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Abstract 
Prescribed medications, over-the-counter drugs, and nutritional supplements are used by 
many patients. Although most of these products are well tolerated, drug-induced 
hyperkalemia may develop in patients with underlying renal impairment or other 
abnormalities in potassium handling. Drug-induced hyperkalemia most often occurs from 
impaired renal potassium excretion. However, disturbed cellular uptake of a potassium 
load as well as excessive ingestion or infusion of potassium-containing substances may 
also occur. Physicians must be aware of medications that can precipitate hyperkalemia, 
how these drugs induce alterations in potassium homeostasis, and the patient 
characteristics that increase the risk of hyperkalemia.  

Several medications can precipitate hyperkalemia when administered to patients with 
underlying renal insufficiency or other disturbances in potassium homeostasis. High-risk 
groups include patients with moderate to severe chronic renal insufficiency, 
hypoaldosteronism, and diseases associated with impaired response to the potassium 
secretory effects of aldosterone [1]. Hypoaldosteronism is often seen in elderly patients, 
those with chronic renal impairment or diabetic nephropathy, those with acquired 
immunodeficiency syndrome (AIDS), or those with primary adrenal disease [2, 3 and 4]. 
In addition, patients with sickle cell disease, obstructive uropathy, systemic lupus 
erythematosus with nephropathy, and renal transplants may have tubular resistance to the 
effects of mineralocorticoids [3 and 4].  

Several studies have examined the incidence and cause of hyperkalemia in hospitalized 
patients. Depending on the definition used, hyperkalemia has been reported to develop in 
1.3% (serum potassium level greater than 6.0 mEq/liter) to 10% (greater than 5.3 
mEq/liter) of patients [5, 6, 7, 8, 9, 10 and 11]. Medications (Table 1 and Table 2) have 
been cited as a primary or contributing cause of hyperkalemia in 35% to 75% of 
hospitalized patients [5, 6, 7, 8, 9, 10, 11, 12, 13, 14 and 15]. Nutritional and herbal 
supplements, parenteral alimentation, salt substitutes, and low-sodium canned foods also 
contribute [12, 13, 14 and 15]. Unless otherwise mentioned, hyperkalemia is defined as a 
serum or plasma potassium level greater than 5.3 mEq/liter throughout this review. 
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Recognition of the various products that can elevate serum potassium 
levels and the mechanisms by which they impair potassium homeostasis is 
important. Cellular mechanisms (Figure) that regulate potassium handling 
(Na-K-ATPase pump activity, sodium channel and potassium channel 
function) are disturbed by these drugs and contribute to the development 
of hyperkalemia. In general, hyperkalemia results from three major 
causes: excessive potassium intake, disturbed cellular uptake of potassium, 
or impaired renal excretion of potassium  

 

Potassium input 
A common cause of hyperkalemia in hospitalized patients is enteral or parenteral intake 
of potassium [12, 13 and 15]. Potassium administration alone, however, rarely causes 
hyperkalemia in the absence of an underlying defect in potassium homeostasis. For 
example, among 4,921 patients taking physician-prescribed potassium supplements, 179 
(3.6%) developed hyperkalemia (defined as a serum potassium level above the upper 
limit of normal), including 13 patients who had a potassium level greater than 7.5 
mEq/liter [12]. Hyperkalemia was more prevalent among older patients and those with 
azotemia [12]. Other studies reveal that potassium supplements cause or contribute to 
hyperkalemia in approximately 15% to 40% of hospitalized patients [13, 14, 15 and 16].  

Salt substitutes are a rich source of potassium [15 and 16]. These products are often 
recommended for patients being treated with diuretics. Although the potassium content of 
salt alternatives is less than prescription supplements, they may cause hyperkalemia in 
patients with renal impairment [15 and 16]. Several "no-salt" substitutes contain 10 to 13 
mEq of potassium per gram, a potentially dangerous potassium load [15 and 16]. "Low-
sodium" prepared foods also contain greater amounts of potassium, because NaCl is 
replaced by KCl. Additionally, some nutritional supplements and herbal juices contain as 
much as 49 to 56 mEq of potassium per liter [17]. The urinary alkalinizing agent 
potassium citrate (2 mEq of potassium/mL) and packed red blood cells transfused after 
10 or more days of storage (7.5 to 13 mEq of potassium/liter) can precipitate 
hyperkalemia in high-risk patients [18 and 19]. Infusion of penicillin G potassium (1.7 
mEq of potassium per million units) provides another unsuspected source of potassium 
excess in the hospitalized patient [20]. Cardioplegia solutions can also deliver a large 
potassium load.  

