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Abstract Hyperkalemia is a common clinical condition

that can be defined as a serum potassium concentration

exceeding 5.0 mmol/L. Drug-induced hyperkalemia is the

most important cause of increased potassium levels in

everyday clinical practice. Drug-induced hyperkalemia

may be asymptomatic. However, it may be dramatic and

life threatening, posing diagnostic and management prob-

lems. A wide range of drugs can cause hyperkalemia by a

variety of mechanisms. Drugs can interfere with potassium

homoeostasis either by promoting transcellular potassium

shift or by impairing renal potassium excretion. Drugs may

also increase potassium supply. The reduction in renal

potassium excretion due to inhibition of the renin-angio-

tensin-aldosterone system represents the most important

mechanism by which drugs are known to cause hyperka-

lemia. Medications that alter transmembrane potassium

movement include amino acids, beta-blockers, calcium

channel blockers, suxamethonium, and mannitol. Drugs

that impair renal potassium excretion are mainly repre-

sented by angiotensin-converting enzyme inhibitors,

angiotensin-II receptor blockers, direct renin inhibitors,

nonsteroidal anti-inflammatory drugs, calcineurin inhibi-

tors, heparin and derivatives, aldosterone antagonists,

potassium-sparing diuretics, trimethoprim, and pentami-

dine. Potassium-containing agents represent another group

of medications causing hyperkalemia. Increased awareness

of drugs that can induce hyperkalemia, and monitoring and

prevention are key elements for reducing the number of

hospital admissions, morbidity, and mortality related to

drug-induced hyperkalemia.

Key Points

Drug-induced hyperkalemia is the most important

cause of increased potassium levels in everyday

clinical practice.

A wide range of drugs can cause hyperkalemia by a

variety of mechanisms.

Increased awareness of drugs that can induce

hyperkalemia, and monitoring and prevention are

key elements for reducing the number of hospital

admissions, morbidity, and mortality related to drug-

induced hyperkalemia.

1 Introduction

Hyperkalemia is a common clinical condition defined as a

serum potassium concentration exceeding 5.0 mmol/L. In

hospitalized patients, the incidence of hyperkalemia ranges

from 1.3 to 10 %, with a mortality rate of 1 per 1,000

patients [1, 2]. Drug-induced hyperkalemia is the most

important cause of increased serum potassium in everyday

clinical practice [3, 4]. Drugs have been identified as a

primary cause or contributing factor of hyperkalemia in

35–75 % of hospitalized patients [3]. Drug surveillance

studies have reported the development of clinically sig-

nificant hyperkalemia in up to 10 % of patients receiving

C. Ben Salem (&) � A. Badreddine � N. Fathallah � R. Slim

Department of Clinical Pharmacology, Faculty of Medicine of

Sousse, Farhat Hached University Hospital, Avenue Mohamed

Karoui, 4002 Sousse, Tunisia

e-mail: bensalem.c@gmail.com

H. Hmouda

Medical Intensive Care Unit, Sahloul University Hospital,

Sousse, Tunisia

Drug Saf (2014) 37:677–692

DOI 10.1007/s40264-014-0196-1



culprit medications [5]. In a retrospective observational

study of 168 non-dialyzed patients who presented with a

serum potassium value of at least 6.5 mmol/L at admission

or during hospital stay, more than 60 % of cases were

taking at least one drug known to cause or worsen hyper-

kalemia [6]; 10 % of deaths in this study were potentially

attributed to drug-associated hyperkalemia.

A wide range of drugs can cause hyperkalemia by a

variety of mechanisms (Table 1). Drugs can interfere with

potassium homoeostasis either by promoting transcellular

potassium shift or by impairing renal potassium excretion.

Drugs may also increase potassium supply. High-risk

patients are those with predisposing conditions, such as

moderate-to-severe chronic renal insufficiency or hypoal-

dosteronism, the elderly, and those taking combinations of

medications known to cause a rise in serum potassium

concentrations.

Drug-induced hyperkalemia may be asymptomatic.

However, it may be dramatic and life threatening, posing

diagnostic and management problems. When symptoms are

present, they are non-specific and predominantly related to

cardiac function or muscular function. Manifestations of

hyperkalemia include diarrhea, abdominal pain, paresthesia,

muscle weakness, ascending paralysis, and respiratory fail-

ure. Some cases of hyperkalemia can be misleading, with a

clinical picture highly suggestive of Guillain-Barré syn-

drome. Hyperkalemia causes abnormalities in cardiac con-

duction, which result in diagnostic alterations in the

electrocardiogram. They include peaked T waves, prolon-

gation of the PR interval, and QRS widening followed by loss

of atrial activity, ventricular fibrillation, and asystole.

Recognition of medications known to cause hyperkale-

mia and the mechanisms by which they impair potassium

homeostasis is crucial for adequate management. A careful

drug history is essential in patients with this electrolyte

abnormality.

In this review article, we describe some of the common

drugs known to induce hyperkalemia, and their underlying

mechanisms and clinical significance. Although drugs pro-

ducing rhabdomyolysis, renal failure, or tumor lysis may

cause hyperkalemia, they are not included in our review.

Herbal remedies are also excluded from this review.

Data were identified from MEDLINE and SCOPUS from

January 1960 to December 2013, and from Reactions

Weekly from 1992 to December 2013, regardless of the

language. We used the keywords ‘hyperkalemia’ and

Table 1 List of drugs known to cause hyperkalemia

Medication Mechanism

Drug-inducing transmembrane potassium movement

b blockers Decrease activity of Na?/K?-ATPase pump and renin release

Digoxin intoxication Inhibition of Na?/K?-ATPase pump activity

Intravenous cationic amino acids Increase in extracellular potassium shifts

Mannitol Hyperosmolality with increase of extracellular potassium shifts

Suxamethonium Prolonged depolarization of cell membrane

Verapamil Blockade of calcium channels

Drugs that affect aldosterone secretion

ACE inhibitors Blockade of angiotensin II synthesis with decrease of aldosterone

secretion. Impaired delivery of sodium to the distal nephron

ARBs Competitive binding to the angiotensin II receptor with decrease of

aldosterone synthesis

Direct renin inhibitors Inhibition of the conversion of angiotensinogen to angiotensin I with

decease of aldosterone formation

NSAIDs Decrease of prostaglandin-mediated renin release, renal blood flow

and glomerular filtration rate

Calcineurin inhibitors Decrease aldosterone synthesis and Na?/K?-ATPase pump activity

Drug that cause tubular resistance to the action of aldosterone

Aldosterone antagonists Blockade of mineralocorticoid receptors

Potassium-sparing diuretics Blockade of luminal sodium channels

Trimethoprim, pentamidine Blockade of luminal sodium channels

Potassium-containing agents

Salt substitutes and salt alternatives

penicillin G, stored blood products

Increase in potassium supply

ACE angiotensin-converting enzyme, ARBs angiotensin II receptor blockers, ATPase adenosine triphosphatase, NSAIDs nonsteroidal anti-

inflammatory drugs
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‘potassium disorders’ with the subheading ‘drug-induced’,

‘drug-associated’. Certain drugs were directly inserted as

keywords, such as ‘aldosterone antagonists’, ‘angiotensin-

converting enzyme inhibitors’ and ‘angiotensin-II receptor

antagonists’. Searches also included the terms ‘blood’ and

‘potassium/drug effects’. If we found relevant articles in

many languages that described the same topic, only English

articles were analyzed. Identified articles were evaluated to

determine whether any of their references contained addi-

tional relevant publications. Information from reviews

focusing on this topic has also been considered [3, 4]. We

excluded articles with insufficient clinical or laboratory data.

