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REVIEW

Management of hyperkalemia in children

Halima Janjua

Purpose of review

Hyperkalemia is a potentially fatal electrolyte abnormality with no standardized management. The purpose
of this review is to provide the knowledge needed for timely and effective management of hyperkalemia in
children. It describes the utility of existing and novel therapies.

Recent findings

Two newer oral potassium binding agents, patiromer sorbitex calcium and sodium zirconium
cyclosilicate, have been FDA-approved for the management of hyperkalemia in adults. These newer
agents offer hope for improved management, even though their use in pediatric patients requires further

exploration.

Summary

This review highlights the causes and life-threatening effects of hyperkalemia and provides a comprehensive
overview of the management of hyperkalemia in both acute and chronic settings along with upcoming

treatment strategies.
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INTRODUCTION

Hyperkalemia is an electrolyte abnormality in
which serum potassium level exceeds the normal
range for age (Table 1) and can cause life-threatening
complications [1]. To maintain the total body potas-
sium, intake must be balanced by excretion. Kidneys
excrete the majority of the potassium and only 5-
10% of potassium is excreted by the gastrointestinal
tract. Elevated serum potassium, high potassium
diet, and increased aldosterone level increase renal
tubular excretion of potassium whereas low potas-
sium diet and low angiotensin II level decrease the
tubular excretion of potassium. About 98% of total
body potassium is found in the intracellular space
with only 2% of total body potassium found in the
extracellular space. This ratio of intracellular to
extracellular potassium is tightly regulated. Intra-
cellular uptake of potassium is increased with insu-
lin, catecholamines, and alkalosis. On the other
hand, acidosis causes potassium to move from the
intracellular to the extracellular space in exchange
for hydrogen. Tight regulation of intracellular to
extracellular potassium ratio is essential for preserv-
ing the cellular resting membrane potential and
even small changes in extracellular potassium can
depolarize the cell membrane. Depolarization of the
muscle cells causes ascending muscle weakness and
paralysis. In cardiac cells, depolarization of cell
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membranes alters cardiac conduction and causes
palpitations, syncope, and death [1,2]. Several treat-
ment options are available that aim to achieve car-
diac membrane stabilization, redistribution of
potassium into the cells, and increase potassium
excretion from the body. This review discusses the
causes of hyperkalemia and its management in an
acute or chronic setting.

CLINICAL AND ELECTROCARDIOGRAPHIC
FINDINGS OF HYPERKALEMIA

Mild hyperkalemia is usually asymptomatic, but as
the serum potassium level increases, it can cause
palpitations, nausea, vomiting, diarrhea, muscle
cramps, generalized weakness, paresthesia, flaccid
paralysis, and life-threatening cardiac arrhythmias.
A rapid increase in serum potassium can cause signs
and symptoms at a lower potassium concentration
than with chronic hyperkalemia [3,4]. The cardiac
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KEY POINTS

o Hyperkalemia can manifest with symptoms ranging
from muscle weakness to cardiac arrhythmia.

e Detailed medical history including medication review
and consideration for pseudohypokalmeia are essential
in determining the cause and management
of hyperkalemia.

o The treatment includes cardiac membrane stabilization,
eliminating potassium sources from diet and
medications, shifting potassium intracellularly, and
reducing total body potassium load.

e Patiromer sorbitex calcium and sodium zirconium
cyclosilicate are newer potassium binding agents that
have been FDA-approved for management of
hyperkalemia in adults. They may have potential for
improving management of hyperkalemia, with more
palatable options and potential benefits for high-risk
patient populations.

membrane depolarization starts with tall and
peaked T-waves and shortening of the QT interval
on theelectrocardiogram (EKG). Itis the narrowing at
the base of the T-waves that is more important than
the actual height of the T-waves. As the serum potas-
sium level increases, the PR interval becomes pro-
longed, and the frequency of P waves decreases.
Ultimately, P waves broaden and fuse with a widened
QRS complex. This progresses to a sinusoidal QRST
complex followed by ventricular fibrillation or asys-
tole. This pattern of EKG changes is not seen in all
patients and may be seen at variable serum potassium
levels. Therefore, estimating the degree or progres-
sion of hyperkalemia from the EKG changes is unre-
liable. It has low sensitivity (0.194+0.05) but high
specificity (0.97 £0.13) for detecting hyperkalemia
[5]. EKG changes, however, can be a more important
predictor of short-term adverse events than the blood
potassium level. Severe hyperkalemia can also
present with marked sinus bradycardia, sinus arrest,
or atrioventricular (AV) block [6].

