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ABSTRACT: Hyperkalemia (elevated serum potassium) can become a life-
threatening electrolyte abnormality due to medication use, kidney dysfunction,
or alternative sources of electrolyte imbalance. Up until recently, FDA-approved
therapies for the management of hyperkalemia (i.e., sodium polystyrene
sulfonate) had remained unchanged for over 50 years. Other treatment options
for hyperkalemia include IV calcium, insulin, sodium bicarbonate, albuterol, and
diuretics. A new drug (patiromer) was recently approved for the treatment of
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hyperkalemia, and additional agents are also in development.

Hyperkalemia is de<ned as a serum potassium concentration of >5.5 mEq/L
in adults.  It is a common metabolic disorder that can lead to clinical
manifestations such as hemodynamic instability, neurologic sequelae, and
fatal arrhythmias. Most individuals with hyperkalemia are usually
asymptomatic or present with nonspeci<c signs and symptoms (e.g.,
weakness, fatigue, or gastrointestinal [GI] hypermotility). The incidence of
hyperkalemia has been reported anywhere from 2.6% to 3.2% in the United
States.  A study in Canada showed the incidence to occur in 2.6% of
emergency department visits and 3.5% of hospital admissions.

Hyperkalemia is commonly a result of impaired urinary potassium excretion
due to acute or chronic kidney disease (CKD), reduced aldosterone secretion,
reduced response to aldosterone, reduced distal sodium and water delivery,
effective arterial blood volume depletion, or selective impairment in
potassium secretion. Hyperkalemia can also occur secondarily to metabolic
acidosis, insulin de<ciency, hyperglycemia, and hyperosmolar states.
Medication can also lead to hyperkalemia, most notably those agents that
inhibit the renin-angiotensin-aldosterone system (RAAS). Other drugs with the
potential to cause hyperkalemia include beta-blockers, succinylcholine,
trimethoprim-sulfamethoxazole, non-steroidal anti-in`ammatory drugs
(NSAIDs), cyclosporine, heparins, tacrolimus, and excessive dosing of
potassium supplements. Overdoses of digitalis or related digitalis glycosides,
such as digoxin, can also lead to hyperkalemia. Salt substitutes (e.g., Mrs.
Dash) are often overlooked as a cause of hyperkalemia.

Therapy for hyperkalemia due to potassium retention includes avoiding drugs
that potentially induce hyperkalemia, discontinuing offending agents such as
potassium supplements, and ultimately inducing potassium loss.

Treatment Options
Acute hyperkalemia is a clinical emergency that requires immediate
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treatment with the agents discussed below (TABLE 1).

IV Calcium: IV calcium is indicated when the serum potassium is >6.5 mEq/L
regardless of whether ECG changes are present.  Given their poor sensitivity
and speci<city, ECG changes should not be used as diagnostic criteria for
treatment of hyperkalemia.  The immediate goal of acute management in
hyperkalemia is the stabilization of the membrane potential, which is often
done with IV calcium. Calcium antagonizes the effects of hyperkalemia
through effects on the threshold potential and the speed of impulse
propagation at the cellular level. IV calcium can be given as 10 mL of a 10%
calcium gluconate solution over 2 to 3 minutes or as calcium chloride, which
contains three times the amount of calcium per 10 mL dose. Calcium
chloride is also irritating to the veins and must be given via central catheters.
It is important to note that IV calcium is administered for myocardium
membrane stabilization and does not promote the intracellular shift or
elimination of potassium.

Insulin: Insulin accelerates the intracellular movement of potassium into
muscle cells by binding to its receptor on skeletal muscle. Once this occurs,
the abundance and activity of sodium-potassium adenosine triphosphatase
(Na+/K+-ATPase) and glucose transporter on the cell membrane increase
through independent signaling pathways. The most commonly recommended
regimen is a bolus injection of short-acting insulin. If the blood glucose is
<250 mg/dL, 25 g of glucose should also be given (50 mL of a 50% solution)
to offset hypoglycemia due to insulin administration.
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Sodium Bicarbonate: Sodium bicarbonate works to shift potassium
intracellularly but is not considered <rst-line management of hyperkalemia
due to controversial data regarding egcacy and safety concerns. Boluses of
1 mL/kg of sodium bicarbonate 8.4% solution have been suggested.
Studies have shown that sodium bicarbonate was not able to decrease serum
potassium signi<cantly or rapidly, with onset of action potentially taking
hours.  Its use in patients with metabolic acidosis and hyperkalemia was
also reported to be controversial.  Sodium bicarbonate can potentially
increase `uid load, causing hypernatremia and metabolic alkalosis, and
should therefore be used with caution in patients with heart failure and CKD
because of sodium load. If infused rapidly, it can be metabolized to carbon
dioxide, or in those with respiratory insugciency, can result in acidosis or
hyperkalemia. IV sodium bicarbonate may be helpful in patients who require
`uid loads.

