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Abstract
Purpose of the Review Hyperkalemia is a common electrolyte abnormality that can lead to life-threatening cardiac arrhythmia.
Medical management of acute hyperkalemia revolves around three strategies—stabilizing the myocardium, intracellular shifting
of serum potassium, and enhancing elimination of total body potassium via urinary or fecal excretion. In this review, we outline
the current evidence behind the acute medical management of hyperkalemia.
Recent Findings Two new oral potassium-binding agents, patiromer and sodium zirconium cyclosilicate, show promise in the
management of hyperkalemia. Their role in the acute setting needs further investigation. Recent investigations also suggest that
the optimal dosing of intravenous insulin may be lower than previously described.
Summary Despite its prevalence, there is wide variability in the medical management of hyperkalemia in the acute setting. High-
quality evidence demonstrating efficacy is lacking for many medications, though novel oral potassium-binding agents show
promise. Overall, more research is necessary to establish optimal dosing strategies to manage hyperkalemia in the acute setting.
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Introduction

Hyperkalemia is a potentially life-threatening disorder occur-
ring in 1–10% of hospitalized patients [1] and up to 2–3% of
patients presenting to the emergency department (ED) [2]. It
most commonly occurs in patients with diabetes mellitus
(DM), acute renal failure, chronic kidney disease (CKD), and
heart failure (HF) [3, 4] due to either the underlying pathology
or the therapeutic medications that alter potassium excretion [4,
5]. While the prevalence of hyperkalemia in the overall popu-
lation in the USA was 1.57% in 2014, the prevalence was
6.35% among patients with CKD and/or heart failure [6].

Although there is no internationally agreed upon definition
of levels of hyperkalemia, the European Resuscitation
Council defines mild hyperkalemia as a plasma level of 5.5–

5.9 mmol/L, moderate hyperkalemia as 6.0–6.5 mmol/L, and
severe hyperkalemia as > 6.5 mmol/L [7]. Mild hyperkalemia
usually presents with nonspecific symptoms of nausea,
vomiting, abdominal pain, and generalized weakness [8],
while more severe hyperkalemia can cause increased excit-
ability of the myocardium that may lead to significant conduc-
tion disorders [9].

Elevated serum potassium has been correlated with in-
creased risk of mortality in multiple patient populations [10,
11]. In 2009, Einhorn et al. performed a retrospective analysis
of 245,808 veterans and found an increased risk of mortality
within just 1 day of a hyperkalemic event. Notably, this risk
was higher for patients who had normal kidney function at
baseline [12]. Goyal et al. also demonstrated a “U-shaped”
relationship between serum potassium and in-hospital mortal-
ity in patients with acute myocardial infarction, where the
lowest mortality rates were observed when serum potassium
was between 3.5 and 4.5 mmol/L [13]. Currently, acute man-
agement of hyperkalemia involves a combination of several
strategies: stabilization of the myocardium, intracellular
shifting, elimination via urinary or fecal excretion, and defin-
itive care for refractory patients with hemodialysis. This arti-
cle reviews available efficacy and safety data for each of these
strategies for managing hyperkalemia in the acute setting.

This article is part of the Topical Collection on Emergency Medicine

* Mengyang Liu
jeffliu89@gmail.com

1 Ben Taub General Hospital, Baylor College of Medicine, 1504 Ben
Taub Loop, Houston, TX 77030, USA

Current Heart Failure Reports (2019) 16:67–74
https://doi.org/10.1007/s11897-019-00425-2

http://crossmark.crossref.org/dialog/?doi=10.1007/s11897-019-00425-2&domain=pdf
mailto:jeffliu89@gmail.com


Stabilization of the Myocardium

Calcium

Calcium directly antagonizes the toxic effects of hyperkalemia
on myocyte membranes. Evidence for this, however, is pri-
marily based on older case series [14–16] and expert opinion,
as randomized studies are not feasible or ethical. According to
the European Council of Resuscitation and the American
Heart Association, in the setting of hyperkalemia, calcium is
indicated for life-threatening EKG changes including absent P
waves, peaked T waves, wide QRS interval, sine-wave pat-
tern, ventricular arrhythmias, and cardiac arrest [7, 17].

Calcium is available in two popular formulations: calcium
gluconate and calcium chloride; 1 g of calcium gluconate con-
tains 4.6 mEq of calcium while1 g of calcium chloride contains
13.6mEq of calcium. Calcium gluconate is given in doses of 1–
3 g over 2–5 min, while calcium chloride is given in doses of
500–1000mg [17, 18]. The protective effect of calcium salts on
stabilizing the myocardium in hyperkalemia should be seen
within 5 min [19]. Calcium does not have any effect on the
serum potassium level and needs to be combined with other
therapies to lower serum potassium. Doses can be repeated
every 5 min if life-threatening EKG changes persist [7, 17].

