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ABSTRACT

Hyperkalaemia is a common electrolyte imbalance with potentially serious short-, medium-
and long-term consequences on morbidity and mortality rates and the use of national
health service resources. The fact that different medical specialities can manage hyper-
kalaemia makes it important to have a unified approach, and the recent availability of
new specific drug treatments means that the approach needs to be updated. This consen-
sus document from the scientific societies most directly involved in the management of
hyperkalaemia (Sociedad Espanola de Cardiologia [Spanish Society of Cardiology], Sociedad
Espanola de Endocrinologia y Nutricién [Spanish Society of Endocrinology and Nutrition],
Sociedad Espaniola de Medicina Interna [Spanish Society of Internal Medicine], Sociedad
Espanola de Medicina de Urgencias y Emergencias [Spanish Society of Accident and Emer-
gency Medicine| and Sociedad Espanola de Nefrologia [Spanish Society of Nephrology]) first
of all reviews basic aspects of potassium balance and blood potassium. Then it goes on
to focus on the concept, epidemiology, pathophysiology and diagnostic and therapeutic
approaches to hyperkalaemia. The available evidence and the main published studies have
been reviewed with the aim of providing a useful tool in the multidisciplinary approach to

patients with hyperkalaemia.
© 2023 Sociedad Espariola de Nefrologia. Published by Elsevier Espaina, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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Documento de consenso sobre el abordaje de la hiperpotasemia

RESUMEN

Palabras clave:

Hiperpotasemia

Ciclosilicato de sodio y zirconio
Patiromer

Tratamiento

Enfermedad renal crénica
Insuficiencia cardiaca

Diabetes mellitus

La hiperpotasemia es una alteracién electrolitica frecuente con consecuencias potencial-
mente graves a corto, medio y largo plazo, tanto en términos de morbilidad y mortalidad
como de consumo de recursos del Sistema Nacional de Salud. El abordaje de la hiper-
potasemia por diversas especialidades médicas y la reciente disponibilidad de nuevos
tratamientos farmacolégicos especificos hace necesaria una accién unificada y actualizada.
El presente documento de consenso entre las sociedades cientificas més directamente
implicadas en el abordaje de la hiperpotasemia (Sociedad Espanola de Cardiologia, Sociedad
Espanola de Endocrinologia y Nutricién, Sociedad Espanola de Medicina Interna, Sociedad
Espanola de Medicina de Urgencias y Emergencias y Sociedad Espanola de Nefrologia)
repasa, en primer lugar, aspectos basicos del balance de potasio y de la potasemia, centran-
dose posteriormente en el concepto, epidemiologia, fisiopatologia, y abordaje diagnéstico y
terapéutico de la hiperpotasemia. Se han revisado las evidencias y los principales estudios
publicados con el objetivo de que sea una herramienta 1til en el abordaje multidisciplinar

del paciente con hiperpotasemia.

© 2023 Sociedad Espariiola de Nefrologia. Publicado por Elsevier Espaiia, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/

by-nc-nd/4.0/).

Introduction

Hyperkalemia is a common electrolyte disturbance with
potentially serious consequences in the short, medium and
long term, both in terms of morbidity and mortality and in the
consumption of National Health System resources. The pro-
gressive aging of the population, the increasing incidence of
diabetes mellitus, chronic kidney disease (CKD) and cardiovas-
cular diseases (CVD), with special emphasis on heart failure, as
well as the increasingly common use of drugs whose adverse
effectsinclude an increase in serum potassium concentration,
means that hyperkalemia is becoming more frequent in daily
clinical activity.

The approach to hyperkalemia by various medical special-
ties and the recent availability of new specific pharmacological
treatments requires unified and updated action. To meet this
demand it arose the initiative to generate a consensus among
the scientific societies most directly involved in the approach
to hyperkalemia and which have signed this document: Span-
ish Society of Cardiology, Spanish Society of Endocrinology
and Nutrition, Spanish Society of Internal Medicine, Span-
ish Society of Emergency Medicine, and Spanish Society of
Nephrology. Each society has appointed delegates who have
participated in the drafting of the document and are listed as
authors. The final text is the result of discussion and approval
by all delegates.

This consensus document first reviews basic aspects of
potassium balance and potassemia, and then focuses on
the concept, epidemiology, pathophysiology, and diagnostic
and therapeutic approach to hyperkalemia. The evidence and
major published studies have been reviewed with the aim of
making it a useful tool in the multidisciplinary approach to
the patient with hyperkalemia.

The basic concepts of potassium balance and
potassemia

Potassium is the third most abundant mineral in humans, and
the maintenance of an adequate potassium concentration,
both inside and outside the cells, is essential for several func-
tions, including the maintenance of membrane potential in
excitable tissues. Multiple mechanisms maintain potassium
homeostasis and potassemia within very narrow margins.
Disruption of any of these mechanisms may precipitate the
onset of hyper- or hypokalemia. The main factors influencing
the serum level of potassium are dietary intake, transcellular
transfer and urinary elimination of potassium.

Intracellular and extracellular potassium concentration
homeostasis

Potassium is the main intracellular cation. Potassemia is reg-
ulated by potassium entering and leaving the cell.! Potassium
from the diet is rapidly absorbed passively by the small intes-
tine and accumulates intracellularly before being excreted
in urine. Several factors modify its transcellular flux. Insulin
and beta-2-adrenergic activity introduce potassium into the
cell, reducing potassemia, while exercise, metabolic acido-
sis, hyperglycemia, hyperosmolarity and tissue destruction
release potassium from cells, increasing its serum concen-
tration. Although potassemia is usually maintained in the
normal range despite physiological variations related to diet
and physical activity, even during prolonged fasting (low
insulin levels) or extreme physical exercise, these oscillations
could become clinically relevant in patients that develop hypo-
or hyperkalemia.’™ Finally, several drugs interfere with tran-
scellular potassium transfer (Table 1).>°
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Table 1 - Regulation of transcellular movement of potassium.

Factors that increase the entry of potassium into the cell and
promote hypokalemia.

Factors that increase potassium outflow from the cell and
promote hyperkalemia

Insulin
Exogenous insulin
Carbohydrates
Beta-2 adrenergic stimulation
Stress
Beta-adrenergic agonists (albuterol, terbutaline, dobutamine,
nasal decongestants or slimming agents with pseudoephedrine
or ephedrine, meat contaminated with clenbuterol)
Alkalemia
Increased extracellular pH due to metabolic or respiratory
alkalosis
Increase in the number of cells
Acute increase in erythropoiesis
Others
Aldosterone
Hypothermia
Intoxications (barium, cesium, chloroquine)
Antipsychotics (risperidone, quetiapine)

Insulin deficiency

Inadequately controlled diabetes
Fasting

Non-selective beta-blockers
Propranolol, labetalol

Metabolic acidosis
Except lactic acidosis or ketoacidosis

Cell destruction or red blood cell transfusions

Others

Hyperosmolality (hyperglycemia, hypernatremia, hypertonic
radiocontrast, hypertonic mannitol) Exercise

Digitalis intoxication

Succinylcholine in muscle disease

Arginine HCl

Calcineurin inhibitors, nicorandil

Based on references® and 7.

Dietary sources of potassium

The recommended daily intake of potassium is around
3,500 mg (90 mEq), requirements that are easily met with reg-
ular intake, given its wide distribution in multiple foods and
beverages.”®

The foods richest in potassium are fruits and vegetables,
although it is also present in meat, nuts, legumes, seeds and
cocoa (Table 2). Another important source of potassium is
potassium salts, used as a substitute for common salt.>'° The
use of these salts may increase after a recent clinical trial
demonstrated that their use decreases cardiovascular events
and death from any cause in hypertensive patients with a
history of stroke or age 60 years or older.'’ Plant sources
of potassium are also a source of dietary alkalis, which can
reduce metabolic acidosis in CKD by helping to maintain
potassium within the cell.

