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Hyperkalaemia in patients with chronic disease states can be caused by both abnor-
malities of potassium homeostasis as well as extrinsic factors such as medication use
and potassium intake. In patients with heart failure (HF), chronic kidney disease
(CKD), diabetes mellitus (DM), and in those who use renin-angiotensin-aldosterone
system inhibitors (RAASi), there is particularly increased risk of chronic or recurrent
hyperkalaemia. Hyperkalaemia is often a reason for the suboptimal dosing or com-
plete discontinuation of RAASi. This review presents current options for the manage-
ment of hyperkalaemia in patients with chronic disease states. It also explores bar-
riers to guideline-mediated RAASi prescribing patterns in these high-risk patients and
highlights the unmet need for agents that adequately manage hyperkalaemia in

patients with chronic diseases on concomitant RAASi therapy.

Introduction

Hyperkalaemia, one of the most feared electrolyte
abnormalities, can lead to a range of pathophysiological
disturbances including muscle weakness and cardiac
arrhythmias. Hyperkalaemia has become increasingly rec-
ognized as an independent predictor of harm." 2 This risk is
further heightened by comorbid heart failure (HF), chronic
kidney disease (CKD), diabetes mellitus (DM), and use of
renin-angiotensin-aldosterone system inhibitors (RAASi) in
these conditions.>® RAASi encompass a large class of drugs,
including angiotensin-converting enzyme inhibitors (ACEi),
angiotensin receptor blockers (ARBs), angiotensin
receptor-neprilysin inhibitors (ARNi), and mineralocorti-
coid receptor antagonists (MRAs).

It should be noted that the major risk factors for devel-
opment of hyperkalaemia are an estimated glomerular fil-
tration rate (eGFR) <45mL/min/1.73m? and/or a serum
potassium level on appropriate diuretics for kidney
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function of >4.5mmol/L.” Thus, in these settings, hyper-
kalaemia is a common complication of RAASi therapy and is
often a reason for their discontinuation or suboptimal dos-
ing.®® However, these agents offer a proven mortality ben-
efit, slow progression of kidney disease, and decrease risk
of hospitalization in people with HF.>° With the current
limitations for management of hyperkalaemia, there is a
substantial gap between recommendations in treatment
guidelines and everyday prescribing patterns for RAASi,
given that the patients who would gain the greatest cardio-
vascular and renal benefit from these therapies are at the
highest risk of developing hyperkalaemia.'®'" The fact
that many clinical trials have specifically excluded high-
risk patients (such as those with Stage 3b or higher CKD)
furthers this therapeutic dilemma.'?

Regulation of potassium homeostasis and
renal handling of potassium

Despite  wide variations in  potassium intake
(~40-200mmol/day), this cation is strictly regulated by
the kidney and maintained such that 98% remains
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intracellular (~140mmol/L) and only 2% extracellular
(~3.5-5.0mmol/L).">"* Such tight control of potassium
levels is essential for life. Potassium homeostasis is regu-
lated through a complex network of intracellular/extracel-
lular shifts, with long-term homeostasis where 90% is
handled by the kidney and 10% by the distal colon. In the
glomerulus, potassium is readily filtered, and the majority
of filtered potassium, about 90%, is reabsorbed in the prox-
imal tubule/loop of Henle."™ The remaining 10% reaches
the distal tubule and is secreted in the collecting duct.
Potassium secretion is largely influenced by aldosterone,
which, in turn, is mediated by the renin-angiotensin system
and serum potassium levels. '

Abnormalities of potassium homeostasis in
chronic disease states

Failure to modulate potassium homeostasis occurs when
this fine balance between potassium intake and removal is
disrupted. This abnormal modulation is most commonly
seen when eGFR is <45mL/min/1.73m? or if other meta-
bolic issues generally related to diabetes are present.
Hyperkalaemia has been typically defined as serum potas-
sium level >5.2 mmol/L. However, recent data from very
large databases demonstrate that among those with CKD,
HF, and DM, the upper limit should be 4.8 mmol/L as mor-
tality increases above this level.? Hyperkalaemia homeo-
stasis is driven by various mechanisms including excess
dietary intake of potassium, potassium redistribution in
the body (including hyperglycaemic, insulin resistant, or
acidotic states), and reduced potassium excretion (due to
impaired renal function, RAASi, and HF).'+161°

In CKD, the ability of the kidneys to excrete potassium is
significantly compromised as the eGFR decreases.? Patients
with CKD face increased comorbidity burden including DM,
HF, metabolic acidosis, and anaemia requiring blood transfu-
sion, which further exacerbate hyperkalaemia.?' In DM,
hyperglycaemia related to insulin resistance is associated
with an altered ability to adequately shift potassium into in-
tracellular space in large part to due to acidosis.?

In HF, the relationship between serum aldosterone con-
centration and sodium delivery to the distal tubules is al-
tered such that the standard inverse relationship is no
longer seen, and increased aldosterone in patients with HF
causes increased absorption of sodium in proximal tubules
(thus decreased amounts reaching the distal tubules),
which results in decreased potassium excretion. In addition
to this development of aldosterone resistance, medications
including RAASi decrease aldosterone secretion, and there-
fore, can potentiate the already increased risk of hyperka-
laemia in patients with HF.?!

Renin-angiotensin-aldosterone system
inhibitors, chronic disease states, and
hyperkalaemia risk

Therapy with RAASi reduces all-cause mortality by 15-30%
in patients with chronic heart failure with reduced ejection
fraction (HFrEF), rendering them a fundamental compo-
nent of HFrEF treatment.?*2* Due to this, they have a Class

| recommendation for use in this high-risk population.?*?