Impaired cellular potassium homeostasis 

Beta blockers 

Acute disposal of a potassium load is handled primarily by the cellular uptake of this 
cation, which can be impaired by some medications. Nonselective beta blockers have 
been associated with the development of hyperkalemia, which may rarely be severe [21]. 
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Hyperkalemia develops by means of two different mechanisms. First, beta blockers 
suppress catecholamine-stimulated renin release, thereby decreasing aldosterone 
synthesis [21]. Second, and more importantly, nonselective beta blockers decrease 
cellular uptake of potassium [22]. Normally, agonist binding to the beta2-adrenergic 
receptor stimulates the formation of cyclic AMP, which acts through protein kinase A to 
phosphorylate and activate the Na-K-ATPase pump [23], leading to the influx of 
potassium into cells. Competitive inhibition of the beta2 receptor by beta blockers 
decreases Na-K-ATPase function and reduces potassium uptake by cells [22, 23 and 24]. 
For example, three renal transplant recipients developed hyperkalemia (6.0 to 8.3 
mEq/liter). This occurred within hours of treatment with intravenous labetalol, suggesting 
that impaired cellular uptake of potassium, rather than decreased aldosterone synthesis, 
was responsible [24 and 25]. Nonselective beta blockers have caused or contributed to 
hyperkalemia in 4% to 17% of hospitalized patients studied [5, 8, 9, 11 and 14].  

Intravenous amino acids 

Hyperkalemia has also complicated therapy with intravenous infusions of natural (lysine, 
arginine) and synthetic (epsilon-aminocaproic acid) amino acids [26, 27, 28, 29, 30, 31 
and 32]. A shift of potassium from the intracellular to the extracellular space in exchange 
for these amino acids probably underlies the development of hyperkalemia [26, 27, 28 
and 29]. In intact animals, infusion of lysine caused a 1.0 to 1.5 mEq/liter increase in 
plasma potassium level for every 10 mEq/liter increase in plasma lysine level and led to 
hyperkalemia [27]. Hyperkalemia has also been described after intravenous arginine 
therapy in humans [28 and 29]. A mean 1.5 mEq/liter increase in serum potassium level 
occurred 2 hours after intravenous arginine (30 g) was administered to patients with end-
stage renal disease [28]. Arginine infusion increased potassium levels above 7 mEq/liter 
in 2 patients with mild renal insufficiency and liver disease [29]. In these patients, serum 
potassium levels increased as early as 45 minutes after arginine infusion and peaked 
between 2 and 6 hours [28 and 29], suggesting a disturbance in cellular potassium 
homeostasis.  

Epsilon-aminocaproic acid, which shares structural similarity with lysine and arginine, 
has also promoted hyperkalemia in dogs and humans [30, 31 and 32]. Improved 
hemostasis in patients undergoing cardiac surgery accounts for the renewed clinical 
importance of epsilon-aminocaproic acid in humans. We reported a patient in whom 
severe hyperkalemia (potassium level of 6.7 mEq/liter) developed acutely in a patient 
with chronic renal insufficiency treated with epsilon-aminocaproic acid (3 boluses of 10 
g) to reduce perioperative blood loss [31]. A retrospective study in patients undergoing 
cardiac surgery revealed higher intraoperative serum potassium levels (5.9 vs 5.5 
mEq/liter) in patients treated with intravenous epsilon-aminocaproic acid than in well-
matched controls [32].  