Potassium outflow pathways from the body

Potassium leaves the body in a regulated manner in urine
and in an unregulated manner in feces, vomit or sweat. Uri-
nary potassium excretion is regulated at the level of the distal
nephron.®” Aldosterone promotes potassium secretion by the
principal cells of the connecting segment and cortical collect-
ing tube, which exchange it for sodium reabsorption from
the tubular lumen. This process can be inhibited, even in
the presence of hyperkalemia, by drugs that decrease the
levels or block the action of aldosterone, by a decrease in
the sodium available in the lumen of the distal nephron,
or by the inability of the principal cells to reabsorb sodium
(Table 3). Conversely, increased sodium availability in the dis-
tal nephron (e.g., by diuretics that inhibit sodium reabsorption
in more proximal segments of the nephron) favors sodium
reabsorption in exchange for potassium, which is secreted

into the urine, even in the presence of hypokalemia. Polyuria
interferes with the kidney’s ability to retain potassium, since
there is a reduced urinary potassium concentration, and
the high urine volume is accompanied by increased uri-
nary potassium loss (Table 3). Excessive unregulated loss
of potassium in digestive secretions or sweat may promote
hypokalemia.

Hyperkalemia

Concept

There is no universally accepted definition of hyperkalemia.
Laboratories provide a range of normality based on the
distribution of potassemia in the general population, but
it would be desirable to evolve to a definition of hyper-
kalemia based on health risk. The recent Kidney Disease
Improving Global Outcomes (KDIGO) conference defined hyper-
kalemia as potassemia above normal, taking into account
that serum levels of potassium are 0.1-0.7 mEg/L higher
than tha plasma levels, so laboratories should indicate in
which fluid it was measured and what the normality val-
ues are for each fluid.'” Serum is usually used n routine
analyses, whereas plasma is commonly used in emergency
department analyses because of the faster sample preparation
time. In any case, KDIGO suggests classifying acute hyper-
kalemia as mild, moderate or severe depending on potassium
levels and electrocardiographic impact, using the respective
cut-off points at 5.0 mEg/L (or the upper limit of laboratory
normal), 6.0 mEg/L and 6.5 mEq/L (Table 4). Acute hyper-
kalemia is considered when it was not previously known,
but there is no consensus on the magnitude, duration and
frequency of elevated potassium values that define chronic
hyperkalemia.
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Table 2 - Foods high in potassium. With green

background, some examples of fruits with a lower
potassium content.

Potassium content (mg/100 grams
of raw product)

Vegetables
Soybean 1.730
Wheat germ 871
Potato 525
Spinach 380
Chard 378
Eggplant 262
Tomato 236
Cauliflower 193
Beets 190
Fruits
Ciruela passes 782
Dates
Aguacate 400
Banana 350
Grapes 250-320
Melon 320
Apricot 293
Peach 260
Cherry 255
Pineapple 250
Orange 200
Mandarin 160
Pear 130
Watermelon 120
Apple 99
Nuts
Almond 767
Pistachio 811
Hazelnut 636
Nut 690
Legumes
White Beans 1.337
Garbanzo 1.000
Lentils 463
Cocoa 712
Meat 270—-490
Seeds
Lino 813
Pumpkin 809
Quinoa 780
Sesame 450

Source: Spanish Food Composition BEDCA) (available at:
https://www.bedca.net/).

Epidemiology

In clinical laboratories, the prevalence of hyperkalemia,
defined as potassemia greater than 5.0 mEq/L, is around
3—4% in unselected populations, but increases greatly in
populations with predisposing factors. The highest preva-
lence is observed in hemodialysis patients. A recent study
in patients with CKD and glomerular filtration rate (GFR)
below 60mL/min/1.73m? illustrates the natural history of
hyperkalemia as a recurrent phenomenon, with progres-
sively increasing risk of recurrence and progressively shorter
time to recurrence (Fig. 1).!*> The incidence of hyperkalemia
with potassemia above 5.0mEq/L was 9, 18, 31 and 42% in

Factors that increase urinary
potassium excretion and promote
hypokalemia

Table 3 — Regulation of renal excretion of potassium.

Factors that decrease
urinary potassium
excretion and promote
hyperkalemia

Mineralocorticoid hyperactivity
Hyperaldosteronism
Licorice
Other drugs: itraconazole,
posaconazole, abiraterone
Genetic origin

Proximal tubule diuretics, loop
diuretics and thiazides
Increased sodium in distal nephron

Mineralocorticoid
hypoactivity Decrease of
aldosterone

Drugs (RAS blockade,
NSAIDs, calcineurin
inhibitors, heparin)
Genetic (e.g. Gordon)
Decreased response to
aldosterone
Potassium-sparing
diuretics

Distal renal tubular
acidosis

Decreased distal flow of
water and sodium
Volume depletion

lumen
Non-resorbable anions in distal Acute or chronic kidney
tubule disease

Bicarbonate (vomiting, proximal
tubular acidosis)
Beta-hydroxybutyrate (diabetic
ketoacidosis, hypocaloric diet)
Hypurate (use of toluene; glue
sniffing)
Penicillin derivative

Polyuria

Others
Tubulopathies (salt-losing: Bartter
and Gitelman / Others: Liddle, renal
tubular acidosis)
Hypomagnesemia
Amphotericin B

RAS: renin angiotensin system; NSAID: nonsteroidal anti-
inflammatory drug.
Based on references © and /.

Table 4 - Definition and severity of acute hyperkalemia
according to KDIGO expert opinion.

ECG changes Potassemia (mEq/L)
5.0 (or upper limit of 6.0—6.4 >6.5
normal) to 5.9
Yes Moderate Serious Serious
No Slight Moderate Serious

ECG: electrocardiogram.
Based on reference'?.

one year, in people with GFR of 45-59, 30-44, 15-29 and
<15mL/min/1.73 m?, respectively.® In this regard, the inability
of the kidney to adequately eliminate potassium from the diet
is the main predisposing factor, either because there is CKD
or other conditions that limit renal excretion of potassium,
or because of taking drugs that interfere with its renal elimi-
nation, of which the main ones are renin-angiotensin system
(RAS) blockers, potassium-sparing diuretics and mineralocor-
ticoid receptor antagonists (MRA) (Table 5). Hyperkalemia is
especially frequent if several of these factors are combined.
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Tiempo medio (afios): 4,85

No se registré un evento de HK
N=81.181 (52,1%)

Tiempo medio (afios): 2,81

No segundo evento de HK
N=10.617 (24,5%)

Tiempo medio (afios): 2,31 0,49

No tercer evento de HK
N=3.403 (18,3%)

Tiempo medio (afios): 1,93

No cuarto evento de HK
N=1,692 (15,9%)

Evento de Hiperpotasemia: valor de potasio sérico en analitica superior a 5,0 mEq/L
ERC: enfermedad renal crénica; HK: hiperpotasemia
Adaptada de Ref. 13

Pacientes con segundo evento de HK
N=18.644 (43,0%)

Pacientes con tercer evento de HK
N=10.640 (57,1%)

Pacientes con cuarto evento de HK
N=6,808 (64,0%)

Pacientes con ERC
N=157.766

1,22 1,85

Fallecidos sin primer

Pacientes con primer evento de HK

N=43.397 (27,5%) SE R R

N=32.188 (20,4%)

Fallecidos sin segundo evento de HK
N=14.136 (32,6%)

Fallecidos sin tercer evento de HK
N=4.601 (24,7%)

Fallecidos sin cuarto evento de
HK
N=2,140 (20,1%)

Fig. 1 - Incidence of first episode of hyperkalemia and recurrence of hyperkalemia in patients with CKD (adapted from

Thomsen RW, et al.’3).