Table 1. Normal serum potassium levels by age [1]

Age Potassium, mEq/l (mmol/I)
Premature infant 4.0-6.5 (4.0-6.5)
Newborn 3.9-5.9 (3.9-5.9)
Infant 4.1-5.3 (4.1-5.3)
Child 3.4-4.7 (3.4-4.7)
Adult 3.5-5.0 (3.5-5.0)
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EVALUATION OF UNDERLYING CAUSE

An increased intake of potassium rarely causes hyper-
kalemia unless there is also decreased renal excretion
or continued cell breakdown releasing a substantial
amount of potassium from the intracellular space. As
several inherited disorders as well as acquired condi-
tions increase the risk of hyperkalemia, obtaining a
thorough medical history can ascertain the cause.
Similarly, many medications can cause hyperkalemia
necessitating the review of medication intake [1,7]
(Fig. 1). If the cause of hyperkalemia is not evident,
urine potassium excretion may help in differentiating
the cause. A spot urine potassium level of more than
40mEq/l is consistent with appropriate renal potas-
sium excretion and is therefore suggestive of increased
potassium intake or intracellular to extracellular space
migration. Some degree of decreased renal potassium
excretion is usually present in chronic hyperkalemia.
This can include a decrease in glomerular filtration
rate as in acute kidney injury of chronic kidney dis-
ease, aldosterone resistance like in pseudohypoaldos-
teronism and type 4 renal tubular acidosis, or renin-
angiotensin-aldosterone system inhibition in states of
aldosterone deficiency like congenital adrenal hyper-
plasia and primary hypoaldosteronism.

Pseudo-hyperkalemia can result from mechan-
ical hemolysis due to poor phlebotomy techniques
like the use of a tourniquet and smaller gauge nee-
dle, the use of excess alcohol on the skin during
capillary sampling, and slow specimen processing.
All specimens should be assessed for the presence of
hemolysis [7,8]. Although a child with leukemia is at
high risk of true hyperkalemia due to cell lysis,
pseudo hyperkalemia can also occur due to the
release of potassium during clotting from the high
number of white blood cells in the sample. Similarly,
polycythemia vera and thrombocytosis can also
cause pseudo-hyperkalemia.

MANAGEMENT OF HYPERKALEMIA

Different strategies can be employed in managing
acute versus chronic hyperkalemia (Table 2; Fig. 2).

ACUTE HYPERKALEMIA

In the case of acute hyperkalemia, management
depends on the magnitude of potassium elevation
as well as symptoms like severe muscle weakness
or electrocardiographic changes concerning for car-
diac cell membrane depolarization like peaked T
waves and prolonged QRS complexes. The manage-
ment of acute hyperkalemia is targeted to prevent
or decrease the risk of arrhythmias from cardiac
cell membrane depolarization. Treatment can be
divided into the following categories: cardiac
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Increase Intake

- High enteral intake

« Intravenous fluids or
parenteral nutrition

« Blood transfusions

Extracellular Shift

« Tumor lysis syndrome

« Rhabdomyolysis

« Hemolysis

« Acidosis

« Hyperkalemic periodic
paralysis

« Insulin deficiency

« Drugs (beta blockers,
digoxin)

Decreased Renal Excretion

« Low glomerular filtration
rate (acute or chronic
kidney disease)

« Aldosterone resistance

(type 4 renal tubular

acidosis,

pseudohypoaldosteronism)

Aldosterone deficiency

(congenital adrenal

hyperplasia, primary

adrenal insufficiency)

« Drugs (angiotensin
converting enzyme
inhibitor, angiotensin
receptor blocker, non-
steroidal anti-inflammatory
drugs, potassium sparing
diuretics, trimethoprim,
calcineurin inhibitors,
heparin)

FIGURE 1. Causes of hyperkalemia.

membrane stabilization, eliminating the sources of
potassium intake, shifting the potassium intracell-
ularly, and decreasing the total body potassium
load. Calcium salts are used to stabilize cardiac
membranes and minimize the risk of arrhythmia.
To eliminate the sources of potassium intake, oral
diet, tube feeding, intravenous fluid, parenteral
nutrition, and all medications need to be screened.
Potassium is shifted intracellularly by using beta-
agonists, insulin with dextrose, and sodium bicar-
bonate. Total body potassium load is decreased by
facilitating potassium excretion through the gastro-
intestinal tract and kidneys and in some cases by
utilizing dialysis [9-11].
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CARDIAC MEMBRANE STABILIZATION

