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Abstract
Hyperkalemia is a potentially life-threatening condition frequently encountered in clinical practice, particularly among 
patients with chronic kidney disease, heart failure, diabetes, and hypertension and those undergoing treatment with renin–
angiotensin–aldosterone system inhibitors (RAASi). The management of chronic and acute hyperkalemia is complex and 
requires timely intervention to prevent severe complications such as cardiac arrhythmias and sudden death. Traditional 
therapeutic approaches to chronic hyperkalemia, including dietary potassium restriction, use of diuretics, and administration 
of cation-exchange resins like sodium polystyrene sulfonate, often suffer from limitations like gastrointestinal side effects, 
variable efficacy, delayed onset of action, and RAASi treatment discontinuation. In recent years, the development of new 
potassium binders, specifically patiromer and sodium zirconium cyclosilicate (SZC), has revolutionized the management 
of hyperkalemia. Patiromer, a non-absorbed polymer, binds potassium in the gastrointestinal tract in exchange for calcium, 
thus facilitating its excretion. SZC operates by exchanging sodium and hydrogen ions for potassium, leading to efficient 
potassium removal. Both agents have demonstrated rapid and sustained reductions in serum potassium levels, coupled with 
favorable safety and tolerability profiles, in multiple clinical trials. This review article, authored by a multidisciplinary 
group of Portuguese experts in hyperkalemia management, provides an in-depth analysis of the efficacy and safety of cur-
rent therapeutic strategies and highlights the clinical potential of new potassium binders. The introduction of patiromer and 
SZC offers significant advantages over traditional therapies, providing effective and better-tolerated options for patients. The 
review highlights the role of these novel agents in contemporary hyperkalemia management and calls for ongoing research 
to further refine treatment protocols and improve patient outcomes.
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Introduction

Hyperkalemia (HK) is a common, potentially life-threaten-
ing condition characterized by elevated serum potassium 
levels (> 5.5 mmol/L) due to increased intake, decreased 
excretion, or intracellular potassium release [1]. Acute HK 
requires immediate treatment to stabilize the myocardial cell 
membrane, shift potassium intracellularly, and reduce total 
body potassium [2, 3]. Chronic HK develops more slowly, 
posing increased morbidity and mortality risks. HK is preva-
lent in patients with chronic kidney disease (CKD), heart 
failure (HF), diabetes, and hypertension, especially those on 
renin–angiotensin–aldosterone system inhibitors (RAASi), 

which exacerbate potassium retention [2, 4–7]. Often CKD 
and HF coexist and lead to cardiorenal deterioration [8–10], 
further compounded by RAASi, leading to increased HK 
risk [4, 11, 12]. Even mild HK (5.0 to < 5.5 mmol/L) can 
result in increased mortality and morbidity [13, 14].

RAASi are a mainstay of CKD, HF, diabetes, and hyper-
tension management. However, its use implies a thorough 
monitoring of potassium levels and treatment optimization 
[2, 4, 15, 16]. For moderate (5.5 to 6.0 mmol/L) or severe 
(> 6.0 mmol/L) HK, temporarily discontinuing RAASi may 
be necessary, although this poses a risk of disease progres-
sion [4, 11, 12, 17, 18]. Current guidelines of HK manage-
ment recommend potassium-lowering treatments simul-
taneously with RAASi [2, 4]. Classic potassium-binding 
agents such as sodium polystyrene sulfonate (SPS) have 
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long-standing and extensive use, although they are badly 
tolerated and there have been several case reports of severe 
gastrointestinal injury [19–21]. Patiromer and sodium zir-
conium cyclosilicate (SZC), are new, well-tolerated options 
for effectively normalizing serum potassium and preventing 
HK recurrence [22, 23].

In this article, a multidisciplinary panel of Portuguese 
experts in cardiology, nephrology, internal medicine, and 
nutrition, with experience in HK management, convened 
to provide a comprehensive overview of HK, focusing on 
current management strategies, including dietary modifi-
cations and pharmacological interventions. Specifically, 
we conducted a state-of-the-art review of patiromer and 
SZC, assessing their efficacy, safety profiles, and clinical 
implications. By highlighting the latest advancements in 
HK management and offering insights into the comparative 
effectiveness of these potassium binders, we aim to equip 
cardiologists, nephrologists, and internists with the essential 
knowledge for optimal patient care and improved clinical 
outcomes.

Pathophysiology

Normal potassium homeostasis involves a delicate bal-
ance between intake, excretion, and distribution between 
intracellular and extracellular compartments, with 98% of 
potassium residing inside cells to maintain resting plasma 
membrane potential [24]. The kidneys play a crucial role 
in this balance through filtration, reabsorption, and secre-
tion, with aldosterone regulating potassium excretion via a 
feedback mechanism involving sodium–potassium pumps 
(Na + /K + -ATPase) [1, 24]. HK arises from reduced renal 
excretion, intracellular potassium shifts, or increased intake 
[5, 25]. Renal-mediated HK can result from altered nephron 
flow, dysregulated aldosterone secretion, and dysfunction in 
potassium secretory pathways, commonly seen in conditions 
like HF, cirrhosis, acute kidney injury (AKI), and CKD [1, 5, 
25]. Hypoaldosteronism, often due to adrenal insufficiency 
or diabetic nephropathy, also impairs potassium excretion [1, 
4]. Transcellular potassium shifts, influenced by factors like 
elevated plasma osmolality, insulin deficiency, and meta-
bolic acidosis, contribute significantly to HK [1]. Elevated 
plasma osmolality, often seen in uncontrolled diabetes, cre-
ates a gradient that causes potassium to exit cells along with 
water [1]. Insulin deficiency or resistance, also common in 
diabetes, reduces potassium uptake by cells [25]. Metabolic 
acidosis, frequently associated with renal dysfunction, drives 
the exchange of extracellular hydrogen ions for intracellular 
potassium, exacerbating HK [1]. Additionally, since 98% 
of total body potassium is intracellular, conditions that 
increase cell turnover, such as rhabdomyolysis, tumor lysis 
syndrome, or red blood cell transfusions, can lead to HK [5]. 

Medications, particularly those affecting the RAAS (angio-
tensin-converting enzyme inhibitors (ACEi), angiotensin II 
receptor blockers (ARBs), and mineralocorticoid receptor 
antagonists (MRAs), are frequent HK contributors, espe-
cially in patients with renal dysfunction and/or heart failure 
[25, 26], although they play a vital role in the treatment of 
various cardiorenal conditions [1, 4, 11, 12]. Additionally, 
medications such as trimethoprim, heparin, beta-blockers, 
digoxin, and nonsteroidal anti-inflammatory drugs are rec-
ognized contributors to HK [25]. Constipation, excessive 
dietary intake of potassium-rich foods, and/or ingestion of 
sodium chloride substitutes are rarely the cause of HK in 
healthy individuals. However, when combined with comor-
bidities or certain medications, the risk of HK escalates [5, 
7, 27]. In these susceptible individuals, the appropriate mod-
eration of dietary potassium intake is recommended [4].

HK impacts various organ systems, primarily the heart 
and neuromuscular function, leading to potentially life-
threatening arrhythmias and neuromuscular symptoms [1, 
5, 10, 28]. It can also exacerbate renal dysfunction, creating 
a vicious cycle of potassium retention and imbalance [4, 29].

Epidemiology and clinical impact

Global estimates of HK incidence and prevalence vary 
widely due to differences in study populations and potassium 
thresholds. A meta-analysis by Humphrey et al. reported 
a 6.3% prevalence and an incidence of 2.8 cases per 100 
person-years in adults, with higher rates in individuals 
with comorbid conditions such as end-stage kidney disease 
(ESKD) (21.5%), kidney transplant recipients (21.8%), 
AKI (24.3%), and HF patients (6.5%) [30]. Kovesdy et al. 
highlighted kidney disease as a primary predictor of HK, 
showing a nearly linear correlation between lower esti-
mated glomerular filtration rate (eGFR) and increased HK 
incidence, with a three-fold rise in HK for every 15 mL/
min/1.73 m2 decrease in eGFR in stage 3 CKD or higher 
[31]. Among patients with HF, the incidence of HK is up to 
40% in chronic HF and 73% in CKD over follow-up dura-
tions of 1 year [32].

HK imposes a significant socioeconomic burden, leading 
to higher emergency department visits, hospitalizations, and 
intensive care unit admissions, particularly when accompanied 
by advanced CKD, HF, or diabetes [14]. A large observational 
study found that the predicted risk of all-cause mortality for 
individuals with HK was 7.6-fold higher in those with all three 
comorbidities and 3.3-, 3.5- and 1.6-fold higher in those solely 
with HF, CKD, and diabetes, respectively [5, 13]. RAASi treat-
ment doubles the risk of HK compared to untreated controls, 
often necessitating dose reduction or discontinuation to man-
age HK, despite guidelines recommending reinitiation post-
resolution to avoid depriving patients of critical medication 
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[4, 33, 34]. Nevertheless, most patients are not reintroduced 
to therapy during the subsequent year [17, 35].