Succinylcholine 

Hyperkalemia has also been observed after infusion of succinylcholine. Depolarization of 
cell membranes causes a decrease in the negative interior charge of cells, reducing the 
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electrical barrier for potassium exit and allowing leakage of potassium out of cells [33 
and 34]. Rapid induction of a cellular potassium leak with succinylcholine has been 
demonstrated in muscle preparations (in vitro), in intact animals, and in humans [33 and 
34]. In normal subjects, the mean plasma potassium level increased by 0.5 mEq/liter 
within 3 to 5 minutes after intravenous succinylcholine [33]. Increases in plasma 
potassium levels of as much as 3.0 mEq/liter have occurred in patients with muscle 
trauma or neuromuscular disease [33]. In 12 patients with renal insufficiency who were 
treated with succinylcholine, plasma potassium levels increased by a mean of 0.7 
mEq/liter in 11 of the patients and as much as 1.2 mEq/liter in 1 patient [34].  

Digoxin 

The Na-K-ATPase pump, which transports potassium into the intracellular space, is 
impaired in a dose-dependent fashion by digoxin [35]. Hyperkalemia results from both 
impaired cellular uptake and reduced renal excretion of potassium. Digoxin does not 
usually lead to hyperkalemia when serum digoxin levels are therapeutic; however, 
overdose may cause hyperkalemia that can be fatal [35 and 36]. Rarely, hyperkalemia 
develops in patients who have therapeutic or mildly increased digoxin levels if other risk 
factors for impaired potassium handling are present [35].  

Impaired renal potassium excretion 

Potassium-sparing diuretics 

Renal excretion of potassium is the major route of potassium disposal, and impairment of 
this process can result in clinically significant hyperkalemia. Potassium-sparing diuretics, 
such as amiloride, triamterene, and spironolactone, are used to enhance renal sodium 
losses and diminish potassium excretion in an attempt to reduce diuretic-induced 
hypokalemia [37]. However, these medications may also precipitate hyperkalemia in 
some patients. Two separate mechanisms underlie the pharmacologic actions of these 
diuretics, which affect the principal cells of the distal renal tubules [15]. Spironolactone, 
an aldosterone antagonist that competitively inhibits the binding of aldosterone to its 
cytoplasmic receptors, prevents nuclear uptake of the receptor and blunts potassium 
secretion [15 and 38]. Amiloride and triamterene diminish potassium secretion by 
reducing sodium reabsorption through the luminal membrane of the principal cell [37]. 
This results in a reduction in the electrical gradient (Figure) for potassium movement 
from the intracellular space to the tubular lumen, decreasing the driving force for 
potassium secretion.  

Moderate to severe hyperkalemia has been reported in 4% to 19% of patients treated with 
potassium-sparing diuretics [8, 14, 15 and 38]. Treatment with triamterene and 
hydrochlorothiazide resulted in hyperkalemia in 26% of patients [39]. In a retrospective 
study, 5 patients developed hyperkalemia (9.4 to 11 mEq/liter) within 8 to 18 days of 
combination therapy with amiloride/hydrochlorothiazide and an angiotensin-converting 
enzyme (ACE) inhibitor [40]. Hyperkalemia was more common in patients with diabetes 
mellitus or chronic renal insufficiency. In 8 normal subjects, treatment with 
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spironolactone and losartan increased the mean plasma potassium level by 0.8 mEq/liter 
(up to 5.0 mEq/liter) and decreased mean urinary potassium excretion from 108 to 87 
mEq/liter [41]. Patients with preexisting renal insufficiency or diabetes mellitus, or who 
are taking another medication that also impairs potassium excretion, appear to be more 
likely to develop hyperkalemia when treated with potassium-sparing diuretics [41, 42 and 
43]. Spironolactone (300 mg daily) led to a significant elevation in plasma potassium 
levels in hemodialysis patients, suggesting that aldosterone may affect the cellular 
handling or the gastrointestinal excretion of potassium [44].  

Nonsteroidal anti-inflammatory drugs 

Hyperkalemia is one of the many renal complications associated with nonsteroidal anti-
inflammatory drugs (NSAIDs) [45]. Potassium homeostasis is impaired by NSAIDs 
through the inhibition of renal prostaglandin synthesis [46], especially PGE2 and PGI2. 
These prostaglandins stimulate renal synthesis of renin and thereby influence the 
subsequent synthesis of aldosterone [46]. Induction of relative hyporeninemic 
hypoaldosteronism is probably the major mechanism by which NSAIDs reduce renal 
potassium excretion and cause hyperkalemia, which was first seen with indomethacin 
[47]. In vitro modulation of high-conductance potassium channels in distal tubular 
principal cells by PGE2 and PGI2 has also been described [45 and 46]. These 
prostaglandins increase the number of open high-conductance potassium channels and 
facilitate potassium secretion. Thus, NSAIDs may interrupt renal potassium secretion by 
reducing the open state of these potassium channels [45 and 46]. The adverse effects of 
NSAIDs may be accentuated if prerenal azotemia impairs delivery of salt and water to the 
principal cell (Figure) in the distal nephron, further reducing potassium excretion [45 and 
46].  