Intravenous calcium gluconate decreases the mem-
brane depolarization effect of potassium on cardiac
cells within 1-3min and its duration of action
can last 20-60 min. If there is no change noticed
within 5-10min of administering calcium gluco-
nate, another dose can be given. Calcium gluconate
decreases the potential for cardiac rhythm abnor-
malities. However, it does not significantly, if at
all, decrease the serum potassium concentration.
Therefore, the risk of cardiac membrane excitability
persists after the effect of calcium gluconate
wears off. Intravenous calcium chloride can also
be used instead of calcium gluconate. However,
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Table 2. Medications used in the treatment of hyperkalemia in children

Medication Dose Route
Cardiac membrane stabilization
Calcium gluconate, 10% 0.5ml/kg Intravenous
Calcium chloride 20mg/kg Intravenous
Intracellular potassium shift
Albuterol (neonate) 0.4mg Inhalation
Albuterol (children <25kg) 2.5mg Inhalation
Albuterol (children 25-50kg) 5mg Inhalation
Albuterol (children >50kg) 10mg Inhalation
Sodium bicarbonate 1-2mEq/kg (max: 50 mEq) Intravenous
Insulin, regular (with dextrose) 0.1U/kg (max: 10U) Intravenous
Dextrose, 10% (<5 years, with insulin) 0.5g/kg or 5 ml/kg Intravenous
Dexirose, 25% (>5 years, with insulin) 0.5g/kg or 2ml/kg (max: 25 g) Intravenous
Decrease in total body potassium load
Furosemide 0.5-1mg/kg (max: 40 mg) Intravenous
Furosemide 1-2mg/kg (max: 80 mg) Oral
Sodium polystyrene sulfonate 1g/kg (max: 30g oral, 30-50g rectal) Oral, rectal
Fludrocortisone (in mineralocorticoid deficiency) 0.05-0.2 mg/day, one to two divided doses Oral

the risk of tissue necrosis with fluid extravasation is
higher with calcium chloride than with calcium
gluconate. Other than extravasation, calcium gluc-
onate can cause syncope, bradycardia, and pares-
thesia [12].

INTRACELLULAR POTASSIUM SHIFT

Inhaled beta agonists shift the potassium to intra-
cellular space. Albuterol acts within 15-30min,
reaching its peak effect in 30-60min. This effect
is transient and lasts for 4-6 h. Tachycardia can be
seen with beta-agonists.

Sodium bicarbonate reduces metabolic acidosis
and shifts the potassium intracellularly. It also
increases renal potassium excretion by increasing
distal sodium delivery.

Insulin infusion given with dextrose can often
produce an immediate effect by shifting potassium
into skeletal myocytes and hepatocytes. Its response
is not predictable and there is also the risk of hypo-
glycemia due to which close electrolyte and blood
glucose monitoring is necessary.

Shifting potassium from the extracellular
to intracellular space temporarily lowers the
serum potassium level and helps minimize the
risk of cardiac arrhythmias. However, a more sus-
tained reduction is potassium level can only be
achieved when the total body potassium load
is reduced.
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DECREASE IN TOTAL BODY POTASSIUM
LOAD

Loop diuretics can be used in patients who do not
have advanced kidney failure. They are effective for
acute management but have risks of ototoxicity and
nephrotoxicity with long-term use.

Potassium exchange resins can also be used in
acute settings in combination with other medica-
tions. However, due to the slower onset of action, it
is used more commonly in chronic management
of hyperkalemia.

Dialysis is needed when pharmacological thera-
pies are ineffective in lowering the serum potassium
concentration. It is also indicated in acute or
chronic renal failure when there is a risk of worsen-
ing hyperkalemia and the need for potassium
removal from the body. Hemodialysis and contin-
uous renal replacement therapy can remove potas-
sium faster than peritoneal dialysis.