Reduced RAASi dosing below the maximum recom-
mended increases the risk of adverse cardiac events and 
mortality in CKD and HF patients [34, 36, 37], creating a 
feedback loop where RAASi therapy improves long-term 
prognosis but worsens short-term outcomes due to ele-
vated potassium, and HK leads to decreased RAASi use, 
adversely affecting long-term prognosis [11]. In patients 
with HF, however, evidence suggests that HK serves as a 
risk marker for mortality, primarily due to the underutiliza-
tion of RAASi, rather than being an independent risk factor 
for mortality [38].

Diagnosis

The clinical diagnosis of HK demands meticulous attention 
to clinical symptoms, patient background, and laboratory 
findings, with electrocardiography (ECG) serving as a vital 
tool for assessing cardiac effects. Identifying HK patients 
presents a challenge due to the non-specific nature of symp-
toms, ranging from severe manifestations like cardiac arrest 
or muscle paralysis to non-specific complaints such as chest 
pain, weakness, and abdominal discomfort [1, 5, 39]. Serum 
potassium levels ≥ 5.5 mmol/L are widely acknowledged 
as indicative of HK [4, 12, 13, 36, 40], but rapid spikes in 
potassium concentration can trigger severe complications 
regardless of the absolute value [16, 40]. ECG abnormali-
ties are crucial for assessing the physiological significance 
of HK, even at serum potassium levels < 6.0 mmol/L [20, 
25, 39, 40]. Nonetheless, especially in high-risk patients, 
the absence of ECG abnormalities should not rule out the 
presence of HK, and an accurate laboratory-confirmed HK 
diagnosis should be guaranteed before initiating treatment 
in stable patients [3, 39]. Laboratory testing should include 
urine and blood analyses to screen for associated morbidi-
ties and treatments, renal function, acid–base status, and 
potential causes of HK [40]. During the diagnostic pro-
cess, particularly when interpreting clinical biochemistry 
data, it is crucial to rule out pseudo-HK in patients without 
ECG alterations and lacking risk factors for HK [5]. Falsely 
elevated serum potassium values can occur during or after 
blood collection and can be caused by hemolysis, leuko-
cytosis, or thrombocytosis or even problems with sample 
transport, pre-analysis, or contamination [5, 40].

Management strategies

While several guidelines and consensus statements have 
been developed for HK management [3, 4, 11, 12, 41–44], 
a universally accepted agreement on best practices remains 
elusive. HK management spans a continuum, comprising 

urgent, short-term, and long-term treatment modalities, 
which are implemented in both inpatient and outpatient 
settings. Moreover, different management strategies can be 
employed based on whether the patient presents with acute 
or chronic HK (Fig. 1) [16].

Management of acute hyperkalemia

Acute HK is a rapid-onset condition that can quickly escalate 
to a medical emergency due to its potential to cause life-
threatening cardiac arrhythmias [43]. Treatment depends on 
the potassium level, HK duration, comorbidities, and end-
organ injury [3]. Emergency treatment is typically recom-
mended for serum potassium levels ≥ 6.0 mmol/L, regardless 
of ECG changes [3, 4, 43].

Acute HK management recommendations involve a 
multifaceted intervention (Fig. 1). Firstly, stabilization or 
reversion of the HK-related ECG alterations, arrhythmias, 
or cardiac arrest can be achieved by intravenous calcium 
gluconate or calcium chloride administration, to counterbal-
ance the effect of potassium on myocytes. The effect of the 
infusion starts in 1–3 min and lasts 30–60 min [3, 5]. Sec-
ondly, to shift serum potassium into the intracellular space 
through the activation of Na + / K + -ATPase pump, insulin 
is administered intravenously, and the onset of effect occurs 
within 30–60 min and can last up to 6 h [3, 5, 42]. To prevent 
hypoglycemia, glucose is administered with insulin, under 
close monitoring for several hours [3, 5]. Beta-2 agonists 
like albuterol also promote the translocation of potassium 
into the cells by activating Na + /K + -ATPase pump, but 
with a shorter duration of action [3, 5, 42]. Finally, to elimi-
nate excess serum potassium, novel oral potassium binders, 
initially approved for chronic HK, also appear to be safe and 
effective in the acute HK setting [3, 42, 45].

Despite increasing clinical use, the definitive efficacy of 
these binders in acute HK is still being studied, with a rand-
omized controlled trial underway [43, 45, 46]. In most cases, 
acute HK can be effectively treated with a combination of 
potassium-shifting and elimination strategies. However, 
persistent HK, particularly in patients with significant renal 
impairment or ESKD, may require hemodialysis for potas-
sium removal [3, 5, 42]. Identifying the underlying cause of 
HK is essential to prevent recurrence and ensure compre-
hensive management.

Management of chronic hyperkalemia

Chronic HK is characterized by persistent high serum potas-
sium levels requiring long-term management, particularly 
common in individuals with CKD [4, 5, 30], diabetes, or HF 
[6, 13] and those using RAASi [11, 12, 36, 47].

Initial management includes dietary modifications to 
reduce potassium intake, particularly in patients with 
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compromised renal function [4]. However, the impact of 
dietary potassium on serum levels is only partially under-
stood [24]. Recent studies, such as those involving hemodi-
alysis patients adhering to the DASH (Dietary Approaches 
to Stop Hypertension) diet, indicate that potassium-rich 
diets might not increase serum potassium levels and may 
even lower them due to high fiber content and alkali pro-
file [48]. Medications that affect renal potassium excre-
tion, like RAASi, require careful optimization, potentially 
involving dose adjustments or alternative therapies. Rather 
than discontinuing RAASi, associated HK can often be 
managed with measures to reduce serum potassium [17]. 
Potassium binders like SPS, patiromer, and SZC help 
excrete potassium via the gastrointestinal tract [16, 49] and 
can support continued optimized RAASi therapy [11, 12, 
23]. While some guidelines recommend starting potassium 
binders when serum potassium is ≥ 5.0 mmol/L [2], others 

suggest a threshold of > 6.0 mmol/L [43] or > 5.5 mmol/L 
[4, 12]. Other measures useful to reduce levels of serum 
potassium are oral supplementation with sodium bicar-
bonate in patients with chronic metabolic acidosis and 
potassium-wasting diuretics in patients with extracellular 
volume expansion [43].

Regular monitoring of serum potassium and renal func-
tion is critical to prevent complications such as cardiac 
arrhythmias. KDIGO (Kidney Disease: Improving Global 
Outcomes) guidelines advise monitoring serum creatinine 
and potassium within 2–4 weeks of starting or adjusting 
RAASi therapy, with monitoring frequency tailored to 
patient comorbidities and medications [4, 16]. Collabora-
tive care among healthcare providers, including nephrolo-
gists, cardiologists, dietitians, and primary care providers, 
is essential for optimal management and to prevent acute 
exacerbations of chronic HK (Fig. 1).

Fig. 1   Management approaches for acute and chronic hyperkalemia. *The implementation of these measures will allow the optimization of 
RAASi therapy. IV, intravenous; K+, potassium; RAASi, renin–angiotensin–aldosterone system inhibitors
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Management of post‑transplantation hyperkalemia

HK is common in organ transplant recipients due to renal 
dysfunction and medications such as calcineurin inhibitors, 
trimethoprim-sulfamethoxazole, and RAASi that affect 
potassium regulation [50]. Managing HK often involves 
reducing or discontinuing these drugs, which increases risks 
of infection, organ rejection, and healthcare costs [50, 51]. 
Management strategies mirror those for acute and chronic 
HK, focusing on adjusting immunosuppressive regimens, 
optimizing renal function through hydration and blood pres-
sure management, and dietary potassium reduction [51, 52]. 
Regular monitoring of serum potassium and renal function 
is crucial, with timely medication adjustments to prevent 
recurrence [52]. Emerging potassium binders like pati-
romer and SZC show promise for chronic HK management 
in transplant patients, though long-term efficacy studies are 
needed [50–52]. Effective care requires collaboration among 
transplant specialists and other medical specialists to create 
tailored strategies that preserve graft function and ensure 
patient safety, optimizing outcomes for transplant recipients.

New potassium binders

Classic potassium binders, such as SPS and calcium poly-
styrene sulfonate (CPS), have been employed in clinical 
practice for over six decades as a treatment for HK [20]. 
These non-selective cation-exchange resins also have an 
affinity to bind magnesium or calcium ions [16] and, due to 
the variable onset of action (from 1 h to 1 day), are unsuit-
able for using in acute settings [20]. Despite its long his-
tory of use, classic potassium binders are associated with 
significant side effects, including gastrointestinal adverse 
effects such as bleeding, constipation, diarrhea, gastric irri-
tation, perforation, intestinal ischemia, or colonic necrosis 
[19]. Recently, Vidal and colleagues demonstrated through 
infrared spectroscopy that CPS crystals were deposited in 
the colon of a CKD patient, inducing colitis [21]. Given 
these adverse effects and the availability of newer potas-
sium-binding agents with improved safety profiles, the rou-
tine use of SPS and CPS has come under scrutiny. Current 
guidelines generally recommend considering alternative 
therapies for HK management, reserving classic potassium 

Table 1   Selected characteristics of the novel potassium binders

EMA European Medicines Agency, FDA Food and Drug Administration, GI gastrointestinal, QD once daily, QoD every other day, TID thrice 
daily.

