias in 
the setting of hyperkalaemia, but does not directly 
impact potassium concentrations; in addition,  
it is only effective over a short time period. Sodium 
bicarbonate and insulin/glucose act quickly (within 
approximately 5 minutes) to reduce potassium 
concentration, and so are useful in times of  
emergency and can be life-saving. However, 
these agents do not eliminate excess potassium, 
and effects are not long-lasting. Both calcium 
and alkalinisation are usually only effective for  
30 minutes, whereas glucose and insulin are  
effective for ~2 hours. Loop diuretics, on the 
other hand, have a slower onset of effect, taking  
20–60 minutes to reduce potassium concentration, 
and may not be effective in patients with severely 
impaired renal function; hence these agents are less 
useful in the case of an emergency.

Sodium polystyrene sulfonate (SPS) has previously 
been the only treatment that could be used in 
addition to loop diuretics to eliminate potassium 
from the body; it is primarily used in a hospital 
setting. However, SPS is only weakly selective for 
potassium, and in fact is more selective for calcium 
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and magnesium than for potassium.31 Therefore,  
the only parts of the gastrointestinal tract where 
there is a high enough concentration of potassium 
to be bound by SPS is in the distal colon and  
rectum. It takes a long time for SPS to reach the 
distal colon and, hence, the onset of action of SPS  
to bind and remove potassium is slow.32 

No well-designed clinical trials have been  
conducted to prove the efficacy of SPS in 
lowering potassium levels, since the agent was 
approved before there was a US Food and Drug  
Administration (FDA) requirement to demonstrate 
efficacy and safety in large randomised clinical 
trials. Furthermore, several small studies suggest 
that sorbitol, rather than SPS, may be responsible 
at least in part for the potassium-lowering 
effect. For example, one study compared the 
total soluble potassium ions in stools following 
treatment with a combination of sorbitol and SPS. 
The levels of total soluble potassium with sorbitol 
and SPS combined was similar to the results with  
sorbitol alone.33 

Some safety concerns also exist with a combination 
of sorbitol and SPS, such as gastrointestinal 
tolerability issues. Diarrhoea and constipation are 
common, particularly with chronic use, as well as 
in hospital and intensive care units. Furthermore, 
a FDA alert was released in 2009 highlighting 
reported cases of colon necrosis, possibly caused 
by SPS crystals following their administration 
with sorbitol. The recommendation from this 
alert was to not co-administer SPS and sorbitol; 
however, this recommendation has proved difficult 
to follow as most of the SPS prescriptions in the 
USA are in combination with sorbitol.34 The safety 
issues and lack of efficacy data for SPS as well as 
the limitations of temporising agents therefore 
emphasise the clinical need for new hyperkalaemia  
treatments that are effective and well tolerated. 

Novel Treatment Strategies  
to Manage Potassium Levels

Two novel agents to treat hyperkalaemia have 
recently emerged: patiromer and SZC. Patiromer 
is now approved in the USA; it has been studied in 
several clinical trials to demonstrate its long-term 
efficacy at lowering potassium and maintaining 
normal potassium levels for ≤1 year. The mechanism 
of action of patiromer is non-specific cation 
binding in exchange for calcium in the distal colon,  
reducing potassium levels by ~0.2 mEq/L 7 hours 

after the first dose, and achieving acceptable 
potassium levels within several days.35,36 

A randomised blinded trial tested the efficacy of 
patiromer compared with placebo in patients with 
mild and moderate-to-severe hyperkalaemia over  
4 weeks. Results from the study found that 
patiromer was superior to placebo, and effectively 
controlled potassium levels for ≤4 weeks.35  
Patiromer was subsequently studied for ≤1 year in  
an open-label single-arm study; the results showed 
that patiromer could be effective at keeping 
potassium levels controlled over a sustained 
period of time. Patiromer has been shown to 
be well tolerated, but hypomagnesaemia and  
gastrointestinal side effects, such as mild-to-
moderate constipation, have been observed.37 

SZC is another novel potassium binder and is 
currently in development. SZC is an inorganic 
crystalline zirconium silicate compound that is 
insoluble, highly stable, does not expand in water, 
is not systemically absorbed, and is highly selective 
for potassium.38 The mechanism of action of SZC is 
through selective potassium binding in exchange  
for sodium and hydrogen, which appears to occur 
both in the upper and lower gastrointestinal 
tract based on its rapid onset of action. SZC has 
been evaluated in one Phase II and two Phase III 
randomised clinical trials in >1,000 patients. There 
is also an ongoing ZS005 open-label safety study 
evaluating SZC in 750 patients for ≤12 months.39  
Studies have shown that SZC normalised  
potassium levels in 84% of patients by 24 hours 
(and 98% of patients by 48 hours), and the median 
time to potassium normalisation was 2.2 hours;40 
the agent was also highly effective in rapidly  
reducing potassium levels even among patients 
with severe hyperkalaemia (potassium levels  
≥6.0 mEq/L).41 SZC is well tolerated, but cases of 
oedema have been observed at high doses.42 

These novel agents may therefore contribute to a 
paradigm shift in the management of hyperkalaemia 
caused by RAAS inhibitors, by optimising serum 
potassium concentration in the long-term and 
enabling optimisation of RAAS inhibitor use  
(and dose) in patients previously ineligible for  
these treatments. The optimal ways in which these 
agents may be incorporated into clinical practice 
among patients with heart failure and resistant 
hypertension, and their impact on optimisation of 
RAAS inhibition and ultimately patient outcomes, 
remains to be established. 
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