Beta  Agonist: Albuterol inhalation can be considered in nonacute situations
to lower potassium. Albuterol stimulates Na+/K+-ATPase, which results in
intracellular shift of potas-sium.  Use of albuterol has been shown to
decrease serum potassium levels by 0.3 to 0.6 mEq/L within 30 minutes; the
decrease lasts for at least 2 hours. Doses from 10 to 20 mg utilized in
hyperkalemia are much higher than those used in management of acute
bronchospasm. Due to the high doses used and the potential beta -receptor
stimulation, patients may experience tachycardia. Unfortunately, not all
patients respond to therapy because of concurrent use of nonselective beta-
blockers. The mechanism of resistance to treatment is unknown; there-fore,
albuterol should not be used as monotherapy in urgent hyperkalemia.

Diuretics: Following the use of methods to shift potassium into cells,
strategies should then be undertaken to eliminate excess potassium. In
patients with adequate kidney function, loop diuretics (e.g., furosemide and
bumetanide) in combination with thiazide diuretics can be used for the
excretion of potassium. Onset of action is 15 to 60 minutes. However, it
should be noted that although diuretic-induced volume depletion can lead to
decreased distal nephron `ow and reduced potassium excretion, volume-
expanded patients will bene<t from diuresis.
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Sodium Polystyrene Sulfonate (SPS): SPS was <rst introduced in the 1950s
before the FDA was required to establish drugs as both safe and effective.
SPS is a cation-exchange polymer that exchanges sodium for potassium, in
addition to other cations such as calcium, ammonium, and magnesium. The
sulfonate groups on SPS will be occupied by hydrogen ions in the presence of
acid, thereby reducing its therapeutic egcacy. SPS is sometimes poorly
tolerated and produces unpredictable reductions in potassium. SPS also
contains a considerable amount of sodium content and should be used
cautiously in patients with concomitant conditions such as congestive heart
failure, edema, and severe hypertension. It is most effective when it is in the
colon, where the pH level is higher than in the upper GI tract. Therefore, it may
be given as 15 to 30 g by mouth with cathartics (most commonly sorbitol) or
as an enema. The rectal dose is 30 to 50 g but has been found to be less
effective compared to an equivalent dose administered orally. SPS does not
work as quickly as alternative treatment options; onset of action is >2 hours.
The degree to which potassium is reduced and its onset of action are also
variable.

In 2011, the FDA’s Center for Drug Evaluation and Research (CDER) approved
safety labeling changes for SPS to include additional warnings.  SPS may
rarely be associated with fatal colonic necrosis and other serious GI adverse
events, which are believed to be related to administration with sorbitol.
Therefore, it is not recommended to be given with sorbitol (SPS is now
available as sorbitol-free powder).  SPS should not be used in patients
who do not have normal bowel function, including postoperative patients who
have not had a bowel movement after surgery and in patients at risk for
developing constipation or impaction. If patients develop constipation, use of
SPS should be discontinued, and repeated doses should not be given to those
who have not passed a bowel movement.

Dialysis: Hemodialysis is the method of choice for removal of potassium
when pharmacologic therapies fail to adequately lower and eliminate
potassium. Within 60 minutes, potassium can decrease by >1 mEq/L and by a
total of 2 mEq/L within 180 minutes.

New Treatment Options
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Management of hyperkalemia had remained unchanged until the approval of
a new drug in 2015. Patiromer is an option for outpatient management of
chronic hyperkalemia in those patients with CKD and on RAAS inhibitors who
would bene<t from continuation of therapy due to comorbid conditions such
as diabetes mellitus and heart failure.  Another agent is also currently
undergoing FDA review.

