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Introduction

Hyperkalaemia is a potentially life-threatening electro-
lyte abnormality. In normal subjects it is rare because
the homeostatic mechanisms to maintain normokalae-
mia are highly effective. In particular, the capacity of
renal potassium excretion is very high under normal
circumstances [1-4]. Consequently, hyperkalaemia is
practically always associated with impaired urinary
potassium excretion [5], but in patients with acute or
chronic renal failure high potassium intake can
further contribute to the development of hyperkalae-
mia (Table 1).

We describe three cases of iatrogenic hyperkalaemia
secondary to drug therapy. The cases illustrate the
wide spectrum of causes and preconditioning circum-
stances. Based on these cases we discuss the appropriate
clinical management of this problem.

Case report 1

A 7l-year-old man was admitted to our hospital
for evaluation of hyperkalaemia (serum potassium

Table 1. Causes of hyperkalaemia

1. Increased (oral/intravenous) potassium intake

2. Increased potassium release from cells
Pseudohyperkalaemia
Metabolic acidosis
Insulin deficiency, hyperglycaemia and hyperosmolality
B-Adrenergic blockers
Increased tissue catabolism
Severe exercise
Hyperkalaemic periodic paralysis
Drugs: digitalis overdose, succinylcholine, arginine

3. Reduced urinary potassium excretion
Renal failure
Effective circulating volume depletion
Selective impairment of potassium excretion
Hypoaldosteronism
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6.1 mmol/l) and renal impairment (serum creatinine
160 pmol/l, creatinine clearance 60 ml/min). Labor-
atory investigation established the diagnosis of hypo-
reninaemic hypoaldosteronism secondary to chronic
interstitial nephritis of unknown origin. A low-
potassium diet plus small doses of frusemide were
introduced and the patient was discharged. A few days
later he developed a urinary tract infection due to E
coli and co-trimoxazole in conventional doses (1600 mg
of sulphamethoxazole + 320 mg of trimethoprim) was
administered. Five days later the patient was referred
to our hospital with profound muscle weakness,
nausea, and constipation. Laboratory investigation on
the patient’s admission showed severe hyperkalaemia
(serum potassium 7.8 mmol/l) with ECG changes
(peaked narrow T waves and a shortened QT interval).
Hyperkalaemia was accompanied by low potas-
sium excretion (urine potassium 19 mmol/l, FEx . 9%,
TTKG 2.4). Additionally, a normal anion gap hyper-
chloraemic metabolic acidosis with an arterial pH of
7.29, a pCO, of 32 mmHg, a serum chloride level of
112 mmol/1, a serum bicarbonate of 15 mmol/l, a urine
anion gap of 23 mmol/l, and a urine pH of 5.1 was
found. There was also evidence of a low urea excretion
(FEea 7.2%) in the face of the serum urea levels
(6.6 mmol/1). Co-trimoxazole was discontinued and
hyperkalaemia was appropriately treated. Serum
potassium levels were then stabilized at 5.5-6 mmol/Il.

Case report 2

A 73-year-old woman with a history of hypertension,
non-insulin-dependent diabetes mellitus and hyperlipi-
daemia was admitted because of malaise, diffuse muscle
pain and marked weakness. She had been given quinap-
ril, amlodipine, gliclazide, and long-acting bezafibrate.
On physical examination all muscle groups were
extremely tender and she could not raise her limbs.
Laboratory investigation on patient’s admission were
as follows: haematocrit 34%, white blood cell count
8000/ul, platelet count 200 000/ul, serum glucose
19.9 mmol/l, creatinine 186 pmol/l, urea 42.5 mmol/l,
potassium 6.5 mmol/l, uric acid 512 pumol/l, sodium
140 mmol/l, chloride 100 mmol/l, SGOT 860 IU
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(normal values 5-40 IU/l), SGPT 335 IU/I (normal
values 5-40 IU/1), CK 22 000 IU/l (normal values
40-190 1U/1), LDH 4280 IU (normal values 225-450
IU/1), and aldolase 730 IU (normal values 0-8 1U/1).
Arterial blood gases showed pH 7.31, pCO,
34.5 mmHg, and bicarbonate 16 mmol/l. The serum
anion gap was 24 mmol/l. The patient’s urine was
brown, cloudy, and strongly positive for blood. The
urinalysis contained scarce granular casts, 14-20 white
cells and 15-20 red cells per high-power field. Fibrate
was discontinued, hyperkalaemia was properly treated,
and vigorous intravenous fluid therapy to correct the
hypovolaemia was administered. Treatment was fol-
lowed by a progressive decrease in serum creatinine,
potassium and muscle enzymes towards mnormal
values. On the patient’s discharge 10 days later,
muscle enzymes were normal, serum potassium was
4.5 mmol/l, serum creatinine 132 pmol/l, and creatinine
clearance was 60 ml/min.