Consequences of hyperkalemia: association with health
outcomes

Hyperkalemia is associated with poorer health outcomes.
Severe acute hyperkalemia can be lethal, and hyperkalemia is
associated with an increased risk of hospitalizations (includ-
ing increased cardiac events, ventricular arrhythmias, cardiac
arrest, and intensive care) and death over the next six months,
ranging from two to five times that observed in controls, even
in populations in which one would assume a higher tolerance
to hyperkalemia, such as patients with CKD.'? The association
between hyperkalemia and events could have several causes,
including causality by itself (for example, malignant ventricu-
lar arrhythmias), or related causes such as suboptimal use of
drugs with recognized cardiovascular and renal benefits, such
as RAS blockers or MRAs, the conjunction of comorbidities or
even the prescription of potassium-poor diets that are not very
heart-healthy.

Diagnostic approach to hyperkalemia

It has two aspects:

Diagnosing hyperkalemia and its severity. The criteria
for classifying the severity of hyperkalemia, according to
KDIGO, are detailed in the previous section'? (Table 4). Severe
hyperkalemia or hyperkalemia with electrocardiographic
repercussions is an emergency that requires immediate
treatment.'* Other situations that can also be considered
as a hyperkalemic emergency are the presence of clinical
symptoms (especially muscle weakness or paralysis), severe
hyperkalemia (potassemia >6.5mEq/L), especially if there is
gastrointestinal bleeding or tissue destruction (which favors
continued uncontrolled potassium supply to the extracellular

Table 5 - Conditions and drugs associated with

hyperkalemia.

Conditions

Chronic kidney disease: low glomerular filtration rate and/or high
proteinuria.

Diabetes mellitus

Cardiovascular disease

Congestive heart failure

Coronary artery disease

Peripheral arterial disease

Malignancy

Anemia

Hyperlipidemia

Metabolic acidosis (non-organic)

Reduced secretion of or response to aldosterone

Gota

Ureteroyojejunostomy

Disintegration of cells or tissues (e.g., rhabdomyolysis, hemolysis)

Exercise

Drugs

Renin-angiotensin-aldosterone system inhibitors

Potassium-sparing diuretics

B-blockers

Non-steroidal anti-inflammatory drugs

Potassium supplements or salts containing potassium chloride

Calcineurin inhibitors (cyclosporine, tacrolimus)

Mannitol

Heparin

Digital

Penicillin G

Succinylcholine

Octreotide

Diazoxide

Minoxidil

Volatile anesthetics (e.g., isoflurane)
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Emergency room or
with clinical symptoms

Hyperpotassemia?

Abnormal EKG

Outpatient clinic
no symptoms, Biochemistry >72h

Hyperpotassemia?

Severe HK 4?

Treatment of acute

Hyperpotassemia

Consider

Acute precipitating
cause is reversible

No treatment

Treatment of Chronic

Hyperpotassemia

! !

inside the cell

Antagonize Eliminate K
K toxicity from the body

Tranfer K ’ ‘

correct
the causes

cardio and Nefroprotective

Maintain/increase
Treatments

Intestinal Exchange
of K

Glucos+Insuline IV
Inhaled Salbutamol

Calcium Gluconate IV Consider:
* Loop diuretic
mainly if volume
expansion
* SZC particularly if
Renal failure, oliguria
MRA or Metabolic Acidosis
* Hemodialysis if on chronic HD,
Anuria or renal failure

Correct metabolic Acidosis

Review medication
Correct metabolic
acidosis

Examples: Consider: Consider:

Acute: tissue necrosis, * Healthy CV diet * SZCif CKD

urinary obstruction Maintain AMR , RAS blocker or metabolic acidosis
Chronic: High K intake * Add diuretic and/or « Patiromer

is ISGLT2 if it is
indicated

Fig. 2 - Therapeutic algorithm for hyperkalemia. Two clinical situations are distinguished in which hyperkalemia can be
observed and require acute treatment and chronic treatment, respectively; although in the absence of a clear triggering
factor that is transient, all severe hyperkalemia requires chronic measures to prevent further episodes. These chronic
measures should prioritize maintaining or increasing cardio-nephroprotection whenever possible.

SZG: sodium zirconium cyclosilicate; CKD: chronic kidney disease; HK: hyperkalemia; ECG: electrocardiogram; MRA:
mineralocorticoid receptor antagonist; RAS: renin-angiotensin system; SGLT2: sodium-glucose cotransporter-2.

space), even in the absence of signs or symptoms, and also
some cases of less severe hyperkalemia (>5.5mEq/L) that is
expected to worsen in the short term due to situations such
as renal failure, tissue destruction, presence of metabolic or
respiratory acidosis, or continued absorption of potassium at
the digestive level due to gastrointestinal bleeding.™

Etiologic diagnosis of hyperkalemia (Fig. 2), based on
assessment of renal function, history of risk factors for renal
dysfunction, drug use, urine output, blood pressure, and
hydration status. In the absence of another risk factor, the
amount of dietary potassium is a very rare cause of hyper-
kalemia.

Pseudohyperkalemia should be ruled out, where hyper-
kalemia is due to inadequate sampling (excessive muscle
contraction during venipuncture, contamination of the sam-
ple with solutions or parenteral nutrition) or outflow of
potassium from cells after sampling, such as hemolysis when
there is a large number of blood cells (erythrocytosis, leukocy-
tosis, thrombocytosis) or in individuals with certain genetic
variants.'’® Pseudohyperkalemia should be suspected when
there is no apparent cause for the hyperkalemia and no clinical
or electrocardiographic repercussions.

An acute increase in potassemia may be due to redistri-
bution of potassium by release of intracellular potassium,
the cause of which is usually identified by clinical history,
such as tumor lysis syndrome, metabolic acidosis or diabetic
ketoacidosis.'” If hyperkalemia is persistent, it is probably due
to a reduction in urinary potassium excretion secondary to an
inappropriate response to aldosterone (due to reduced secre-
tion or resistance), to acute or chronic renal disease, or to a
decrease in effective circulating volume as occurs in volume
depletion, heart failure or cirrhosis.

In persistent hyperkalemia without renal failure, urine
electrolyte analysis can help to determine the cause. Uri-
nary potassium excretion in 24-h urine is conditioned by
dietary potassium intake, which alone does not usually lead
to hyperkalemia in healthy individuals.'® A low urine sodium
determination points to a decrease in effective circulating vol-
ume. The degree of aldosterone activity could be estimated
from the concentration of potassium in the collecting tubule.
For years it has been used the transtubular potassium gradient
(TTKG):

(K-[urinel /gy [Plasmal) , (OSMOLARITY[Pl2sma]

JOSMOLARITYUrinel),

A TTKG <6 in the presence of hyperkalemia would indicate
an insufficient response to aldosterone or hypoaldosteronism,
which should be assessed by the TTKG response to mineralo-
corticoid administration.’® However, the authors of the equa-
tion later indicated that the theoretical postulates on which it
is based may not be valid, as it does not consider the effect of
distal tubular reabsorption of urea on potassium excretion.?°
In any case, if hyperkalemia is persistent and no cause is
found, a possible hypoaldosteronism should be studied.

Treatment of hyperkalemia

Acute treatment of severe hyperkalemia

Treatment aims to avoid the acute lethality of hyperkalemia
and to decrease potassemia by three types of maneuvers™: (1)
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Table 6 — Acute treatment of severe hyperkalemia.