Patiromer (Veltassa): On October 21, 2015, the FDA approved patiromer for
the treatment of hyperkalemia.  Patiromer is a powder for suspension in
water for oral administration. The active ingredient is patiromer sorbitex
calcium, which contains patiromer, a nonabsorbed potassium-binding
polymer with a calcium-sorbitol counterion. By binding potassium in the
lumen of the GI tract, patiromer is able to increase fecal potassium
excretion.

Patiromer is not for life-threatening hyperkalemia. It is considered an option
for patients with CKD and diabetic patients with a serum potassium >5
mEq/L who would bene<t from treatment with an ACE inhibitor, angiotensin
receptor blocker (ARB), or aldosterone inhibitor.

Patiromer is recommended to be initiated at 8.4 g once daily (TABLE 1).
The dose can be adjusted based upon serum potassium levels, with a
maximum dose of 25.2 g once daily. The dose can be increased based on
serum potassium levels at 1-week or longer intervals, in increments of 8.4 g.
Doses should be prepared immediately prior to administration. Patients
should measure one-third cup of water. Half of the water should be placed in
a glass, then the patiromer packet added and the mixture stirred. The
remaining water should be added and the mixture stirred again thoroughly.
The powder will not dissolve and the mixture will appear cloudy. More water
can be added to the mixture for desired consistency. The mixture should be
consumed immediately. If powder remains in the glass after drinking, more
water should be added, stirred, and consumed immediately. Repeat as
needed until the entire dose is administered.

This medication is commercially available as single-use packets containing
8.4, 16.8, or 25.5 g. It should be stored in the refrigerator at 2°C to 8°C (36°F-
46°F). If stored at room temperature (25°C ± 2°C [77°F ± 4°F]), patiromer must
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be used within 3 months of being taken out of the refrigerator. The product
cannot be used after the printed expiration date on the packet.

The egcacy of patiromer was demonstrated in a two-part, single-blind,
randomized withdrawal trial.  Patients with hyperkalemia and CKD on at
least one RAAS inhibitor were included in the study. In Part A, patients with
baseline serum potassium of 5.1 to <5.5 mEq/L initiated patiromer at 8.4 g,
while patients with baseline serum potassium of 5.5 to 6.5 mEq/L started
with a dose of 16.8 g. The primary endpoint was change in serum potassium
from baseline to week 4. The patient group with lower baseline potassium
showed a decrease of -0.65 + 0.05 (95% CI, -0.74 to -0.55) in serum
potassium, while the higher baseline potassium group showed an even larger
decrease in serum potassium of -1.23 + 0.04 (95% CI, -1.31 to -1.16).

Part B looked at the placebo-controlled withdrawal phase.  The primary
endpoint was change in serum potassium from Part B baseline to the earliest
visit when the patient had a serum potassium outside of 3.8 to <5.5 mEq/L or
Part B week 4 if the potassium remained in range. Patients who remained on
patiromer had no change from baseline, while those switched to placebo had
a 0.72 mEq/L (95% CI, 0.46-0.99) increase in serum potassium.

In an open-label study, the effect of treatment with patiromer for up to 52
weeks was evaluated in 304 hyperkalemic patients with CKD and type 2
diabetes on RAAS inhibitors. The treatment effect of patiromer was found to
be maintained during long-term therapy.

When initially approved, patiromer carried a boxed warning because of its
ability to bind to other oral medications. On November 27, 2016, the FDA
approved a supplemental New Drug Application (sNDA) and removed the
boxed warning regarding separation of patiromer and other drugs.  New
recommendations advise patients to take patiromer at least 3 hours before or
3 hours after other oral medications.

Patiromer cannot be used as an emergency treatment for life-threatening
hyperkalemia because of its delayed onset of action.  Use of patiromer
should be avoided in patients with severe constipation, bowel obstruction, or
impaction since it may be ineffective and worsen GI conditions. Patiromer
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also has the ability to bind to magnesium in the colon, which can result in
hypomagnesemia. It was reported to occur in 5.3% of patients treated. Serum
magnesium should be monitored and magnesium supplementation may be
needed in patients who develop low serum levels. The most common adverse
reactions that occurred in 2% of patients included constipation that
generally resolved during the course of treatment, hypomagnesemia,
hypokalemia, diarrhea, nausea, abdominal discomfort, and `atulence. Mild-to-
moderate hypersensitivity reactions including edema of the lips occurred in
0.3% of patients treated.