Variable Patiromer [58–60] SZC [61, 62]

Date of FDA approval October 2015 May 2018
Date of EMA approval July 2017 March 2018
Chemical Properties Cross-linked polymer; patiromer sorbitex calcium Nonpolymeric; nonabsorbed zirconium silicate
Sodium content None 80 mg/g
Mechanism of action Exchanges calcium for potassium; also binds magne-

sium
Captures potassium in exchange for hydrogen and sodium

Onset of action (earliest 
timepoint tested until 
now)

2 h 1 h

Dose 8.4 g QD (oral), titrate up to 16.8 g or 25.2 g QD 10 g TID (oral) for initial correction of hyperkalemia 
(for ≤ 48 h), then 5 g QOD to 15 g QD for maintenance

Administration Oral Oral
Site of potassium binding GI tract—colon GI tract—small and large intestine
Adverse effects GI disorders (abdominal discomfort, constipation, diar-

rhea, nausea, flatulence), hypomagnesemia
GI disorders (constipation, diarrhea, nausea, vomiting), 

mild to moderate edema
Drug interactions Take other orally administered drugs ≥ 3 h before or 3 h 

after
Oral medications that exhibit pH-dependent solubility 

should be administered ≥ 2 h before or 2 h after
Contraindications/cautions Avoid with severe constipation or bowel obstruction or 

impaction, including abnormal postoperative bowel 
motility disorders Monitor for hypomagnesemia Pati-
romer binds many orally administered medications

Avoid with severe constipation or bowel obstruction or 
impaction, including abnormal post-operative bowel 
motility disorders

Drug interactions: transient increase in gastric pH
Absorption Not systemically absorbed Not systemically absorbed
Elimination Excretion: feces Excretion: feces



	 Heart Failure Reviews

Ta
bl

e 
2  

S
um

m
ar

y 
of

 p
at

iro
m

er
 c

lin
ic

al
 st

ud
ie

s f
or

 th
e 

tre
at

m
en

t o
f h

yp
er

ka
le

m
ia

PE
A

R
L-

H
F 

(N
C

T0
08

68
43

9)
 [6

3]
O

PA
L-

H
K

 (N
C

T0
18

10
93

9)
 [7

0]
A

M
ET

H
Y

ST
-D

N
 (N

C
T0

13
71

74
7)

 
[6

4]
A

M
B

ER
 (N

C
T0

30
71

26
3)

 [7
6]

D
IA

M
O

N
D

 (N
C

T0
38

88
06

6)
 [7

7]

M
ec

ha
ni

sm
 o

f a
ct

io
n

Pa
tir

om
er

Pa
tir

om
er

Pa
tir

om
er

Pa
tir

om
er

Pa
tir

om
er

St
ud

y 
de

si
gn

Ph
as

e 
2,

 ra
nd

om
iz

ed
, d

ou
bl

e-
bl

in
d,

 
pl

ac
eb

o-
co

nt
ro

lle
d

Tw
o 

ph
as

es
: a

 si
ng

le
-g

ro
up

, 
si

ng
le

-b
lin

d 
in

iti
al

 tr
ea

tm
en

t 
ph

as
e 

(I
TP

) a
nd

 a
 P

ha
se

 3
a,

 
pl

ac
eb

o-
co

nt
ro

lle
d,

 si
ng

le
-b

lin
d,

 
ra

nd
om

iz
ed

 w
ith

dr
aw

al
 p

ha
se

 
(R

W
P)

Ph
as

e 
2,

 ra
nd

om
iz

ed
, o

pe
n-

la
be

l, 
do

se
-r

an
gi

ng
Ph

as
e 

2 
ra

nd
om

iz
ed

, d
ou

bl
e-

bl
in

d,
 

pl
ac

eb
o-

co
nt

ro
lle

d
Ph

as
e 

3,
 ra

nd
om

iz
ed

, d
ou

bl
e-

bl
in

d,
 

pl
ac

eb
o-

co
nt

ro
lle

d

Po
pu

la
tio

n
Pa

tie
nt

s w
ith

 c
hr

on
ic

 H
F 

re
ce

iv
in

g 
st

an
da

rd
 th

er
ap

y
Pa

tie
nt

s w
ith

 st
ag

e 
3 

or
 4

 C
K

D
Pa

tie
nt

s w
ith

 ty
pe

 2
 d

ia
be

te
s

Pa
tie

nt
s w

ith
 C

K
D

 (e
G

FR
 =

 25
 

to
 ≤

 45
 m

L/
m

in
 p

er
 1

.7
3 

m
2 ) a

nd
 

un
co

nt
ro

lle
d 

re
si

st
an

t h
yp

er
te

n-
si

on

Pa
tie

nt
s w

ith
 H

Fr
EF

Re
gi

m
en

Pa
tir

om
er

 3
0 

g/
da

y 
or

 m
at

ch
in

g 
pl

ac
eb

o
IT

P:
 2

43
 p

at
ie

nt
s r

ec
ei

ve
d 

at
 le

as
t 

on
e 

do
se

 o
f p

at
iro

m
er

 (1
8.

2 
g/

da
y)

RW
P:

 A
 to

ta
l o

f 1
07

 p
at

ie
nt

s w
er

e 
ra

nd
om

ly
 a

ss
ig

ne
d 

to
 c

on
tin

ue
 

pa
tir

om
er

 (2
0.

6 
g/

da
y)

 tr
ea

tm
en

t 
(5

5 
pa

tie
nt

s)
 o

r t
o 

sw
itc

h 
to

 
pl

ac
eb

o 
(5

2 
pa

tie
nt

s)

Pa
tie

nt
s w

er
e 

str
at

ifi
ed

 b
y 

ba
se

lin
e 

se
ru

m
 K

 +
 le

ve
l i

nt
o 

m
ild

 
or

 m
od

er
at

e 
H

K
 g

ro
up

s a
nd

 
re

ce
iv

ed
 1

 o
f 3

 ra
nd

om
iz

ed
 st

ar
t-

in
g 

do
se

s o
f p

at
iro

m
er

 (4
.2

 g
, 

8.
4 

g,
 o

r 1
2.

6 
g 

tw
ic

e 
da

ily
 [m

ild
 

H
K

] o
r 8

.4
 g

, 1
2.

6 
g,

 o
r 1

6.
8 

g 
tw

ic
e 

da
ily

 [m
od

er
at

e 
H

K
])

. 
Pa

tir
om

er
 w

as
 ti

tra
te

d 
to

 a
ch

ie
ve

 
an

d 
m

ai
nt

ai
n 

se
ru

m
 K

 +
 le

ve
l 

5.
0 

m
Eq

/L
 o

r l
ow

er

Pl
ac

eb
o 

or
 p

at
iro

m
er

 (8
.4

 g
/

da
y)

, i
n 

ad
di

tio
n 

to
 o

pe
n-

la
be

l 
sp

iro
no

la
ct

on
e 

(s
ta

rti
ng

 a
t 2

5 
m

g 
on

ce
 d

ai
ly

)

Pa
tir

om
er

 8
.4

–2
5.

2 
g/

da
y 

or
 m

at
ch

-
in

g 
pl

ac
eb

o

Pr
ev

io
us

 tr
ea

tm
en

t
A

C
EI

 o
r A

R
B

 a
nd

 a
 b

et
a-

ad
re

ne
r-

gi
c 

bl
oc

ki
ng

 a
ge

nt
 in

 a
dd

iti
on

 to
 

sp
iro

no
la

ct
on

e 
25

–5
0 

m
g/

da
y

H
ad

 b
ee

n 
re

ce
iv

in
g 

a 
st

ab
le

 d
os

e 
of

 ≥
 1 

R
A

A
Si

 fo
r ≥

 28
 d

ay
s

A
C

EI
, A

R
B

, o
r b

ot
h,

 w
ith

 o
r 

w
ith

ou
t s

pi
ro

no
la

ct
on

e
A

nt
i-h

yp
er

te
ns

iv
e 

m
ed

ic
at

io
ns

A
C

EI
, A

R
B

, A
R

N
I a

nd
/o

r M
R

A
Th

e 
ru

n-
in

 p
ha

se
 c

ou
ld

 la
st 

up
 

to
 1

2 
w

ee
ks

 a
nd

 w
as

 d
es

ig
ne

d 
to

 c
on

tro
l K

 +
 w

ith
 p

at
iro

m
er

 
(ti

tra
te

d 
up

 to
 m

ax
im

um
 o

f 2
5.