2 Causative Drugs

2.1 Medications that Alter Transmembrane Potassium

Movement

Several drugs can affect transfer of potassium between the

extracellular and intracellular fluid to increase the con-

centration in serum.

2.1.1 Amino Acids

Intravenous administration of natural (lysine, arginine) and

synthetic (epsilon-aminocaproic acid) cationic amino acids

has been shown to induce hyperkalemia in both human and

animal studies. Epsilon-aminocaproic acid, lysine, and

arginine have a structural similarity, which explains the

mechanism of hyperkalemia. Cationic amino acids induce

movement of potassium from the intracellular to extracel-

lular space to preserve the electroneutrality [7]. Animal

studies have shown that infusion of amino acids such as

lysine and arginine induce hyperkalemia related to skeletal

muscle uptake of amino acids and release of an equivalent

opposite charge of intracellular potassium. Barone et al. [8]

studied the effect of different amino acid solutions on a

variety of chemical parameters. They noticed a significant

increase of serum potassium at 2.5 h post-infusion during

50 g lysine or 25 g lysine/25 g arginine. The individual

values of serum potassium were in excess of 5 mmol/L in

10 of 12 patients (maximum value 6.2 mmol/L). Giovac-

chini et al. [9] evaluated the frequency and the magnitude

of hyperkalemia after an infusion of a solution containing

25 g of arginine hydrochloride and 25 g of lysine hydro-

chloride in neuroendocrine tumor patients undergoing tar-

geted radiopeptide therapy. They found that, at 4 h after the

beginning of the amino acid infusion, 24 of the 31 patients

(77 %) had K? levels above the normal range, and six

(19 %) showed severe hyperkalemia (K? C6 mmol/L).

The highest potassium level was 6.7 mmol/L. At 24 h, only

four patients (13 %) had potassium serum levels above the

normal range. Although the increase of serum potassium

level by lysine and arginine is moderate and transitory,

severe hyperkalemia (potassium levels[7 mmol/L) may be

observed in patients with moderate renal insufficiency or

severe hepatic disease as a result of an inability to excrete the

large potassium load in renal dysfunction, and inability to

metabolize the arginine in liver disease [10, 11].

Epsilon-aminocaproic acid, a derivative and analog of

the amino acid lysine used to treat excessive postoperative

bleeding, may induce life-threatening hyperkalemia, par-

ticularly in patients with reduced renal function [7, 12].

Hyperkalemia is usually prevented by urinary excretion of

the potassium liberated from muscle. However, in renal

dysfunction, epsilon aminocaproic acid accumulates in the

extracellular fluid and causes transcellular shift of potas-

sium, which in turn cannot be excreted. Furthermore, if

liver function is also impaired, all the administered epsilon

aminocaproic acid is available for uptake by muscle, and

serum potassium concentration rises maximally [13].

2.1.2 Beta-Blockers

Moderate increases in serum potassium concentrations as

low as 0.3 mmol/L subsequent to beta-blocker therapy

have been observed in several controlled clinical trials [11,

14]. However, beta-blocker therapy can increase serum

potassium values by 1 mmol/L or more in end-stage renal

disease, and in patients undergoing cardiopulmonary

bypass procedures [15, 16]. Furthermore, in some cases,

hyperkalemia was severe enough to make removal from

bypass circulation difficult.

Hyperkalemia was mainly seen with nonselective rather

than with cardio-selective beta-blockers. Nonselective

beta-blockers have been associated with contributing fac-

tors to hyperkalemia, such as other medications and/or

coexistent renal disease, in 4–17 % of hospitalized patients

[3]. Severe hyperkalemia as a complication of timolol, a

topically applied beta-blocker has also been reported [17].

Beta-blockers can confer a predisposition to the develop-

ment of hyperkalemia through two potential mechanisms.

These drugs can interfere with the cellular uptake of

potassium through decreased activity of a sodium potas-

sium pump (Na?/K?-adenosine triphosphatase [ATPase])

[18]. In addition, they block the stimulatory effect of the

sympathetic nervous system on the release of renin [19].

Hyperkalemia occurring within hours after intravenous

administration of labetalol implies that impaired cellular

uptake of potassium, rather than decreased aldosterone

synthesis, is the main mechanism [20].

The duration of this hyperkalemia can be fairly pro-

longed in patients with advanced chronic kidney disease

(CKD), particularly when renally cleared beta-blockers,

such as atenolol, are administered [15].
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2.1.3 Calcium Channel Blockers

The implication of calcium channel blockers in the path-

ogenesis of dyskalemia remains uncertain [21]. Hyperka-

lemia has been rarely reported with calcium channel

blockers such as verapamil, diltiazem, amlodipine, and

benidipine [22, 23]. However, the etiology of hyperkalemia

seems to be multifactorial in these cases. In fact, CKD,

hypoaldosteronism, and other concomitant hyperkalemia-

inducing drugs are usually present.

The majority of the cases of hyperkalemia associated

with calcium channel blockers have been reported with

verapamil. This drug may decrease potassium movement

from the extracellular to the intracellular space by blocking

calcium channels [23]. It seems to block aldosterone pro-

duction. In addition, its chronic administration may atten-

uate aldosterone responsiveness to angiotensin II [24]. It is

also postulated that verapamil-associated hyperkalemia is a

result of diminished renal function after an adverse

hemodynamic effect on ventricular function [23].

2.1.4 Suxamethonium

Suxamethonium (also known as succinylcholine), the only

depolarizing neuromuscular blocker in clinical use, is

known to cause hyperkalemia by causing an extracellular

shift of potassium [25]. The resulting hyperkalemia relates

to extra-junctional acetylcholine receptors spread across

the muscle membrane that undergo prolonged depolariza-

tion in response to succinylcholine, with release of potas-

sium [26]. Succinylcholine-induced hyperkalemia is dose

dependent. It causes an increase in serum potassium up to

1 mmol/L, which peaks in 2–5 min and then lasts less than

10–15 min [27]. However, in some instances, the reversal

to normokalemia may take much longer [25]. Marked

hyperkalemia has been reported in patients with burns,

occult myopathies, trauma, and severe infection. These

clinical conditions per se lead to hyperkalemia.