Up to 46% of hospital patients treated with indomethacin develop an increase in serum 
potassium levels or hyperkalemia [48]. This adverse effect has also been seen with other 
NSAIDs [14, 15, 48 and 49]. The effect of the new selective cycloxygenase-2 inhibitors 
on renal potassium handling is unknown. However, 3 recently reported patients had 
hyperkalemia (8.5 mEq/liter, 5.4 mEq/liter, and 5.1 mEq/liter) after developing acute 
renal failure from these drugs [50]. Preexisting hyporeninemic hypoaldosteronism and 
therapy with potassium-sparing diuretics and ACE inhibitors increase the risk of NSAID-
associated hyperkalemia [14, 45 and 47].  

ACE inhibitors 

ACE inhibitors commonly cause hyperkalemia by inducing a state of hypoaldosteronism 
[14, 51 and 52]. ACE inhibitors also impair renal potassium excretion by reducing the 
effective glomerular filtration rate in patients with volume depletion, renal artery 
stenosis, or chronic renal insufficiency. In these patients, ACE inhibitors blunt the 
postglomerular arteriolar constriction induced by angiotensin-II, leading to a reduction in 
the delivery of sodium and water to the distal nephron, which, in combination with 
hypoaldosteronism, may promote hyperkalemia [14, 51 and 52].  
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ACE inhibitors are responsible for 9% to 38% of cases of hyperkalemia in hospitalized 
patients [8, 11, 14 and 53]. Approximately 10% of outpatients treated with an ACE 
inhibitor develop hyperkalemia (greater than 6.0 mEq/liter) within a year [54]. The risk 
of ACE inhibitor–induced hyperkalemia appears to be proportional to the degree of renal 
insufficiency [8, 11, 14, 51, 52 and 53], but the serum potassium level can increase 
significantly in patients with only modest renal insufficiency [51, 52 and 55]. For 
example, high-dose captopril for 10 days induced an increase in serum potassium level, a 
positive cumulative potassium balance, and a reduction in both plasma and urinary 
aldosterone levels in 22 of 23 patients (96%) with a creatinine clearance greater than 50 
mL per minute [52]. A decrease in aldosterone excretion and an increase in serum 
potassium level (mean increase 0.8 mEq/liter) was seen in 23 of 33 hypertensive patients 
(70%) after 1 week of captopril therapy [51]. All but 3 of these patients had a creatinine 
clearance of 60 mL per minute or more [51], and the peak serum potassium level was not 
predicted by the pretherapy serum creatinine level [51]. In contrast, Memon et al [53] 
noted a significant positive correlation of hyperkalemia with the serum creatinine level 
and negative correlation with creatinine clearance, emphasizing the importance of the 
underlying level of renal function. Reducing the ACE inhibitor dose and initiating a low-
potassium diet may decrease the development of hyperkalemia in some of these patients 
[53 and 55], but as many as one-third of patients will require discontinuation of the 
medication because of ongoing hyperkalemia [53]. Combination of an ACE inhibitor 
with another potassium-altering medication can also precipitate hyperkalemia in patients 
with modest renal impairment [14, 40, 51, 52, 56, 57 and 58]. Hypoaldosteronism and 
depletion of effective plasma volume, such as heart failure and cirrhosis, are also 
important risk factors [14, 51 and 52].  