However, in everyday practice, although use of ACEi and
ARBs remains acceptable, the dosing and maintenance of
these therapies is poor, with only approximately 25-45%
of patients reaching target dosing and upwards of 10% of
patients stopping therapy altogether.?"%” MRAs, particularly,
are notoriously underutilized in patients with HFrEF, with
studies showing approximately 50% overall adherence. 6282
Non-adherence to therapy has been largely attributed to
hyperkalaemia and renal dysfunction.?” In both inpatient
and outpatient settings, studies have shown that 10-38% of
hospitalized patients on an ACEi developed hyperkalaemia
during hospitalization and 10% of patients prescribed an ACEi
developed severe hyperkalaemia (serum potassium
>6.0mmol/L) within 1year of follow-up.>®3? This risk is
even more significant in HF patients with concomitant CKD
and DM.Z33335 Even in the absence of comorbid diseases,
the Prospective Comparison of ARNI (Angiotensin Receptor-
Neprilysin Inhibitor) with ACElI (Angiotensin-Converting-
Enzyme Inhibitor) to Determine Impact on Global Mortality
and Morbidity in Heart Failure (PARADIGM-HF) trial showed
that approximately 15% of patients in both ARNi and ACEi
arms developed hyperkalaemia irrespective of kidney func-
tion.>® Furthermore, given the intersection between HFrEF
and comorbid CKD, RAASi therapies are often being used in
patients with at least some degree of renal dysfunction.*’
Even in randomized controlled trials, approximately 33% of
enrolled patients had mild CKD (Stages 1-2), and 30-35% of
patients had CKD Stage 3.8

The prevalence of CKD in patients with HF increases with
increasing age.*® However, most randomized clinical trials
evaluating RAASi in HF patients excluded patients with ad-
vanced CKD (eGFR <30mL/min/1.73m?) and those with
baseline hyperkalaemia (serum potassium >5.0-5.2 mmol/
L). 38 subsequently, current European Society of Cardiology
(ESC) guidelines for ACEi, ARB, ARNi recommend dose re-
duction in patients in patients with eGFR <25mL/min/
1.73 m? or serum potassium >5.0 mmol/L, and dose discon-
tinuation in patients with eGFR <20 mL/min/1.73m? or se-
rum potassium >5.5 mmol /L.’

With MRA use in particular, secondary analyses of the
Randomized Aldactone Evaluation Study (RALES) and the
Eplerenone in Mild Patients Hospitalization and Survival
Study in Heart Failure (EMPHASIS-HF) trials showed that
MRAs maintained their benefits for serum potassium levels
of at least up to 5.5mmol/L, suggesting that perhaps the
benefits of MRA therapy outweigh risks of hyperkalae-
mia.“*®*! These trials have provided strong data that led to
guideline changes. The current ESC guidelines recommend
dose reduction in patients with eGFR <30 mL/min/1.73 m?
or serum potassium >5.5 mmol/L, and dose discontinuation
in patients with eGFR <20 mL/min/1.73 m? or serum potas-
sium >6.0mmol/L.>° However, subsequent observational
data demonstrate a U-shaped relationship between potas-
sium levels and mortality, showing a higher risk of mortality
with serum potassium levels >5mmol/L across many
groups of patients with varied comorbidities.'">*? Given in-
creasing observational data highlighting the risks of hyper-
kalaemia, there is a growing discrepancy between current
guidelines and evidence and an increasing need to more ad-
equately manage hyperkalaemia once it develops.***
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Table 1 Acute and chronic treatment options for management of hyperkalaemia organized by level of acuity and clinical setting
Acuity Therapies Goal Limitations
Inpatient  Acute Calcium gluconate Membrane stabilization Temporizing measure and no reduction of total K+
Insulin-dextrose K+ intracellular shift Temporizing measure, no reduction of total K+, and
risk of hypoglycaemia
Beta-2 receptor agonists K-+ intracellular shift Temporizing measure and no reduction of total K+
Subacute Sodium bicarbonate K+ intracellular shift, No significant short-term effect and risk of alkalosis
urinary K+ excretion
Outpatient Loop/thiazide diuretics  Urinary K+ excretion Risk of volume contraction and WRF

Dialysis

Diet modification
Medication adjustment

Chronic

Potassium binders (SPS)

K+ elimination

Reduce K+ intake

Prevent drug-induced
hyperkalaemia

K+ elimination

Safety concerns of cardiac arrhythmias and sudden
cardiac death

Difficult to remain compliant and contradicts DASH diet

Stopping RAASi therapy results in poorer outcomes

Unclear efficacy, results in sodium retention and
dangerous side effects including colonic necrosis

DASH, dietary approaches to stop hypertension; K+, potassium; RAASi, renin-angiotensin-aldosterone system inhibitors; SPS, sodium polystyrene

sulfonate; WRF, worsening renal function.

Current approach to management

The management of chronic hyperkalaemia can be difficult,
and current options for management are largely limited to
acute, inpatient situations. Longer-term solutions for man-
agement of patients at risk for recurrent hyperkalaemia fo-
cus on identifying the underlying pathophysiology of
hyperkalaemia and restoring potassium homeostasis by
eliminating aggravating factors. This is achieved through di-
etary modification, i.e. reducing high potassium foods, >
chronic diuretic administration appropriate for kidney func-
tion, and up-titration (especially in patients with comorbid
HF). Additionally, it is also achieved by dose reduction or dis-
continuation of culprit medications that play a role in
impairing renal potassium excretion, including RAASi, non-
steroidal anti-inflammatory agents, and heparin.*’

Patients with hyperkalaemia in an acute setting can pre-
sent with vague symptoms including weakness, nausea,
chest pain, dyspnoea, and paralysis.*® However, most
patients are asymptomatic. Electrocardiographic changes
seen can include ‘peaked’ T-waves (representing increased
repolarization rate), widened PR or QRS intervals (repre-
senting conduction delay), progressive P-wave flattening
and subsequent absence, and eventual presence of a ‘sine
wave’ pattern.*>>° Electrocardiograms (ECGs) remain in-
sensitive markers of the severity of hyperkalaemia.*’

Given that hyperkalaemia can have lethal consequences
with mortality rates of over 30% if left untreated,*® the im-
mediate management of an acute or severe electrolyte dis-
turbance focuses on stabilizing myocardial conduction in
an effort to prevent cardiac excitability and instability and
reduce arrhythmogenicity. Following this immediate stabi-
lization, the next step in acute management is redistribu-
tion of potassium from extracellular to intracellular
compartments to avoid the immediate consequences of el-
evated serum potassium levels. Subsequent care focuses
on excretion of excess potassium from the body and limit-
ing intake.>' The various treatments used for management

of hyperkalaemia, organized by acuity and clinical setting,
are outlined in Table 1.