Side effects of calcium salts include peripheral vasodilation,
hypotension, and bradycardia. Tissue necrosis is also seenmore
frequently with extravasation of calcium chloride than calcium
gluconate, and administration via central veins are preferred for
calcium chloride [20]. Calcium should not be given with
bicarbonate-containing solutions as calcium carbonatemay pre-
cipitate. There are also concerns regarding the use of calcium
salts in digoxin toxicity causing an irreversible non-contractile
state [21]. This is of particular importance in hyperkalemia as
severe digoxin toxicity may be accompanied by hyperkalemia
[22]. Furthermore, patients on digoxin, namely patients with
chronic heart failure, are more prone to hyperkalemia. Animal
models have shown that calcium increases digoxin toxicity, but
only at non-physiologically high calcium concentrations [23].
More recent data from human studies have not demonstrated
worsened outcomes [24, 25]. Levine et al. reviewed 159 cases
of digoxin toxicity, of which 23 received calcium. No life-
threatening dysrhythmias occurred within 1 h of calcium ad-
ministration, and mortality was similar between those that re-
ceived calcium (22%) and those who did not (22%) [25].

Shifting Potassium Intracellularly: Insulin,
Albuterol, and Sodium Bicarbonate

Insulin

Insulin binds to glucose transporter type 4 receptor on skeletal
muscles, act ivat ing sodium-potassium adenosine

triphosphatase (ATPase) and leading to potassium transfer
from the extracellular space to the intracellular space [26].
Regular insulin has been shown to be effective at decreasing
serum potassium, with the onset of action within 15 min, peak
activity around 45–60 min, and duration of action between 4
and 6 h [27, 28]. Harel et al. performed a meta-analysis of 11
studies investigating the optimal dosing regimen of insulin
[28]. Dosing strategies included 10 units regular insulin IV
as a bolus or infusion over 15 or 30 min and 20 units over
60 min. They found that, on average, intravenous (IV) insulin
decreased serum potassium by about 0.8 mmol/L at 1 h. Due
to the heterogeneity in clinical practice and research method-
ology, they were unable to determine an optimal dose.

The main side effect of insulin is hypoglycemia, which can
be offset with the administration of IV dextrose. Even with the
administration of IV dextrose, the systematic review by Harel
et al. found that about 20% of patients experience at least one
episode of hypoglycemia [28]. The use of weight-based insu-
lin dosing of 0.1 units/kg (maximum 10 units) has been shown
to decrease the rates of hypoglycemia while being equally
effective at lowering serum potassium [29, 30]. Multiple stud-
ies have also investigated using a standardized dose of 5 units
of insulin for hyperkalemia with mixed results on efficacy
compared to 10 units [31–33]. Regardless of insulin dosing
strategy, given the risk of hypoglycemia, serum glucose needs
to be monitored closely during treatment. Interestingly, tran-
sient worsening of hyperkalemia with IV dextrose administra-
tion has been described [27, 28].

Albuterol

Albuterol is a beta-2 agonist that promotes intracellular
shifting of potassium both through the release of endogenous
insulin and independent activation of sodium potassium
ATPase of muscle and liver cells [34–36]. For decreasing se-
rum potassium, albuterol has an onset within 15–30 min with
a duration of action of at least 2 h [27, 36]. A 10-mg dose of
nebulized albuterol has been shown to be as effective as
10 units of IV insulin for hyperkalemia, causing a maximal
decrease in serum potassium of approximately 1 mmol/L [27,
37–39]. The effects of insulin and albuterol in treating
hyperkalemia may also be additive [27]. Albuterol adminis-
tered as a nebulizer treatment or IV infusion has similar de-
creases in potassium, but infusion has been shown to have
increased severity of tachycardia [38]. Common side effects
include anxiety, tachycardia, palpitations, and headache. Mild
hyperglycemia and a transient, minor increase in serum potas-
sium following albuterol administration have also been dem-
onstrated [27, 40]. Levalbuterol, the isolated R-enantiomer of
racemic albuterol, has not been shown to be better than albu-
terol in lowering serum potassium, though it may have fewer
adverse effects [41].
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Sodium Bicarbonate

Overall, the data supporting the use of sodium bicarbonate as a
treatment for hyperkalemia are controversial. In 1959,
Schwarz et al. reported that an infusion of between 144 and
408 mmol of sodium bicarbonate over 2–4 h lowered sodium
potassium by 2–3 mmol/L in 4 patients with severe acidosis
[42]. Since then, numerous studies have been performed
showing little effect on serum potassium in stable hemodialy-
sis patients [27, 37, 43]. It has been suggested that the effect of
sodium bicarbonate may be limited to patients with
hyperkalemia with concomitant metabolic acidosis. Side ef-
fects of sodium bicarbonate administration include
hypernatremia and volume overload [1].