2.1.5 Digoxin

Hyperkalemia can result from both acute and chronic

digoxin toxicity with associated fatality [28, 29]. How-

ever, therapeutic digoxin levels do not lead to hyperka-

lemia unless there are other predisposing factors for

impaired potassium handling. Indeed, potentially lethal

hyperkalemia can occur in hemodialysis patients who

ingest therapeutic quantities of digoxin [30]. The combi-

nation of hyperkalemia and bradycardia strongly predicted

fatality even in cases with appropriate digoxin immune

fragment antigen-binding (Fab) administration. The

mechanism of digoxin-associated hyperkalemia seems to

be due to impaired cellular uptake of potassium by

inhibition in dependent dose manner of Na?/K?-ATPase

activity [4].

2.1.6 Mannitol

Mannitol, used in the treatment of cerebral edema and

raised intra-ocular pressure, can cause hyperkalemia with

high doses (2 g/kg) [31, 32]. Serum potassium increases by

0.4–0.8 mmol/L for every 10 mOsm/kg increase in the

effective plasma osmolality. The peak potassium concen-

trations were noted within 1–2 h after completion of

mannitol. Possible mechanisms include expansion of

extracellular fluid volume leading to bicarbonate dilution

and hence dilutional acidosis, hemolysis due to red blood

cell crenation by mannitol, and shift of intracellular

potassium to the extracellular space due to hyperosmolality

caused by mannitol [33]. The rise in potassium may not be

dependent on pH changes, and hyperkalemia may occur

with or without metabolic acidosis [34]. Mannitol-induced

hyperkalemia may be severe, with adverse effects on car-

diac rhythm.

2.2 Medications that Impair Renal Potassium Excretion

Reduction in renal potassium excretion due to inhibition of

the renin–angiotensin–aldosterone system (RAAS) is the

most important mechanism by which drugs are known to

cause hyperkalemia. Renin, secreted by the juxtaglomeru-

lar cells in the afferent arteriole, acts on angiotensinogen to

form angiotensin I. Angiotensin I is converted to angio-

tensin II by angiotensin-converting enzymes (ACEs).

Angiotensin II stimulates the release of aldosterone from

the zona glomerulosa cells in the adrenal gland.

Aldosterone, secreted by the zona glomerulosa of the

adrenal glands, is bound to its nuclear mineralocorticoid

receptor (MR) in the distal tubule and the principal cells in

the cortical collecting duct (CCD), colon, and sweat glands

and increases K? excretion [35]. It activates the basolateral

Na?/K?-ATPase and therefore increases intracellular

potassium concentration and enhances potassium secretion

to the lumen. In addition, aldosterone stimulates the

expression of the epithelial sodium channels (ENaC),

increasing the likelihood of this channel to be open to the

luminal side, and thus increases the electrochemical driv-

ing force for potassium excretion [36]. Angiotensin II also

directly stimulates ENaC in the CCD via type 1 angiotensin

II receptors.

Aldosterone also increases renal outer medullary

potassium (ROMK) channel activity and abundance. The

ROMK channel is an important pathway for potas-

sium secretion across kidney tubule epithelia.

Drugs that interfere at any point along this system can

impair renal potassium secretion and increase the risk of
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hyperkalemia (Fig. 1). They may interfere with aldosterone

secretion or action. Hyperkalemia in patients undergoing

RAAS blockade is associated with an increased risk of

adverse renal and cardiovascular outcomes, especially in

patients with CKD [37]. Unfortunately, patients who might

benefit from the use of RAAS-blocking agents are those at

enhanced risk for development of hyperkalemia.

2.2.1 Drugs that Affect Aldosterone Secretion

2.2.1.1 Angiotensin-Converting Enzyme Inhibi-

tors Angiotensin-converting enzyme (ACE) inhibitors

impair urinary potassium excretion by interfering with one

or more of these three disturbances: aldosterone secretion

deficiency in the adrenal gland, decreased delivery of

sodium to the distal nephron, and abnormal functioning of

the cortical collecting tubule [38]. The incidence of

hyperkalemia seems to be relatively low in patients with

normal renal function, and serum potassium rarely

increases by more than 0.5 mmol/L [4]. However, hyper-

kalemia becomes increasingly common in those with

diminished renal function [39]. The stated incidence of

hyperkalemia among patients receiving these drugs varies

across studies.

In clinical trials, the risk of hyperkalemia with ACE

inhibitor monotherapy in patients with uncomplicated

hypertension and without predisposing factors for hyper-

kalemia is low (B2%) [40]. The absolute increases in

serum potassium levels are small (0.1 mmol/L) and are

unlikely to be of clinical significance. Goldberg et al. [41]

showed, in a pooled analysis of 16 randomized, double-

blind, clinical trials in 2,085 patients with hypertension,

that the risk of hyperkalemia (serum potas-

sium C5.5 mmol/L) with ACE inhibitor monotherapy was

1.3 % in these patients. The risk of hyperkalemia with

ACE inhibitor monotherapy in patients with heart failure or

CKD is also increased. The incidence of serum potas-

sium [5.5 mmol/L in patients with severe congestive heart

failure was more frequent with the ACE inhibitor enalapril

(5–20 mg twice daily; 7.1 %) than with placebo (4.0 %)

[39]. However, in these clinical trials, the absolute changes

in serum potassium are generally small and unlikely to be

clinically significant [40]. However, the rates of hyperka-

lemia reported in clinical trials of ACE inhibitors may not

represent the risk in clinical practice. ACE inhibitor-

induced hyperkalemia was relatively frequent among

medical outpatients. In fact, hyperkalemia may occur in up

to 10 % of outpatients within a year of commencing

treatment with an ACE inhibitor [39].

ACE inhibitor therapy is considered a contributing cause

in 10–38 % of hospitalized hyperkalemia cases [42].

Additionally, in a recent retrospective study investigating

drug-associated life-threatening hyperkalemia (serum

potassium concentration [6.5 mmol/L), 47.1 % of cases

were associated with an ACE inhibitor.

Patients with moderate-to-severe chronic renal insuffi-

ciency, heart failure, diabetes, and diseases associated with

impaired response to the potassium secretary effects of

aldosterone, especially elderly subjects, are considered as

high-risk groups for the development of hyperkalemia by

ACE inhibitors [43]. ACE inhibitor-induced hyperkalemia is

also more common with concomitant use with medications

Fig. 1 Drugs that interfere with

the renin-angiotensin-

aldosterone system, leading to

hyperkalemia. ACE angiotensin-

converting enzyme, ARBs

angiotensin II receptor blockers,

ATP adenosine triphosphatase,

ENaC epithelial sodium

channels, LMWH low-

molecular-weight heparin,

NSAIDs nonsteroidal anti-

inflammatory drugs
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known to interfere with the release of renin or with renal

potassium excretion. These drugs include aldosterone

antagonists, nonsteroidal anti-inflammatory drugs (NSA-

IDs), calcineurin inhibitors, and beta-blockers [37, 39].

2.2.1.2 Angiotensin-II Receptor Blockers Angiotensin II

receptor blockers (ARBs) can cause hyperkalemia by

inducing a state of hypoaldosteronism like ACE inhibitors.

The incidence of hyperkalemia (potassium lev-

els C5.5 mmol/L) seems to not differ between these two

classes (1.3 % with ACE inhibitors vs. 1.5 % with losar-

tan) [4]. Although hyperkalemia associated with ARBs is

rare in patients without risk factors, it is estimated to be

2–31 % in high-risk patients [44].