Acute treatment options

Acute management of hyperkalaemia focuses on the imme-
diate and abrupt lowering of extracellular potassium to
prevent life-threatening complications. These are largely
temporizing measures. They can be further categorized by
their onset of action, ranging from immediate to minutes
to hours.

Onset of action

Immediate (3 min). Calcium gluconate. Calcium serves as an
antagonist to the effect of potassium on myocardial cell
membranes.>? It is recommended as an immediate therapy
in the presence of ECG changes and/or serum potassium
>7.0mmol/L.** It acts rapidly and lasts only 30-60min.
ECG monitoring is advised, and it can be re-administered if
no changes or adverse effects are observed.>?

Within Minutes (30 min). Insulin-dextrose. Insulin works to
redistribute potassium into intracellular compartments,
thereby quickly reducing the extracellular levels of potas-
sium, with dextrose co-administered to minimize risk of
hypoglycaemia.’ This therapy works within 15-30 min and
lasts for 4-6h.>®

Beta-2 receptor agonists. Beta-2 receptor agonists also work as
a temporizing measure to promptly shift potassium into
cells and lower serum potassium levels. This therapy works
within 30 min, but lasts only for about 2-4h.>*

Within hours (subacute). Sodium bicarbonate. In certain
populations (i.e. in patients who have hyperkalaemia as a
result of metabolic acidosis), prolonged administration
of bicarbonate (1-2h) promotes potassium redistribution
to intracellular space and has also been shown to enhance
urinary potassium excretion, which occurs due to urine
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alkalinization.?® However, bicarbonate therapy is contro-
versial, as short-term treatment with bicarbonate infusion
did not demonstrate significant short-term effect.>®

Loop diuretics. Loop diuretics (i.e. intravenous furosemide)
have variable onset of action (varies with onset of diuresis)
and work to both enhance kaliuresis and control volume
overload. In an acute setting, diuretics are administered
intravenously, and fluid requirements and renal function
are closely monitored. Since diuretics work to remove ex-
cess potassium from the body, they can also be used orally
in chronic management of hyperkalaemia, but prolonged
use can lead to volume contraction, precipitate worsening
renal function, and cause diuretic resistance, making them
a suboptimal choice.”

Dialysis. In patients with advanced Stage 5 kidney disease
(eGFR <15mL/min/1.73 m?) or patients with very high po-
tassium values (i.e. >6.0mmol/L) who have ECG changes
or other symptoms who have failed to adequately reduce
potassium or alleviate symptoms with conventional
approaches, dialysis is the most reliable therapeutic op-
tion. The onset of action is within 15-20min after initia-
tion, with hemodialysis removing potassium at a
significantly faster rate than peritoneal dialysis.”’ The
amount of potassium removed with dialysis is highly vari-
able and depends on many factors, hence cannot always be
predicted.?® Additionally, there are some safety concerns
raised as to whether fast removal of potassium by a very
low potassium bath during dialysis can lead to cardiac
arrhythmias or sudden cardiac death.>*>%¢°

Chronic treatment options

In contrast to short-term goals of serum potassium stabili-
zation, the goal of chronic management of hyperkalaemia
is preventing recurrent hyperkalaemia in high-risk patients
and enabling use of RAASi in diseases that mandate their
use. This is achieved through correction of imbalances in
potassium homeostasis, which often occur in chronic dis-
ease states, and identification/correction of modifiable
causes of hyperkalaemia. Options include dietary potas-
sium restriction, reducing doses, or discontinuing medica-
tions that affect renal handling of potassium (i.e. RAASI),
prolonged diuretic therapy, and use of novel potassium
binders.

Dietary management

A diet rich in potassium can contribute to hyperkalaemia,
particularly in the setting of impaired renal excretion of
potassium. In patients with advanced CKD (Stage 3 or
higher, with eGFR <60 mL/min per 1.73 m?), current guide-
lines recommend restriction of dietary potassium to
<2.4g/day and discontinuation of salt substitutes includ-
ing potassium chloride.®' There are no specific guidelines
in dietary management of hyperkalaemia in other high-risk
groups including those with HF and DM. Certain fruits (such
as bananas, melons, oranges, grapefruit, and mangos),
vegetables (such as Brussels sprouts, kale, spinach, pota-
toes, and avocadoes), meats, nuts, and yogurt have espe-
cially high potassium content and should be restricted in

patients at high risk for recurrent hyperkalaemia.®? Certain
herbal supplements and remedies can also contain high lev-
els of potassium, which can precipitate hyperkalaemia,
and patients should be counselled regarding such supple-
ments.®® Healthcare providers may not always recognize
all foods rich in potassium.®? Therefore, patients may ben-
efit from referral to a dietician to discuss avoiding or limit-
ing intake of high potassium food products. Dietary
modification has been shown in animal studies to manage
even severe hyperkalaemia.®*> However, patient adher-
ence to such a restrictive diet may be questionable. It is
also important to note that dietary potassium restriction
can contradict the recommendations of a healthy cardio-
vascular diet, such as the Dietary Approaches to Stop
Hypertension (DASH) diet.®?

