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Abstract

Hyperkalemia is a common electrolyte abnormality identified in the emergency

department (ED) and potentially fatal. However, there is no consensus over the potas-

sium threshold that warrants intervention or its treatment algorithm. Commonly used

medications are at best temporizing measures, and the roles of binders are unclear

in the emergent setting. As the prevalence of comorbid conditions altering potassium

homeostasis rises, hyperkalemia becomes more common, and hence there is a need

to standardize management. A panel was assembled to synthesize the available evi-

dence and identify gaps in knowledge in hyperkalemia treatment in the ED. The panel

was composed of 7 medical practitioners, including 5 physicians, a nurse, and a clinical

pharmacist with collective expertise in the areas of emergency medicine, nephrology,

and hospital medicine. This panel was sponsored by the American College of Emer-

gency Physicians with a goal to create a consensus document for managing acute

hyperkalemia. The panel evaluated the evidence on calcium for myocyte stabilization

and potassium shifting and excretion. This article summarizes information on available

therapies for hyperkalemia and proposes a hyperkalemia treatment algorithm for the

ED practitioner based on the currently available literature and highlights diagnostic

pitfalls and evidence gaps.
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1 INTRODUCTION

Hyperkalemia (HK) is a potentially life-threatening disorder occurring

in 1% to 10% of hospitalized and up to 2% to 3% of emergency depart-

ment (ED)patients.1 It occursmore commonly inpatientswithdiabetes

mellitus (DM), renal failure, chronic kidney disease (CKD), and heart
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failure (HF)2,3 due to renal impairment ormedications that alter potas-

sium excretion.3,4 Recent estimates show that HK contributes to more

than 800,000 annual ED visits in the United States 1,5 and its preva-

lence is growing because of the aging population and the growth in

associated comorbidities.6

Although there is no global definition of HK because of differ-

ences in laboratory assays, the EuropeanResuscitationCouncil defines

mild HK as 5.5–5.9 mEq/L, moderate as 6.0–6.5 mEq/L, and severe
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as >6.5.7 The Kidney Disease: Improving Global Outcomes (KDIGO)

group adopted a similar scale but integrated electrocardiogram (ECG)

changes to categorize its severity, such that a new ECG abnormality

increases the severity level, for example, mild HK and ECG changes

result in moderate severity.8

Although HK has been correlated with increased risk of mortality in

multiple patient populations,9,10 the lack of prospective outcome data,

management guidelines, and consensus have posed a challenge regard-

ing its acutemanagement in the ED.

The goal of this manuscript is to gather all the evidence-based

treatments from works published by various specialties (ie, nephrol-

ogy, cardiology, critical care medicine, and emergency medicine) and

have a multidisciplinary group review them to fit the needs of the EM

physician. This article reviews efficacy and safety data for the com-

monly used agents and proposes a management algorithm tailored

for the acute care physician by building on previous guidelines on HK

management.

1.1 Clinical presentation and diagnosis

Patients with HK may be completely asymptomatic or may present

with musculoskeletal, cardiac, or gastrointestinal (GI) disturbances.

Generalized fatigue, muscle cramps, and paresthesia are common and

may progress to a flaccid paralysis. Nausea, vomiting, and diarrhea can

also occur. A more serious effect of HK is noted on ECGs that may lead

to arrhythmias and ultimately cardiopulmonary arrest.11,12 Because

HK manifests in non-specific symptoms, it is prudent to consider the

entire clinical picture when diagnosing or treating patients.

1.2 Potassium homeostasis

The total body potassium is approximately 3000 mEq, 98% of which

is stored intracellularly.13 In normal physiologic conditions, the intra-

cellular potassium concentration is approximately 140mEq/L whereas

the extracellular concentration ranges between 3.5 and 5 mEq/L. This

balance of plasma potassium is maintained by active Na-K-ATPase

pumpsandpassivepotassiumefflux, thus setting the restingmembrane

potential needed for normal nerve, cardiac, andmuscle function.