Desai et al. [45] reported in the analysis of the CHARM

(Candesartan in Heart Failure: Assessment of Reduction in

Mortality and Morbidity) program that candesartan sig-

nificantly increased the rate of aggregate hyperkalemia

from 1.8 to 5.2 % and serious hyperkalemia (associated

with death or hospitalization) from 1.1 to 1.8 % when

compared with placebo. In a randomized, double-blind,

multifactorial study in 818 patients with hypertension,

monotherapy with telmisartan was associated with small

increases in serum potassium of up to 0.131 mmol/L from

baseline [44]. The HEAAL (Heart Failure End Point

Evaluation of Angiotensin II Antagonist Losartan) study

showed that, after 12 months of treatment with losartan

(150 mg), serum potassium increased by a mean of

0.02 mmol/L. Serum potassium concentrations were

6.0 mmol/L or greater in 1 % of patients in the 150 mg

losartan group [46]. In the post hoc analysis of the RE-

NAAL (Reduction of Endpoints in NIDDM with the

Angiotensin II Antagonist Losartan) study, including

patients with type 2 diabetes and nephropathy, the mean

increase of serum potassium levels in the losartan group

never exceeded 0.3 mmol/L. Only a small number of

patients, 1.1% in the losartan group and 0.5% in the pla-

cebo group, had to discontinue therapy because of hyper-

kalemia. Hyperkalemia associated with losartan is

considered clinically manageable in this patient population

[47]. However, Miao et al. [48] demonstrated, in a post hoc

analysis of the same study, that the occurrence of high

serum potassium levels with losartan therapy may increase

the risk of adverse renal outcomes and counteract the

beneficial renoprotective effects of losartan. They showed

for the first time that increased serum potassium concen-

trations C5.0 mmol/L after losartan therapy are associated

with a clearly increased risk of doubling of serum creati-

nine or end-stage renal disease, independent of renal

function and other important predictors of renal outcomes.

The pathophysiological mechanism whereby increased

serum potassium levels affect renal outcomes is not

established.

Patients with pre-existing renal insufficiency, diabetes

mellitus, or who use other drugs that also impair potassium

excretion, such as ACE inhibitors, appear to be more likely

to develop hyperkalemia when they are treated with ARBs.

As with ACE inhibitors, patients with conditions predis-

posing to hyperkalemia, and receiving ARBs should be

carefully monitored.

2.2.1.3 Direct Renin Inhibitors Aliskiren, the first direct

renin inhibitor, inhibits the renin-angiotensin axis at the

most proximal step. It has been shown to be efficacious for

the management of hypertension, congestive heart failure,

and proteinuria [49].

In a recent clinical trial, the proportion of patients with

hyperkalemia (serum potassium level C6 mmol/L) was

significantly higher in the aliskiren group than in the pla-

cebo group (11.2 vs. 7.2 %). In addition, hyperkalemia was

the most common adverse event leading to the discontin-

uation of this study drug [50]. The frequency of a maxi-

mum serum potassium level above 5.0 mmol/L during this

study was 15 % higher among patients with a baseline

estimated glomerular filtration rate below 45 ml per minute

per 1.73 m2 than among those with a higher estimated

glomerular filtration rate. However, in a pooled analysis of

seven randomized, double-blind studies including seven

patients with hypertension treated with aliskiren, the inci-

dence of serum potassium 5.5 mmol/L with aliskiren

150 mg/d (0.7 %) and 300 mg/d (1.0 %) was similar to

that with placebo (0.6 %) [51].

White et al. [52] showed, in a pooled analysis of clinical

experience in more than 12,000 patients with hypertension,

that the incidence of potassium levels [5.5 mmol /L with

aliskiren monotherapy was similar to that with ARB

monotherapy (3.6 vs. 3.3 %, respectively). When com-

bined with an ACE inhibitor or angiotensin receptor

blocker, the risk of hyperkalemia with aliskiren was sig-

nificantly increased as compared with aliskiren mono-

therapy [49].

2.2.1.4 Nonsteroidal Anti-Inflammatory Drugs NSAIDs

have been reported to cause hyperkalemia in patients with

or without renal insufficiency [53]. The mechanism of

NSAID action is the suppression of prostaglandin-mediated

renin release, leading to a state of hyporeninemic hypoal-

dosteronism [54]. Therefore, the inhibition of prostaglandin

I2 production by NSAIDs may result in hyperkalemia. The

decrease in potassium secretion begins to occur with the

first dose of NSAID [55].

In addition to inhibiting renin, NSAIDs reduce renal

blood flow and the glomerular filtration rate, particularly in

the setting of extracellular fluid volume depletion or car-

diac failure [56]. The decrease in glomerular filtration rate

may further impair potassium excretion.
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In patients with normal kidney function, the mean

increase in plasma potassium is typically around 0.2 mmol/

L. However, in patients with CKD, elevations in plasma

potassium can exceed 1 mmol/L [57]. Although the degree

of hyperkalemia is often mild, it can be sufficiently severe

to cause cardiac arrest and death.

NSAID-induced hyperkalemia is also more likely to

occur in patients who have underlying diseases such as

cardiac failure or diabetes or who take potassium supple-

ments, potassium-sparing diuretics, or ACE inhibitors [53].

Indomethacin has been reported to cause hyperkalemia

in up to 46 % of hospitalized patients in one small

uncontrolled observational study [58].

Lafrance and Miller [59] compared the differential risk

of hyperkalemia associated with various NSAIDs in large

population-based cohorts of NSAID users. They reported

that the risk of hyperkalemia (defined as first serum

potassium value C6.0 mmol/L) did not differ in patients

using a single NSAID or two or more NSAIDs as compared

with patients no longer using an NSAID. The risk of

hyperkalemia varied among individual NSAIDs, ranging

from high risks for rofecoxib and indomethacin to low risks

for salicylates and the other NSAID groups. Furthermore,

the strongest risk factors for NSAID-induced hyperkalemia

were a prior episode of hyperkalemia, CKD, diabetes, acute

kidney injury, and use of potassium-sparing diuretics.

However, the authors of this study used a threshold of 6.0

mmol/L, which may not capture small changes in serum

potassium levels associated with NSAIDs. Additionally,

they reported that they could not distinguish between

genuine and spurious cases of hyperkalemia due to

hemolysis in this study.

A retrospective cohort study performed by Aljadhey

et al. [60] suggested that selective cyclo-oxygenase (COX)-

2 inhibitors may pose a greater risk of hyperkalemia than

nonselective NSAIDs. Over the study period, selective

COX-2 inhibitor recipients experienced a mean estimated

increase in serum potassium concentration of 0.15 mmol/L

versus patients prescribed nonselective NSAIDs. The

authors postulated that, in contrast to COX-1, COX-2

mediates prostacyclin synthesis, which increases potassium

secretion at the distal tubule. Therefore, selective inhibition

of COX-2 at the distal tubule could explain the greater risk

of hyperkalemia associated with selective COX-2 inhibi-

tors compared with non-selective NSAIDs.