Medication reconciliation

Drug-induced hyperkalaemia is one of the most frequent
causes of hyperkalaemia.®® One of the first steps taken by
providers in the management of hyperkalaemia is dose re-
duction or discontinuation of medications that induce it.
One of the most commonly used and clinically significant
medications in this realm include RAASi. Discontinuing
these medications or down-titrating their doses may im-
prove chronic hyperkalaemia; however, the consequences
resulting in increased mortality of certain diseases is a con-
cern."” A gap between guideline-based recommendations
for initiation/optimization of RAASi therapy and actual
prescription patterns is already present.?®

Common barriers to prescription and maintenance of
RAASi therapy include hyperkalaemia. In a retrospective
review of 279 patients with advanced CKD (Stages 3-5),
hyperkalaemia was cited as the main reason for discontinu-
ation of RAASi therapy (34 patients, 66.6%).% In another
database analysis of 205 108 patients over the age of five
and with at least two serum potassium readings found that
in patients on RAASi therapy who experienced a hyperka-
laemia event, RAASi were reduced to suboptimal dose or
discontinued 47% of the time with a moderate-severe
hyperkalaemia event (serum potassium >5.5mmol/L) and
38% of the time with a mild hyperkalaemia event (serum
potassium 5.1-5.4mmol/L). Furthermore, this analysis
found those with reduced dosing or discontinuation of
RAASi had worse outcomes than those on optimized ther-
apy."" Unfortunately, hyperkalaemia with concomitant use
of RAASi poses a challenge, since the patients who would
benefit most from their effects are the ones at highest risk
of adverse events.

Close surveillance of serum potassium levels is recom-
mended for all patients on ACEi, ARB, or MRA therapy.
When first initiating therapy, current guidelines recom-
mend surveillance of potassium and creatinine levels
within 3days, 1week and every month for the first
3months of therapy and every 3months thereafter.®
Subsequently, if any change is made to dosing, current rec-
ommendations are to monitor serum potassium and creati-
nine levels within 1week of the change and regularly
thereafter (i.e. every 3-6 months). Initiation of therapy is
only recommended in patients with serum potassium
<5mmol/L and eGFR >30mL/min/1.73m2. Subsequent
dose reduction or discontinuation is recommended for
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serum potassium >5.5mmol/L."° Close surveillance of po-
tassium levels has been associated with fewer serious
hyperkalaemia-associated adverse events compared with
patients who did not receive close monitoring.®’

Other medications that have been associated with pre-
cipitating hyperkalaemia include non-steroidal anti-in-
flammatory agents, trimethoprim, pentamidine, azole
antifungals, and heparin. These agents should be discontin-
ued or prescribed at decreased dose in the setting of a
hyperkalaemia event.®

Additional measures/correction of other causes of
hyperkalaemia

In specific patients with identified aldosterone deficiency,
fludrocortisone acetate can be an effective therapy to pre-
vent recurrent hyperkalaemia. Fludrocortisone has also
been shown to have some efficacy in tacrolimus-induced
hyperkalaemia and heparin-induced hyperkalaemia.®®”°
Other studies showed no clinically significant decrease in
potassium levels with use of fludrocortisone in end-stage
renal disease patients on maintenance hemodialysis ther-
apy.”""”% Furthermore, fludrocortisone is associated with
detrimental side effects including sodium retention, oe-
dema, and hypertension.

In certain cohorts with hyperkalaemia resulting from
metabolic acidosis, sodium bicarbonate can be considered
as an intermediate to long-term therapeutic option.
Additionally, loop/thiazide diuretic combinations can be
considered as an option, but the association between pro-
longed use and worsening renal function and volume con-
traction limit their potential for long-term use for
hyperkalaemia management.>®

Potassium binders

A detailed analysis and review of novel potassium binders is
presented elsewhere.®? These agents should be used if the
above measures are unsuccessful. Until recently, sodium
polystyrene sulfonate (SPS) was the only treatment for
management of hyperkalaemia approved by the US Food
and Drug Administration (FDA).®8 SPS, initially approved for
hyperkalaemia management in 1958, is an ion-exchange
resin that exchanges sodium for potassium in the colon,
thereby increasing faecal elimination of potassium. The on-
set of action for this agent is several hours after adminis-
tration. Treatment with SPS has been the mainstay of
chronic hyperkalaemia management for the past five
decades.

In the past, SPS was administered with sorbitol (a laxa-
tive) due to the propensity of SPS to cause constipation.”*
There are major concerns over the years regarding the
safety profile of SPS. Multiple reports surfaced demonstrat-
ing increased association of SPS with serious gastrointesti-
nal events including colonic necrosis. Sorbitol has been
believed to be the contributing factor to this colonic necro-
sis, prompting the FDA in 2009 to change their safety label-
ling of this agent and mandate a reformulation of
manufacturers’ premixed SPS resin to lower sorbitol con-
tent.”# In addition to these detrimental side effects, the ef-
ficacy of SPS in treatment of hyperkalaemia has not been
well-characterized.”® Furthermore, SPS promotes in-
creased sodium levels in the body, which would not be ideal

in patients with HF, volume overload, or hypertension.”
Due to such significant limitations, SPS has not been a fea-
sible selection for routine, long-term management of
hyperkalaemia in patients with chronic diseases.

Novel potassium binding agents, including patiromer and
sodium zirconium cyclosilicate, have been approved by the
Food and Drug Administration (FDA) for treatment of
hyperkalaemia.®® Patiromer is a calcium binding resin that
has shown very good chronic tolerability of RAASi in HF and
CKD.”® In the AMETHYST-DN trial, patients with DM2, CKD,
and hyperkalaemia with baseline serum potassium >5.0-
5.5mmol/L (mild) or >5.5 to <6.0mmol/L (moderate)
with or without HF on ACEi/ARB, were randomized to
patiromer, divided twice daily.”®”” Overall, 105/304 (35%)
patients had HF (of which 75% had New York Heart
Association Class Il HF), with mean ejection fraction (EF)
44.9% (standard deviation 8.2) (n=281). Twenty-six
patients had EF <40%. In HF patients, mean serum potas-
sium decreased by Day 3 through Week 52. At 1 month,
mean serum potassium was reduced by 0.64 mmol/L in
mild and 0.97 mmol/L in moderate hyperkalaemia (both
P < 0.0001). Most HF patients with mild (>88%) and moder-
ate (>73%) hyperkalaemia had normokalaemia at each visit
from weeks 12 to 52. The most common patiromer-related
adverse event was hypomagnesaemia, with a reduction in
serum magnesium of 0.16mEq/L (8.6%).”” In the Phase 3
OPAL-HK study, the use of patiromer was examined in older
patients on RAASi required for CKD and HF.”® In this study,
patiromer reduced recurrent hyperkalaemia and was well-
tolerated in older CKD patients taking RAASi.”®

Thus, data is emerging in this high-risk subgroup of the
newer better-tolerated binders as ‘enablers’ of RAASi ther-
apy. However, the long-term clinical efficacy of these novel
agents for treatment of hyperkalaemia in the setting of
RAASi use and mortality outcomes has not yet been
evaluated.”®

A second agent very recently approved in 2018 for hyper-
kalaemia management sodium zirconium cyclosilicate.
Sodium zirconium cyclosilicate (SZC) is an inorganic poly-
mer which selectively attracts potassium ions to its nega-
tively charged crystalline lattice structure and exchanges
potassium for sodium and hydrogen.®? It is formulated as a
free-flowing, insoluble powder that is not absorbed
systemically.