There is little evidence to suggest that sodium bicarbonate
has a role in the management of hyperkalemia. Small studies
have shown that sodium bicarbonate monotherapy does not
acutely lower potassium when compared to other potassium-
lowering agents [37, 44]. One study of 70 patients with acute
hyperkalemia demonstrated, however, that treatment with in-
sulin, albuterol, and sodium bicarbonate was more effective
than any combination of two of the three medications [35].
Given the limited evidence for sodium bicarbonate, the United
Kingdom (UK) Renal Associat ion and European
Resuscitation Council do not recommend the routine use of
IV sodium bicarbonate for the acute treatment of
hyperkalemia in the stable patient [7, 45].

The role of sodium bicarbonate in the management of the
unstable or critically ill patient with hyperkalemia has also
been investigated. A recent retrospective study on patients
with hyperkalemia and cardiac arrest showed that the admin-
istration of sodium bicarbonate and calcium was associated
with an increased odds ratio for the sustained return of spon-
taneous circulation (ROSC) [46]. Another study evaluated the
utility of sodium bicarbonate in adult ICU patients with severe
acidemia (pH ≤ 7.2, bicarbonate ≤ 20) and found that it
lowered incidence of hyperkalemia, the need for renal replace-
ment therapy (RRT), and duration on RRT [47]. The European
Resuscitation Council recommends 50mEq sodium bicarbon-
ate IV push for hyperkalemic patients with severe acidosis or
renal failure, while the American Heart Association (AHA)
recommends 50 mEq sodium bicarbonate IV push for
hyperkalemic patients in the setting of cardiac arrest [7, 17].

Elimination of Potassium

Diuretics

Though many diuretics enhance urinary excretion of potassi-
um from the body, loop diuretics are most commonly used in
the acute management of hyperkalemia. Loop diuretics inhibit
sodium-potassium-chloride cotransporter (NKCC2) channels

in the loop of Henle and thick ascending limb. This blocks the
tubular reabsorption of sodium at these sites, increasing sodi-
um delivery to the distal tubule, and stimulating potassium
excretion [48, 49]. The natriuretic and kaliuretic effects of
loop diuretics are overall dose-dependent, but can be unpre-
dictable and may worsen acute kidney injury (AKI). Studies
of the inpatient setting have demonstrated that they can be
used alone or in combination with thiazide diuretics to pro-
duce synergistic effects on diuresis and potassium excretion
[50].

Loop diuretics should only be used in adequate volume
resuscitated patients, not in patients who are hypovolemic
[48, 49]. Interestingly, in 2013, Chawla et al. report the utility
of a furosemide stress test to determine which patients with
AKI will not respond to furosemide. With 77 patients, they
demonstrated that a urine output of < 200 mL in the first 2 h
after 1.0 or 1.5 mg/kg of furosemide had a sensitivity of 87.1%
and specificity of 84.1% for predicting patients who would
progress to worsening AKI [51].

Acetazolamide increases delivery of bicarbonate to the dis-
tal nephron, which can result in increased potassium excre-
tion, and it has also been shown to be effected in enhancing
urinary excretion of potassium [52, 53]. Acetazolamide alone,
however, is not recommended due to its potential for causing
metabolic acidemia which may subsequently increase serum
potassium [54].

Sodium Polystyrene Sulfonate

Oral potassium resins, specifically sodium polystyrene sulfo-
nate (SPS), have been around for several decades as adjunc-
tive therapy for treatment of hyperkalemia. SPS, also known
as kayexalate, was approved by the FDA in 1958 for the
treatment of hyperkalemia. It binds potassium primarily in
the large intestine in exchange for sodium. It can be given
PO or as an enema and is often given with sorbitol to promote
diarrhea [55]. One gram of SPS exchanges about 0.5–1 mEq
of potassium in vivo [56], and early clinical trials demonstrat-
ed the potential of SPS resin to lower potassium [57, 58].
These trials, however, were generally low quality and not well
controlled.