2.2.1.5 Heparin and Derivatives Unfractionated heparin

(UH) is an inhibitor of aldosterone production [56]. The

aldosterone-inhibitory effect is dose dependent and occurs

rapidly following the initiation of therapy [61]. The max-

imum antagonism of aldosterone effects by heparin occurs

after 4–6 days of therapy and may occur at any dosage in

clinical use. The aldosterone suppression induced by

heparin may be due to various mechanisms. The most

important, but probably not the only, mechanism appears to

involve reduction in both the number and affinity of the

angiotensin II receptors in the zona glomerulosa [62].

Prolonged use of heparin causes microscopic changes and

ultrastructural abnormalities of the adrenal zona glome-

rulosa in experimental studies [62]. Excess anticoagulation

with heparin may also, in rare circumstances, precipitate

adrenal hemorrhage and induce adrenal insufficiency.

Heparin-induced hyperkalemia (HIH) might occur in

approximately 7–8 % of heparin-treated patients [62].

Elevations in serum potassium have ranged from 0.2 to

1.7 mmol/L, with an onset 1–3 days after heparin expo-

sure, and generally resolve within 24 h of heparin discon-

tinuation [27]. HIH can develop irrespective of the dose

used and may be seen after either intravenous or subcuta-

neous administration. Although patients who receive hep-

arin have reduced aldosterone levels, most patients are able

to compensate by an increase in renin synthesis to maintain

normal potassium values and, therefore, remain asymp-

tomatic [63]. However, patients with diabetes mellitus or

renal insufficiency or receiving prolonged heparin therapy

or drugs that interfere with potassium excretion are espe-

cially predisposed to HIH [64, 65].

Hyperkalemia can also occur in association with low-

molecular-weight heparin (LMWH), even at prophylactic

doses. In a prospective study, Koren-Michowitz et al. [66]

found an early potassium increase, on the third day, in

patients treated with therapeutic doses of the LMWH en-

oxaparin; 9 % of these patients developed potassium levels

greater than 5.0 mmol/L. Like UH, mechanisms of

LMWH-induced hyperkalemia involve inhibition of aldo-

sterone by reduction in both the number and affinity of

angiotensin II receptors in the zona glomerulosa, but an

effect on aldosterone synthesis has also been suggested

[67]. However, a decrease in aldosterone levels was not

demonstrated in all studies [68]. Moreover, a trend towards

elevation of renin activity and aldosterone levels were also

observed [66].

2.2.1.6 Calcineurin Inhibitors Mild and uncomplicated

hyperkalemia is commonly observed in patients treated

with calcineurin inhibitors, especially transplant recipients.

It has been reported to develop in 44–73 % of transplant

recipients who receive immunosuppressive therapy with

ciclosporin and tacrolimus [69]. The increased incidence

may also be due in part to the development of impaired

kidney function in individuals chronically treated with

these medications. However, hyperkalemia may occur

despite adequate kidney function [70]. Calcineurin inhibi-

tor-induced hyperkalemia may be mediated via a variety of

mechanisms. The induction of hypoaldosteronism, the

inhibition of potassium secretion at the collecting duct by
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inhibiting basolateral Na?/K?-ATPase, and leakage of

cellular potassium into the extracellular fluid are possible

mechanisms [71, 72]. An aldosterone resistance secondary

to decreased transcription of human mineralocorticoid

receptors on peripheral blood leukocytes is also reported

[69]. The use of ACE inhibitors and ARBs to slow the

progression of chronic allograft nephropathy can be

expected to increase the risk of hyperkalemia with calci-

neurin inhibitors [38].

2.2.2 Drugs that Cause Tubular Resistance to the Action

of Aldosterone

A number of drugs can induce hyperkalemia by causing

tubular resistance to the action of aldosterone. Aldosterone

antagonists block aldosterone binding to mineralocorticoid

receptors. Other drugs such as potassium-sparing diuretics

(amiloride, triamterene), trimethoprim, and pentamidine

may inhibit the activity of the epithelial sodium channel,

leading to hyperkalemia.

2.2.2.1 Aldosterone Antagonists Aldosterone antagonists

represented by spironolactone and eplerenone block min-

eralocorticoid receptors present in multiple organs (kidney,

colon, and sweat glands). The blockade of renal aldoste-

rone receptors can lead to the development of hyperkale-

mia. In addition, the mechanism of hyperkalemia might not

be limited to decreased renal excretion of K, but probably

also involves extrarenal compensatory mechanisms that are

partially mediated by aldosterone. In fact, a decreased

translocation of extracellular K to intracellular environ-

ments, and a decreased gastrointestinal secretion of

potassium resulting from blockade of colonic mineralo-

corticoid receptors, may lead to hyperkalemia [36].

Hyperkalemia usually occurs within the first 10 days.

Spironolactone and eplerenone raise plasma potassium an

average of 0.2–0.3 mmol/L at a therapeutic dose [73]. The

increase in serum potassium seems to be dose related [74].

Hyperkalemia is more likely to occur in the setting of CKD

or hypoaldosteronism and depletion of effective plasma

volume, such as heart failure and cirrhosis, or when

potassium intake is high [56]. Patients with CKD devel-

oped a slight but consistent increase in serum levels of

potassium during the first 3 months of treatment with

aldosterone antagonists [37]. However, spironolactone may

also induce life-threatening hyperkalemia, even in the

presence of a normal glomerular filtration rate [56]. Sig-

nificant hyperkalemia after spironolactone administration

has also been observed in hemodialysis patients, suggesting

that aldosterone can affect the cellular handling of potas-

sium or its gastrointestinal excretion [47]. Combination

therapy with other drugs that cause hyperkalemia is another

important factor in the predisposition to development of

hyperkalemia with aldosterone antagonists. In fact, these

drugs are frequently administered in combination with

suppressors of RAAS used for the treatment of arterial

hypertension or in heart failure such as ACE inhibitors,

ARBs, direct renin inhibitors, and beta blockers. All these

drugs can facilitate the development of hyperkalemia due

to decreased aldosterone secretion.

RALES (Randomized Aldactone Evaluation Study)

showed that the addition of spironolactone to standard

treatment for patients with congestive cardiac failure is

associated with significant reduction in morbidity and

mortality [75]. Serious hyperkalemia occurred in only 2 %

of patients in the study, where the average serum creatinine

concentration was 106 lmol/L and the dose of spirono-

lactone did not exceed 25 mg daily. In EPHESUS (Epl-

erenone Post-Acute Myocardial Infarction Heart Failure

Efficacy and Survival Study, eplerenone also showed a

significantly reduced all-cause mortality and cardiovascu-

lar mortality or hospitalization when used in addition to

standard therapy in patients with left ventricular systolic

dysfunction, left ventricular ejection fraction 40 %, and

heart failure after acute myocardial infarction. Serious

hyperkalemia (serum potassium [6 mmol/L) occurred

more frequently with eplerenone (5.5 %) than with placebo

(3.9 %), particularly in those patients with a baseline cre-

atinine clearance of \50 mL/min. The post hoc analyses of

EPHESUS demonstrated that eplerenone, when adminis-

tered at a dose of 25–50 mg/d, is associated with a 4.4 %

absolute increase in the incidence of hyperkalemia

(5.5 mmol/L) and a 1.6 % absolute increase in the inci-

dence of more marked hyperkalemia (6.0 mmol/L) [76].