Clinical trials have been performed with this agent by
Packham et al.®° who conducted a 2-phase study of SZC
in patients with serum potassium of 5.0-6.5mmol/L.
Patients on dialysis were excluded, but no requirements
for eGFR or RAASi use were specified. Patients were ran-
domized to double-blind SZC (1.25g, 2.5g, 5g, or 10g
three times daily) or placebo for 48 h. Patients in the
SZC group whose serum potassium was 3.5-4.9 mmol/L at
48 h were randomized to either continue their current
SZC dose once daily or placebo for 12 days. The primary
endpoint of the initial phase was the between-group dif-
ference in the exponential rate of change in mean serum
potassium for 48 h, and the maintenance phase primary
endpoint was the between-group difference in mean se-
rum potassium level during the 12-day treatment inter-
val. A total of 754 patients entered the initial phase, and
543 patients continued to the 12-day maintenance
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phase. The population reflected patients with risk fac-
tors for hyperkalaemia, including CKD (61%), HF (42%),
DM2 (61%), and RAASi use (64%). The mean rate of change
(decrease) in serum potassium from baseline was greater
for the SZC2.5g,5¢, and 10 g groups compared with pla-
cebo (P <0.001), and normokalaemia was reached within
48 h for all these dosing groups compared with placebo
(P <0.001).%° During the maintenance phase, normoka-
laemia was maintained in the SZC 5g and 10g dosing
groups compared with patients who were subsequently
randomized to placebo. Recurrent hyperkalaemia was
observed within 1 week among patients treated with SZC
10 g who discontinued the study drug at the end of the
study.'® Gastrointestinal side effects were the most com-
monly reported adverse events in both the initial treat-
ment and maintenance phases. Hypokalaemia, with
serum potassium <3.5mmol/L, was reported in two SZC
patients, one at the 2.5-g dose (maintenance), and one
at the 10-g dose (initial treatment).%® A dose-dependent
increase in serum bicarbonate was observed. There were
no reports of hypomagnesaemia.

The Hyperkalaemia Randomized Intervention Multidose
SZC Maintenance (HARMONIZE) study was a randomized,
double-blind, placebo-controlled trial in patients with se-
rum potassium of >5.1 mmol/L.8" Patients were treated
with SZC 10g three times daily for 48 h during an open-
label initial phase, and patients who achieved serum potas-
sium 3.5-5.0mmol/L were randomized to double-blind
SZC (5g, 10g, or 15g) or placebo for 28 days. The primary
endpoint was the comparison of mean serum potassium
levels between placebo and SZC from days 8 to 29. A total
of 258 patients entered the open-label phase, and 237
were randomized into the maintenance phase. The mean
baseline serum potassium was 5.6 mmol/L, mean eGFR was
46mL/min per 1.73m?, with 69% of patients with eGFR
<60mL/min per 1.73m?. CKD was present in 66%, 36% had
HF, 66% had DM2, and 70% were treated with >1 RAASi.
SZC reduced serum potassium from baseline at 48h
(—1.1mmol/L, 95% confidence interval —1.1 to —1.0;
P<0.001), and normokalaemia (serum potassium 3.5-
5.0mmol/L) was achieved in 84% and 98% within 24 and
48 h, respectively. The median time to normokalaemia was
2.2 h. During the maintenance phase, mean serum potas-
sium was lower in all the SZC groups compared with pla-
cebo (P<0.001). SZC was well tolerated. Gastrointestinal
side effects were reported, but they did not differ between
the placebo and SZC groups (14% placebo, 7% 5g, 2% 10g,
and 9% 15g). During the maintenance phase, oedema was
reported in 2.4% of the placebo group and 2.2%, 5.9%, and
14.3% of the 5g, 10g, and 15 g dosing groups, respectively.
Serum potassium of <3.5mmol/L was observed in 10% of
patients in the SZC 10g group and 11% of patients in the
SZC 15 g group vs. no cases in the 5g or placebo groups. No
clinically significant changes in serum magnesium or phos-
phate were observed.®'

Future direction

The burden of hyperkalaemia has been increasingly recog-
nized, especially in high-risk groups such as patients with

CKD, HF, and DM and patients on RAASi therapy. We now
have agents, such as potassium binders, that enable the use
of RAASI in high-risk groups. We already provide evidence
for use of these agents in such groups to take guideline
RAASi meds and with no issues related to hyperkalaemia.
Future trials need to focus on use of these agents to see if
outcomes can change in Stages 4 and 5 CKD or advanced HF.

The management of hyperkalaemia that develops in
patients on RAASi often involves discontinuing or reducing
doses of these drugs. Fear of this adverse side effect pre-
vents adherence to guideline-recommended prescription
of RAASI therapy in patients who would gain most benefit
from these agents. These new agents will help long-term
management of hyperkalaemia that SPS, because of tolera-
bility issues, has been unable to achieve. Thus, there is a
significant, unmet need for novel therapeutic agents for
long-term management of hyperkalaemia in patients with
chronic diseases on concomitant RAASi therapy.