Case report 3

A 74-year-old patient was referred to our hospital with
acute weakness, fatigue, flatulence and vomiting. He
was hypertensive and was receiving quinapril 20 mg
once daily and a combination of frusemide plus amilor-
ide (40 mg+ 5 mg) once daily. A mild impairment in
renal function had been diagnosed (serum creatinine
160 pmol/1) 3 years before, as well as osteoporosis for
which he was administered vitamin D and calcium.
Laboratory investigation on patient’s admission
revealed urea 71.4 mmol/l, creatinine 336 pumol/l,
glucose 9.2 mmol/l, sodium 130 mmol/l, potassium

8.2 mmol/I, calcium 2.7 mmol/l, phosphorus
1.94 mmol/l, magnesium 0.9 mmol/l, chloride
106 mmol/l, bicarbonate 12 mmol/l, anion gap
12 mmol/l, arterial pH 7.30, and pCO, 25 mmHg.

Creatinine clearance was 20 ml/min. Urinalysis showed
that the urine sediment contained 18-20 red cells and
5-6 white cells per high-power field. Urine pH was
5.5. There were ECG changes suggestive of hyperkalae-
mia (peaked narrow T waves and a shortened QT
interval). Both kidneys were of small size with
increased echogenicity by ultrasonic examination.
Antihypertensive drugs were discontinued. Two
haemodialysis sessions were carried out and the
hyperkalaemia was corrected. A progressive clinical
and laboratory improvement was achieved and he
was discharged 5 days later when laboratory evalua-
tion revealed urea 24 mmol/l, creatinine 168 pmol/l,
potassium 4.8 mmol/l, sodium 146 mmol/l, calcium
2.37 mmol/l, and arterial pH 7.35. A calcium-channel
blocker was then given for blood pressure control.

Discussion

These cases illustrate the wide spectrum of causes and
clinical manifestations of drug-induced hyperkalaemia.
The incidence of this electrolyte abnormality has been
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increasing in recent years. In practically all patients
with sustained elevation of serum potassium concentra-
tion predisposing conditions can be found, which inter-
fere with potassium homeostasis and especially with
renal potassium excretion. Examples include renal
insufficiency (even of mild degree) or hypoaldosteron-
ism (Table 2) and this is also illustrated by our patients
[6-8]. It is of interest that typically the patients were
elderly: In elderly subjects age-specific changes of renal
function increase the risk of hyperkalaemia, particu-
larly when other potassium-regulatory systems have
been compromised [7,9-12].

The first case illustrates that conventional doses of
trimethoprim may cause hyperkalaemia when addi-
tional predisposing conditions are present, i.e. in this
case advanced age with hyporeninaemic hypoaldos-
teronism [13-16]. Trimethoprim inhibits amiloride-
sensitive sodium channels in the distal nephron and
dose-dependently reduces the transepithelial voltage
which facilitates potassium secretion [17,18]. It has
been reported that even low doses of trimethoprim can
significantly decrease net transepithelial sodium trans-
port and thus lower potassium excretion [18]. In so-
called renal tubular acidosis type IV, associated with
hyporeninaemic hypoaldosteronism and hyperkalae-
mia, tubular pH is typically low. This increases the
concentration of the charged protonated species of
trimethoprim, which blocks epithelial sodium channels
most effectively. Thus, the antikaliuretic effect of trime-
thoprim is further increased [19]. Finally, nausea, as
in our patient, reduces protein intake; low urea excre-
tion (as documented by a low FE.,) could have led
to a low flow rate and delivery of tubular fluid to the
cortical collecting duct. This may have further contrib-
uted to a lower rate of potassium excretion in our
patient and may have further exacerbated the impact
of trimethoprim-mediated blockage of sodium channels