More recent data has supported the utility of SPS in de-
creasing serum potassium. A randomized control trial (RCT)
by Lepage et al. in 2015 in 33 outpatients with CKD and
serum potassium between 5.0–5.9 mmol/L showed that 30-g
oral SPS per day for 7 days resulted in a decrease of serum
potassium of 1.04 mmol/L compared to placebo [59•]. Nasir
and Ahmad investigated 97 patients with CKD and
hyperkalemia and demonstrated that 15-g oral SPS per day
reduced the average serum potassium from 5.8 to
4 .8mmol/L after 3 days [60•]. Other retrospective studies
have demonstrated similar decreases in serum potassium with
SPS [61–63]. SPS has also been showed to have a dose-
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dependent response [55]. The role of SPS in the management
of hyperkalemia in the acute setting is highly limited and less
clear. A retrospective study by Mistry et al. demonstrated the
efficacy of SPS for decreasing serum potassium based on
repeat potassium sometime between 2 and 12 h after admin-
istration of SPS. Calcium polystyrene sulfonate has also been
shown to be effective in decreasing serum potassium [63, 64],
though perhaps not as effective as SPS [65].

Adverse events with SPS include electrolyte disturbances
such as hypokalemia, hypomagnesemia, and hypocalcemia,
and gastrointestinal symptoms such as nausea, vomiting, con-
stipation, and diarrhea [59•]. Severe gastrointestinal adverse
effects such as ulceration, bleeding, ischemic colitis, and per-
foration can also occur with SPS [61, 63]. The incidence of
ischemic colitis and intestinal perforation is between 0.27 and
1.8% as quoted in the literature [56, 66, 67] with a mortality
rate as high as 36% [56]. A systematic review byHarel et al. in
2013 found that these severe gastrointestinal events due to
SPS may occur anywhere along the gastrointestinal tract, with
the large bowel being the most common site [68]. Patients
with decreased transit time seem to be more at risk for the
severe gastrointestinal side effects of SPS, and the FDA cur-
rently recommends against the use of SPS in patients with
abnormal bowel function or who are at risk for constipation
or impaction [67].

Patiromer

Patiromer has recently been approved by the FDA as an oral
potassium resin. Patiromer binds potassium in exchange for
calcium; it is an inorganic, smooth, and spherical compound
that is not systemically absorbed [69]. Like SPS, the site of
action of patiromer in the gastrointestinal tract is the colon
[70]. One gram of patiromer can bind to more than 8 mEq
of potassium under physiologic conditions [69].

The efficacy and safety of patiromer for the treatment of
chronic hyperkalemia has been demonstrated across three ran-
domized control trials totaling approximately 700 patients.
The first of which is the PEARL-HF trial in 2011 that studied
120 adult patients with chronic heart failure and serum potas-
sium between 4.3–5.1 mmol/L. Patients were given 15-g oral
patiromer or placebo twice daily. Patients in the patiromer
group had a significantly lower mean serum potassium by
day 3, which remained true for the remainder of the 28-day
study period [71•]. The AMETHYST-DN trial in 2015 was a
phase 2 dose-ranging study of 306 patients with type II diabe-
tes, CKD, and hyperkalemia. Using doses ranging from 4.2-
to 16.8-g oral patiromer twice daily, it demonstrated a dose-
dependent reduction in serum potassium with patiromer com-
pared to placebo. Patients with increasing severity of
hyperkalemia also had a greater absolute reduction in serum
potassium [72•]. Finally, the OPAL-HK trial in 2015 was a
phase 3 study of 243 patients with CKD and hyperkalemia. It

again demonstrated the dose-dependent efficacy of patiromer
in the chronic treatment of hyperkalemia with a mean reduc-
tion in serum potassium of 1.01 mEq/L noted by day 3 of
treatment [73•]. A separate subgroup analysis of the OPAL-
HK trial of patients ≥ 65 years old showed lower rates of
recurrent hyperkalemia in this age group [74].

Overall patiromer appears to be well tolerated with low
rates of adverse events. Themost common side effects include
mild to moderate constipation, diarrhea, hypokalemia, and
hypomagnesemia. Few serious adverse events occurred in
the above trials, and no serious adverse events were attributed
to patiromer [71•, 72•, 73•].