In healthy individuals, potassium is absorbed in the GI tract and

excreted mainly by the kidneys via the principal cells in the distal

tubule. Excess dietary potassium is stored in muscles and liver and

is mediated by insulin and beta-2-adrenergic receptors. Factors that

influence renal excretion include plasma potassium, aldosterone level,

and sodium delivery to the distal tubules, and potassium storage

(cellular uptake) is controlled by insulin, catecholamines, andmineralo-

corticoid. Because of the rapid uptake and excretion, plasma potassium

varies less than 10% over the course of a day.14

HK occurs when excretion or storage mechanisms are disrupted or

due to excessive release of potassium from cellular damage (eg, rhab-

domyolysis). Table 1 lists some of themedications associated with HK.

TABLE 1 Medications commonly associated with hyperkalemia
(selective list).68,69,70

Amiloride

Antifungals - Azoles

Angiotensin-receptor blockers and angiotensin-converting

enzyme inhibitors

Beta-blockers (Carvedilol, Labetalol, Propranolol)

Birth control (Yazmin 28)

Cyclosporine

Digoxin

Heparin

Herbal supplements–milkweed, lily of the valley, Siberian ginseng,

Hawthorn berries

Lithium

Non-steroidal anti-inflammatories (NSAIDs)

Penicillin G

Pentamidine

Potassium supplements

Somatostatin

Spironolactone

Succinylcholine

Tacrolimus

Triamterene

Trimethoprim

1.3 ECG manifestations

HK decreases the transmembrane potassium gradient leading to

increased potassium conductance and shortening the duration of the

action potential. This results in ST-segment depression, peaked T

waves, and Q-T interval shortening. As potassium levels rise, prolonga-

tion of the PR and QRS duration occurs that leads to a sinewave com-

plex and ultimately to ventricular fibrillation or asystole.15–17 Hence it

is recommended to obtain an ECG early in the evaluation of patients

withHK.7,18 Someof the commonECGchanges are listed in Table 2 and

categorized as repolarization and depolarization abnormalities, with

the latter signifying impending arrhythmia. It is important to note, that

although some have proposed that ECG changes are sequential and

predictable based on serum K, in fact, the changes depend on multiple

factors19,20 (eg, concurrent electrolyte abnormalities, acid-base status,

prior cardiac injury, etc.) andmay bemore erratic. Therefore, relying on

or expecting progressive ECG changes may be misleading and poten-

tially dangerous.

Lastly, although thepresenceofECGchanges supports thediagnosis

ofHK, their absence does not negate it. Because anECG is not a test for

HK but only its cardiac manifestation, it should never be used to rule

out HK.21
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TABLE 2 ECGmanifestations of hyperkalemia

CommonHyperkalemia-Related ECGChanges

Depolarization Changes Repolarization Changes

1. PR interval prolongation or

first-degree AV block

1. Peaked or tented T

waves

2. Decreased P amplitude or

disappearance of P waves

(junctional rhythm)

2. QT interval shortening

3. QRSwidening

4. Conduction defects (bundle branch

blocks, fascicular blocks,

atrio-ventricular blocks)

5. Ectopic beats, atrial or ventricular

arrhythmia, bradycardia

1.4 Diagnostic pitfalls

Not all measures of HK represent the actual potassium concentration.

Becauseaggressive treatmentof pseudo-HK isunnecessary andpoten-

tially lethal, clinicians must distinguish true HK from pseudo-HK and

spurious HK.

Pseudo-HK is defined as a serum potassium > 0.4 mEq/L above

the plasma or whole blood potassium.22,23 The primary mechanism of

pseudo-HK is potassium released from blood cells during in vitro coag-

ulation. It occurs in thrombocytosis, polycythemia vera, extreme leuko-

cytosis (as in leukemia), and hereditary spherocytosis.22–24 In the set-

ting of large numbers of fragile cells, alternative analytic strategies

should be considered in consultation with hematologists and nephrol-

ogists to identify the accurate potassium value.