Conflict of interest: S.V. has no relationships to declare.
J.B. reports receiving research support from the National
Institutes of Health and European Union; serving as a con-
sultant for Amgen, AstraZeneca, Bayer, Boehringer
Ingelheim, Bristol-Myers Squibb, CVRx, Janssen, Luitpold,
Medtronic, Merck, Novartis, Relypsa, StealthPeptide, Vifor,
and ZS Pharma. G.L.B. reports receiving research support
from Janssen, Vifor, Bayer and Vascular Dynamics for clini-
cal trials. He is a consultant for Merck, Bayer, Janssen,
AbbVie, Vascular Dynamics, KBP, Vifor, Novartis, lonis, and
Boehringer Ingelheim.

References

1. 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.

2. 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.

3. Einhorn LM, Zhan M, Hsu VD, Walker LD, Moen MF, Seliger SL, Weir
MR, Fink JC. The frequency of hyperkalemia and its significance in
chronic kidney disease. Arch Intern Med 2009;169:1156-1162.

4. Jain N, Kotla S, Little BB, Weideman RA, Brilakis ES, Reilly RF,
Banerjee S. Predictors of hyperkalemia and death in patients with
cardiac and renal disease. Am J Cardiol 2012;109:1510-1513.

5. 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.

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

7. Lazich I, Bakris GL. Prediction and management of hyperkalemia
across the spectrum of chronic kidney disease. Semin Nephrol 2014;
34:333-339.

8. Yildirim T, Arici M, Piskinpasa S, Aybal-Kutlugun A, Yilmaz R, Altun B,
Erdem Y, Turgan C. Major barriers against renin-angiotensin-
aldosterone system blocker use in chronic kidney disease stages 3-5
in clinical practice: a safety concern? Ren Fail 2012;34:1095-1099.

9. Ko B, Bakris G. The renin-angiotensin-aldosterone system and the
kidney. In: AK Singh, GH Williams, eds. Textbook of Nephro-
Endocrinology. 2nd ed. New York: Elsevier Press; 2018. pp. 27-37.

10. 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,


Deleted Text: ours
Deleted Text:  
Deleted Text: 2 
Deleted Text: 1 
Deleted Text: 1 
Deleted Text:  
Deleted Text: 3 
Deleted Text: ours
Deleted Text:  to 
Deleted Text: through 
Deleted Text:  
Deleted Text:  
Deleted Text: ours
Deleted Text: &minus;
Deleted Text: ,
Deleted Text: &minus;
Deleted Text: &minus;
Deleted Text: ours
Deleted Text: ours
Deleted Text:  
Deleted Text: <bold>Disclosures</bold>
Deleted Text: Dr 
Deleted Text: ijayakumar
Deleted Text: Dr 
Deleted Text: aved 
Deleted Text: Butler 

A26

S. Vijayakumar et al.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Peterson PN, Riegel B, Sam F, Stevenson LW, Tang WH, Tsai EJ, Wilkoff
BL; American College of Cardiology Foundation; American Heart
Association Task Force on Practice Guidelines. 2013 ACCF/AHA guide-
line for the management of heart failure: a report of the American
College of Cardiology Foundation/American Heart Association Task
Force on Practice Guidelines. J Am Coll Cardiol 2013;62:e147-€239.
Epstein M, Reaven NL, Funk SE, McGaughey KJ, Oestreicher N,
Knispel J. Evaluation of the treatment gap between clinical guide-
lines and the utilization of renin-angiotensin-aldosterone system
inhibitors. Am J Manag Care 2015;21:5212-5220.

Plutzky J, Bakris G. Sodium/glucose cotransporter 2 inhibitors in
patients with diabetes mellitus and chronic kidney disease: turning
the page. Circulation 2018;137:130-133.

Gumz ML, Rabinowitz L, Wingo CS. An integrated view of potassium
homeostasis. N Engl J Med 2015;373:60-68.

Nyirenda MJ, Tang JI, Padfield PL, Seckl JR. Hyperkalaemia. BMJ
2009;339:b4114.

Palmer BF. Regulation of potassium homeostasis. Clin J Am Soc
Nephrol 2015;10:1050-1060.

Lehnhardt A, Kemper MJ. Pathogenesis, diagnosis and management
of hyperkalemia. Pediatr Nephrol 2011;26:377-384.

Bramlage P, Swift SL, Thoenes M, Minguet J, Ferrero C, Schmieder
RE. Non-steroidal mineralocorticoid receptor antagonism for the
treatment of cardiovascular and renal disease. Eur J Heart Fail
2016;18:28-37.

Packham DK, Rasmussen HS, Singh B. New agents for hyperkalemia.
N Engl J Med 2015;372:1571-1572.

Vardeny O, Wu DH, Desai A, Rossignol P, Zannad F, Pitt B, Solomon
SD; RALES Investigators. Influence of baseline and worsening renal
function on efficacy of spironolactone in patients With severe heart
failure: insights from RALES (Randomized Aldactone Evaluation
Study). J Am Coll Cardiol 2012;60:2082-2089.

Gonick HC, Kleeman CR, Rubini ME, Maxwell MH. Functional impair-
ment in chronic renal disease. 3. Studies of potassium excretion. Am
J Med Sci 1971;261:281-290.

Kovesdy CP. Management of hyperkalaemia in chronic kidney dis-
ease. Nat Rev Nephrol 2014;10:653-662.

DeFronzo RA, Sherwin RS, Felig P, Bia M. Nonuremic diabetic hyper-
kalemia. Possible role of insulin deficiency. Arch Intern Med 1977;
137:842-843.

McMurray JJ. Improving outcomes in heart failure: a personal per-
spective. Eur Heart J 2015;36:3467-3470.

Burnett H, Earley A, Voors AA, Senni M, McMurray JJ, Deschaseaux C,
Cope S. Thirty years of evidence on the efficacy of drug treatments
for chronic heart failure with reduced ejection fraction: a network
meta-analysis. Circ Heart Fail 2017;10:e003529.

Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Colvin MM,
Drazner MH, Filippatos GS, Fonarow GC, Givertz MM, Hollenberg SM,
Lindenfeld J, Masoudi FA, McBride PE, Peterson PN, Stevenson LW,
Westlake C. 2017 ACC/AHA/HFSA focused 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 Card Fail 2017;23:628-651.