After the publication of RALES, the use of aldosterone

antagonists was recommended whenever possible in addi-

tion to renin-angiotensin system blockade and beta

blockers.

By contrast, Juurlink et al. [77] showed that, in a pop-

ulation-based time series analysis, as prescriptions

increased from 34 per 1,000 patients in 1994 to 149 per

1,000 in 2001 after the publication of RALES in 1999,

hyperkalemia-related hospitalizations increased from 2.4 to

11 per 1,000 patients, and hyperkalemia-associated deaths

increased from 0.3 to 2.0 per 1,000 patients.

In a retrospective case series of 64 patients hospitalized

with heart failure treated with spironolactone, Dinsdale

et al. [78] reported a rate of 11 % for severe hyperkalemia

([6.0 mmol/L), and a rate of 36 % for hyperkalemia

([5.5 mmol/L). Wei et al. [79] reported a 2.9 % incidence

of severe hyperkalemia ([6 mmol/L) in a large nonran-

domized cohort of heart failure patients. In this study,

patients with higher baseline creatinine or potassium levels

were at a higher risk of severe hyperkalemia. In a series of

788 hospitalized patients treated with spironolactone, 9 %

developed clinically significant hyperkalemia [80]. A study

684 C. Ben Salem et al.



of outpatient heart failure showed that the use of spirono-

lactone was associated with a high incidence of hyperka-

lemia (36 % with potassium [5 mmol/L, 10 % with

potassium [6 mmol/L) [81].

The relative lower incidence and risk of hyperkalemia

associated with aldosterone antagonists in EPHESUS and

RALES compared with that observed in clinical practice

can be attributed to many factors. In fact, the patients

enrolled in these studies had rather mild kidney dysfunc-

tion (serum creatinine \221 lmol/L or glomerular filtra-

tion rate [30 ml/min/1.73 m2) and baseline levels of

potassium within the normal range (\5.0 mmol/L). Fur-

thermore, in clinical practice, patients are often older than

in randomized trials, and were given higher doses of spi-

ronolactone and were most likely taking potassium sup-

plements or other drugs that alter potassium excretion.

2.2.2.2 Potassium-Sparing Diuretics Amiloride and tri-

amterene block luminal sodium channels in the collecting

tubule and collecting ducts. Blockade of sodium reab-

sorption through this channel abolishes the negative

potential of the lumen and therefore removes a major

driving force for the secretion of potassium. These drugs

generally cause hyperkalemia within the first 10 days of

use. They tend to be relatively ineffective when used as

monotherapy for hypertension but can be useful in com-

bination with hydrochlorothiazide [82].

In a small study including 12 mildly hypertensive

patients, the average plasma potassium was significantly

higher (P = 0.011) with amiloride (4.6 mmol/L) than

before treatment (4.2 mmol/L). However, no individual

value was higher than the upper limit of the normal range,

and the highest value recorded was 5.1 mmol/L [83]. The

risk of hyperkalemia is increased in the presence of renal

impairment. This risk can also be enhanced by concomitant

therapy with an ACE inhibitor or ARB. In five patients

with diabetes mellitus over 50 years of age who were

receiving an ACE inhibitor, the serum potassium rose

markedly 8–18 days after the addition of amiloride [84].

Potassium levels were between 9.4 and 11 mmol/L in four

of the patients; two did not respond to resuscitation

measures.

Quan and Kahana [85] found potassium levels

[5.5 mmol/L in 6 of 16 hospitalized patients with con-

gestive heart failure and in 4 of 30 outpatients with varied

causes of edema treated with triamterene and hydrochlo-

rothiazide. Severe hyperkalemia (potassium levels

6.0–7.0 mmol/L) has also been reported with triamterene.

In another study, Cohen [86] reported a rise in average

serum potassium in ten elderly men with congestive heart

failure who were treated with a combination of 100 mg of

triamterene and 0.5 g of chlorothiazide. In five patients, the

serum potassium rose above 6 mmol/L. In addition, he

reported the death of two patients in whom hyperkalemia

induced by a mixture of triamterene and hydrochlorothia-

zide was thought to be a contributing factor. In a small

study, treatment with the combination of triamterene

(50 mg) and hydrochlorothiazide (25 mg) resulted in

hyperkalemia in 26 % of the patients [87].

2.2.2.3 Trimethoprim Trimethoprim is a commonly used

antibiotic that is employed extensively in combination with

sulfamethoxazole (as co-trimoxazole) to treat a number of

infections. It reduces renal potassium excretion through the

competitive inhibition of epithelial sodium channels in the

distal nephron, in a manner similar to amiloride causing

hyperkalemia through this mechanism [88]. On the baso-

lateral membrane of the cortical collecting duct, trimeth-

oprim inhibits Na?/K?-ATPase, which further reduces the

ability of the kidney to excrete potassium [89]. The

development of hyperkalemia in association with trimeth-

oprim therapy was first described in patients who were

receiving high doses (trimethoprim 20 mg/kg/d) [90].

Hyperkalemia complicating standard dosage (B320 mg/kg/

day) co-trimoxazole treatment has also been reported.

An increase in serum potassium level, which ranges

from 0.36 to 1.21 mmol/L or greater, occurs in most

(76–100 %) patients who receive trimethoprim [91, 92]. It

occurs after approximately 3–10 days of therapy with tri-

methoprim. Treatment with ACE inhibitors, ARBs, NSA-

IDs, or spironolactone may exacerbate the hyperkalemic

effect of trimethoprim. A recent population-based case-

control study involving 439,677 patients taking ACE

inhibitors or ARBs found a sevenfold increased risk of

hospital admission for hyperkalemia among those taking

trimethoprim-sulfamethoxazole compared with those tak-

ing other antibiotics used for the urinary tract [93].

2.2.2.4 Pentamidine Pentamidine, an antimicrobial

medication, inhibits distal nephron reabsorption of Na? by

blocking apical Na? channels in a manner similar to

potassium-sparing diuretics (amiloride, triamterene) [94].

In experimental studies, an antikaliuretic effect of pent-

amidine was noted at doses ranging from 3 to 10 mg/kg

[95]. The antikaliuresis was also accompanied by a marked

decrease of urinary sodium and chloride excretion. Pent-

amidine administration appears to be causally related to

life-threatening hyperkalemia in the presence of a mild

reduction in creatinine clearance in some patients and to

severe acute renal failure in others [96]. In a 5-year ret-

rospective review of adverse drug reactions in HIV-infec-

ted patients who were receiving intravenous pentamidine

therapy for Pneumocystis carinii pneumonia, hyperkalemia

(mean potassium level 5.9 mmol/L; range 5.5–6.9) occur-

red in 19 % of these patients [97]. In another study,

Briceland and Bailie [98] reported that nine of 37 (24 %)
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AIDS patients treated with pentamidine became hyperka-

lemic. Total dose and days to hyperkalemia onset were

2,510 ± 1,460 mg and 9.2 ± 4.9 days (range 3–16),

respectively. In this study, no correlation between hyper-

kalemia or nephrotoxicity and initial renal function was

found.