While the above three randomized control trials provide
strong evidence that patiromer is effective for the chronic
management of hyperkalemia and may allow patients to be
more adherent to guideline renin-angiotensin-aldosterone sys-
tem inhibitor (RAASi) therapies, the role of patiromer in the
acute management of hyperkalemia is an area that needs fur-
ther investigation. A single study by Bushinsky et al. did show
that patiromer significantly reduced serum potassium by
0.21 mmol/L at 7 h in the inpatient setting, though the sample
size was small [75].

Sodium Zirconium Cyclosilicate

In 2018, zirconium silicate (ZS-9) was approved by the FDA
for the treatment of hyperkalemia [76]. ZS-9 is an inorganic,
microporous zirconium silicate compound that selectively
binds potassium in the intestines. It is not systemically
absorbed, and 1 g of ZS-9 binds approximately 3 mEq of
potassium [77].

The efficacy of ZS-9 in reducing serum potassium has been
demonstrated across multiple randomized clinical trials total-
ing approximately 1100 patients. In a phase 2 study, in 2015,
Ash et al. investigated 90 adult patients with CKD and
hyperkalemia. They showed a dose-dependent decrease in
serum potassium with oral ZS-9 compared to placebo.
Interestingly, 10 g three times daily decreased serum potassi-
um by 0.11 mmol/L within just 1 h, reaching a maximum
reduction in serum potassium by 0.92 mmol/L by 38 h [78•].

Two-phase three trials showed similar reductions in serum
potassium. The HARMONIZE trial in 2015 was a phase 3
dose-ranging trial that investigated the efficacy of ZS-9 in
237 ambulatory patients with a history of hyperkalemia. ZS-
9 significantly reduced serum potassium within 1 h (−
0.2 mmol/L compared to placebo), with a difference of −
1.1 mmol/L at 48 h. Median time to normalization of serum
potassium was 2.2 h. Much like patiromer, reductions in se-
rum potassium were dose-dependent, and patients with higher
baseline potassium experienced greater reductions in serum
potassium [79•]. Furthermore, another phase 3 trial by
Packham et al. demonstrated the efficacy of ZS-9 for the man-
agement of chronic hyperkalemia, though the study only
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lasted 2 weeks [80]. Adverse events of ZS-9 include edema,
gastrointestinal symptoms, and hypokalemia. Overall, it ap-
pears to be well tolerated with few serious adverse events
reported by the prior studies.

Conclusion

Hyperkalemia is a life-threatening illness as it can lead to
dangerous cardiac dysrhythmias and possibly death.
Elevated serum potassium has been associated with increased
risk of morality, even within 1 day of an episode of
hyperkalemia. Current acute management of hyperkalemia
relies on three major strategies:

1. Stabilization of the myocardial membrane with calci-
um salts—calcium gluconate 1–3 g IVor calcium chlo-
ride 500–1000 mg IV should be given every 5 min for
life-threatening EKG changes including absent P
waves, peaked T waves, wide QRS interval, sine-
wave pattern, and ventricular arrhythmias. Calcium
salts should also be given in cardiac arrest situations
when hyperkalemia is present. Calcium salts may pre-
cipitate hypotension and bradycardia. Avoid giving
calcium chloride through a peripheral line due to the
increased risk of tissue necrosis with extravasation.

2. Intracellular shifting of serum potassiumwith insulin and
albuterol—regular acting insulin 5–10 units IV should be
administered along with dextrose and frequent glucose
monitoring to decrease the risk of hypoglycemia.
Nebulized albuterol 10 mg should also be given for fur-
ther reduction of serum potassium. Albuterol can be giv-
en intravenously, but this route has been associated with
increased severity of tachycardia.

3. Enhanced elimination via urine and feces with diuretics
and oral potassium resins, respectively. Though the ev-
idence for the acute management of hyperkalemia is
limited, we recommend giving a loop diuretic and so-
dium polystyrene sulfonate to help eliminate potassium.
Diuretics may precipitate or worsen AKI in patients
who are not adequately volume resuscitated. Sodium
polystyrene sulfonate should be usedwith caution given
the association with severe gastrointestinal side effects
such as ulceration, bleeding, colonic ischemia/necrosis,
and intestinal perforation.

The utility of sodium bicarbonate continues to be contro-
versial in the management of hyperkalemia. Sodium bicarbon-
ate should not be routinely administered for the acute treat-
ment of hyperkalemia, though it should be considered for
patients with severe metabolic acidosis and in cardiac arrest.
Two new oral potassium binders, patiromer and zirconium
silicate, have had highly promising results for the manage-
ment of hyperkalemia, with greater evidence of efficacy and

safety when compared to sodium polystyrene sulfonate. Their
roles in the acute management of hyperkalemia remain to be
determined.
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