Thorvaldsen T, Benson L, Dahlstrom U, Edner M, Lund LH. Use of
evidence-based therapy and survival in heart failure in Sweden
2003-2012. Eur J Heart Fail 2016;18:503-511.

Maggioni AP, Anker SD, Dahlstrom U, Filippatos G, Ponikowski P, Zannad
F, Amir O, Chioncel O, Leiro MC, Drozdz J, Erglis A, Fazlibegovic E,
Fonseca C, Fruhwald F, Gatzov P, Goncalvesova E, Hassanein M, Hradec
J, Kavoliuniene A, Lainscak M, Logeart D, Merkely B, Metra M, Persson
H, Seferovic P, Temizhan A, Tousoulis D, Tavazzi L; Heart Failure
Association of the ESC. Are hospitalized or ambulatory patients with
heart failure treated in accordance with European Society of
Cardiology guidelines? Evidence from 12,440 patients of the ESC Heart
Failure Long-Term Registry. Eur J Heart Fail 2013;15:1173-1184.

Rassi AN, Cavender MA, Fonarow GC, Cannon CP, Hernandez AF,
Peterson ED, Peacock WF, Laskey WK, Rosas SE, Zhao X, Schwamm
LH, Bhatt DL. Temporal trends and predictors in the use of aldoste-
rone antagonists post-acute myocardial infarction. J Am Coll Cardiol
2013;61:35-40.

Albert NM, Yancy CW, Liang L, Zhao X, Hernandez AF, Peterson ED,
Cannon CP, Fonarow GC. Use of aldosterone antagonists in heart fail-
ure. JAMA 2009;302:1658-1665.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M.

42.

43.

44,

45.

46.
47.

. Acker CG, Johnson JP, Palevsky PM, Greenberg A. Hyperkalemia in

hospitalized patients: causes, adequacy of treatment, and results of
an attempt to improve physician compliance with published therapy
guidelines. Arch Intern Med 1998;158:917-924.

. Ahuja TS, Freeman D Jr, Mahnken JD, Agraharkar M, Siddiqui M,

Memon A. Predictors of the development of hyperkalemia in patients
using angiotensin-converting enzyme inhibitors. Am J Nephrol 2000;
20:268-272.

Reardon LC, Macpherson DS. Hyperkalemia in outpatients using
angiotensin-converting enzyme inhibitors. How much should we
worry? Arch Intern Med 1998;158:26-32.

Drawz PE, Babineau DC, Rahman M. Metabolic complications in elderly
adults with chronic kidney disease. J Am Geriatr Soc 2012;60:310-315.
Hayes J, Kalantar-Zadeh K, Lu JL, Turban S, Anderson JE, Kovesdy
CP. Association of hypo- and hyperkalemia with disease progression
and mortality in males with chronic kidney disease: the role of race.
Nephron Clin Pract 2012;120:c8-16.

Sarafidis PA, Blacklock R, Wood E, Rumjon A, Simmonds S, Fletcher-
Rogers J, Ariyanayagam R, Al-Yassin A, Sharpe C, Vinen K.
Prevalence and factors associated with hyperkalemia in predialysis
patients followed in a low-clearance clinic. Clin J Am Soc Nephrol
2012;7:1234-1241.

McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR,
Rouleau JL, Shi VC, Solomon SD, Swedberg K, Zile MR; PARADIGM-HF
Investigators and Committees. Angiotensin-neprilysin inhibition ver-
sus enalapril in heart failure. N Engl J Med 2014;371:993-1004.
Waldum B, Westheim AS, Sandvik L, Flgnaes B, Grundtvig M,
Gullestad L, Hole T, Os I. Renal function in outpatients with chronic
heart failure. J Card Fail 2010;16:374-380.

Damman K, Tang WH, Felker GM, Lassus J, Zannad F, Krum H,
McMurray JJ. Current evidence on treatment of patients with
chronic systolic heart failure and renal insufficiency: practical con-
siderations from published data. J Am Coll Cardiol 2014;63:853-871.
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; ESC
Scientific Document Group. 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
Heart J 2016;37:2129-2200.

Vardeny O, Claggett B, Anand I, Rossignol P, Desai AS, Zannad F, Pitt
B, Solomon SD; Randomized Aldactone Evaluation Study (RALES)
Investigators. 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.

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.

Krogager ML, Eggers-Kaas L, Aasbjerg K, Mortensen RN, Kgber L,
Gislason G, Torp-Pedersen C, Segaard P. Short-term mortality risk of
serum potassium levels in acute heart failure following myocardial
infarction. Eur Heart J Cardiovasc Pharmacother 2015;1:245-251.
Sarwar CM, Papadimitriou L, Pitt B, Pina I, Zannad F, Anker SD,
Gheorghiade M, Butler J. Hyperkalemia in heart failure. J Am Coll
Cardiol 2016;68:1575-1589.

Sarwar CMS, Bhagat AA, Anker SD, Butler J. Role of hyperkalemia in
heart failure and the therapeutic use of potassium binders. Handb
Exp Pharmacol 2017;243:537-560.

St-Jules DE, Goldfarb DS, Sevick MA. Nutrient non-equivalence: does
restricting high-potassium plant foods help to prevent hyperkalemia
in hemodialysis patients? J Ren Nutr 2016;26:282-287.

McRae MP. Foods high in potassium. Hosp Pharm 1979;14:730-731.
Henneman A, Guirguis E, Grace Y, Patel D, Shah B. Emerging thera-
pies for the management of chronic hyperkalemia in the ambulatory
care setting. Am J Health Syst Pharm 2016;73:33-44.



Barriers to guideline mandated renin-angiotensin inhibitor use

A27

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

An JUN, Lee JP, Jeon HJ, Kim DH, Oh YK, Kim YS, Lim CS. Severe
hyperkalemia requiring hospitalization: predictors of mortality. Crit
Care 2012;16:R225.