Table 2. Causes of hypoaldosteronism

Associated with decreased activity of the renin—angiotensin system

and low aldosterone levels

Hyporeninaemic hypoaldosteronism (diabetes mellitus most
common)

Non-steroidal anti-inflammatory drugs (with possible exception
of sulindac)

Angiotensin converting enzyme inhibitors

Cyclosporin

Acquired immunodeficiency syndrome

Reduced adrenal synthesis
(a) low cortisol levels: primary adrenal insufficiency, congenital
adrenal hyperplasia
(primarily 21-hydroxylate deficiency)
(b) normal cortisol levels: heparin, post-removal of
adrenal adenoma, isolated
hypoaldosteronism (in cases of severe illness)

Aldosterone resistance with normal or increased
aldosterone levels
Potassium-sparing diuretics
Trimethoprim
Cyclosporin
Pseudohypoaldosteronism (hereditary or acquired resistance to
aldosterone)
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Table 3. Drug-induced rhabdomyolysis

Antibiotics . isoniazid, co-trimoxazole

Antifungal drugs : amphotericin B

Antiparasitic drugs : pentamidine

Analgesics : opiates

Antidepressants : tricyclic antidepressants, MAO
inhibitors

Antiepileptics . valproic acid

Psychiatric drugs : phenothiazines, butyrophenones

Antihistamines

Sedative—hypnotic drugs
Hypolipidaemic drugs
Hormones

Vitamins

Drug causing hypokalaemia
Asthma preparations
Antifibrinolytic drugs
Fibrinolytic drugs

Other drugs

: benzodiazepines, barbiturates

. fibrates, statins

: vasopressin

: retinoids

. diuretics, emetin, laxatives

: theophylline, terbutaline

: E-aminocaproic acid

. streptokinase

. alcohol, amphetamines, cocaine,
caffeine, colchicine, LSD, simeti-
dine

on potassium excretion [20]. As to the management of
such patients, it should be mentioned, that the antikali-
uretic effects of trimethoprim are minimized by raising
urine pH [19], as well as by manoeuvres that increase
distal delivery of sodium, e.g. administration of
frusemide and of saline [21].

Drug-induced hyperkalaemia can also be caused by
drug-induced rhabdomyolysis, as illustrated by the
second patient. Table 3 summarizes that, especially in
the elderly patient [22,23], a number of drugs, alone
or in combination, can cause muscle damage, deteriora-
tion of renal function, and hyperkalaemia. Under
normal circumstances, the renal tubular cell will
respond to an increase in serum potassium concentra-
tion by augmenting potassium secretion. If tissue
destruction is intense, the ability of the kidney to
excrete the potassium may be overwhelmed, so that
hyperkalaemia ensues [24,25]. The risk is further
aggravated, if rhabdomyolysis-induced renal failure
occurs. In this circumstance, hyperkalaemia may
became life threatening. In our case, administration of
ACE inhibitors and the resulting relative hypoaldos-
teronism, may have also interfered with potassium
excretion [26,27], illustrating that not infrequently
several predisposing factors can be found in such
complex situations. Hypolipidaemic drugs, e.g. fibrates
and statins, may cause myolysis [28-30], specifically
when long-acting bezafibrate preparations are adminis-
tered to elderly patients with reduced renal function
without appropriate modification of the dose of the
drug [24,29,31,32]. Our case illustrates the necessity,
particularly in the elderly patient, of adjusting the dose
to the renal function and to monitor CK levels as the
first sign of impending muscle damage [24].