Angiotensin-ii receptor antagonists 

Angiotensin-II receptor antagonists were recently introduced for the treatment of 
hypertension. Competitive binding of these drugs to the angiotensin-II receptor decreases 
adrenal synthesis of aldosterone. These drugs cause hyperkalemia by inducing a state of 
hypoaldosteronism similar to ACE inhibitors. However, it is not certain whether they 
cause clinically relevant hyperkalemia [59, 60, 61 and 62]. In otherwise healthy patients 
with essential hypertension, an angiotensin-II receptor blocker, losartan (100 mg), and an 
ACE inhibitor, enalapril (20 mg), had similar effects in reducing plasma aldosterone 
levels and 24-hour urinary aldosterone excretion [59]. Potassium homeostasis was not 
evaluated in this study, but the nearly identical effect of both drugs on aldosterone 
production suggests similar impairment of renal potassium excretion. Furthermore, data 
pooled from 16 double-blind clinical trials that compared losartan with ACE inhibitors 
demonstrated no significant difference in the development of hyperkalemia (potassium 
level of 5.5 mEq/liter or greater) between the two types of drugs: hyperkalemia 
developed in 1.5% of losartan-treated patients as compared with 1.3% of ACE inhibitor–
treated patients [60]. The patients studied in these trials were healthy and at low risk to 
develop hyperkalemia.  

There are only a few studies of angiotensin-II receptor blockers in higher risk patients. In 
elderly patients, losartan induced a significant increase in serum potassium levels (greater 
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than 0.5 mEq/liter) in 19% of patients, and hyperkalemia developed in 7% of patients 
[61]. Diabetic nephropathy and a serum creatinine level greater than 1.3 mg/dL were 
predictors of a significant increase in serum potassium level [61]. Bakris et al [62] 
compared the effects of lisinopril (an ACE inhibitor) with those of valsartan (an 
angiotensin-II receptor blocker) on serum potassium level, urinary potassium excretion, 
and plasma aldosterone level. After 4 weeks of therapy with lisinopril, serum potassium 
levels increased (by a mean of 0.2 mEq/liter), and plasma aldosterone levels and urinary 
potassium excretion decreased. In contrast, the valsartan group did not experience a 
change in serum potassium levels, plasma aldosterone levels, or urinary potassium 
excretion [62]. Until more data are available, it is prudent to consider angiotensin-II 
receptor antagonists similar to ACE inhibitors as risk factors for the development of 
hyperkalemia in high-risk patients.  

Trimethoprim and pentamidine 

Patients infected with the human immunodeficiency virus (HIV) develop hyperkalemia 
more frequently than non–HIV-infected subjects. Treatment with trimethoprim and 
pentamidine are probably the major causes of this disturbance in potassium homeostasis. 
These drugs, which are structurally similar to amiloride, competitively inhibit sodium 
transport channels (Figure) in the luminal membranes of the principal cell, which 
indirectly inhibits potassium secretion by reducing the negative luminal charge generated 
by the movement of sodium out of the lumen [63]. A urine pH less than 6.0 increases the 
protonated form of trimethoprim, which binds the sodium channel more avidly, further 
decreasing renal potassium excretion [64].  

The association between hyperkalemia and trimethoprim was first described in a patient 
with Pneumocystis carinii pneumonia treated with a high dose (20 mg/kg daily) of this 
medication [65]. A 50% incidence of mild hyperkalemia (greater than 5.0 mEq/liter) and 
a 10% incidence of severe hyperkalemia (greater than 6.0 mEq/liter) have been reported 
in HIV-infected patients treated with high-dose trimethoprim [63]. Standard-dose (360 
mg daily) trimethoprim therapy in non–HIV-infected patients was associated with a 21% 
incidence of hyperkalemia (greater than 5.5 mEq/liter) [66]. Mild renal insufficiency was 
a significant risk factor for the development of higher serum potassium levels [66]. 
Recently, a prospective study in healthy outpatients treated with trimethoprim (360 
mg/day) demonstrated that 9 of 51 patients (18%) developed a serum potassium level 
greater than 5.0 mEq/liter and that 3 had a serum potassium level greater than 5.5 
mEq/liter [67]. Severe hyperkalemia was associated with older age, diabetes, and higher 
serum creatinine levels.  