CHRONIC HYPERKALEMIA

Long-term management is needed in conditions
where hyperkalemia is suspected to last beyond the
acute correction. It consists of dietary restriction,
correction of acidosis, and use of diuretics and/or
potassium binders. A diet low in potassium is cru-
cial in preventing and controlling hyperkalemia
and detailed nutritional counseling may be
required to educate the patient and family about
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K 25.5 mEq/L

Acute

v
Stop all IV/PO potassium intake
Stop all hyperkalemia causing medications
Electrocardiogram
Recheck to screen for pseudohyperkalemia,
preferrably through a venous sample

v

Chronic

v

Dietary counseling

v v
Fludrocortisone, if Adjustment of
mineralocorticoid hyperkalemia causing
T ‘I'E i V. v deficiency medications
25.5 & <6 mEq K 26 & <7 mEq/L
& normal EKG & normal EKG AbnommalEKG
v
& L2 Sodium polystyrene
sulfonate
Monitor K Calcium gluconate
v
& S Correction of
Albuterol acidosis, if present
Decreasing K Insulin/dextrose
Sodium bicarbonate
v v -
v Judicious use of
Yes No Sodium polystyrene diuretics
sulfonate
. v v
= g 2 Dialysis, if
Continue to monitor +/- Furosemide '
Sl oliguria/low GFR

FIGURE 2. Management of hyperkalemia in children.

the low potassium foods and appropriate cooking
methods.

Fludrocortisone is a synthetic glucocorticoid
with potent mineralocorticoid activity. It can be
used to manage chronic hyperkalemia in select
patients. It can raise blood pressure and its use
can be challenging in hypertensive patients [13].

Sodium polystyrene sulfonate is a cation
exchange resin that reduces the total body potas-
sium by binding potassium in exchange for sodium
in the distal colon and then excretion through the
gastrointestinal tract. It can be given orally or rec-
tally. Its onset of action varies from 2 to 6 h and the

208 www.co-pediatrics.com

action can last for 6-24h. One gram of sodium
polystyrene sulfonate exchanges approximately
1mEq of potassium but since it is nonselective for
potassium and can also bind calcium and magne-
sium, the exchange capacity for potassium may be as
low as 0.4-0.8 mEq of potassium per gram of resin.
Due to its no selective binding, it can cause hypo-
calcemia and hypomagnesemia. The release of
sodium from sodium polystyrene sulfonate in
exchange for potassium can cause hypernatremia
and volume overload. It can also cause diarrhea,
nausea, vomiting, and loss of appetite. Some serious
adverse effects associated with sodium polystyrene
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sulfonate include intestinal ischemia, colonic
necrosis, and bowel perforation, particularly when
used with sorbitol. It is contraindicated in bowel
obstruction and neonates with reduced gut motility
[14-16].

NEW AGENTS ON THE HORIZON

Patiromer sorbitex calcium and sodium zirconium
cyclosilicate are newer agents that are FDA-
approved for use in adults with hyperkalemia.
Though they are not yet approved for use in chil-
dren, their safety and efficacy in adults look encour-
aging [17,18"].

Patiromer sorbitex calcium is a polymer agent
that was FDA-approved in 2015 for use in adults with
hyperkalemia. It exchanges potassium for calcium in
the gastrointestinal tract, mainly the distal colon. It
decreases the potassium level within 7 h of its dose. It
is also nonselective for potassium, like sodium poly-
styrene sulfonate, and can exchange magnesium and
sodium for calcium [19%]. Its side effects include
nausea, diarrhea, constipation, and hypomagnese-
mia. With patiromer sorbitex calcium, the risk of
recurrent hyperkalemia can be reduced in some
high-risk patient populations using renin-angioten-
sin-aldosterone system inhibitors [20,21%,22-24].

Sodium zirconium cyclosilicate was approved by
the FDA in 2018 for the treatment of adults with
hyperkalemia. It is highly selective for potassium and
ammonium ions. It exchanges potassium and ammo-
nium for hydrogen and sodium. This exchange
occurs throughout the gastrointestinal tract. Its onset
of action is 1h with a dose-dependent effect on
potassium level [25]. It can cause a sustained increase
in serum bicarbonate level and dose-dependent
edema [26]. Given once daily on nondialysis days
in dialysis patients with persistent hyperkalemia, it
was effective in maintaining a normal predialysis
potassium level over 8 weeks [27"%,28-32,33"].

All the gastrointestinal potassium exchange
agents have the risk of altering absorption of other
medications and should be separated from other
medications; sodium polystyrene sulfonate and
patiromer sorbitex calcium by 3h and sodium zir-
conium cyclosilicate by 2 h. Both patiromer sorbitex
calcium and sodium zirconium cyclosilicate are
more palatable than sodium polystyrene sulfonate
and promising future treatment options for pedia-
tric patients [7,197].

CONCLUSION

Hyperkalemia is a critical electrolyte disturbance
that demands careful assessment and manage-
ment. Understanding the underlying causes of

1040-8703 Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

hyperkalemia, its clinical and electrocardiographic
manifestations, and the strategies for its manage-
ment in both acute and chronic settings are essential
for early recognition and prompt intervention to
prevent life-threatening complications.