2 
g/

da
y)

 w
hi

le
 c

on
cu

rr
en

tly
 o

pt
im

iz
-

in
g 

th
e 

R
A

A
Si

 th
er

ap
y

Sa
m

pl
e 

si
ze

10
5

n =
 24

3 
(I

TP
)

n =
 10

7 
(R

W
P)

30
4

29
5

87
8

M
ed

ia
n 

ag
e 

(±
 S

D
) (

ye
ar

s)
67

.9
 (9

.9
)

67
.4

 (8
.6

)
66

.3
 (8

.6
1)

70
.1

 (1
0.

1)
66

.8
 (1

0)
B

as
el

in
e 

po
ta

ss
iu

m
 le

ve
ls

 
m

m
ol

/L
 (±

 S
D

)
4.

7 
(0

.2
)

5.
6 

(0
.6

)
5.

3 
(0

.4
)

4.
71

 (0
.4

2)
4.

6 
(0

.3
)

Fo
llo

w
-u

p
1 

m
on

th
1 +

 2 
m

on
th

s
52

 w
ee

ks
3 

m
on

th
s

12
 m

on
th

s



Heart Failure Reviews	

Ta
bl

e 
2  

(c
on

tin
ue

d)

PE
A

R
L-

H
F 

(N
C

T0
08

68
43

9)
 [6

3]
O

PA
L-

H
K

 (N
C

T0
18

10
93

9)
 [7

0]
A

M
ET

H
Y

ST
-D

N
 (N

C
T0

13
71

74
7)

 
[6

4]
A

M
B

ER
 (N

C
T0

30
71

26
3)

 [7
6]

D
IA

M
O

N
D

 (N
C

T0
38

88
06

6)
 [7

7]

Pr
im

ar
y 

ou
tc

om
e

C
om

pa
re

d 
w

ith
 p

la
ce

bo
, p

at
iro

m
er

 
ha

d 
si

gn
ifi

ca
nt

ly
 lo

w
er

ed
 se

ru
m

 
K

 +
 le

ve
ls

 w
ith

 a
 d

iff
er

en
ce

 
be

tw
ee

n 
gr

ou
ps

 o
f −

 0.
45

 m
Eq

/L
 

(P
 <

 0.
00

1)
; a

 lo
w

er
 in

ci
de

nc
e 

of
 H

K
 (7

.3
%

 p
at

iro
m

er
 v

er
su

s 
24

.5
%

 p
la

ce
bo

, P
 =

 0.
01

5)
; a

nd
 a

 
hi

gh
er

 p
ro

po
rti

on
 o

f p
at

ie
nt

s o
n 

sp
iro

no
la

ct
on

e 
50

 m
g/

da
y 

(9
1%

 
pa

tir
om

er
 v

er
su

s 7
4%

 p
la

ce
bo

, 
P 

=
 0.

01
9)

In
 p

at
ie

nt
s w

ith
 C

K
D

 (n
 =

 66
), 

th
e 

di
ffe

re
nc

e 
in

 K
 +

 be
tw

ee
n 

gr
ou

ps
 

w
as

 2
0.

52
 m

Eq
/L

 (P
 =

 0.
03

1)
, 

an
d 

th
e 

in
ci

de
nc

e 
of

 H
K

 w
as

 
6.

7%
 p

at
iro

m
er

 v
er

su
s 3

8.
5%

 
pl

ac
eb

o 
(P

 =
 0.

04
1)

IT
P:

 T
he

 m
ea

n 
(±

 S
E)

 c
ha

ng
e 

in
 

se
ru

m
 K

 +
 le

ve
ls

 fr
om

 b
as

el
in

e 
to

 
w

ee
k 

4 
w

as
 −

 1.
01

 ±
 0.

03
 m

m
ol

/L
 

(9
5%

 C
I, 

−
 1.

07
 to

 −
 0.

95
; 

P 
<

 0.
00

1)
RW

P:
 T

he
 e

sti
m

at
ed

 m
ed

ia
n 

ch
an

ge
 in

 th
e 

K
 +

 le
ve

l f
ro

m
 

th
e 

st
ar

t t
o 

w
ee

k 
4 

of
 th

e 
ph

as
e 

w
as

 0
.7

2 
m

m
ol

/L
 in

 th
e 

pl
ac

eb
o 

gr
ou

p 
an

d 
0 

m
m

ol
/L

 in
 th

e 
pa

tir
om

er
 g

ro
up

, f
or

 a
 b

et
w

ee
n-

gr
ou

p 
di

ffe
re

nc
e 

of
 0

.7
2 

m
m

ol
/L

 
(9

5%
 C

I, 
0.

46
 to

 0
.9

9;
 P

 <
 0.

00
1)

M
ea

n 
re

du
ct

io
n 

fro
m

 b
as

el
in

e 
in

 
se

ru
m

 K
 +

 le
ve

l a
t w

ee
k 

4 
or

 
tim

e 
of

 fi
rs

t d
os

e 
tit

ra
tio

n:
M

ild
 H

K
:

4.
2 

g 
do

se
: 0

.3
5 

(9
5%

 C
I, 

0.
22

–0
.4

8)
 m

Eq
/L

8.
4 

g 
do

se
: 0

.5
1 

(9
5%

 C
I, 

0.
38

–0
.6

4)
 m

Eq
/L

12
.6

 g
 d

os
e:

 0
.5

5 
(9

5%
 C

I, 
0.

42
–0

.6
8)

 m
Eq

/L
M

od
er

at
e 

H
K

:
8.

4 
g 

do
se

: 0
.8

7 
(9

5%
 C

I, 
0.

60
–1

.1
4)

 m
Eq

/L
12

.6
 g

 d
os

e:
 0

.9
7 

(9
5%

 C
I, 

0.
70

–1
.2

3)
 m

Eq
/L

16
.8

 g
 d

os
e:

 0
.9

2 
(9

5%
 C

I, 
0.

67
–1

.1
7)

 m
Eq

/L
(P

 <
 0.

00
1 

fo
r a

ll 
ch

an
ge

s)
W

ee
k 

4-
w

ee
k 

52
: s

ta
tis

tic
al

ly
 si

g-
ni

fic
an

t m
ea

n 
de

cr
ea

se
s i

n 
se

ru
m

 
K

 +
 le

ve
ls

 w
er

e 
ob

se
rv

ed
 a

t e
ac

h 
m

on
th

ly
 p

oi
nt

 in
 p

at
ie

nt
s w

ith
 

m
ild

 a
nd

 m
od

er
at

e 
H

K

D
iff

er
en

ce
 in

 th
e 

pr
op

or
tio

n 
of

 
pa

tie
nt

s r
em

ai
ni

ng
 o

n 
sp

iro
no

-
la

ct
on

e 
at

 w
ee

k 
12

: 6
6%

 o
f 

pa
tie

nt
s i

n 
th

e 
pl

ac
eb

o 
gr

ou
p 

an
d 

86
%

 o
f p

at
ie

nt
s i

n 
th

e 
pa

tir
om

er
 

gr
ou

p 
re

m
ai

ne
d 

on
 sp

iro
no

la
c-

to
ne

 (b
et

w
ee

n-
gr

ou
p 

di
ffe

re
nc

e 
19

.5
%

, 9
5%

 C
I 1

0.
0–

29
.0

; 
P 

<
 0.

00
01

)

Th
e 

ad
ju

ste
d 

m
ea

n 
ch

an
ge

 
in

 K
 +

 w
as

 +
 0.

03
 m

m
ol

/L
 

in
 th

e 
pa

tir
om

er
 g

ro
up

 
an

d +
 0.

13
 m

m
ol

/L
 in

 th
e 

pl
ac

eb
o 

gr
ou

p 
[d

iff
er

en
ce

 in
 th

e 
ad

ju
ste

d 
m

ea
n 

ch
an

ge
 b

et
w

ee
n 

pa
tir

om
er

 
an

d 
pl

ac
eb

o:
 −

 0.
10

 m
m

ol
/L

 (9
5%

 
C

I −
 0.

13
, 0

.0
7)

; P
 <

 0.
00

1]
R

is
k 

of
 H

K
 >

 5.
5 

m
m

ol
/L

 (H
R

 0
.6

3;
 

95
%

 C
I 0

.4
5,

 0
.8

7;
 P

 =
 0.

00
6)

 a
nd

 
re

du
ct

io
n 

of
 M

R
A

 d
os

e 
(H

R
 0

.6
2;

 
95

%
 C

I 0
.4

5,
 0

.8
7;

 P
 =

 0.
00

6)
 

w
er

e 
lo

w
er

 w
ith

 p
at

iro
m

er
H

K
-r

el
at

ed
 m

or
bi

di
ty

-a
dj

us
te

d 
ev

en
ts

 (w
in

 ra
tio

 1
.5

3,
 P

 <
 0.