On the other hand, spuriousHKdiagnosesmay result frommistakes

of sampling, transport, and storage of blood.25 Commonly the result of

hemolysis, repeatedmeasurements usually result in the accurate value

and thus the error is easily identified.24 In contrast to spurious HK,

pseudo-HKdepends onblood cell composition and is not related to col-

lectionmethod errors. This distinction is important because in pseudo-

HK a repeat measurement will report a consistently erroneous potas-

sium value.

1.5 Treatment

The current treatment of HK in the ED varies considerably between

practitioners because the available pharmacologic agents have limited

data supporting their efficacy.18,26,27 Furthermore, therearenopatient

outcome data with any of the medications discussed in this section

and hence the optimal time for intervention and the extent of bene-

fit are not fully understood. In general, acute management recommen-

dations involve a threefold approach (Figure 1): (1) stabilization of the

cardiacmembranes, (2) redistribution of potassium, and (3) elimination

of potassium.

Multiple potassium lowering agents are available, and they can be

used individually or in combination based on severity of HK or institu-

tional protocol.

1.6 Stabilization

1.6.1 Calcium

The effect of potassiumonmyocytes is counterbalanced by the concur-

rent calcium concentration. It improves or totally reverses HK-related

ECG changes (Table 2), arrhythmias, or cardiac arrest.7,28,29 The ini-

tial dose may be repeated if there is no effect within 5–10 minutes.

Some adverse effects of intravenous calcium are peripheral vasodi-

lation, hypotension, bradycardia, and arrhythmias.30 A more serious

adverse effect of intravenous calcium is tissue necrosis if extravasation

occurs. This canbeavoided if calciumgluconate insteadof calciumchlo-

ride is used. Historically, calcium administration was contraindicated

in the setting of digoxin toxicity, but this is not supported by current

literature.31,32

1.7 Redistribution

1.7.1 Insulin/Dextrose

Insulin lowers serum potassium by activating sodium-potassium

ATPase (Na-K ATPase) and by moving sodium out of the cell in

exchange for potassium into the cell. Potassium can start to decrease

within 15 minutes of administration and its effect may last several

hours.28,33,34

The main risk of insulin-glucose therapy is hypoglycemia, with the

incidence of hypoglycemia ranging from 11% to 75%.35,36 Patients

with kidney failure may experience hypoglycemia up to 6 hours after

treatment and glucose monitoring is recommended for several hours

after insulin administration.37 Dextrose (glucose) is administered

with insulin to prevent hypoglycemia and subsequent doses may be

warranted if hypoglycemia persists.

1.7.2 Beta 2 agonists

These promote the translocation of potassium into the cell by acti-

vation of the Na-K ATPase pump, and are equally effective given

intravenously or via a nebulizer.38 Nebulized albuterol works within

30 minutes with a peak effect at 60 minutes, decreases serum

potassium by approximately 1 mEq/L and its effects last for at least

2 hours.34,35,39 Small clinical trials of intravenous versus nebulized

beta-2 agonists for treatment of HK show similar efficacy. However,

because trials with intravenous salbutamol are even smaller than

their nebulized counterparts, dosing and safety profile of the intra-

venous formulation are not established, and thus the nebulized form is

preferred.



4 of 8 RAFIQUE ET AL.

F IGURE 1 Acutemanagement algorithm for hyperkalemia. Adapted fromRafique Z, et al. Current treatment and unmet needs of
hyperkalemia in the emergency department. Eur Heart J Suppl. 2019;21(Suppl A):A12-A19. Abbreviations: CHF, congestive heart failure; CKD,
chronic kidney disease; Cr, creatinine; dc, discharge; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; GI, gastrointestinal; HK,
hyperkalemia; IV, intravenous; K, potassium; POC, point of care; SPS, sodium polystyrene sulfonate