Antagonize the effects of
potassium on the cell

Introducing potassium into the Removing potassium from the
cells body

membrane.
Treatment Calcium gluconate or calcium
chloride
Onset of effect 1-2min
Reduces potassemia No
Risk of early recurrence of Not applicable, although there
hyperkalemia is a risk of early recurrence of

the negative impact of
hyperkalemia on the cardiac
cell membrane.

Insulin (and glucose) Increase urinary elimination

Increase GI elimination
Hemodialysis

beta-2-adrenergic agonists
(added to insulin)

Sodium bicarbonate (in case of
metabolic acidosis)
10—20 min Variable, in general
>60 min.
(>60—120 min for bicarbonate)

Hemodialysis: 10—20 min.
Yes Yes

High® low

a If potassium is not removed from the body and the primary defect was not an increased potassium outflow from within the cell.

Table 7 - Randomized clinical trials with oral bicarbonate supplementation in patients with chronic kidney disease not

on dialysis with serum potassium results.

StudyRef / Year Patients Primary objective Duration Groups and Change
randomized/FGe doses Potassemia?®
bicarbonate
So-Bic Study**/2019 N=35/15-60ml/min/1,73m? Propensity to 4 weeks Intervention: 0.1 mEq/L
calcification in 45 mg/kg/day 0.1 mEq/L
serum Rescue:
15 mg/kg/day
UBI Study*°/2019 N=795/30—59 Time to double 36 Control No change
ml/min/1.73 m? serum creatinine months 1 mEq/kg/day No change
BASE Pilot N=190/20-59 Adherence and 28 weeks Control No change
Trial*/2020 ml/min/1.73 m? safety High dose: 0.8 —0.1 mEg/L
mEq/kg/day No change
Low dose: 0.5
mEq/kg/day
Raphael et al.*/2020 N=74/15-89ml/min/1,73m? Renal fibrosis 24 weeks Control No change
markers 0.5 mEqg/kg/day —0.1 mEg/L
BICARB RCT*%/ N=300/ Physical 24 Control —0.1 mEg/L
2020 <30ml/min/1.73 m? performance months 1.8 g/day —0.1 mEg/L
Melamed N =149/15-60 Muscle function 24 Control —0.1 mEg/L
et al.*?/2020 ml/min/1.73 m? and bone months 1.9 or 2.6 g/day —0.1 mEq/L
mineral density
Bovée et al.”*/2021 N=45/15-30ml/min/1.73m? Urinary renin 4 weeks Control No change
3 g/day —0.1 mEg/L

@ No difference between groups or with respect to baseline values.

antagonizing the effects of potassium on the cell membrane;
(2) bringing potassium into the cells; (3) taking potassium
out of the body (Box 1 Table 6). Only the last two reduce
potassemia.

Antagonize the effects of potassium on the cell membrane

Calcium antagonizes the effect of potassium on the cardiac
cell membrane. The onset of action of calcium is a few min-

utes, but lasts only 30-60 min, which makes it necessary to
use it in combination with other strategies. It is available
in two preparations: calcium gluconate and calcium chlo-
ride. Calcium gluconate 1,000 mg i.v. administered in two to
three minutes with cardiac monitoring is preferred for con-
venience of use and less damaging effect on the veins if it
is misplaced. If the emergency persists, calcium administra-
tion can be repeated every 30—60 min if there is no increase in
calcemia.
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Introducing potassium into the cells

The administration of insulin and/or beta-2-adrenergic ago-
nists and/or sodium bicarbonate (the latter only if there is
metabolic acidosis) favors the entry of potassium into the cell.

Insulin activates the sodium-potassium-ATPase (Na/K-
ATPase) exchange pump in the cell membrane, especially in
the muscle cell. It is the most effective measure. Its effect
starts in 10—20 min and lasts up to six hours. Insulin is gen-
erally administered with glucose to prevent hypoglycemia or
alone if blood glucose is greater than 250mg/dL. One of the
most widespread guidelines is the intravenous administration
of 10 units of insulin in 500 mL of 10% glucose saline over one
hour. The aim is to maintain the effect of the insulin and avoid
the onset of hypoglycemia.

Beta-2-adrenergic agonists also activate the Na/K-ATPase
pump. They are effective both inhaled and intravenously and
are indicated as an adjunct to insulin administration. Salbu-
tamol is usually used, 10—-20 mg in 10 min if inhaled (a much
higher dose than that administered in the treatment of bron-
chospasm), or 0.5mg in 100mL of 5% glucose in 15min if
intravenous. Its action starts in 10 min if inhaled and 15 min if
intravenous, lasting three hours. It can produce tachycardia.
The combination of insulin and beta-2-adrenergic agonists
has an additive effect on the reduction of potassemia, making
it more effective than their separate use.

Sodium bicarbonate is added to the previous measures only
if there is metabolic acidosis. It is not considered a fundamen-
tal measure as it has much less effect, and more delayed, than
the other maneuvers.

Removing potassium from the body

It can be achieved in three ways: increased urinary elimina-
tion, increased digestive elimination or by dialysis.

¢ Increase the urinary excretion. Only loop diuretics have an
onset and magnitude of action that allows them to be use-
ful in the acute treatment of hyperkalemia in patients with
normal or slightly impaired renal function, but they may
not be effective if renal insufficiency is severe. Concomitant
administration of loop or thiazide diuretics could have an
adjuvant effect, especially in patients with hypervolemia.?!

e Increase gastrointestinal elimination. There are three
options:

1 Ion exchange resins such as sodium or calcium
polystyrene sulfonate. Their use in situations of acute
hyperkalemia is limited, given their slow onset of action
and the absence of clinical trials that have demonstrated
efficacy. In a placebo-controlled clinical trial, the asso-
ciation of resinsodium with cathartics did not reduce
potassemia more than placebo in the following 12 h.??

2 Patiromer. It is a non-absorbable polymer containing a
calcium-sorbitol complex. It binds potassium in the colon
in exchange for calcium, having also the capacity to
bind magnesium. It thus reduces the concentration of
free potassium in the intestinal lumen and increases its
fecal excretion. There are three authorized presentations
in the form of 8.4, 16.8 and 25.2¢g powder for oral sus-
pension. REDUCE was a single-center, open-label pilot

study, which randomized 43 hemodialysis patients with
potassemia >6.0mEqg/L to treatment as usual with or
without (non-placebo control group) the addition of25.2 g
patiromer, with 30 patients being finally evaluated”?
(NCT02933450). The primary endpoint was potassemia
at 6h, with no differences between groups: patiromer
5.8 mEq/L (95% confidence interval [95% CI] 5.4-6.1 mEq/L)
and control 6.3mEq/L (95% CI, 6.0-6.6 mEq/L). However,
at 2 h, potassemia was lower in the patiromer group than
in the control group: 5.9 mEq/L (95% CI, 5.6-6.1 mEq/L)
vs. 6.5 mEq/L (95% CI, 6.2-6.7 mEqg/L), the baseline potas-
sium concentration being 6.4+0.5 and 6.7 +0.5mEq/L,
respectively. The poor efficacy of treatment as usualis
explained by the fact that it only consisted of insulin (33%
of patients) or beta-adrenergics before 2 hinless than half
of the patients, whereas in that period the patients ran-
domized to patiromer had also received insulin (40%) or
beta-adrenergics. That is, at 2h patiromer was compared
with no intervention in more than half of the patients.