00
1)

 
an

d 
to

ta
l R

A
A

Si
 u

se
 sc

or
e 

(w
in

 
ra

tio
 1

.2
5,

 P
 =

 0.
04

8)
 fa

vo
re

d 
th

e 
pa

tir
om

er
 a

rm

A
dv

er
se

 e
ffe

ct
s

M
os

t c
om

m
on

 a
dv

er
se

 e
ffe

ct
s i

n 
th

e 
pa

tir
om

er
 g

ro
up

:
- g

as
tro

in
te

sti
na

l d
is

or
de

rs
 (fl

at
u-

le
nc

e,
 d

ia
rr

he
a,

 c
on

sti
pa

tio
n,

 a
nd

 
vo

m
iti

ng
) (

21
%

 v
er

su
s 6

%
 in

 th
e 

pl
ac

eb
o 

gr
ou

p)

M
os

t c
om

m
on

 a
dv

er
se

 e
ffe

ct
s:

IT
P:

- m
ild

-to
-m

od
er

at
e 

co
ns

tip
at

io
n 

(1
1%

)
RW

P:
- s

up
ra

ve
nt

ric
ul

ar
 e

xt
ra

sy
sto

le
s (

4%
 

ve
rs

us
 2

%
 in

 th
e 

pl
ac

eb
o 

gr
ou

p)
- m

ild
-to

-m
od

er
at

e 
co

ns
tip

at
io

n,
 

di
ar

rh
ea

 a
nd

 n
au

se
a 

(4
%

 v
er

su
s 

0%
 in

 th
e 

pl
ac

eb
o 

gr
ou

p)

M
os

t c
om

m
on

 a
dv

er
se

 e
ffe

ct
s:

- h
yp

om
ag

ne
se

m
ia

 (7
.2

%
)

- m
ild

-to
-m

od
er

at
e 

co
ns

tip
at

io
n 

(6
.3

%
)

- h
yp

ok
al

em
ia

 (<
 3.

5 
m

Eq
/L

) 
(5

.6
%

)

A
dv

er
se

 e
ve

nt
s w

er
e 

si
m

ila
r i

n 
bo

th
 g

ro
up

s e
xc

ep
t f

or
 H

K
 

le
ad

in
g 

to
 th

e 
di

sc
on

tin
ua

tio
n 

of
 tr

ea
tm

en
t w

hi
ch

 w
as

 h
ig

he
r 

in
 th

e 
pl

ac
eb

o 
gr

ou
p 

(7
%

 v
er

su
s 

1%
 in

 th
e 

pa
tir

om
er

 g
ro

up
)

M
os

t c
om

m
on

 a
dv

er
se

 e
ffe

ct
s i

n 
th

e 
pa

tir
om

er
 g

ro
up

:
- d

ia
rr

he
a 

(4
.3

%
 v

er
su

s 3
.4

%
 in

 th
e 

pl
ac

eb
o 

gr
ou

p)
- c

on
sti

pa
tio

n 
(2

.5
%

 v
er

su
s 1

.1
%

 in
 

th
e 

pl
ac

eb
o 

gr
ou

p)

C
om

m
en

ts
55

%
 o

f t
he

 p
at

ie
nt

s h
ad

 H
F 

+
 C

K
D

 
w

ith
 e

G
FR

 <
 60

 m
L/

m
in

97
%

 o
f t

he
 p

at
ie

nt
s h

ad
 h

yp
er

te
n-

si
on

; 5
7%

 h
ad

 ty
pe

 2
 d

ia
be

te
s, 

42
%

 h
ad

 H
F,

 a
nd

 2
5%

 h
ad

 h
ad

 a
 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n

A
ll 

pa
tie

nt
s h

ad
 h

yp
er

te
ns

io
n 

an
d 

ty
pe

 2
 d

ia
be

te
s;

 6
5%

 h
ad

 st
ag

e 
3 

CK
D

 a
nd

 2
2%

 h
ad

 st
ag

e 
4 

CK
D

; 
35

%
 h

ad
 H

F

45
%

 o
f t

he
 p

at
ie

nt
s h

ad
 a

 h
ist

or
y 

of
 H

F 
an

d 
49

.5
%

 o
f d

ia
be

te
s

42
.4

%
 o

f t
he

 p
at

ie
nt

s h
ad

 S
ta

ge
 3

 
CK

D
, a

nd
 4

0.
5%

 h
ad

 d
ia

be
te

s

AC
EI

 A
C

E 
in

hi
bi

to
rs

, A
RB

 a
ng

io
te

ns
in

 re
ce

pt
or

 b
lo

ck
er

s, 
AR

N
I a

ng
io

te
ns

in
 re

ce
pt

or
 n

ep
ril

ys
in

 in
hi

bi
to

rs
, C

I c
on

fid
en

ce
 in

te
rv

al
, C

K
D

 c
hr

on
ic

 k
id

ne
y 

di
se

as
e,

 E
D

 e
m

er
ge

nc
y 

de
pa

rtm
en

t, 
EF

 
ej

ec
tio

n 
fr

ac
tio

n,
 e

G
FR

 e
sti

m
at

ed
 g

lo
m

er
ul

ar
 fi

ltr
at

io
n 

ra
te

, E
SR

D
 E

nd
-s

ta
ge

 re
na

l d
is

ea
se

, h
 h

ou
rs

, H
D

 h
em

od
ia

ly
si

s, 
H

F 
he

ar
t f

ai
lu

re
, H

Fr
EF

 h
ea

rt 
fa

ilu
re

 w
ith

 re
du

ce
d 

ej
ec

tio
n 

fr
ac

tio
n,

 H
K

 
hy

pe
rk

al
em

ia
, H

R 
ha

za
rd

 r
at

io
, K

 +
 , 

po
ta

ss
iu

m
, M

RA
 m

in
er

al
oc

or
tic

oi
d 

re
ce

pt
or

 a
nt

ag
on

ist
s, 

O
D

 o
dd

s 
ra

tio
, R

AA
Si

 r
en

in
–a

ng
io

te
ns

in
–a

ld
os

te
ro

ne
 s

ys
te

m
 in

hi
bi

to
rs

, S
ZC

 s
od

iu
m

 z
irc

on
iu

m
 

cy
cl

os
ili

ca
te

.



	 Heart Failure Reviews

Ta
bl

e 
3  

S
um

m
ar

y 
of

 so
di

um
 z

irc
on

iu
m

 c
yc

lo
si

lic
at

e 
cl

in
ic

al
 st

ud
ie

s f
or

 th
e 

tre
at

m
en

t o
f h

yp
er

ka
le

m
ia

H
A

R
M

O
N

IZ
E 

(N
C

T0
20

88
07

3)
 [8

0]
Pa

ck
ha

m
 e

t a
l. 

(N
C

T0
17

37
69

7)
 [7

9]
PR

IO
R

IT
IZ

E-
H

F 
(N

C
T0

35
32

00
9)

 [7
8]

D
IA

LI
ZE

 (N
C

T0
33

03
52

1)
 

[8
9]

EN
ER

G
IZ

E 
(N

C
T0

33
37

47
7)

 
[6

0]

M
ec

ha
ni

sm
 o

f a
ct

io
n

SZ
C

SZ
C

SZ
C

SZ
C

SZ
C

St
ud

y 
de

si
gn

Ph
as

e 
3,

 ra
nd

om
iz

ed
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

-c
on

tro
lle

d
Ph

as
e 

3,
 ra

nd
om

iz
ed

, d
ou

bl
e-

bl
in

d,
 p

la
ce

bo
-c

on
tro

lle
d

Ph
as

e 
2,

 ra
nd

om
iz

ed
, d

ou
bl

e‐
bl

in
d,

 p
la

ce
bo
‐c

on
tro

lle
d

Ph
as

e 
3b

, r
an

do
m

iz
ed

, d
ou

bl
e-

bl
in

d,
 p

la
ce

bo
-c

on
tro

lle
d

Ph
as

e 
2,

 ra
nd

om
iz

ed
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

-c
on

tro
lle

d
Po

pu
la

tio
n

O
ut

pa
tie

nt
s w

ith
 H

K
O

ut
pa

tie
nt

s w
ith

 H
K

Pa
tie

nt
s w

ith
 H

Fr
EF

Pa
tie

nt
s w

ith
 E

SR
D

ED
 p

at
ie

nt
s w

ith
 b

lo
od

 p
ot

as
-

si
um

 ≥
 5.

8 
m

m
ol

/L
Re

gi
m

en
In

iti
al

 p
ha

se
: S

ZC
 1

0 
g 

3 ×
 da

ily
M

ai
nt

en
an

ce
 p

ha
se

: S
ZC

 
5–

15
 g

/d
ay

 o
r p

la
ce

bo

In
iti

al
 p

ha
se

:1
.2

5 
g,

 2
.5

 g
, 5

 g
, 

or
 1

0 
g 

of
 S

ZC
 o

r p
la

ce
bo

, 
ad

m
in

ist
er

ed
 3

 ×
 da

ily
 fo

r t
he

 
in

iti
al

 4
8 

h
M

ai
nt

en
an

ce
 p

ha
se

: P
at

ie
nt

s 
in

 th
e 

SZ
C

 g
ro

up
 a

ss
ig

ne
d 

in
 

a 
1:

1 
ra

tio
 to

 re
ce

iv
e 

ei
th

er
 

or
ig

in
al

 S
ZC

 d
os

e 
or

 p
la

ce
bo

 
1 ×

 on
 d

ay
s 3

–1
4.