Albuterolmay be ineffective in somepatients, and themechanismof

resistance is not understood. Common side effects are tremor, palpita-

tions, headache, and mild hyperglycemia, which may alleviate insulin-

induced hypoglycemia when used simultaneously.39,40

1.7.3 Sodium bicarbonate

Sodium bicarbonate promotes uptake of potassium into skeletal mus-

cle by increasing intracellular sodium via sodium-bicarbonate cotrans-

port and sodium-hydrogen exchange and in turn increases Na-K

ATPase activity.41 However, recent studies do not support its use in

reducing potassium in the absence of metabolic acidosis.28,42,43 Intra-

venous bicarbonate has been studied against other comparators in

2o studies. Ngugi et al.44 showed that bicarbonate reduced serum

potassium by 0.47 (±0.31) mEq/L at 30 minutes but was less effec-

tive than insulin or albuterol. However, in the placebo-controlled trial

by Allon et al.45, bicarbonate treatment did not lower potassium com-

pared to placebo in the first 60 minutes. Multiple other trials have

studied bicarbonate infusion; however, it was combined with other

potassium lowering agents and thus its effect has been difficult to elu-

cidate. Currently, there is insufficient evidence to support the use of

intravenous sodium bicarbonate for the acute treatment of HK, and

it should be used with caution because it can cause sodium and fluid

overload.28

1.8 Elimination

1.8.1 Loop diuretics

Loop diuretics (furosemide, bumetanide, and torsemide) inhibit the

luminal Na-K-2Cl cotransporter by binding to the chloride-binding site

of the thick ascending limb of the loop ofHenle andmacula densa. They

work to lower serum potassium by increasing distal sodium delivery

and flow rate to promote potassium secretion into the lumen and sub-

sequent removal. This effect is enhanced with administration of saline

solutions. Although loopdiuretics are effective at promoting potassium

excretion, evidence for use of loop diuretics in the acute management

of HK is lacking. These agents may be considered for use as adjuncts in

a hyperkalemic emergency.

Adverse effects include ototoxicity, hypotension (hypovolemia),

electrolyte imbalances (hypokalemia, hyponatremia), hyperuricema,

and hypersensitivity reactions (furosemide, bumetanide, and torse-

mide are sulfonamide-containing agents).46

1.8.2 Hemodialysis

Hemodialysis is a modality where blood and a balanced salt solution

(dialysate) are perfused to opposite sides of the semipermeable mem-

brane. This process is highly effective at lowering serum aswell as total
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body potassium. As potassium drops with dialysis there is movement

of potassium from the intracellular to the extracellular space with the

most efficient removal occurring during the first couple of hours of the

procedure. Hemodialysis is an option for acute management of HK,

but usually reserved for individuals with end-stage renal disease who

have established vascular access.47 In life-threatening HK, hemodialy-

sis is the best option to reduce potassium effectively, and thus vascu-

lar access needs to be established emergently in patients who do not

already have one.

Acute complications of hemodialysis include hypotension, cramp-

ing, chest pain, back pain, arrhythmias, headache, nausea, and vomit-

ing, many of which are associatedwith fluctuations in volume and elec-

trolyte concentrations.48

1.8.3 Oral binders

Though routinely used in themanagement of HK in the emergency set-

ting, oral potassiumbinders have yet to be approved for the emergency

treatment of life-threatening HK. The newer binders appear to be safe

and current investigations are underway to determine their effective-

ness on lowering potassium in the acute setting and the subsequent

impact on patient outcomes. Currently available binders are sodium

polystyrene sulfonate, patiromer, and sodium zirconium cyclosilicate.

Sodium Polystyrene Sulfonate (SPS): SPS is a sulfonated polymer

that exchanges sodium for potassium in theGI tract andmay be admin-

istered orally or per rectum. Doses of 15 g orally administered up to

4 times daily or 30 grams rectally (up to 60 g daily) are Food and

Drug Administration (FDA)-approved doses. Scherr et al.49 reported

the first interventional trial using SPS. Thirty-two patients with HK

were enrolled in a single-arm study and the mean potassium was low-

ered by 1.0 mEq/L in 23 patients in the first 24 hours. However, there

wasnoplacebo arm tomeasure its efficacy. Thebest evidence for SPS is

reported by Lepage et al.50 in a double-blind randomized-control trial.