Acknowledgements
None.

Financial support and sponsorship
None.

Conflicts of interest
There are no conflicts of interest.

REFERENCES AND RECOMMENDED
READING

Papers of particular interest, published within the annual period of review, have
been highlighted as:

m  of special interest

mm  of outstanding interest

1. Brown DH, Paloian NJ. Hypokalemia/hyperkalemia and hyponatremia/hyper-
natremia. Pediatr Rev 2023; 44:349-362.

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

3. Larivee NL, Michaud JB, More KM, et al. Hyperkalemia: prevalence, predictors
and emerging treatments. Cardiol Ther 2023; 12:35-63.

4. Hunter RW, Bailey MA. Hyperkalemia: pathophysiology, risk factors and
consequences. Nephrol Dial Transplant 2019; 34(Suppl 3):iii2=iii11.

5. Rafique Z, Aceves J, Espinal, et al. Can physicians detect hyperkalemia based
on the electrocardiogram? Am J Emerg Med 2020; 38:105-108.

6. Durfey N, Lehnhof B, Bergeson A, et al. Severe hyperkalemia: can the
electrocardiogram risk stratify for short-term adverse events? West J Emerg
Med 2017; 18:963-971.

7. Palmer BF, Carrero JJ, Clegg DJ, et al. Clinical management of hyperkalemia.
Mayo Clin Proc 2021; 96:744-762.

8. Rubens M, Kanaris C. Fifteen-minute consultation: emergency management
of children presenting with hyperkalaemia. Arch Dis Child Educ Pract Ed
2022; 107:344-350.

9. Lemoine L, Le Bastard Q, Batard E, Montassier E. An evidence-based
narrative review of the emergency department management of acute hyper-
kalemia. J Emerg Med 2021; 60:599-606.

10. Rafique Z, Peacock F, Armstead T, et al. Hyperkalemia management in the
emergency department: an expert panel consensus. J Am Coll Emerg Phy-
sicians Open 2021; 2:e12572.

11. McArthur R, Rafique Z, Ward B, et al. Treatment of presumed hyperkalemia in
the prehospital setting. Prehosp Disaster Med 2022; 37:693-697.

12. Chakraborty A, Can AS. Calcium gluconate. StatPearls. Treasure Island, FL;
2023.

13. Rizk J, Quan D, Gabardi S, et al. Novel approaches to management of
hyperkalaemia in kidney transplantation. Curr Opin Nephrol Hypertens
2021; 30:27-37.

14. Rahman S, Marathi R. Sodium polystyrene sulfonate. StatPearls. Treasure
Island, FL; 2023.

15. Sampani E, Theodorakopoulou M, latridi F, Sarafidis P. Hyperkalemia in
chronic kidney disease: a focus on potassium lowering pharmacotherapy.
Expert Opin Pharmacother 2023; 24:1775-1789.

16. Costa D, Patella G, Provenzano M, et al. Hyperkalemia in CKD: an overview of
available therapeutic strategies. Front Med (Lausanne) 2023; 10:1178140.

17. Silva-Cardoso J, Brito D, Frazao JM, et al. Management of RAASi-associated
hyperkalemia in patients with cardiovascular disease. Heart Fail Rev 2021;
26:891-896.

18. Canas AE, Troutt HR, Jiang L, et al. A randomized study to compare oral

mm potassium binders in the treatment of acute hyperkalemia. BMC Nephrol
2023; 24:89.

This randomized trial compared the safety and efficacy of sodium polystyrene

sulfonate, patiromer and sodium zirconium cyclosilicate in the management of

acute hyperkalemia.

19. DiPalo KE, Sinnett MJ, Goriacko P. Assessment of patiromer monotherapy for

m  hyperkalemia in an acute care Setting. JAMA Netw Open 2022; 5:e2145236.

This randomized trial compared the safety and efficacy of sodium polystyrene

sulfonate, patiromer and sodium zirconium cyclosilicate in the management of

acute hyperkalemia.

www.co-pediatrics.com 209

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.



IPISTGHIRA+ZM8eAAAAYO/FOAENDVIASALLIAIPOOAEIEAHION/AD AUMY TXOMADY

OIAXYOHISABZIY Y+ NIOITWNOTZTARY HYBSHINAYE Aq Soureipad-02/wod mm| sieulnol//:dny wouj pspeojumod

¥202/8T/€0 U0

Nephrology

20. Bakris GL, Pitt B, Weir MR, et al. Effect of patiromer on serum potassium level
in patients with hyperkalemia and diabetic kidney disease: the AMETHYST-
DN randomized clinical trial. JAMA 2015; 314:151-161.

