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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]. Tomaintain the total body potas-
sium, intakemust 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
 2024 Wolters Kluwer H
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

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

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

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

� 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.
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membrane depolarization starts with tall and
peaked T-waves and shortening of the QT interval
on theelectrocardiogram(EKG). It is thenarrowingat
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, Pwaves broaden and fusewith awidened
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 andmaybe seen at variable serumpotassium
levels. Therefore, estimating the degree or progres-
sion of hyperkalemia from the EKG changes is unre-
liable. It has low sensitivity (0.19�0.05) but high
specificity (0.97�0.13) for detecting hyperkalemia
[5]. EKG changes, however, can be a more important
predictor of short-termadverse 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/l)

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)

1040-8703 Copyright © 2023 Wolters Kluwer Health, Inc. All rights rese
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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 excretionmay help in differentiating
the cause. A spot urine potassium level of more than
40mEq/l is consistent with appropriate renal potas-
siumexcretion 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
rved. www.co-pediatrics.com 205
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FIGURE 1. Causes of hyperkalemia.
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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].
206 www.co-pediatrics.com
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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 20–60min. 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,
Volume 36 � Number 2 � April 2024
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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--50 kg) 5mg Inhalation

Albuterol (children >50kg) 10mg Inhalation

Sodium bicarbonate 1--2mEq/kg (max: 50mEq) 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

Dextrose, 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: 40mg) Intravenous

Furosemide 1--2mg/kg (max: 80mg) Oral

Sodium polystyrene sulfonate 1g/kg (max: 30g oral, 30--50g rectal) Oral, rectal

Fludrocortisone (in mineralocorticoid deficiency) 0.05--0.2mg/day, one to two divided doses Oral
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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 4–6h. 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.
1040-8703 Copyright © 2023 Wolters Kluwer Health, Inc. All rights rese
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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
rved. www.co-pediatrics.com 207
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FIGURE 2. Management of hyperkalemia in children.
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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 6h and the
208 www.co-pediatrics.com
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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 potassiummay be as
low as 0.4–0.8mEq 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
Volume 36 � Number 2 � April 2024
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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 7h of its dose. It
is also nonselective for potassium, like sodium poly-
styrene sulfonate, and can exchangemagnesiumand
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 potassiumand
ammoniumions. It exchangespotassiumandammo-
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 8weeks [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 2h. Both patiromer sorbitex
calcium and sodium zirconium cyclosilicate are
more palatable than sodium polystyrene sulfonate
and promising future treatment options for pedia-
tric patients [7,19

&

].
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 rese
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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.
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