The third case illustrates that simultaneous adminis-
tration of drugs with known hyperkalaemic potential
may cause a dangerous increase in serum potassium
concentration, again particularly in elderly patients
with even minor reduction in renal function [6-8].
ACE inhibitors reduce conversion of angiotensin I to
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angiotensin II in the circulation and perhaps also in
the adrenal zona glomerulosa [33], and decrease both
angiotensin II and potassium-mediated aldosterone
release [33,34]. In patients with normal renal function,
serum potassium rarely increases by more than
0.5 mmol/l [35]. In patients with diminished renal
function, as in our patient, the rise in potassium
concentration may be more marked, since the incre-
ment is inversely related to GFR [26], particularly
in patients with hyporeninaemic hypoaldosteronism
(e.g. in diabetic nephropathy), in patients on beta-
adrenergic blockers or in patients with potassium-
sparing diuretics, as in our case [6,26,27,36-38]. The
combination of potassium-sparing diuretics and ACE
inhibitors should be avoided and the effects of potas-
sium supplements on serum potassium concentrations
must be closely monitored in elderly patients on ACE
inhibitors [8,10,12,26,27].

Table 4 summarizes the great number of drugs with
reports on drug-induced hyperkalaemia.

Beta-adrenergic antagonists may cause hyper-
kalaemia following a potassium load, severe exercise,
or in the presence of hypoaldosteronism or renal failure
[39-42]. They alter transcellular partitioning of potas-
sium and reduce the activity of the renin—aldosterone
system [5,39]. Central adrenergic inhibitors, e.g. cloni-
dine, or beta-1-selective blockers, e.g. atenolol, inter-
fere less with potassium homeostasis [43—-45]. Non-
steroidal anti-inflammatory drugs lower plasma renin.
As a consequence, plasma potassium concentration
rises moderately, by approximately 0.2 mmol/I in sub-
jects with normal renal function, but may rise by more
than 1 mmol/l when renal function is impaired or when
potassium homeostasis is strained, e.g. administration
of potassium-sparing diuretics or non-cardioselective
beta blockers [46—48]. Prolonged heparin administra-
tion may cause hyperkalaemia via inhibition of adrenal
18-hydroxylase [49-53]; the risk of hyperkalaemia is
exacerbated by administration of ACE inhibitors or
presence of long-standing diabetes mellitus [49,52-55].
An interesting condition, recently reported, is selective

Table 4. Mechanisms of drug-induced hyperkalaemia

1. Increased potassium release from cells
B-Adrenergic blockers
a-Adrenergic agonists
Insulin antagonists (somatostatin, diazoxide)
Arginine hydrochloride
Succinylcholine
Digitalis

2. Decreased activity of the renin—angiotensin axis
Angiotensin converting enzyme inhibitors
B-Adrenergic blockers
Non-steroidal anti-inflammatory drugs
Heparin

3. Inhibition of potassium secretion
Spironolactone
Amiloride
Trimethoprim
Triamterene
Pentamidine
Cyclosporin A
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hypoaldosteronism in critically hypoxic patients which
predisposes to heparin-induced hyperkalaemia [12,56].
Hyperkalaemia may also occur with low-molecular-
weight heparin preparations [57,58]. Severe hyperkala-
emia has been reported after prolonged use of pentami-
dine to treat HIV-associated Preumocystis carinii. Like
trimethoprim, pentamidine acts in the cortical col-
lecting tubule to decrease the electrochemical driving
force for potassium and hydrogen secretion [59].
Patients with HIV or AIDS who receive pentamidine
or high doses of trimethoprim are at particular risk of
hyperkalaemia [12,17,59]. This risk is further aggrav-
ated by the frequent occurence of adrenalitis,
presumably of infectious origin, e.g. cytomegalovirus
or mycoplasma avium intracellulare [60].

Cyclosporin A may cause hyperkalaemia by inhibit-
ing Na*-K *-ATPase activity, leading to diminished
potassium accumulation and transepithelial potential
in potassium-secreting tubular cells, thus diminishing
the driving force for potassium secretion [61]. A role
of vasoconstriction and reduced GFR on the one hand
and mineralocorticoid resistance on the other has also
been postulated [12,62].