21. Butler J, Anker SD, Lund LH, et al. Patiromer for the management of

m  hyperkalemia in heart failure with reduced ejection fraction: the DIAMOND
trial. Eur Heart J 2022; 43:4362-4373.

This randomized trial assessed the risk of recurrent hyperkalemia when patiromer

was used concurrently with high-dose mineralocorticoid receptor antagonists in

patient with heart failure and reduced ejection fraction.

22. Shrestha DB, Budhathoki P, Sedhai YR, et al. Patiromer and sodium zirconium
cyclosilicate in treatment of hyperkalemia: a systematic review and meta-
analysis. Curr Ther Res Clin Exp 2021; 95:100635.

23. Butler J, Anker SD, Siddigi TJ, et al. Patiromer for the management of
hyperkalaemia in patients receiving renin-angiotensin-aldosterone system
inhibitors for heart failure: design and rationale of the DIAMOND trial. Eur
J Heart Fail 2022; 24:230-238.

24. Rafique Z, Liu M, Staggers KA, et al. Patiromer for treatment of hyperkalemia
in the emergency department: a pilot study. Acad Emerg Med 2020;
27:54-60.

25. Kosiborod M, Peacock WF, Packham DK. Sodium zirconium cyclosilicate for
urgent therapy of severe hyperkalemia. N EnglJ Med 2015;372:1577-1578.

26. Kosiborod M, Rasmussen HS, Lavin P, et al. Effect of sodium zirconium
cyclosilicate on potassium lowering for 28days among outpatients with
hyperkalemia: the HARMONIZE randomized clinical trial. JAMA 2014;
312:2223-2233.

27. Ni Z, Lu R, Xu X, et al. DIALIZE China: a phase lllb, randomized, placebo-

mm controlled study to reduce predialysis hyperkalemia with sodium zirconium
cyclosilicate in Chinese patients. Clin Ther 2023; 45:633-642.

210 www.co-pediatrics.com

This randomized, placebo-controlled study evaluated use of sodium zirconium
cyclosilicate for management of predialysis hyperkalemia in Chinese patients with
kidney failure receiving three times a week hemodialysis.

28. Kashihara N, Yamasaki Y, Osonoi T, et al. A phase 3 multicenter open-label
maintenance study to investigate the long-term safety of sodium zirconium
cyclosilicate in Japanese subjects with hyperkalemia. Clin Exp Nephrol 2021;
25:140-149.

29. Fishbane S, Ford M, Fukagawa M, et al. A phase 3b, randomized, double-blind,
placebo-controlled study of sodium zirconium cyclosilicate for reducing the
incidence of predialysis hyperkalemia. J Am Soc Nephrol 2019; 30:1723-1733.

30. Ash SR, Batlle D, Kendrick J, et al. Effect of sodium zirconium cyclosilicate on
serum potassium and bicarbonate in patients with hyperkalemia and meta-
bolic acidosis associated with chronic kidney disease: rationale and design of
the NEUTRALIZE study. Nephron 2022; 146:599-609.

31. Zannad F, Hsu BG, Maeda Y, et al. Efficacy and safety of sodium zirconium
cyclosilicate for hyperkalaemia: the randomized, placebo-controlled HARMO-
NIZE-Global study. ESC Heart Fail 2020; 7:54-64.

32. Fishbane S, Ford M, Fukagawa M, et al. Potassium responses to sodium
zirconium cyclosilicate in hyperkalemic hemodialysis patients: posthoc ana-
lysis of DIALIZE. BMC Nephrol 2022; 23:59.

33. Dwyer JP, Agiro A, Desai P, Oluwatosin Y. Impact of sodium zirconium

m  cyclosilicate plus renin-angiotensin-aldosterone system inhibitor therapy on
short-term medical costs in hyperkalemia: OPTIMIZE Il real-world study. Adv
Ther 2023; 40:4777-4791.

In this retrospective study, hyperkalemia-related and all-cause medical costs were

compared between management of renin-angiotensin-aldosterone inhibitor in-

duced hyperkalemia with sodium zirconium cyclosilicate and renin-angiotensin-
aldosterone inhibitor discontinuation without sodium zirconium cyclosilicate.

Volume 36 o Number 2 o April 2024

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.