2.3 Potassium-Containing Agents

Excessive potassium ingestion rarely induces hyperkalemia

in the absence of an underlying defect in potassium

homeostasis. A single oral dose of potassium chloride

\0.5 meq/kg produces minimal or small increase in a

healthy man. Doses of approximately 1 meq/kg increase

serum potassium by as much as 1 meq/L [99].

The Boston Collaborative Drug Surveillance Program

demonstrated a 3.6 % incidence of hyperkalemia among

4,921 patients taking physician-prescribed potassium sup-

plements. The risk of hyperkalemia was higher among the

elderly and those with azotemia. In another study, 4 % of

patients receiving potassium chloride supplements devel-

oped hyperkalemia [100].

Salt substitutes and salt alternatives, an overlooked

dietary potassium source, may cause hyperkalemia. Severe

hyperkalemia from these substances is extremely rare if

kidney function is normal because of potassium adaptation

[101]. However, patients with renal failure or with diabetes

mellitus and hyporeninemic hypoaldosteronism may fail to

excrete the excess potassium load, resulting in life-threat-

ening hyperkalemia [102]. Case reports of severe hyper-

kalemia with salt substitutes as a result of its concomitant

use with ACE inhibitors, potassium-sparing diuretics, or

angiotensin receptor blockers have also been reported

[103].

Low-sodium salt such as solo, a healthy alternative to

sea salt and sanctioned by medical professionals to contain

‘‘near perfect’’ proportions of potassium, may lead to

hyperkalemia in vulnerable patients [104].

Citrate may be supplied as either a potassium salt, a

sodium salt, or a sodium-potassium salt. Potassium citrate

may be used for alkalinization of urine. Prolonged or

excessive ingestion of potassium citrate may lead to severe

hyperkalemia [105].

Drugs such as penicillin G may be another source of

potassium. Penicillin G is usually administered as the

potassium salt and sometimes as the sodium salt of

6-phenylacetamidopenicillanic acid. It contains 1.7 mmol

of potassium per million units. It can significantly alter

potassium balance when given in very high doses. Severe

hyperkalemia with cardiac arrest caused by penicillin is

reported [106]. Rapid intravenous infusion or oral admin-

istration of large amounts of semisynthetic penicillin

derivatives may be potentially dangerous in patients with

diabetes and renal insufficiency [106].

Stored blood products may contain a large load of

potassium. In a study of 803 adult patients receiving C5 U

of red blood cells (RBCs) during orthotopic liver trans-

plant, Chen et al. [107] demonstrated that transfusion of

RBCs stored for longer periods of time was associated with

significantly higher intraoperative mean K? concentrations

and a higher incidence of hyperkalemia. The blood storage

age correlated with the highest K? concentrations during

the post-reperfusion periods. The low temperature used

during RBC preservation shuts down the Na?/K?-ATPase

pump, slowly leaking potassium out of RBCs. The con-

centration of extracellular K? in the storage medium typ-

ically increases at a rate of about 1 mmol/day [108].

2.4 Miscellaneous Agents

In addition to the drugs listed above, miscellaneous agents

may also induce hyperkalemia (Table 2) [109–121].

3 Prevention and Management

It is preferable to prevent than to treat drug-induced

hyperkalemia. Prevention of drug-induced hyperkalemia

should be the physician’s first priority. An awareness of

drugs leading to hyperkalemia and the need for potassium

monitoring, especially in patients with compromised

potassium regulation is essential to reduce the risk of

hyperkalemia. A combination of medications known to

have a potentially hyperkalemic action further increases

this risk.

Aldosterone antagonist use might be restricted to

patients with high levels of mineralocorticoid activity. In

addition, reviewing the patient’s diet and concomitant

medications might prove useful in reducing the risk of

developing subsequent hyperkalemia [37]. In fact, dietary

management of potassium intake is an important approach

to avoid the development of hyperkalemia. The patient’s

concurrent medications known to have a potential hy-

perkalemic action should be avoided if not necessary.

The use of submaximal doses of aldosterone antagonists

(\25 mg per day for spironolactone; \50 mg per day for

eplerenone) has proven to be a successful strategy in pre-

venting the occurrence of hyperkalemia [37].

Individuals who received potassium monitoring were

significantly less likely to experience a hyperkalemia-

associated adverse outcome than individuals who did not

receive monitoring [122]. The plasma potassium concen-

tration should be measured at the outset to establish a

baseline and again within 5–10 days [90]. However,
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hyperkalemia may persist throughout the whole treatment

period.

The occurrence of hyperkalemia after the use of ACE

inhibitors/ARBs is of particular concern. Indeed, patients at

highest risk of this side effect are often those who had the

greatest cardiovascular benefit. When they are used in

patients with severe reductions in the glomerular filtration

rate, close monitoring is required to minimize the risk of

hyperkalemia [38]. Among patients with CKD, co-pre-

scribing an ACE inhibitor and an ARB or an ACE inhibitor

or ARB with a potassium-sparing diuretic should be

avoided. However, if a patient is currently receiving a loop

or a thiazide diuretic that increases potassium excretion, it

should be continued. Prior to the administration of the ACE

inhibitor/ARB, the physician should review the patient’s

medication profile and, whenever possible, withdraw drugs

that can impair potassium excretion. In fact, in patients

receiving a combination of an ACE inhibitor, an ARB, a

beta-blocker, and an aldosterone antagonist, discontinua-

tion of one drug, whenever possible, may also be useful for

lowering the serum potassium concentration. It is also

prudent to start with low doses and titrate cautiously to

higher doses. Serum potassium should be monitored within

the first week of therapy and again after any dosage

increase [42]. For increased serum potassium concentra-

tions of up to 5.5 mmol/L, the dose can be lowered, and if

the potassium concentration decreases, the treatment with

these drugs can be continued [38].

Given the number of patients who take therapy with

NSAIDs on a prescription or over-the-counter basis, the

absolute number of patients at high risk is relatively large.

Patients at high risk for hyperkalemia include the elderly,

dehydrated individuals, those with pre-existing renal dis-

ease, and patients taking potassium-sparing diuretics,

potassium supplements, ACE inhibitors, and beta blockers.

Therefore, the dose should be reduced in these patients.

Some authors also recommended a measure of potassium

within 1–3 weeks, repeated every 3–6 months [57, 123].

However, prescription of NSAIDs should not exceed a few

days. Patients should be advised to avoid potassium sup-

plements, and to discontinue the NSAID and contact their

physician if they develop diarrhea or vomiting, as these

problems increase the risk of hyperkalemia and acute renal

insufficiency when they occur in association with NSAID

therapy [90]. Alternative therapeutics such as non-NSAID

analgesics or topical balms may also be considered.