 P
at

ie
nt

s 
as

si
gn

ed
 to

 th
e 

pl
ac

eb
o 

gr
ou

p 
in

 th
e 

in
iti

al
 p

ha
se

 
w

er
e 

ra
nd

om
ly

 a
ss

ig
ne

d 
to

 
re

ce
iv

e 
ei

th
er

 1
.2

5 
g 

or
 2

.5
 g

 
of

 S
ZC

SZ
C

 5
 g

 o
r p

la
ce

bo
 o

nc
e 

da
ily

 fo
r 1

2 
w

ee
ks

. D
os

es
 o

f 
stu

dy
 m

ed
ic

at
io

n 
an

d 
R

A
A

S 
in

hi
bi

to
rs

 w
er

e 
tit

ra
te

d 
du

r-
in

g 
th

e 
tre

at
m

en
t p

er
io

d

Pa
tie

nt
s w

er
e 

ra
nd

om
iz

ed
 1

:1
 

to
 re

ce
iv

e 
or

al
ly

 a
 st

ar
tin

g 
do

se
 o

f S
ZC

 5
 g

 o
r p

la
ce

bo
 

on
ce

 d
ai

ly
 o

n 
no

n-
di

al
ys

is
 

da
ys

D
os

es
 w

er
e 

tit
ra

te
d 

in
 5

 g
 

in
cr

em
en

ts
 to

 a
 m

ax
im

um
 

do
se

 o
f 1

5 
g 

on
ce

 d
ai

ly
 o

n 
no

n-
di

al
ys

is
 d

ay
s

Pa
tie

nt
s w

er
e 

ra
nd

om
iz

ed
 1

:1
 to

 
re

ce
iv

e 
SZ

C
 1

0 
g 

or
 p

la
ce

bo
, 

up
 to

 th
re

e 
tim

es
 d

ur
in

g 
a 

10
-h

 p
er

io
d,

 w
ith

 in
su

lin
 a

nd
 

gl
uc

os
e

Pr
ev

io
us

 tr
ea

tm
en

t
70

%
 tr

ea
te

d 
w

ith
 R

A
A

S 
in

hi
bi

to
rs

66
.7

%
 p

at
ie

nt
s w

er
e 

re
ce

iv
in

g 
R

A
A

S 
in

hi
bi

to
rs

A
C

EI
 (4

8.
3%

)
A

R
B

 (3
4.

1%
)

Sa
cu

bi
tri

l‐v
al

sa
rta

n 
(1

6.
5%

)
M

R
A

 (1
8.

7%
)

D
iu

re
tic

 (8
5.

2%
)

B
et

a‐
bl

oc
ke

r (
91

.2
%

)

H
D

 th
re

e 
tim

es
 

w
ee

kl
y ≥

 3 
m

on
th

s b
ef

or
e 

ra
nd

om
iz

at
io

n

A
C

E-
I (

22
.9

%
) a

nd
 A

R
B

 
(1

2.
9%

)

Sa
m

pl
e 

si
ze

n =
 25

8 
in

iti
al

 p
ha

se
n =

 23
7 

m
ai

nt
en

an
ce

 p
ha

se
n =

 75
4 

in
iti

al
 p

ha
se

n =
 54

3 
m

ai
nt

en
an

ce
 p

ha
se

18
2

19
6

70

M
ed

ia
n 

ag
e 

(±
 S

D
) (

ye
ar

s)
64

.0
 (1

2.
7)

65
.7

 (1
2.

2)
71

.9
 (8

.4
)

58
.1

59
 (1

3.
8)

B
as

el
in

e 
po

ta
ss

iu
m

 le
ve

ls
 

m
m

ol
/L

 (±
 S

D
)

5.
6 

(0
.4

)
5.

0–
5.

3 
(5

6.
7%

)
5.

4–
5.

5 
(2

0.
2%

)
5.

6–
6.

5 
(2

3.
1%

)

4.
86

 (0
.3

5)
5.

5–
5.

9 
(p

re
-d

ia
ly

si
s)

6.
5 

(0
.7

0)

Fo
llo

w
-u

p
In

iti
al

 p
ha

se
: 4

8 
h

M
ai

nt
en

an
ce

 p
ha

se
: 2

8 
da

ys
In

iti
al

 p
ha

se
: 4

8 
h

M
ai

nt
en

an
ce

 p
ha

se
: 1

4 
da

ys
3 

m
on

th
s

1-
w

ee
k 

sc
re

en
in

g 
pe

rio
d

8-
w

ee
k 

tre
at

m
en

t p
er

io
d

2-
w

ee
k 

fo
llo

w
-u

p 
pe

rio
d

24
 h



Heart Failure Reviews	

Ta
bl

e 
3  

(c
on

tin
ue

d)

H
A

R
M

O
N

IZ
E 

(N
C

T0
20

88
07

3)
 [8

0]
Pa

ck
ha

m
 e

t a
l. 

(N
C

T0
17

37
69

7)
 [7

9]
PR

IO
R

IT
IZ

E-
H

F 
(N

C
T0

35
32

00
9)

 [7
8]

D
IA

LI
ZE

 (N
C

T0
33

03
52

1)
 

[8
9]

EN
ER

G
IZ

E 
(N

C
T0

33
37

47
7)

 
[6

0]

Pr
im

ar
y 

ou
tc

om
e

In
iti

al
 p

ha
se

: s
er

um
 K

 +
 le

ve
ls

 
de

cl
in

ed
 fr

om
 5

.6
 m

Eq
/L

 a
t 

ba
se

lin
e 

to
 4

.5
 m

Eq
/L

 a
t 4

8 
h

84
%

 o
f p

at
ie

nt
s (

95
%

 C
I, 

79
–8

8%
) a

ch
ie

ve
d 

no
rm

ok
a-

le
m

ia
 b

y 
24

 h
 a

nd
 9

8%
 (9

5%
 

C
I, 

96
–9

9%
) b

y 
48

 h
M

ai
nt

en
an

ce
 p

ha
se

: s
er

um
 

K
 +

 w
as

 si
gn

ifi
ca

nt
ly

 lo
w

er
 

du
rin

g 
da

ys
 8

–2
9 

w
ith

 a
ll 

3 
SZ

C
 d

os
es

 v
er

su
s p

la
-

ce
bo

 (4
.8

 m
Eq

/L
 [9

5%
 C

I, 
4.

6–
4.

9]
, 4

.5
 m

Eq
/L

 [9
5%

 
C

I, 
4.

4–
4.

6]
, a

nd
 4

.4
 m

Eq
/L

 
[9

5%
 C

I, 
4.

3–
4.

5]
 fo

r 5
 g

, 
10

 g
, a

nd
 1

5 
g;

 5
.1

 m
Eq

/L
 

[9
5%

 C
I, 

5.
0–

5.
2]

 fo
r 

pl
ac

eb
o;

 P
 <

 0.
00

1 
fo

r a
ll 

co
m

pa
ris

on
s)

C
ha

ng
e 

in
 K

 +
 at

 4
8 

h:
R

an
ge

d 
fro

m
 −

 0.
16

 to
 −

 0.
30

%
 

fo
r S

ZC
 g

ro
up

s c
om

pa
re

d 
to

 −
 0.

09
%

 fo
r p

la
ce

bo
 

(P
 <

 0.
00

1 
fo

r e
ac

h 
co

m
pa

ri-
so

n)
Th

e 
m

ea
n 

re
du

ct
io

n 
fro

m
 

ba
se

lin
e 

at
 1

 h
 a

fte
r t

he
 

fir
st 

10
 g

 d
os

e 
of

 S
ZC

 
w

as
 0

.1
1 

m
m

ol
/L

 (9
5%

 
C

I, 
−

 0.
17

 to
 −

 0.
05

), 
as

 
co

m
pa

re
d 

w
ith

 a
n 

in
cr

ea
se

 o
f 

0.
01

 m
m

ol
/L

 (9
5%

 C
I, 

−
 0.

05
 

to
 0

.0
7)

 in
 th

e 
pl

ac
eb

o 
gr

ou
p 

(P
 =

 0.
00

9)
N

or
m

ok
al

em
ia

 w
as

 m
ai

nt
ai

ne
d 

du
rin

g 
12

 d
ay

s o
f m

ai
nt

e-
na

nc
e 

th
er

ap
y

Th
er

e 
w

as
 n

o 
st

at
ist

ic
al

ly
 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 in
 th

e 
di

str
ib

ut
io

n 
of

 p
at

ie
nt

s b
y 

R
A

A
S 

in
hi

bi
to

r t
re

at
m

en
t 

ca
te

go
rie

s a
t 3

 m
on

th
s 

(P
 =

 0.
43

). 
Th

e 
pr

op
or

tio
n 

of
 p

at
ie

nt
s a

t t
ar

ge
t M

R
A

 
do

se
 w

as
 n

um
er

ic
al

ly
 h

ig
he

r 
in

 th
e 

SZ
C

 g
ro

up
 (5

6.
4%

) 
co

m
pa

re
d 

w
ith

 th
e 

pl
ac

eb
o 

gr
ou

p 
(4

7.
0%

)
A

t e
nd

 o
f t

re
at

m
en

t, 
80

.4
%

 o
f 

pa
tie

nt
s i

n 
th

e 
SZ

C
 g

ro
up

 
w

er
e 

no
rm

ok
al

em
ic

 c
om

-
pa

re
d 

w
ith

 6
3.