Digitalis dose dependently inhibits Na*-K*-
ATPase. Toxic doses, e.g. ingested in a suicide attempt,
may cause hyperkalaemia [63-66].

It is obvious from the above that the physician in
charge of a patient with hyperkalaemia has to assess
renal function and drug history of the patient carefully.

References

1. Brown RS. Extrarenal potassium homeostasis. Kidney Int 1986;
30: 116-127

2. Stanton BA. Renal potassium transport: Morphological and
functional adaptations. Am J Physiol 1989; 257: R989-R997

3. Wright FS. Renal potassium handling. Semin Nephrol 1987,
7: 174-184

4. Rabelink TJ, Koomans HA, Hene’ RJ, Dorhout Mees EJ. Early
and late adjustment to potassium loading in humans. Kidney Int
1990; 38: 942-947

5. Rose BD. Hyperkalemia In: Rose BD, ed. Clinical Physiology
of Acid-Base and Electrolyte Disorders. 4th edn. McGraw Hill,
New York, 1994; 823-862

6. Ponce SP, Jennings AE, Madias NE, Harrington JT. Drug-
induced hyperkalemia. Medicine 1985; 64: 357-370

7. DeVita MV, Han H, Chan R, Zabetakis PM, Gleim GW,
Michelis MF. Drug use and the elderly in relation to changing
etiologies of hyperkalemia. Geriatr Nephrol Urol 1991; 1: 41-45

8. Rimmer JM, Horm JF, Gennari FJ. Hyperkalemia as a com-
plication of drug therapy. Arch Intern Med 1987; 147: 867-869

9. Michelis MF. Hyperkalemia in the elderly. Am J Kidney Dis
1990; 16; 296-299

10. Hegstad R, Brown RD, Jiang N-S et al. Aging and aldosterone.
Am J Med 1983; 74: 442448

11. Mulkerrin E, Epstein FH, Clark BA. Aldosterone responses to
hyperkalemia in healthy elderly humans. J Am Soc Nephrol
1995; 6: 1459-1462

12. DuBose TD. Hyperkalemic hyperchloremic metabolic acidosis:
pathophysiologic insights. Kidney Int 1997; 51: 591-602

13. Alappan R, Perazella MA, Buller GK. Hyperkalemia in hospital-
ized patients treated with trimethoprim-sulfamethoxazole. Ann
Intern Med 1996; 124: 316-320

14. Elisaf M, Terrovitou Ch, Tomos P, Siamopoulos KC. Severe
hyperkalaemia after co-trimoxazole administration in a
patient with hyporeninaemic hypoaldosteronism. Nephrol Dial
Transplant 1997; 12: 1254-1255

2405

15. DeFronzo RA. Hyperkalemia and hyporeninemic hypo-
aldosteronism. Kidney Int 1980; 17: 118-134

16. Williams GH. Hyporeninemic hypoaldosteronism. N Engl J
Med 1986; 314; 1041-1042

17. Choi MJ, Fernandez PC, Patnaik A ef al. Trimethoprim-induced
hyperkalemia in a patient with AIDS. N Engl J Med 1993;
328: 703-706

18. Velazquez H, Perazella MA, Wright FS, Ellison DH. Renal
mechanism of trimethoprim-induced hyperkalemia. Ann Intern
Med 1993; 119: 296-301

19. Schreiber M, Schlanger LE, Chen C-B er al. Antikaliuretic
action of trimethoprim is minimized by raising urine pH. Kidney
Int 1996; 49: 82-87

20. Schreiber M, Halperin ML. Urea excretion rate as a contributor
to trimethoprim-induced hyperkalemia. Ann Intern Med 1994;
120: 166-167

21. Reiser IW, Chou S-Y, Brown MI, Porush JG. Reversal of
trimethoprim-induced antikaliuresis. Kidney Int 1996; 50:
2063-2069