Sodium zirconium cyclosilicate (SZC). It is a crystalline,
non-polymeric, non-absorbable potassium binder. The
ENERGIZE study (NCT03337477)?* was a multicenter,
double-blind, placebo-controlled, Phase 2 clinical trial
evaluating the efficacy of SZC in the emergency treat-
ment of hyperkalemia, added to glucose and insulin, with
the primary endpoint being the change in potassemia
at 4h. Patients aged >18 years admitted to an Emer-
gency Department and with a potassemia >5.8mEq/L
measured using an i-STAT rapid analyzer (Abbott Point
of Care, Inc. Chicago, IL, USA), confirmed by a simulta-
neous determination of serum potassium in a central
laboratory, were included. Although a sample size of 132
participants was estimated to achieve adequate statisti-
cal power, only 70 patients were randomized to receive
10g SZC (repeatable at 4 and 10h) or placebo. Overall,
30.3% (10/33) and 43.2% (16/37) of patients randomized to
SZC and placebo, respectively, discontinued treatment.
The treatment completion rate was 57.6% in the SZC
group and 45.9% in the placebo group. At 4h, there was
no significant difference in serum potassium reduction
between the two groups: mean (least squares) covariate-
adjusted change of -0.41+0.11 vs. —0.27 £0.10 mEq/L, in
SZC and placebo, respectively (difference —0.13 mEq/L;
95% CI, —0.44 to 0.17). Approximately half of the patients
receiving treatment in each group (57.6% in the SZC
group and 45.9% in the placebo group) did not have a
central measurement of serum potassium at 4h, using
the value obtained with the i-STAT adjusted to correct
the difference between the two methods. Six patients
in the SZC group (18.2%) and 10 (27%) in the placebo
group lacked serum potassium determination by both
methods, the data being imputed using the last deter-
mination made up to and including 4h. The authors
recognize as an additional limitation the potential dif-
ferences in therapeutic strategies between the different
centers in relation to the use of rescue therapies. In
the assessment of potassium level, at 2h there was a
greater reduction in potassemia in patients randomized
to SZC compared to placebo: —0.72 +£0.12 vs. —0.36 £0.11
mEq/L (difference —0.35mEq/L; 95% CI, —0.68 to —0.02).
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Table 8 - Clinical trials with cation-exchange resins in the treatment of hyperkalemia.

StudyRef Patients Intervention Primary objective Result
(Year)
Nasir et al.>’ N=97 PSS vs. PSC Efficacy and safety Average serum K reduction: 1
(2014) ERC G1-G4 after 72h mEq/L with PSC and 1.5 mEq/L
with PSS
Fewer adverse effects with PSC
Lepage et al.>® (2015). N=33 PSS vs. Placebo Efficacy after 7 days Mean serum K reduction: 1.25
CKD (eGFR mEq/L with PSS vs. 0.21 mEqg/L

<40 ml/min/1.73m?,
no dialysis)

Nakayama et al.>® (2018) N=20 PSS vs. PSC
CKD G4-G5 not in
dialysis

Wang et al.®® (2018) N=58 PSC vs. Placebo
Hemodialysis

with placebo (p <0.001 between
groups).

PSS: Significant reduction of serum
calcium and magnesium levels,
and increase of PTH.

PSC: PTH reduction

Change in serum potassium level:
Control: —0.1 (—0.49, 0.32) mEq/L
PSC: —0.48 (—0.75, —0.16) mEq/L
(p<0.01 between groups).

Safety: effect on
bone and mineral
metabolism

Four weeks
Efficiency and safety
Three weeks

CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; PSC: calcium polystyrene sulfonate; PSS: sodium polystyrene sulfonate;

PTH: parathyroid hormone.

Finally, in relation to safety aspects, a similar proportion
of patients experienced adverse effects in both groups
in the first 24 h, being thereafter more frequent in those
who received SZC (24.1 vs. 9.1%). There were no differ-
ences in terms of severe adverse effects. To summarize
this section, SZC is the only intervention to increase the
G.I. elimination of potassium that has been evaluated in
a placebo-controlled clinical trial in the acute treatment
of hyperkalemia as an added strategy to those usually
used to introduce potassium into the cells, demonstrat-
ing a greater decrease in potassemia at early times (two
hours) than placebo (Box 2). The PLATINUM study is
currently underway, a multicenter, randomized, placebo-
controlled clinical trial evaluating aspects related to the
use of Patiromer in the context of hyperkalemia in emer-
gency services.

e Hemodialysis. In a hyperkalemic emergency, especially in
patients on chronic dialysis programs, hemodialysis is the
treatment of choice,?” since it is the fastest and most effi-
cient strategy to reduce potassemia, and should be applied
as soon as possible, although the use of hemodialysis does
not exclude the application of the previously mentioned
measures. In patients with advanced CKD who are not yet
in dialysis programs, hemodialysis should be considered,
for which it will be necessary to have an adequate vascular
access for dialysis. In general, and depending on the base-
line potassemia concentration, the alterations associated
with hyperkalemia are resolved within the first 30—60 min
of hemodialysis.

Chronic treatment of hyperkalemia

Except when there is a clear transient and isolated cause that
triggers the episode of hyperkalemia; in general, patients with
severe hyperkalemia are at a high risk of recurrent hyper-
kalemia, this is due to the chronicity of the usual predisposing
factors (CKD, heart failure, diabetes and their treatments) and
itrequires chronic intervention. There have been recent devel-

opments in this field (Box 3) that have changed the therapeutic
approach to this complication (Box 4).

Reducing potassium intake

Reducing the potassium content of the diet is a virtually uni-
versal measure in the management of hyperkalemia, although
most clinical practice guideline recommendations for the
dietary management of hyperkalemia are based on expert
opinion, given the limited evidence and biases of the available
studies.”® A recent meta-analysis revealed that dietary potas-
sium restriction with the aim of reducing potassemia presents
very low quality evidence, and it cannot be concluded that it
decreases the risk of death or slow down the progression of
CKD.%”

Reducing dietary potassium load should be integrated with
the other nutritional goals of the CKD patient (adequate
protein intake, high fiber intake and healthy cardiovascular
dietary pattern) through the following strategies®®:

Nutritional education to learn about the foods with the
highest potassium content, recommendations on the diet
required to maintain a good nutritional status in CKD, and
indications on the classification of foods according to the
amount of potassium in relation to fiber. In this sense, patients
should be trained to learn how to interpret the nutritional
cards and food labeling, so that they can choose the most
appropriate foods for their clinical situation.

Use of appropriate culinary techniques for food prepara-
tion that result in lower potassium content, such as cooking
in water, pressure cooker or microwave for all foods, and pro-
longed soaking in water of root, tuber, leafy and cruciferous
vegetables.?’

Detection of hidden sources of potassium, such as low-
sodium salt substitutes (no evidence in patients at risk of
hyperkalemia), and certain food additives, used in up to 40% of
processed products (mainly meat products, breaded products,
soft drinks, ready-to-eat products and cereal products).>’ The
most frequently used food additives containing potassium are
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Table 9 - Phase 2/3 clinical trials with patiromer.

StudyRef Patients Follow-up Result
Pitt et al.® (2011). N=120 4 weeks Mean reduction of serum K* of 0.22
Chronic heart failure with eGFR mEq/L in patients receiving patiromer,

PEARL-HF <60 ml/min/1.73 m? or history of versus a mean increase of 0.27 mEg/L in

(phase 2) hyperK* leading to discontinuation of the placebo group.
3-blockers, RAS inhibitors or Difference between groups: -0.45 mEq/L
aldosterone antagonists (p<0.001).