6%
 o

f p
at

ie
nt

s 
in

 th
e 

pl
ac

eb
o 

gr
ou

p

Re
sp

on
de

rs
: d

ur
in

g 
th

e 
4-

w
ee

k 
ev

al
ua

tio
n 

pe
rio

d,
 

m
ai

nt
ai

ne
d 

se
ru

m
 K

 +
 of

 
4.

0–
5.

0 
m

m
ol

/L
 d

ur
in

g ≥
 3 

of
 4

 H
D

 tr
ea

tm
en

ts
 a

nd
 

w
ho

 d
id

 n
ot

 re
qu

ire
 re

sc
ue

 
th

er
ap

y
41

.2
%

 p
at

ie
nt

s r
ec

ei
vi

ng
 S

ZC
 

w
er

e 
re

sp
on

de
rs

 c
om

pa
re

d 
w

ith
 1

.0
%

 o
f p

at
ie

nt
s r

ec
ei

v-
in

g 
pl

ac
eb

o 
(P

 <
 0.

00
1)

Th
e 

le
as

t s
qu

ar
es

 m
ea

n 
(±

 S
D

) 
K

 +
 ch

an
ge

 fr
om

 b
as

el
in

e 
to

 4
 h

 w
as

 −
 0.

41
 (±

 0.
11

) 
m

m
ol

/L
 a

nd
 −

 0.
27

 (±
 0.

10
) 

m
m

ol
/L

 w
ith

 S
ZC

 a
nd

 
pl

ac
eb

o,
 re

sp
ec

tiv
el

y 
(d

iff
er

-
en

ce
 =

 –0
.1

3 
m

m
ol

/L
; 9

5%
 

C
I, 

0.
44

–0
.1

7)
. A

 g
re

at
er

 
re

du
ct

io
n 

in
 m

ea
n 

(±
 S

D
) 

K
 +

 fr
om

 b
as

el
in

e 
oc

cu
rr

ed
 

w
ith

 S
ZC

 c
om

pa
re

d 
w

ith
 

pl
ac

eb
o 

at
 2

 h
: –

0.
72

 (±
 0.

12
) 

ve
rs

us
 –

0.
36

 (±
 0.

11
) m

m
ol

/L
 

re
sp

ec
tiv

el
y.

 A
 n

um
er

ic
al

ly
 

lo
w

er
 p

ro
po

rti
on

 o
f p

at
ie

nt
s i

n 
th

e 
SZ

C
 g

ro
up

 re
qu

ire
d 

ad
di

-
tio

na
l K

 +
 -l

ow
er

in
g 

th
er

ap
y 

du
e 

to
 H

K
 a

t 0
 to

 4
 h

 v
er

su
s 

pl
ac

eb
o 

(1
5.

6%
 v

er
su

s 3
0.

6%
, 

re
sp

ec
tiv

el
y;

 O
D

 =
 0.

40
; 9

5%
 

C
I, 

0.
09

–1
.7

7)
A

dv
er

se
 e

ffe
ct

s
A

dv
er

se
 e

ffe
ct

s w
er

e 
m

or
e 

pr
om

in
en

t i
n 

th
e 

SZ
C

 =
 15

 g
 

gr
ou

p:
- a

ne
m

ia
 (5

.4
%

 v
er

su
s 0

%
 in

 
th

e 
pl

ac
eb

o 
gr

ou
p)

- e
de

m
a 

(1
4.

3%
 v

er
su

s 2
.4

%
 in

 
th

e 
pl

ac
eb

o 
gr

ou
p)

- h
yp

ok
al

em
ia

 (1
0.

7%
 v

er
su

s 
0%

 in
 th

e 
pl

ac
eb

o 
gr

ou
p)

- n
as

op
ha

ry
ng

iti
s (

2.
4%

 v
er

su
s 

1.
2%

 in
 th

e 
pl

ac
eb

o)

A
dv

er
se

 e
ffe

ct
s w

er
e 

m
ai

nl
y 

ob
se

rv
ed

 in
 th

e 
m

ai
nt

en
an

ce
 

ph
as

e 
w

ith
 S

ZC
 =

 10
 g

:
- g

as
tro

in
te

sti
na

l d
is

or
de

rs
 

(4
.8

%
 v

er
su

s 0
%

 in
 th

e 
pl

a-
ce

bo
 g

ro
up

)
- c

ar
di

ac
 d

is
or

de
rs

 (3
.2

%
 

ve
rs

us
 1

.6
%

 in
 th

e 
pl

ac
eb

o 
gr

ou
p)

M
os

t c
om

m
on

 a
dv

er
se

 e
ffe

ct
s 

in
 th

e 
SZ

 1
01

. C
 g

ro
up

:
- E

de
m

a 
(3

.3
%

 p
at

ie
nt

s v
er

su
s 

1.
1%

 in
 th

e 
pl

ac
eb

o 
gr

ou
p)

- w
or

se
ni

ng
 H

F 
(1

2.
1%

 v
er

su
s 

5.
6%

 in
 th

e 
pl

ac
eb

o 
gr

ou
p

M
os

t c
om

m
on

 a
dv

er
se

 e
ffe

ct
s 

in
 th

e 
SZ

C
 g

ro
up

:
- g

as
tro

in
te

sti
na

l d
is

or
de

rs
 

(1
9.

8%
 v

er
su

s 1
7.

2%
 p

at
ie

nt
s 

in
 th

e 
pl

ac
eb

o 
gr

ou
p)

- i
nf

ec
tio

ns
 (1

2.
5%

 v
er

su
s 

9.
1%

 p
at

ie
nt

s i
n 

th
e 

pl
ac

eb
o 

gr
ou

p)

M
os

t c
om

m
on

 a
dv

er
se

 e
ffe

ct
s i

n 
th

e 
SZ

C
 g

ro
up

:
C

lin
ic

al
ly

 si
gn

ifi
ca

nt
 h

yp
og

ly
-

ce
m

ia
 (1

3.
8%

 v
er

su
s 9

.1
%

 o
f 

pa
tie

nt
s i

n 
th

e 
pl

ac
eb

o 
gr

ou
p)

 
be

tw
ee

n 
0 

an
d 

24
 h



	 Heart Failure Reviews

binders for situations where newer agents are unavailable or 
contraindicated.

Recent advancements in the research of HK have intro-
duced new potassium binders, offering more effective and 
tolerable options for patients (Table 1). Patiromer and SZC 
are the latest additions, designed to lower serum potassium 
levels by binding potassium in the gastrointestinal tract and 
facilitating its excretion through the stool [45, 49, 53–55]. 
These innovative agents have demonstrated potential in clin-
ical trials [53, 55], delivering sustained reduction in potas-
sium levels with a favorable safety profile. This makes them 
well-suited for long-term HK management, particularly in 
patients with CKD or HF undergoing high doses of RAASi 
[56, 57]. Their introduction marks a significant improvement 
in the therapeutic landscape, offering clinicians additional 
resources to manage HK more effectively while minimizing 
patient discomfort and adverse effects.

Patiromer

Patiromer is an organic, sodium-free, non-absorbed polymer 
designed to exchange potassium for calcium throughout the 
gastrointestinal tract but mostly in the colon [56]. Clinical 
studies have demonstrated patiromer efficacy in reducing 
serum potassium levels (Table 2), with a favorable safety 
profile that includes fewer gastrointestinal side effects com-
pared to traditional binders like SPS [63–65]. Additionally, 
patiromer minimal systemic absorption makes it a conveni-
ent option for long-term use [66] [64]. Its ability to lower 
potassium levels without significantly altering other electro-
lytes contributes to its tolerability and suitability for chronic 
management [56, 66, 67].

Real-world clinical data from patients receiving chronic 
hemodialysis demonstrated that the relative proportion of 
patients with severe HK (≥ 6.0 mmol/L) was reduced by 
approximately 50% following patiromer initiation [68]. Con-
currently with the observed reductions in serum potassium, 
the results regarding dose and duration of use indicated 
the healthcare providers’ intention for chronic patiromer 
use [68]. Additionally, long-term patiromer was recently 
shown to be associated with a lower risk of all-cause mor-
tality among patients with CKD and HK [69]. Patiromer has 
also demonstrated the ability to support the ongoing use of 
RAASi therapy [70, 71], fundamental for managing CKD 
and HF. Moreover, it has shown high effectiveness in potas-
sium reduction, with 80% of patients maintaining RAASi 
therapy after 6 months of patiromer initiation, thereby align-
ing with guideline-driven medication objectives [72].