22. Zager RA. Rhabdomyolysis and myohemoglobinuric acute renal
failure. Kidney Int 1996; 49: 314-326

23. Prendergast BD, George CF. Drug-induced rhabdomyolysis
mechanisms and management. Postgrad Med J 1993; 69: 333-336

24. Terrovitou CT, Milionis HJ, Elisaf MS. Acute rhabdomyolysis
after bezafibrate re-exposure. Nephron (in press)

25. Demedts W, Desager Z, Belpaire F, Rinqoir S, Lameire N. Life
threatening hyperkalemia associated with clofibrate-induced
myopathy in a CAPD patient. Perit Dial Bull 1983; 3: 15-16

26. Textror SC, Bravo EL, Fouad FM, Tarazi RC. Hyperkalemia
in azotemic patients during angiotensin-converting enzyme
inhibition and aldosterone reduction with captopril. Am J Med
1982; 73:719-725

27. Doman K, Perlmutter JA, Muhammedi M et al. Life-threatening
hyperkalemia associated with captopril administration. South
Med J 1993; 86: 12691272

28. Gorriz JL, Garcia-Ramos JL, Pallardo LM. Rhabdomyolysis
and acute renal failure associated with bezafibrate treatment.
Nephrol Dial Transplant 1995; 10: 2371-2372

29. Chan MK. Sustained-release bezafibrate corrects lipid abnormal-
ities in patients on continuous ambulatory peritoneal dialysis.
Nephron 1990; 56: 56-61

30. Van Puijenbroek EP, DuBuf-Vereijken PWG, Spooren PFMJ,
Van Doormaal JJ. Possible increased risk of rhabdomyolysis
during concomitant use of simvastatin and gemfibrozil. J Intern
Med 1996; 240: 403-404

31. Panuccio V, Enia G, Parlongo S, Cutrupi S, Zoccali C. Severe
rhabdomyolysis induced by a retard formulation of bezafibrate
in a CAPD patient. Nephron 1996; 73: 736

32. Bedani PL, Perini L, Gilli P. Acute rhabdomyolysis and hemo-
globin reduction after bezafibrate overdose in hyperlipidemic
patients on hemodialysis. Nephron 1994; 68: 512-513

33. Gupta P, Franco-Saenz R, Mulrow PJ. Locally generated angio-
tensin II in the adrenal gland regulates basal, corticotropin, and
potassium stimulated aldosterone secretion. Hypertension 1995;
25: 443-448

34. PrattJ. Role of angiotensin II in potassium mediated aldosterone
secretion in the dog. J Clin Invest 1982; 70: 667-672

35. Veterans Administration Cooperative Study Group on
Antihypertensive Agents. Low-dose captopril for the treatment
of mild to moderate hypertension. I. Results of a 14-week trial.
Arch Intern Med 1984; 144: 1947-1953

36. Grossman A, Eckland D, Price P et al. Captopril: reversible
renal failure with severe hyperkalemia. Lancet 1980; 1: 712

37. Packer M, Lee WH. Provocation of hyper- and hypokalemic
sudden death during treatment with and withdrawal of con-
verting enzyme inhibition in severe chronic congestive heart
failure. Am J Cardiol 1986; 57: 347-370

38. Burnakis TG, Mioduch HJ. Combined therapy with captopril
and potassium supplementation. Arch Intern Med 1984; 144:
2371-2372

39. Sterns RH, Spital A. Disorders of internal potassium balance.
Semin Nephrol 1987; 7: 206-222

40. Bauer JH. Effects of propranolol therapy on renal function and
body fluid composition. Arch Intern Med 1983; 14: 927-931



2406

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

Lim M, Linton RAF, Wolff CB, Band DM. Propranolol,
exercise, and arterial plasma potassium. Lancer 1981; 12: 591
Bethune DW, McKay R. Paradoxical changes in serum-
potassium during cardiopulmonary bypass in association with
non-cardioselective beta blockade. Lancet 1978; 12: 380-381
Lowenthal DT, Affrime MB, Rosenthal L, Gould AB, Borruso
J, Falkner B. Dynamic and biochemical responses to single and
repeated doses of clonidine during dynamic physical activity.
Clin Pharmacol Ther 1982; 32: 18-24