Bakris et al.%° (2015) Hypertensive patients with 52 weeks Mean reduction of serum K*: 0.35-0.55

AMETHYST- nephropathy secondary to type 2 mEq/L in the mild hyperK* group;

DN (phase 2) diabetes mellitus with CKD stages 0.87—0.97 mEq/L in the moderate hyperK*
3—4, receiving treatment with RAS group. More than 75% of the patients with
blockers with or without serum K* in the target range at the end of
spironolactone. the study
HyperK* mild - N=180
HyperK* moderate - N=66

Agarwal et al.”® (2019) N =295 12 weeks Percentage of patients who continued

AMBER (phase 2) Patients aged >18 years, with resistant therapy with spironolactone:
arterial hypertension, with an eGFR 66% in the placebo group vs. 86% in the
between 25—45 ml/min and serum patiromer group. Difference vs. placebo:
potassium between 4.3 and 5.1 mEq/L. 19.5% (p <0.0001).

Weir et al.”* (2015). Patients between 18—80 years of age, 4 weeks Average reduction of serum K* of 1 mEq/L
with CKD stages 3—4, serum with respect to the basal value in the

OPAL-HK (phase 3) potassium between 5.1 and 6.5 mEq/L initial phase.
and who had been receiving a stable 8 weeks Randomization phase: increase of 0.72

dose of one or more RAS blockers
and/or antialdosterone for at least 28
days.

Initial phase open - N=237
Randomization phase - N = 107
N=878

Heart failure with reduced ejection
fraction, RAS and mineralocorticoid
receptor blockade, with hyper K* or
history of hyper K related to RAS
inhibitor therapy.

Butler et al.®® (2022)

DIAMOND (phase 3)

mEq/L of serum K* in the placebo group
versus no change (0 mEg/L) in the
patiromer group (p <0.001 between
groups).
27 (13—43) weeks Difference between patiromer and
placebo in serum K*: —0.10 mmol/l (95%
CI —0.13, 0.07); p<0.001.
Risk of hyperK* > 5.5 mmol/l: HR 0.63 (95%
C10.45, 0.87); p=0.006
Reduction of aldosterone antagonist dose:
HR 0.62 (95% CI 0.45, 0.87); p=0.006
Reduction in total hyperK-related events®:
HR 0.66 (95% CI 0.53—0.81); p <0.001.

CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; HyperK*: hyperkalemia; RAS: renin-angiotensin system.

E202, E252, E340, E450, E452, E508 and E950.%! It is important
that the patient identifies them by inspection of the nutrition
labeling and restricts their consumption.

Potassium-rich foods that should generally be avoided to
reduce the risk of hyperkalemia are listed in Table 2, which
also includes some examples of low-potassium alternatives,
duly indicated.

Compliance with a low potassium diet is not easy, given
barriers such as fragmented dietary advice, contraindication
to healthy eating patterns, and potential changes in appetite
and taste.?? Patient-centered education strategies, motivation
for transplantation or delayed dialysis, and visualization of
accommodation to restrictions often facilitate adaptation to
these dietary guidelines.?*

Promoting the entry of potassium into cells

Under physiological conditions, the factors that most increase
potassium uptake by cells, as they stimulate Na-K-ATPase, are
insulin, beta-adrenergic stimulation and, to a lesser extent,
aldosterone3*3’ (Table 1). On a chronic basis, adequate con-

trol of diabetes and correction of metabolic acidosis can help
treat hyperkalemia, especially in CKD, which is characterized
by the development of metabolic acidosis.>®3° The KDIGO
guidelines suggest treatment with oral sodium bicarbonate
supplementation unless contraindicated, when serum bicar-
bonate concentration is less than 22 mEq/L, to maintain serum
bicarbonate in the normal range, regardless of potassemia.*’
This approach prevents metabolic acidosis from releasing
potassium from inside the cell to the extracellular space,
which favors its urinary elimination.*! In a recent multicen-
ter observational study of more than 500 non-dialysis CKD
patients (66.7% with category G3b-G5), patients with incident
or persistent hyperkalemia over 12 months were characterized
by lower serum bicarbonate concentration, while the prescrip-
tion of sodium bicarbonate was associated with a reduction
in potassemia.*? Likewise, clinical trial results show that SZC
corrects metabolic acidosis in CKD patients, decreasing the
percentage of patients with a serum bicarbonate <22 mEq/L
after 29 days of treatment from 39.4% to 17.2%.** However,
there are no clinical trials specifically designed to evaluate the
effect of sodium bicarbonate on serum potassium levels or on
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Table 10 - Phase 3 clinical trials with sodium zirconium cyclosilicate (SZC).

StudyRef

Patients

Follow-up

Result

Kosiborod et al.”
(2014).

HARMONIZE

Packham et al.”®
(2015)

ZS-003

Fishbane et al.”®
(2020)

DIALIZE

Outpatients (Cardiology,

Nephrology or
Investigation) (65%)

diabetes, 66% CKD, 36%

heart failure)

Initial phase open -
N=258

Randomization phase -

N=237

N =754

74.5% ERC

66.7% with RAS
blockade, 59.9%
Diabetes,

39.8% heart failure

N=196

Patients with stage 5D
CKD on hemodialysis
treatment > 3 months

and pre-dialysis hyperK
o

Initial phase: 10g
SZC three times/day
Randomization after
the initial phase to 3
doses of SZC: 5, 10
and 15 g/day.

48h

29 days

Randomization in
the initial phase to 4
doses of SZC: 1.25,
2.5,5and 10g 3
times/day and
assessment at 48 h.
Maintenance:
randomization of
patients with
normal K* to receive
placebo or SZC and
assessment at the
end of the first year.
14 days

1 week screening, 8
weeks therapy (4
weeks dose titration/
4 weeks

evaluation), 2 weeks
follow-up

[Mean reduction of serum K* in the initial
open phase of 1.1 mEqg/L (p <0.001 vs.
baseline level).

Mean potassemia in the maintenance
phase after randomization:

SZC 5g/day: 4.8 mEq/L

SZC 10 g/day: 4.5 mEq/L

SZC 15 g/day: 4.4 mEq/L

Placebo: 5.1 mEq/L (p <0.001 vs. each dose
of SZQ).

[Mean exponential rate of K decrease* per
hour vs. baseline in the initial correction
phase:

SZC 1.25g: 0.11%.

SZC 2.5g: 0.16%".

SZC5g:0.21%".

SZC 10g: 0.30%".

Placebo: 0.09% (*P <0.001 vs. placebo)
Exponential average rate of change of K*
per hour in the maintenance phase:

SZC 10 g: +0.14% vs. +1.04% with placebo
(P<0.001).

SZC 5g: +0.09% vs. +0.47% vs. +0.47% with
placebo (P=0.008)

Percentage responders SZC group: 41.2%;
Percentage responders placebo group: 1%.
p<0.001 between groups.

Sensitivity analysis results:

Percentage of SZC group responders:
42.3%; Percentage of placebo group
responders: 2%. p < 0.001 between groups.

CKD: chronic kidney disease; hyperK*: hyperkalemia; RAS: renin-angiotensin system.

Box 1 - Acute treatment of severe hyperkalemia.

1). Antagonize the effects of potassium on the cell membrane:
calcium gluconate or calcium chloride.
2). Introducing potassium into the cells
a) Insulin (and glucose).
b) Beta2-adrenergic agonists.
c) Consider sodium bicarbonate if metabolic acidosis is present.
3). Potassium removal from the body
a) Increase urinary elimination. Consider loop diuretics and
thiazides, especially if hypervolemia.
b) Increase GI elimination. Sodium zirconium cyclosilicate (SZC).
c) Hemodialyze if the patient is on chronic hemodialysis
program and consider hemodialysis if severe renal failure even
if the patient is not on chronic hemodialysis program.

the incidence of hyperkalemia, the existing information being
derived from secondary or exploratory objectives*—C (Table 7).