Sodium Zirconium Cyclosilicate (ZS-9): New therapy is on the horizon for
management of hyperkalemia. ZS-9 is an insoluble, nonabsorbed compound
designed to capture potassium ions. It is a powder formulation mixed with
water for oral use. The agent’s site of action is in the GI tract, where it binds
potassium and allows for fecal excretion in exchange for sodium and
hydrogen counterions. It was found to be speci<c for potassium in the
presence of other ions. The compound is believed to work immediately upon
ingestion and continuously as it moves through the GI tract.

ZS-9 has been studied in two phase III, randomized, placebo-controlled,
double-blind trials.  HARMONIZE  was a two-part trial: open-label 48-hour
phase, followed by a 28-day randomized phase. Patients were eligible for the
study if two consecutive potassium levels of >5.1 mEq/L were documented.
Patients included in the study had prior diagnosis of CKD, heart failure, and
diabetes. Patients were also being treated with RAAS inhibitors. The initial
endpoint of normalized potassium levels between 3.5 and 5.0 mEq/L at 48
hours was an average decrease of potassium from 5.6 to 4.5 mEq/L achieved
by 84% of patients (95% CI, 79%-88%) in 24 hours and 98% (95% CI, 96%-99%)
in 48 hours. Those patients who achieved normalized potassium levels in the
initial phase were randomized to the second phase in which they received 1
of 3 doses of ZS-9 or placebo for 28 days. The primary endpoint was mean
serum potassium during days 8 to 29. All three dose groups showed
signi<cantly lower serum potassium levels versus placebo.

Another phase III study looked at ZS-9 in a two-stage, double-blind,
international trial.  Patients were included if they had serum potassium

19

22,23

23,24

23,24

25

Updated Treatment Options in the Management of Hyperkalemia https://www.uspharmacist.com/article/updated-treatment-options-in-th...

8 of 12 8/18/22, 4:45 PM



levels of 5.0 to 6.5 mEq/L. Patients included in the study had reduced renal
function (estimated glomerular <ltration rate [eGFR] <60 mL/min), diabetes,
and heart failure. Two-thirds of the patients were receiving RAAS inhibitors at
baseline. In the initial phase, patients received either placebo or ZS-9 at doses
of 1.25, 2.5, 5 g, or 10 g, 3 times/day with meals for 48 hours. The endpoint
for the initial phase was rate of change of potassium in 48 hours. All groups
that received ZS-9 saw decreases in potassium within 48 hours. All patients
who achieved normal potassium levels in the range of 3.5 to 4.9 mEq/L
received either their original ZS-9 dose or placebo for days 3 to 14 for the
maintenance phase. All patients receiving ZS-9 for days 3 to 14 were found to
have decreased potassium levels. Treatment effect was observed within 1
hour of administration and maintained throughout days 3 to 14.

Trials for ZS-9 are ongoing. After receiving a Complete Response Letter from
the FDA in May 2016, which referred to observations from a preapproval
manufacturing inspection, AstraZeneca resubmitted its NDA in October 2016.
However, ZS-9 is not currently approved in any market.

Role of the Pharmacist
Pharmacists can play a vital role in the management of hyperkalemia. They
should be aware of newly approved treatment options and can assist with
dosing of the various medications used, as well as assess for drug-inducing
hyperkalemia agents. Since management options for hyperkalemia have
remained consistent for many years prior to the approval of patiromer, the
only comparator of the newly approved agent was SPS. Although the data
regarding egcacy were limited for SPS, it became a mainstay treatment
option due to lack of alternatives. The 2015 approval of patiromer now adds
another option for management of hyperkalemia in the outpatient setting.
Neither patiromer nor ZS-9 replace current treatment approaches for
hyperkalemia. ZS-9 may be bene<cial as suppressive or preventive treatment
in those with CKD.
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