CKD patients with mild HK were randomized to SPS (n = 16) or con-

trol (n = 17) groups and given 30 g of SPS or placebo respectively,

once daily for 7 days. SPS was found to lower potassium by 1.0 mEq/L

in 7 days. Two other randomized studies evaluated SPS against cal-

ciumpolystyrene sulfonate; however, once again therewas noplacebo-

control arm to establish efficacy.28,49–52 Considering the paucity of evi-

dence, SPS is not recommended in the acute setting.53

Adverse reactions include gastrointestinal symptoms and elec-

trolyte imbalance (eg, hypokalemia). Like other oral binders, SPS can

bind to some oral medications and decrease their absorption. Caution

is advised around the timing of concurrent administration of other oral

medications.54 Uncommon, but serious gastrointestinal complications

such as colonic ulcer, ischemia, and intestinal necrosis have been docu-

mentedwith theuseof SPS,55 with an incidencebetween16and23per

1000person-years.56,57 These risks should be consideredwhen includ-

ing SPS in the treatment of acute HKHK.

Patiromer: Patiromer is a cation exchange resin that exchanges cal-

cium for potassium and has been shown to reduce recurrent hyper-

kalemia for patients on renin-angiotensin-aldosterone system inhibitor

therapy.58 The drug has a reported onset of action of approximately 2

to 7 hours.59,60 Though a small pilot study showed a trend to reduced

potassiumwithin 2 hours, its effectiveness for the acute setting has yet

to be established. A larger study is underway to establish its role in the

acutemanagement of HK (ClinicalTrials.gov, NCT04443608).

The initial recommended dose of patiromer is 8.4 g/day with titra-

tions made in increments of 8.4 grams at 1-week intervals for out-

patient treatment of HK (maximum dose 25.2 g/day). Patiromer is

generally well tolerated, both acutely and chronically.58 Adverse

effects include gastrointestinal symptoms and hypomagnesemia.61

Lastly, patiromer may interact with certain positively charged drugs

(eg, ciprofloxacin, levothyroxine, and metformin) and reduce their

bioavailability, and therefore, is recommended to be administered at

least 3 hours apart from other oral medications.61

SodiumZirconiumCyclosilicate (SZC): SZC is an inorganic zirconium

silicate compound that selectively exchangespotassium for sodiumand

hydrogen in the intestine. The efficacy of SZC in the reduction of potas-

sium has been demonstrated in > 1700 patients.62,63 A 10 mg dose of

SZCreducedpotassiumby0.11mEq/Lwithin1hour andby0.73mEq/L

by 48 hours compared to placebo. Reduction in serum potassium was

dose dependent, and patients with higher baseline potassium experi-

enced greater reduction.64,65 A prospective ED study comparing SZC

to placebo identified no safety concerns but was unable to demon-

strate effectiveness.66

The starting dose of SZC is 10 grams 3 times daily for up to 48 hours

with doses adjusted by 5 grams daily at 1-week intervals based on

serum potassium levels (maximum dose is 15 grams per day). Adverse

symptoms include edema, GIl symptoms, and hypokalemia. SZC also

interacts with dabigatran (decreasing bioavailability) and atorvastatin

and furosemide (increasing bioavailability). Recommendations are to

separate administration from other oral medications by at least 2

hours.67

2 MANAGEMENT ALGORITHM
AND DISPOSITION (FIGURE 1)

PatientswithK>5.5mEq/L and presenting to the EDwith acute illness

are eligible to enter the algorithm.

Step 1: Because pseudo-HK and spurious HK lead to falsely ele-

vated potassium levels, and many EDs use point-of-care blood test-

ing, which cannot detect hemolysis, it is important to verify the

potassium level before starting treatment. Hence, the first step in this

algorithm is to assess pretest probability of HK by reviewing medical

history (DM, congestive HF, CKD), current medications (Table 1) and

laboratory abnormalities; note that an isolated K elevation may signify

a spurious result. If the history does not fit with laboratory findings,

consider retesting from a fresh blood draw.