In a retrospective study, life-threatening hyperkalemia developed in patients who were 
treated with pentamidine for 6 or more days [68]. Serum potassium levels ranged from 
5.1 to 8.7 mEq/liter during therapy and returned to normal upon discontinuation of 
pentamidine. A retrospective analysis of 32 patients with AIDS being treated with 
pentamidine reported a significant increase in mean serum potassium levels from 4.2 to 
4.7 mEq/liter [69]. In this study, 24% of the patients developed severe hyperkalemia 
(greater than 5.2 mEq/liter), all of whom had renal insufficiency [69].  
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Cyclosporine and tacrolimus (FK506) 

Cyclosporine and tacrolimus are immunosuppressive drugs that can induce hyperkalemia 
in organ transplant recipients, especially in renal transplant patients, who often have an 
underlying disturbance in potassium excretion [14]. Cyclosporine disturbs renal 
potassium excretion through the induction of hypoaldosteronism [70] and may also 
induce a chloride channel shunt that impairs the electrochemical driving force for 
potassium secretion [71]. Cyclosporine and tacrolimus also reduce renal potassium 
excretion through a dose-dependent decrease in the activity of the basolateral Na-K-
ATPase pumps (Figure) in principal cells, a process mediated by calcineurin inhibition 
[72 and 73]. Cyclosporine also inhibits apical secretory potassium channel activity in 
principal cells [74]. Finally, it can cause acute, transient hyperkalemia by increasing 
potassium efflux from cells [75].  

Four of 35 of patients treated with cyclosporine developed hyperkalemia, as compared 
with none of 15 patients treated with azathioprine [70]. Twelve hyperkalemic renal 
transplant recipients treated with cyclosporine had a low urinary fractional excretion of 
potassium that did not respond to fludrocortisone [71]. Yu et al [76] noted higher serum 
potassium levels and lower urinary potassium excretions in 35 renal transplant recipients 
receiving cyclosporine as compared with matched normal controls. In another study, 
hyperkalemia developed in 74% of simultaneous pancreas/kidney transplant recipients 
and 44% of isolated kidney transplant patients treated with cyclosporine [77]. Similarly, 
hyperkalemia was noted in 26 of 49 pediatric heart transplant recipients (53%) who were 
treated with tacrolimus, most of whom had underlying impaired renal function [78]. In 
allogeneic blood stem cell transplant recipients, hyperkalemia (greater than 5.5 
mEq/liter), often associated with renal impairment, occurred in 38% of patients treated 
with tacrolimus and 21% of those treated with cyclosporine [79].  

Heparin 

Hyperkalemia has been described in patients treated with 5,000 units of heparin or more 
twice daily [80]. Low-molecular-weight heparin and heparinoids also impair potassium 
homeostasis [80]. Inhibition of adrenal aldosterone production by heparin underlies the 
reduction in renal potassium excretion and ultimately precipitates hyperkalemia. Heparin 
decreases the number and affinity of angiotensin-II receptors in the adrenal zona 
glomerulosa, reducing the main stimulus for aldosterone synthesis [80]. Heparin also 
directly inhibits the final enzymatic steps of aldosterone formation (18-hydroxylation), 
and prolonged administration in rats promotes atrophy of the zona glomerulosa [80]. 
Additionally, excess anticoagulation with heparin may precipitate adrenal hemorrhage 
and cause adrenal insufficiency [80]. Heparin increases serum potassium levels by 0.2 
mEq/liter to as much as 1.7 mEq/liter among patients treated for 3 or more days [80]. 
Although heparin-associated hyperkalemia has been reported in normal patients, it occurs 
more often in patients (8% to 19%) with preexisting defects in potassium homeostasis 
[80].  

Conclusion 
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Medication-induced hyperkalemia occurs frequently in patients with altered renal 
function. Approximately 800,000 patients in the United States have chronic renal 
insufficiency (serum creatinine level greater than 2.0 mg/dL). Many patients have other 
disorders that impair renal potassium handling, such as diabetes mellitus with 
hyporeninemic hypoaldosteronism, sickle cell nephropathy, lupus nephritis, renal 
transplantation, and obstructive uropathy. Several commonly used drugs candisrupt 
potassium balance in these patients and precipitate frank hyperkalemia. The high rate of 
polypharmacy also contributes to hyperkalemia. In addition, many patients ingest over-
the-counter medications, nutritional supplements, and unknown herbal remedies in an 
unregulated fashion, which can further increase the risk of serious hyperkalemia. 
Clinicians must recognize patients at risk of hyperkalemia and avoid medications or drug 
combinations that may exacerbate the problem. Patients should also be educated to avoid 
nonprescription sources of excess potassium.  
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