Until now, formal studies on patiromer in emergency 
setting for acute HK have been lacking [65]. However, in 
an open-label study aimed at determining the time to onset 
of action, a significant reduction in serum potassium levels Ta
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Table 4   Misconceptions about the use of novel potassium binders identified by the multidisciplinary expert panel in their clinical practice

CPS calcium polystyrene sulfonate, HK hyperkalemia, KDIGO Kidney Disease: Improving Global Outcomes RAASi renin–angiotensin–aldoster-
one system inhibitors, SPS sodium polystyrene sulfonate, SZC sodium zirconium cyclosilicate.

Misconceptions Facts References

My patients do not have HK The prevalence of HK is notably high among patients with 
CKD and HF, underscoring the critical need for vigilant 
monitoring and management in these populations

[30, 91, 92]

I control potassium levels well with diet and diuretics General dietary potassium restriction is not an adequate 
strategy to manage HK and diuretics are not ideal for the 
long-term management of HK

[4, 7, 48]

Resins are effective and well tolerated SPS/CPS is not well tolerated and may cause severe gastroin-
testinal adverse events

These resins are not recommended by KDIGO guidelines to 
control HK

[2, 4, 93]

My patients are treated with optimal doses of RAASi, accord-
ing to current guidelines

Despite adherence to current guidelines for RAASi dosing, 
real-world clinical practice often reveals suboptimal treat-
ment levels, due to HK as a limiting factor

[2, 4, 11, 92]

Non-steroidal MRAs exclude the need to use potassium binders While non-steroidal MRAs can help manage hyperkalemia, 
they do not universally eliminate the need for potassium 
binders, as individual patient responses and clinical circum-
stances may still necessitate their use

[94]

Potassium binders can be used as a substitute for emergency 
therapy

Despite the absence of approval for acute HK, potassium bind-
ers such as patiromer and SZC are recommended following 
initial emergency interventions with IV calcium, IV insulin-
glucose, and nebulized salbutamol

The earliest onset of action studied is 1 h for SZC and 2 h for 
patiromer

Both agents require administration intervals to avoid drug 
interactions: 2 h for SZC and 3 h for patiromer

[15, 60, 74, 75]

Patiromer has no data in dialysis Recent studies have demonstrated its efficacy and safety in 
managing HK among dialysis patients

[68, 73]

Metabolic acidosis is an obstacle to the use of patiromer Metabolic acidosis is not currently described as an adverse 
effect of patiromer treatment, but it is a frequent condition in 
CKD patients and patients under RAASi treatment

To control metabolic acidosis, it is recommended to use oral 
sodium bicarbonate

SZC increases serum bicarbonate, and this mechanism of 
action may potentially result in benefits dependent on cor-
rected metabolic acidosis

[4, 95–97]

Hypomagnesemia is an obstacle to the use of patiromer In clinical trials, hypomagnesemia and “blood magnesium 
decreased” were observed in 5.3% and 0.8% of patients, 
respectively. However, the global pharmacovigilance 
database reported much lower rates of 0.02% and 0.16%, 
respectively

Although hypomagnesaemia related to
patiromer is mild and does not carry cardiac arrhythmias, it 

is recommended to monitor Mg levels and to supplement in 
cases with

Mg < 1.5 mg/dL

[95, 98]

Sodium does not pose an additional risk in the management of 
renal/ cardiovascular patients

Sodium poses additional risks in the management of renal and 
cardiovascular patients; the sodium content in SZC, although 
low (80 mg/g), must be carefully considered to avoid exacer-
bating hypertension and fluid retention

[88, 99, 100]
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among hyperkalemic patients was observed within 4 to 7 h 
[73], suggesting its utility primarily in the context of chronic 
HK. Nevertheless, a pilot investigation targeting severe and 
acute HK revealed that a single oral dose of 25.2 g of pati-
romer led to a statistically significant reduction in serum 
potassium within 2 h, indicating a potential role in acute HK 
management [74]. In agreement, Di Palo et al. conducted 
a retrospective cohort study evaluating patiromer therapy 
for HK in an acute care setting [75]. Their findings indi-
cated a mean potassium reduction of 0.50 (SD 0.56) mmol/L 
(p < 0.001) within 0 to 6 h following a single dose of pati-
romer administration in patients with acute HK [75].

Sodium zirconium cyclosilicate

SZC is an insoluble, non-absorbable, non-polymer inorganic 
material that selectively exchanges sodium and hydrogen 
ions for potassium ions in the gastrointestinal tract, thereby 
reducing serum potassium levels through fecal excretion 
[78]. One clinical trial demonstrated that SZC has an onset 
of action within 1 h (Table 3) [79]. However, potassium 
levels obtained less than 6 h after administration of a potas-
sium-binder can result from concomitant HK therapies that 
temporarily shift potassium intracellularly [45]. In fact, a 
pilot randomized clinical trial explored the efficacy of SZC 
with insulin and glucose as HK treatment in the emergency 
department and reported that at 1 h after the start of dosing, 
the least squares mean change from baseline in potassium 
was similar between the SZC group (− 0.67 ± 0.12) and the 
placebo group (− 0.67 ± 0.11) mmol/L [60].

Several clinical studies have reported sustained 
potassium-lowering effects of SZC over longer dura-
tions [79–82]. It is well-tolerated, with a safety profile 
that includes mild gastrointestinal side effects, such as 
edema, which is generally manageable [81]. Similarly to 
patiromer, minimal systemic absorption enhances patient 
compliance and convenience [80]. The efficacy of SZC 
in lowering potassium levels has been shown to be con-
sistent across different populations, including those with 
CKD [81], HF [78, 82], hemodialysis patients [83, 84], and 
those under RAASi [82, 85–87]. In an observational multi-
country cohort study, patients with CKD and/or HF treated 
with SZC were significantly more likely to maintain 
guideline-accordant RAASi therapy at 6 months follow-
ing HK compared to patients under no potassium binder 
treatment [87]. Recently, a real-world study showed that 
nearly 80% of patients with ESKD, CKD, and CKD with 
diabetes who initiated SZC for HK were able to optimize 
their RAASi therapy [85]. A recent retrospective study 
with CKD patients also demonstrated the benefit of SZC 
in reducing mortality and HK-associated hospitalizations, 
albeit the high RAASi persistence rate in the SZC group 
could have contributed to the better management of CKD 

and lower events rate [86]. Another real-world study found 
that SZC treatment might be associated with an increased 
risk of hospitalizations for HF in comparison to patiromer 
[88]. Therefore, the selection of an optimal approach to the 
management of HK should consider the potential impact 
of the sodium load on patients.

Conclusion and future perspectives

The advent of novel potassium binders such as patiromer 
and SZC represents a significant advancement in the 
management of HK, offering new therapeutic options that 
enhance patient outcomes and safety profiles. These agents 
have demonstrated efficacy in lowering serum potassium 
levels and maintaining long-term normokalemia, provid-
ing critical support in the management of patients with 
CKD, HF, and other conditions predisposed to HK, as well 
as optimizing RAASi therapy. Despite their efficacy, there 
is a pressing need for extensive long-term studies to evalu-
ate their safety profiles, potential side effects, and impacts 
on patient quality of life.

Future research on HK treatment should focus on opti-
mizing the use of patiromer and SZC through randomized 
controlled trials to evaluate their impact on mortality in 
patients with HK. Investigations should aim to establish 
standardized dosing regimens tailored to individual patient 
characteristics, such as comorbid conditions and concur-
rent medications. Comparative studies are necessary to 
determine the relative effectiveness and cost-efficiency 
of patiromer versus SZC in diverse patient populations. 
Research should also explore the mechanisms by which 
these agents interact with other treatments for HK and 
their role in comprehensive disease management strate-
gies (Table 4).

Particularly in the acute HK setting, further research 
should explore the implementation of protocols for treat-
ment, including novel potassium binders. The ongoing 
KBindER randomized study, expected to be completed by 
December 2024, aims to compare oral potassium binders 
in the treatment of acute HK and will hopefully inform 
decision-making guidelines on this matter [46]. Another 
important field of research is to determine the efficacy 
of recommending dietary restriction of potassium-rich 
foods in patients with CKD or HF, specifically from plant-
based sources, as these foods also provide cardiometabolic 
health benefits [48, 90]. Clinical trials are needed to test 
the validity of dietary potassium intake from different food 
sources, both alone and in combination with gut-targeted 
interventions, for optimal potassium management.

Concomitant to the need for well-designed clinical tri-
als, conducting and reporting data from real-world settings 
is crucial to ensure the true long-term effectiveness and 



Heart Failure Reviews	

safety of patiromer and SZC. A holistic approach involv-
ing the collective expertise of cardiologists, nephrologists, 
internists, and nutritionists is essential for optimizing HK 
management and improving the overall quality of care for 
patients. Clear, evidence-based communication is vital to 
guide healthcare providers in selecting the most appropri-
ate therapy based on individual patient needs and clinical 
scenarios, ensuring both effective and safe management of 
HK across different settings.
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