Increasing renal excretion of potassium

Thiazides and loop diuretics increase urinary potassium
excretion and can cause hypokalemia when used for other
indications. They are not usually used for the sole purpose
of treating chronic hyperkalemia, as they can cause volume

depletion that can even lead to acute renal failure and also
water and electrolyte disturbances (e.g., thiazides can cause
hyponatremia). However, they can be used in cases of chronic
hyperkalemia when an additional benefit is expected from
their use, such as better control of arterial hypertension, heart
failure and even a greater decrease in albuminuria, especially
in patients with these comorbidities in whom the combina-
tion of diuretics with RAS blockade or MRA allows treatment
with the latter to be maintained.”>*

Sodium-glucose cotransporter type 2 (iISGLT2) inhibitors
also protect against hyperkalemia in patients with RAS
blockade, in addition to improving renal and cardiovascular
prognosis.”® In a recent meta-analysis of six clinical tri-
als involving 49,875 patients with type 2 diabetes and high
cardiovascular risk or CKD, iSGLT2s decreased the risk of
severe hyperkalemia (potassemia >6.0 mEqg/L) by16% without
increasing the risk of hypokalemia, with a consistent effect in
all subgroups, including patients treated with MRA.>*°® The
mechanism is not completely clarified, but probably depends,
at least in part, on increased sodium delivery to the distal
nephron lumen, where it is reabsorbed in an exchange for
potassium, which is eliminated in urine. It would therefore
be a mechanism shared with thiazides and loop diuretics.
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Box 2 - New developments in acute treatment of severe
hyperkalemia.

1) To the classical measures available for antagonizing the effects
of potassium on the cell membrane, getting potassium into the
cells and getting potassium out of the body (Table 11Box 1), we
must add the new oral potassium binders, which can accelerate
the removal of potassium from the body in the acute treatment
of hyperkalemia by a non-renal route, an advantage in patients
with limited urinary potassium excretion due to anuria, oliguria,
renal insufficiency or sustained activity of mineralocorticoid
receptor antagonists.

2) Specifically, in patients with hyperkalemia, sodium zirconium
cyclosilicate (SZC) decreased potassemia at 2h more when
added to glucose and insulin than placebo, with glucose and
insulin in a multicenter, double-blind, placebo-controlled
clinical trial.

Limiting intestinal absorption and increasing digestive
excretion of potassium

The use of drugs that bind potassium, limiting its intestinal
absorption and favoring its elimination in the feces, is a key
strategy in the management of chronic hyperkalemia.

Three options are currently available:

Cation exchange resins (sodium or calcium polystyrene
sulfonate). They capture potassium in the intestinal lumen
in exchange for the release of sodium and calcium, respec-
tively. Although there is ample clinical experience supporting
their efficacy, the scientific evidence from placebo-controlled
clinical trials is very limited, as is the number of patients
included in these studies and the follow-up period, especially
with the concomitant use of RAS inhibitors and MRAs>/~%°
(Table 8), so the safety profile has not been sufficiently eval-
uated in prolonged treatments of more than three weeks,
which limits their use for the chronic treatment of hyper-
kalemia in contemporary clinical practice.®! Its G.I. tolerance is
poor. Frequent G.I side effects include constipation and nau-
sea, which limits therapeutic compliance. Other frequent side
effects are hypercalcemia (calcium polystyrene sulfonate) and
hypokalemia, as a consequence of the mechanism of action.
Much more rarely, cases of gastrointestinal ischemia, ischemic
colitis, ulceration or necrosis of the gastrointestinal tract that
may lead to intestinal perforation have been reported.®*6?

In Spain there are two preparations of calcium polystyrene
sulfonate. In one of them, Resincalcio®, the recommended
dose is 15g three or four times a day, which should be sus-
pended in case of constipation and is contraindicated in
fenal insufficiency associated with diseases such as hyper-
parathyroidism, multiple myeloma, sarcoidosis or metastatic
carcinoma: Sorbitol (oral or rectal) is contraindicated as a
laxative, since concomitant use with calcium polystyrene sul-
fonate may cause colon necrosis.®>%? In the other preparation,
Sorbisterit®, the dosage is 20 g, one to three times a day mixed
in about 150 mL of liquid (i.e. 150—450mL/day), at least three
hours before or after oral administration of other medications
or up to six hours in case of gastroparesis, as may occur in
diabetes.®®

Box 3 - Recent developments in the chronic treatment of
hyperkalemia.

1) Prescription of SGLT2 inhibitors can increase renal and
cardiovascular protection, while reducing the risk of
hyperkalemia in predisposed patients with type 2 diabetes or
chronic kidney disease or heart failure.

2) Sodium zirconium cyclosilicate (SZC) is safe and effective in the
long-term treatment of hyperkalemia and helps correct
metabolic acidosis.

3) Patiromer is safe and effective in the long-term treatment of
hyperkalemia.

The poor tolerance and poor compliance observed clini-
cally by the authors of the present mnucript in their clinical
practice were recently confirmed in a crossover clinical trial
versus patheromer; although at the doses tested (15g three
times daily for resinsodium and 16.8 g once daily for patiromer,
both on non-dialysis days), resinsodium lowered potassemia
more than patiromer in hemodialysis patients over four
weeks, but tolerance of resinsodium was lower and noncom-
pliance four times higher, raising questions about longer-term
compliance (e.g., years).®*

Patiromer. An initial dose of 8.4g/day is recommended.
Patiromer begins to reduce the serum potassium several
hours after ingestion, with the effect being maintained for
12-24h.%° Patiromer is generally well tolerated, with the
most frequently reported adverse effects being gastrointesti-
nal (constipation, diarrhea, flatulence and abdominal pain)
and hypomagnesemia.®>%°

In clinical trials, patiromer reduced potassemia in different
patient profiles (Table 9).

none- Heart failure. The PEARL-HF study®’ evaluated the effect
on potassemia in patients with chronic heart fail-
ure who initiated treatment with spironolactone, and
observed a decrease in potassemia in the patiromer
group, with a difference with respect to placebo of
-0.45 mEq/L (p <0.001) and a lower incidence of hyper-
kalemia (7.3% vs. 24.5%, p=0.01). The decrease in
potassemia with respect to placebo was more marked
(-0.52 mEqg/L, p<0.05) in patients with CKD (n=66),
that is, in the group with the highest risk of hyper-
kalemia, in which the incidence of hyperkalemia was
6.7 and 38.5% (p<0.05) with patiromer and placebo,
respectively. The DIAMOND study demonstrated the
usefulness of this agent in potassium reduction,
adverse events related to hyperkalemia, and a higher
proportion of patients treated with optimal doses of
antialdosterone drugs in patients with heart failure
with reduced ejection fraction and a history or current
episode of hyperkalemia.®®

none- CKD. Patiromer has been studied in three settings: dia-
betic kidney disease, resistant arterial hypertension,
and CKD in general. The AMETHYST-DN study®® eval-
uated the effect of patiromer in patients with type
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2 diabetes, diabetic kidney disease (CKD G3-G4: eGFR
between 15 and 60 mL/min/1.73 m?) on treatment with
RAS blockers, who had mild hyperkalemia (serum K
5.1-5.9mEqg/L) and who were randomized to patiromer
at increasing doses (from 4.2 to 16.8g twice daily).
Potassemia decreased from 0.35 to 0.97 mEq/L, pro-
portional to the initial degree of hyperkalemia and
patiromer dose, and the decrease was statistically
significant at the first determination (at approxi-
mately 48h) after drug initiation. The proportion of
patients achieving the target range of potassemia
was greater than 83% in mild hyperkalemia (serum
K* 5.1-5.5mEq/L) and greater than 77% in moderate
hyperkalemia (serum K* 5.6-5.9 mEq/L).