Because of the widespread and increasing use of UH and

LMWH, clinicians must be cautious regarding hyperkale-

mia. It is recommended that monitoring for hyperkalemia

be performed at 3- to 4-day intervals in patients receiving

prolonged heparin, including deep venous thrombosis

prophylaxis [57].

Currently, antimicrobial therapies with co-trimoxazole

(trimethoprim-sulfamethoxazole) or penicillin are widely

prescribed. In patients treated with high-dosage trimetho-

prim or with renal insufficiency, serum potassium level

should be monitored to identify the development of

hyperkalemia. In patients receiving standard dosage and in

the presence of one or more risk factors, such as older age,

hypoaldosteronism, or treatment with hyperkalemia-

inducing medications, serum potassium should be mea-

sured after approximately 3 days of treatment with tri-

methoprim [91]. Serum potassium concentrations should

be also closely monitored if high doses of penicillin are

Table 2 Miscellaneous drugs inducing hyperkalemia and their suggested mechanism

Drug Clinical setting K?

mmol/L

Suggested mechanism

Amphotericin [109] Patients with systemic candida infection 6.7–16 K? efflux from fungal abscesses

Dabigatran [110] Renal transplant recipient with mitral valve replacement 5.6 Hyporeninemic–hypoaldosteronism

Hydroxycarbamide [111] Patient with iliofemoral vein thrombosis 6.7 Unknown

Magnesium sulfate [112] Patient with severe preeclampsia and acute renal dysfunction 5.9 Unknown

Nafamostat mesilate [113] Patient with acute pancreatitis 6.3 Inhibition of the ENaC

Nafarelin [114] Patient with uterine leiomyomas [10 Unknown

Nicorandil [115] Patient with hypertension and end-stage renal disease 7 Excessive KATP channel activation

Octreotide [116] Patient on hemodialysis with sulphonylurea-induced

hypoglycemia

7.3 Suppression of insulin release

with impair of cellular K? uptake

Omeprazole [117, 118] Patient with gastric ulcer 6.6 Decrease of K? loss from GI tract.

Impaired production of aldosterone

Propofol [119] Patient undergoing dilation and curettage for intrauterine fetal

death

9.1 Transcelluar K ? shift

Thalidomide [120] Patients with myeloma and moderate to severe renal failure 7.5–9.1 Unknown

Zoledronic acid [121] Patient with Paget’s disease. Normal renal function 6.3 Unknown

ENaC epithelial sodium channels, GI gastrointestinal, K? potassium
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administered, particularly in patients with diabetes, renal

insufficiency, or congestive heart failure [106].

Most guidelines and experts advise that management of

hyperkalemia should be guided by the serum potassium

level [1, 2, 124, 125]. Therapeutic strategies should be

aimed at restoring normal serum and total-body stores of

potassium and preventing serious complications.

For mild hyperkalemia (5–6 mmol/L), Drug-induced

hyperkalemia should be minimized or withdrawn if not

necessary and dietary potassium restricted when possible.

Loop or thiazide diuretics and sodium polystyrene sulfo-

nate (SPS) should be used. Diuretics enhance renal potas-

sium excretion by increasing the distal delivery of sodium

and urine flow rate. Therefore, these drugs are efficacious

in patients with adequate renal function. However, many

patients with hyperkalemia have underlying kidney failure

that limits their efficacy.

SPS, a cation-exchange resin, can be administered orally

or rectally by enema. It is relatively slow acting, and a

significant reduction in serum potassium may not be

observed for 4–6 h [126]. Whole-body fluid overload and

colonic perforation have been reported with SPS use.

In moderate hyperkalemia (6–7 mmol/L), an intracel-

lular shift of K? should be achieved using an insulin-glu-

cose drip, sodium bicarbonate, and a beta2 agonist. The

hypokalemic effect of insulin is dose dependent. It can be

seen within 20 min, peaking between 30 and 60 min, and is

unaffected by kidney failure. Beta2 agonists administered

intravenously, via nebulizer or via metered dose inhaler,

lower serum potassium by 0.5–1.5 mmol/L. The potas-

sium-lowering effect of these drugs in patients with

impaired renal function is unpredictable. The doses of

inhaled beta2 agonists used for hyperkalemia are higher

than those typically used for bronchospasm. Salbutamol is

the most commonly used selective beta2 agonist. Salbuta-

mol can be used alone or to augment the effect of insulin. It

seems that there is no evidence of benefit in the use of

beta2 agonists where insulin (and dextrose) can be safely

administered [127].

The hypokalemic effect of sodium bicarbonate is small,

delayed in onset, and unpredictable [2]. Hence, this agent

should not be relied on as initial or monotherapy to treat

hyperkalemia. Its use may be beneficial for patients who

also have severe metabolic acidosis by raising the extra-

cellular pH, in addition to causing a rapid intracellular

potassium shift. Sodium bicarbonate can also lead to

sodium and volume overload in patients with CKD, which

may worsen hypertension and contribute to the develop-

ment of acute congestive heart failure.

In severe hyperkalemia ([7mmol/L with toxic electro-

cardiogram [ECG] changes) calcium gluconate (or chloride)

can be used as an infusion to achieve membrane stabiliza-

tion. Calcium antagonizes the effects of hyperkalemia on

cardiac conduction, and is effective even in normocalcemic

patients.

Calcium can be administered as either calcium gluco-

nate or calcium chloride. Because calcium chloride is more

likely to cause tissue necrosis with extravasation, calcium

gluconate is preferred. However, calcium chloride provides

approximately three times more calcium than equal vol-

umes of the gluconate salt. Therefore, the dose needs to be

attenuated accordingly to avoid potential calcium toxicity.

Caution should also be exercised when calcium is admin-

istered in patients receiving digoxin because it potentiates

myocardial toxicity to digoxin. However, in recent studies

among digoxin-intoxicated humans, intravenous calcium

does not seem to cause malignant dysrhythmias or increase

mortality [128].

In addition to calcium, all the modalities mentioned

above should be employed to lower serum potassium lev-

els. Hemodialysis should be considered the primary

method of potassium removal in refractory cases of

hyperkalemia and if a patient has renal failure and a

diuretic may not be effective [126].

Fludrocortisone, a mineralocorticoid, increases urinary

potassium excretion. It has been used to treat calcineurin

inhibitor-associated hyperkalemia [129]. It is also proposed

to treat hyperkalemia secondary to heparin when the

continuing administration of heparin is necessary.

4 Conclusions

In conclusion, a wide range of drugs can cause hyperkale-

mia via different mechanisms. Drug-induced hyperkalemia

may be asymptomatic. However, it may be dramatic and life

threatening, posing diagnostic and management problems.

Prevention is based on the awareness of this complication.

Appropriate management requires knowledge of the

mechanism of the development of hyperkalemia, as well as

a therapeutic strategy based not only on the serum potas-

sium level, but also on the severity of clinical presentation,

electrocardiographic features, acid base, and metabolic

abnormalities, as well as organ function disturbances.
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