Weiner ID, Wingo CS. Hyperkalemia: a potential silent killer. J Am
Soc Nephrol 1998;9:1535-1543.

Surawicz B. Electrolytes and the electrocardiogram. Am J Cardiol
1963;12:656-662.

Dunn JD, Benton WW, Orozco-Torrentera E, Adamson RT. The burden
of hyperkalemia in patients with cardiovascular and renal disease.
Am J Manag Care 2015;21:5307-s315.

Bisogno JL, Langley A, Von Dreele MM. Effect of calcium to reverse
the electrocardiographic effects of hyperkalemia in the isolated rat
heart: a prospective, dose-response study. Crit Care Med 1994;22:
697-704.

Chamberlain MJ. Emergency treatment of hyperkalaemia. Lancet
1964;1:464-467.

Allon M, Copkney C. Albuterol and insulin for treatment of hyperka-
lemia in hemodialysis patients. Kidney Int 1990;38:869-872.
Weisberg LS. Management of severe hyperkalemia. Crit Care Med
2008;36:3246-3251.

Fraley DS, Adler S. Correction of hyperkalemia by bicarbonate de-
spite constant blood pH. Kidney Int 1977;12:354-360.

Ahmed J, Weisberg LS. Hyperkalemia in dialysis patients. Semin Dial
2001;14:348-356.

Sherman RA, Hwang ER, Bernholc AS, Eisinger RP. Variability in po-
tassium removal by hemodialysis. Am J Nephrol 1986;6:284-288.
Sforzini S, Latini R, Mingardi G, Vincenti A, Redaelli B. Ventricular
arrhythmias and four-year mortality in haemodialysis patients.
Gruppo Emodialisi e Patologie Cardiovascolari. Lancet 1992;339:
212-213.

Karnik JA, Young BS, Lew NL, Herget M, Dubinsky C, Lazarus JM,
Chertow GM. Cardiac arrest and sudden death in dialysis units.
Kidney Int 2001;60:350-357.

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.

Pitt B, Bakris GL. New potassium binders for the treatment of hyper-
kalemia: current data and opportunities for the future.
Hypertension 2015;66:731-738.

Cheng TO. Herbal interactions with cardiac drugs. Arch Intern Med
2000;160:870-871.

Segev G, Fascetti AJ, Weeth LP, Cowgill LD. Correction of hyperkale-
mia in dogs with chronic kidney disease consuming commercial renal
therapeutic diets by a potassium-reduced home-prepared diet. J Vet
Intern Med 2010;24:546-550.

Boscardin E, Perrier R, Sergi C, Maillard M, Loffing J, Loffing-Cueni
D, Koesters R, Rossier BC, Hummler E. Severe hyperkalemia is res-
cued by low-potassium diet in renal betaENaC-deficient mice.
Pflugers Arch 2017;469:1387-1399.

Pantanowitz L. Drug-induced hyperkalemia. Am J Med 2002;112:
334-335.

Raebel MA, Ross C, Xu S, Roblin DW, Cheetham C, Blanchette CM,
Saylor G, Smith DH. Diabetes and drug-associated hyperkalemia: ef-
fect of potassium monitoring. J Gen Intern Med 2010;25:326-333.

68.

69.

70.

7.

72.

73.

75.

76.

77.

78.

79.

80.

81.

DeFilippis EM, Desai AS. Treatment of hyperkalemia in heart failure.
Curr Heart Fail Rep 2017;14:266-274.

Sherman DS, Kass CL, Fish DN. Fludrocortisone for the treatment of
heparin-induced hyperkalemia. Ann Pharmacother 2000;34:606-610.
Dick TB, Raines AA, Stinson JB, Collingridge DS, Harmston GE.
Fludrocortisone is effective in the management of tacrolimus-
induced hyperkalemia in liver transplant recipients. Transplant Proc
2011;43:2664-2668.

Kaisar MO, Wiggins KJ, Sturtevant JM, Hawley CM, Campbell SB,
Isbel NM, Mudge DW, Bofinger A, Petrie JJ, Johnson DW. A random-
ized controlled trial of fludrocortisone for the treatment of hyperka-
lemia in hemodialysis patients. Am J Kidney Dis 2006;47:809-814.
Kim DM, Chung JH, Yoon SH, Kim HL. Effect of fludrocortisone ace-
tate on reducing serum potassium levels in patients with end-stage
renal disease undergoing haemodialysis. Nephrol Dial Transplant
2007;22:3273-3276.

Chaitman M, Dixit D, Bridgeman MB. Potassium-binding agents for
the clinical management of hyperkalemia. P T 2016;41:43-50.

. Sterns RH, Rojas M, Bernstein P, Chennupati S. lon-exchange resins

for the treatment of hyperkalemia: are they safe and effective?
J Am Soc Nephrol 2010;21:733-735.

Zannad F, Rossignol P, Stough WG, Epstein M, Alonso Garcia Mde L,
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.

Weir MR, Bakris GL, Bushinsky DA, Mayo MR, Garza D, Stasiv Y, Wittes
J, Christ-Schmidt H, Berman L, Pitt B; OPAL-HK Investigators.
Patiromer in patients with kidney disease and hyperkalemia receiv-
ing RAAS inhibitors. N Engl J Med 2015;372:211-221.

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

Weir MR, Bushinsky DA, Benton WW, Woods SD, Mayo MR, Arthur SP,
Pitt B, Bakris GL. Effect of patiromer on hyperkalemia recurrence in
older chronic kidney disease patients taking RAAS inhibitors. Am J
Med 2018;131:555-564.e3.

Pitt B, Bakris GL, Weir MR, Freeman MW, Lainscak M, Mayo MR,
Garza D, Zawadzki R, Berman L, Bushinsky DA. Long-term effects of
patiromer for hyperkalaemia treatment in patients with mild heart
failure and diabetic nephropathy on angiotensin-converting
enzymes/angiotensin receptor blockers: results from AMETHYST-DN.
ESC Heart Fail 2018; 5:592-602.

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.

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.



	suy030-TF1