AMBER’? patients with resistant arterial hypertension and
CKD G3b-G4 (eGFR 25—45mL/min), in whom spironolactone
therapy was initiated, were randomized to patiromer or
placebo. The primary endpoint was the proportion of patients
who were still on spironolactone at 12 weeks, which occurred
in 98/166 (66%) placebo patients and 126/147 (86%) patiromer
patients (between-group difference: 19.5%, p <0.0001).

OPAL-HK’! was a phase 3 clinical trial that randomized
patients with G3-G4 CKD treated with stable doses of RAS
blockers and hyperkalemia to patiromer or placebo. An ini-
tial, open-label phase treated 237 patients with patiromer,
in whom potassemia decreased by a mean of —1.01 mEq/L
(p<0.001) at four weeks. In the second phase, 107 patients
who had reached potassium levels in the target range
(3.8-5.1mEq/L) were randomized to continue with patiromer
or switch to placebo for another four weeks. At the end of this
second phase, the mean increase in potassemia was greater
in the placebo group (p<0.001) and the recurrence of hyper-
kalemia (60%) was more frequent than in the patiromer group
(15%, p <0.001).

Sodium zirconium cyclosilicate. SZC has also demon-
strated its efficacy in the chronic treatment of hyperkalemia
in a wide range of patients. The presentations authorized in
Spain are 5 and 10g. It rapidly (from the first hour) reduces
serum potassium, with a mean time of 2.2h to reach normal
potassemia, and with 98% of patients reaching normaliza-
tion of potassemia in the first 48h.”> The most frequently
reported adverse reactions are hypokalemia (4.1%) and edema
(5.7%). The latter has been related to the sodium content of
the molecule (each 5g of SZC contains approximately 400 mg
of sodium), which is exchanged with potassium, being mainly
observed with the 15 g/day presentation, which is not autho-
rized in Spain.”?73

The main clinical trials with SZC are listed in Table 10.

HARMONIZE’# studied adults with persistent hyper-
kalemia seen as outpatients in cardiology, nephrology and
research services, who received 10 g of SZC three times daily
during an initial 48-h open-label phase; 92% of patients nor-
malized potassemia and were then randomized to 5,10 or 15¢g

Box 4 - Chronic treatment of hyperkalemia.

1) Correct amendable factors: Decrease excessive potassium
intake, review medication, correct metabolic acidosis

2) Maintain/increase cardioprotective and nephroprotective
treatment.
a) Attempt to maintain RAS blockade and MRA, if indicated.
b) Consider adding diuretics (in case of arterial hypertension,
heart failure, volume overload) and/or SGLT2 inhibitors (in case
of heart failure, type 2 diabetes, chronic kidney disease) if
indicated to improve cardiac and renal protection while
reducing the risk of hyperkalemia.

3) Removing potassium from the body: intestinal potassium
uptakes
a) Sodium zirconium cyclosilicate (SZC)
b) Patiromer

4) Calcium polystyrenesulfonate

daily of SZC or placebo for four weeks. Mean potassemia at 29
days was significantly lower with the different doses of SZC
than with placebo (p <0.001). The proportion of patients with
normal serum potassium levels was higher with SZC (71, 76,
and 85% for the 5g, 10g, and 15 g daily dose, respectively, vs.
48% in the placebo group), a statistically significant difference
for each dose of SZC vs. placebo.

Another phase 3 clinical trial with 754 patients (74.5%
with CKD, 66.7% on RAS blockers, 59.9% with diabetes and
39.8% with a history of heart failure) confirmed the signifi-
cant reduction of potassemia in 48h with different doses of
SZC compared to placebo and the maintenance of the result
up to 14 days.””

DIALIZE’® was a phase 3b clinical trial involving 196
hemodialysis patients with persistent hyperkalemia despite
adequate dialysis. The primary efficacy endpoint was the pro-
portion of patients with predialysis potassemia between 4.0
and 5.0 mEq/L without rescue therapy, which was achieved
in 41% of SZC patients and 1% of those in the placebo group
(p<0.001).

In a long-term phase 3 study, potassemia was normalized
in more than 99% of patients within the first two to three days
and these normal levels of serum potassium (K* < 5.1 mmol/L)
was maintained in 87% of participants at the end of a 12-
month follow-up.”?

In addition to limiting the intestinal absorption of potas-
sium, SZC provides benefits against metabolic acidosis, as
indicated in the corresponding section.*?

Patiromer vs. SZC

Patiromer and SZC have better tolerance, efficacy and safety
than cationic resins, favoring the use of RAS and MRA
inhibitors in pathologies where their benefit has been
demonstrated, such as arterial hypertension, CKD and heart
failure.””7®

There are no clinical trials that have directly compared
patiromer and SZC, and differences in the design and setting
of clinical trials with each drug make comparison difficult.
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Box 5 - Research needs.

In which patients with hyperkalemia can an acute parenteral
intervention be substituted for an acute oral intervention?

Do the new oral potassium binders allow the renal patient to be
released from the potassium-poor diet and to follow a more
heart-healthy diet? Do they prevent postprandial hyperkalemia?

Do patiromer and SZC have differential preferred indications in
the treatment of chronic hyperkalemia?

Does the use of oral potassium binders slow the progression of
CKD?

Does the use of oral potassium binders improve long-term
cardiorenal prognosis?

A meta-analysis of six studies and 1,756 patients (654 on
patiromer and 1,102 on SZC) compared the efficacy and safety
of patiromer and SZC in the treatment of hyperkalemia.”®
No baseline differences were observed in patient age, eGFR
or potassemia, although there was a lower proportion of
patients with CKD, heart failure and diabetes, and receiv-
ing RAS blocker therapy in the SZC trials. With patiromer,
the mean decrease in potassemia at 3 days of treatment was
0.36 mEqg/L, and with SZC it was 0.67 mEq/L at 48h; 7.6% of
patiromer patients had constipation and 7.1% hypomagne-
semia, while in those receiving SZC, 1.6% had diarrhea and
0.9% had edema.’”” In a more recent meta-analysis, patiromer
showed lower rates of hyperkalemia with respect to standard
treatment, with no differences in terms of adverse effects or
discontinuation of treatment due to these effects. In rela-
tion to SZC, there were no differences in the occurrence
of hyperkalemia or in the overall rate of adverse effects,
although there was a higher frequency of edema in the SZC
group.®°

There is no good evidence on the impact of patiromer
and SZC on postprandial hyperkalemia after high potassium
intake, despite normalizing basal potassemia levels.®?

Both patiromer and SZC have been shown to be effective in
solid organ transplant patients.??

Research needs

Despite recent advances in the treatment and mitigation of
hyperkalemia, there are still unanswered questions whose
answers will improve the prognosis of patients at high risk
of hyperkalemia (Box 5).

Conclusions

Hyperkalemia is a frequent finding in daily clinical practice
and it is associated with worse health outcomes, including
increased morbidity and mortality. Therefore, it is essential
to make an early and etiological diagnosis of hyperkalemia in
order to treat each patient in the most appropriate way. Since
hyperkalemia encompasses different pathophysiological and
causal mechanisms, it woul benefits from a multidisciplinary
approach and treatment. At present, there are multiple ther-

apeutic options available for the treatment of hyperkalemia
that have demonstrated their efficacy and safety in various
groups of patients, and should be used in conjunction with
good clinical judgment. Despite the advances made in recent
years in relation to hyperkalemia, there are still gaps of knowl-
edge in this field, which should be addressed and promoted
through research to improve the prognosis of the patient with
hyperkalemia.
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