Rosenthal LS, Lowenthal DT, Affrime MB, Falkner B, Gould
AB. The renin-aldosterone-potassium response to methyldopa
during dynamic physical activity. Clin Pharmacol Ther 1982;
31: 264-265

Castellino P, Bia MJ, DeFronzo RA. Adrenergic modulation of
potassium metabolism in uremia. Kidney Int 1990; 37: 773-798
Tan SY, Shapiro R, Franco R et al. Indomethacin induced
prostaglandin inhibition with hyperkalemia; A reversible cause
of hyporeninemic hypoaldosteronism. Ann Intern Med 1979,
90: 783-785

Garella S, Matarese RA. Renal effects of prostaglandins and
clinical adverse effects of non-steroidal anti-inflammatory agents.
Medicine 1984; 63:165-181

Zimran A, Kramer M, Plaskin M, Hershko C. Incidence of
hyperkalaemia induced by indomethacin in a hospital popula-
tion. Lancer 1985; 291: 107-108

Phelps KR, Oh MS, Carroll HJ. Heparin-induced hyperkalemia.
Report of a case. Nephron 1980; 25: 254

Sherman RA, Ruddy MC. Suppression of aldosterone produc-
tion by low-dose heparin. 4m J Nephrol 1986; 6: 165

O’Kelly R, Magee F, McKenna TF. Routine heparin therapy
inhibits adrenal aldosterone production. J Clin Endocrinol Metab
1983; 56: 108-112

Edes TE, Sunderrajan EV. Heparin-induced hyperkalemia. Arch
Intern Med 1985; 145: 1070-1072

Oster JR, Singer I, Fishman LM. Heparin-induced aldosterone
suppresion and hyperkalemia. Am J Med 1995; 98: 575-586

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

66.

K. C. Siamopoulos et al.

Gonzalez-Martin G, Diaz-Molinas MS, Martinez AM et al.
Heparin-induced hyperkalemia: a prospective study. Int J Clin
Pharmacol Ther Toxicol 1991; 29: 446450

Durand D, Ader J-L, Rey J-P et al. Inducing hyperkalemia by
converting enzyme inhibitors and heparin. Kidney Int 1988;
34[Suppl 25]: S196-S197

Antonipillai I, Wang Y, Horton R. Tumor necrosis factor and
interleukin-1 may regulate renin secretion. Endocrinology 1990;
126: 273-278

Canova CR, Fischler MP, Reinhart WH. Effect of low-
molecular-weight heparin on serum potassium. Lancet 1997,
349: 1447-1448

Wiggam MI, Beringer TRO. Effect of low-molecular-weight
heparin on serum concentrations of potassium. Lancet 1997,
350: 292-293

Kleyman TR, Robers C, Ling BN. A mechanism for pentamid-
ine-induced hyperkalemia: inhibition of distal nephron sodium
transport. Ann Intern Med 1995; 122: 103—106

Kalin M, Poretsky L, Seres DJ, Zumoff B. Hypereninemic
hypoaldosteronism associated with AIDS. Am J Med 1987; 82:
1035-1038

Kamel KS, Ethier JH, Quaggin S et al. Studies to determine the
basis for hyperkalemia in recipients of a renal transplant who
are treated with cyclosporine. J Am Soc Nephrol 1991; 2:
1279-1284

Bantle JP, Nath KA, Sutherland ER, Najarian JS, Ferris TF.
Effects of cyclosporine on the renin-angiotensin-aldosterone
system and potassium excretion in renal transplant recipients.
Arch Intern Med 1985; 145: 505-508

Smith TW. Digitalis: Mechanisms of action and clinical use. N
Engl J Med 1988; 318: 358-365

Lown B, Black A, Moore FD. Digitalis, electrolytes and the
surgical patient. Am J Cardiol 1960; 6: 309-311

Asplund J, Edhag O, Mogensen L et al. Four cases of massive
digitalis poisoning. Acta Med Scand 1971; 189: 293-297

Reza MJ, Kovick RB, Shine KI, Pearce ML. Massive intra-
venous digoxin overdosage. N Engl J Med 1974; 291: 777-778