Step 2: The next step is to evaluate cardiac involvement. Table 2

shows the common ECG changes seen with HK. If new changes are

found, administer calcium gluconate intravenous 1 g as per the algo-

rithm (Figure 1), and repeat as needed. Calcium gluconate is preferred

because calcium chloride carries the risk of tissue necrosis in case of
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extravasation. However, in the hemodynamically unstable patient, cal-

cium chloride may be preferred because it carries 3 times the amount

of elemental calcium than that of the gluconate formulation.

Step3: Treatmentoptions arebasedonK levels and categorized into

redistribution and elimination. Hemodialysis is themost effective way to

eliminate K; however, it may not always be indicated or readily avail-

able. While waiting on a definitive treatment plan for HKmanagement

or arranging for hemodialysis, medical management is an appropriate

option. For redistribution of potassium, intravenous insulin/dextrose,

and nebulized albuterol are a mainstay in HKmanagement. Based on a

recentCochrane review, bicarbonate is not indicated in theacute treat-

ment of HK anymore but can still be used in cases of acidosis.28 As for

elimination of potassium, oral binders may be helpful in sequestering

potassium in the GI tract and have an acceptable safety profile. How-

ever, their efficacy in the acute setting (ED or in-patient) is limited and

these binders should be used only in patients with a functional GI tract

(ie, patientswith bowel obstruction or postoperative ileus are not good

candidates54,61,67). Newer binders are preferred over SPS because of

their safety profile. Lastly, diuretics have been commonly used to treat

HK but there are no studies to show their efficacy or onset of action in

the acute setting. Hence, they are not recommended to be used as the

sole agent.

Step 4: Reassessment of HK is indicated every 2 to 4 hours because

most temporizing agents manifest their maximal effect within 2 hours

and are likely wearing off by 4 hours. At this point if K > 6 mEq/L, con-

sider redosing withmedications (Step 2) and arranging hemodialysis. If

K< 6mEq/L, consider proceeding to the disposition step.

Disposition: Patients should be frequently assessed for abnormal

vital signs, rebound HK, and side effects of medications adminis-

tered. Hemodynamic instability, persistent new ECG abnormality, and

new onset HK should be admitted for further evaluation. Admission

should also be considered if HK is recalcitrant to acute treatment

or in whom potassium was not eliminated (ie, excreted or dialyzed)

but only redistributed. Yet for others, discharge should be considered

when all of the following apply: (1) the patient has chronic HK, and a

cause for the current exacerbation has been identified and rectified;

(2) the patient has stable vital signs and feels well to go home; (3) the

patient will have close follow-up, ideally within 24 to 48 hours; and

(4) the risks and benefits of discharge have been discussed with the

patient.

2.1 Future research

Our knowledge of HK is fragmented and there are more gaps than

knowledge at this time. First, we need to agree on standardized

definitions for severity categories to allow for treatment and data

gathering standardization. Second, we need to further understand the

role of ECG inHK treatment based on patient outcomes. Third, current

therapeutic agents (except for binders) have limited data on efficacy

and safety and are not approved by the FDA for HK management.

Hence, it is essential to study the commonly used agents for their

efficacy, onset of action, dosing interval, adverse effects, and most

important, patient outcomes. Lastly, there is a need to standardize

care so that we can evaluate the efficacy and safety of treatment

algorithms.

3 CONCLUSION

HK is a common electrolyte abnormality, and its clinical manifestation

may be non-specific. Medications used in the acute setting are limited

to shifting potassium and lack robust safety and efficacy data. More-

over, the lack of guidelines has led tomuch variability in HK treatment.

This consensus document proposes a HK management and patient

disposition protocol for the acute setting, incorporating the best avail-

able evidence. A standardized protocol is a significant leap forward on

the path to understanding the efficacy and safety of commonly used

agents, and this document presents one such protocol. Further clini-

cal studies are needed to address knowledge gaps and to providemuch

neededpatient outcomes data for the treatment ofHK in the acute set-

ting.
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