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yperkalemia Caused by Penicillin

A 44-year-old man presented to the emergency depart-
ent with right testicular pain, dysuria, and scrotal ul-

ers. His medical history was significant for intravenous
rug abuse, colitis, asthma, and a 16-year history of
oorly controlled diabetes mellitus because of noncom-
liance with oral hypoglycemic agents. On arrival he was
febrile but hypotensive (right arm 70/40 mm Hg, left
rm 87/43 mm Hg). His heart rate was 99 beats/min and
espiratory rate was 22 breaths/min. Oxygen saturation
n room air was 100%, and capillary blood glucose level
as 26 mmol/L.
Sliding-scale insulin and intravenous ciprofloxacin

ere administered pending blood and swab culture re-
ults. Morphine was administered for pain control. Urol-
gy was consulted, and Fournier’s gangrene was diag-
osed. The patient was taken to the operating room (OR)
or incision, drainage, and debridement of necrotic tissue.

icrobiology results from the scrotal ulcers showed 4�
olymorphonuclear cells, 3� red blood cells, and 4�
ram-positive cocci in pairs and chains, determined to be
treptococcus pyogenes. Ciprofloxacin was switched to
ntravenously administered gentamicin 580 mg daily and
mpicillin 1g every 8 hours. On day 5, on the advice of
he infectious disease consultant, ampicillin was replaced
ith penicillin G, 3 million units intravenously adminis-

ered every 4 hours and clindamycin 600 mg every 8
ours, while gentamicin was continued. At this time, the
atient’s white cell count was 13.4 � 109/L (predomi-
antly polymorphonuclear leucocytes) and potassium
evel was 3.1 mmol/L. That same day he was taken to the
R for further debridement and tissue removal. Postop-

rative hypotension caused by excessive bleeding (sys-
olic blood pressure 60-70 mm Hg) was corrected with
ntravenously administered fluids and blood transfusion.
n day 9, he was taken to the OR again because of
ultiple bleeding sites, including an arterial bleed on the

eft side of the scrotum. These were cauterized, and the
ound was packed. The patient required a total of 6 units
f blood, and his potassium level was 3.8 mmol/L 1 day
fter blood transfusions. Skin grafting was done on day
5, and gentamicin was discontinued on day 16.

On the second postoperative day, sliding-scale insulin
as switched to a regimen of Humulin R (Eli Lilly and
ompany, Indianapolis, Ind) 6 units subcutaneously twice
aily and Humulin N (Eli Lilly and Company) 16 units
ubcutaneously twice daily. The following day, he was

febrile with a white cell count of 8.1 � 109/L. The intra- p

002-9343/$ -see front matter © 2008 Elsevier Inc. All rights reserved.
enously administered antibiotics were discontinued, and an
ral regimen of penicillin VK 600 mg 4 times per day for 14
ays was begun. On the morning of day 21 (10 days after
he blood transfusion) the patient’s potassium level in-
reased to 6.0 mmol/L, with the rest of his electrolytes
emaining within the normal range. At this time, the patient
as treated with 30 g of sodium polystyrene (Kayexalate,
anofi-Synthelabo, New York, NY), and Humulin N was

ncreased to 18 units in the morning and 16 units at night.
he surgeon was advised to replace oral penicillin VK with
moxicillin, but this was not done for another 3 days.
hirteen hours later, the patient’s potassium level had de-
reased to 5.2 mmol/L. He was discharged on day 27 when
is potassium level was 4.7 mmol/L.

ISCUSSION
yperkalemia is common in diabetes. Its prevalence has
een estimated to be 15% in diabetic patients.1 Potassium
ltered at the glomerulus is almost completely reabsorbed in

he proximal tubule and ascending limb of loop of Henle
nd is then secreted into the distal convoluted tubule and
ollecting duct. The rate of potassium secretion is deter-
ined by a number of factors, including distal sodium

elivery, aldosterone, and serum potassium. Chronic hyper-
alemia in diabetic patients is most often attributable to
yporeninemic hypoaldosteronism and chronic renal im-
airment caused by diabetic nephropathy. Conditions in-
luding urinary tract obstruction, volume depletion, and
rugs (eg, nonsteroidal anti-inflammatory agents and hepa-
in) can acutely provoke hyperkalemia in susceptible
ndividuals.

The risk of dangerous hyperkalemia in diabetic patients
s particularly high with the concurrent administration of
ngiotensin-converting enzyme inhibitors, angiotensin II re-
eptor blockers, and potassium-sparing diuretics. Hyperka-
emia might be precipitated by an acute event or medication
f the underlying renal insufficiency or hyporeninemic hy-
oaldosteronism is subclinical and not recognized because
f normal serum potassium and creatinine values.

The cause of hyperkalemia in our patient was most likely
he potassium load in penicillin G and penicillin VK; he also
ad an underlying propensity to hyperkalemia because of
iabetes. Penicillin G is usually administered as the potas-
ium salt and sometimes as the sodium salt of 6-phenylac-
tamidopenicillanic acid. Penicillin G contains 0.33 mmol
f sodium and 1.7 mmol of potassium per million units.2

ur patient received 30.6 mmol of potassium per day in

enicillin G and 6.912 mmol of potassium per day in pen-
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cillin V. Rapid intravenous infusion or oral administration
f large amounts of semisynthetic penicillin derivatives is
otentially dangerous in patients with diabetes and renal
nsufficiency. Similarly, the increased sodium load in semi-
ynthetic penicillins may worsen fluid retention in patients
ith congestive heart failure. This is particularly true with

arbenicillin or ticarcillin, each of which contains 5 mmol of
odium per gram.3 Four previous case reports of cardiac
rrest caused by penicillin-induced hyperkalemia in the lit-
rature emphasize the importance of recognizing and avoid-
ng this potentially lethal complication.4-6

ONCLUSIONS
t is important for physicians to be aware of the sodium or
otassium load in penicillin preparations administered and
o monitor patients’ electrolytes closely if large doses of
enicillin are being administered, particularly in patients
ith diabetes, renal insufficiency, or congestive heart
ailure.
A. Thiele, MD
Habib U. Rehman, FRCPI

Regina Qu”Appelle Health Region, Regina, Canada

doi:10.1016/j.amjmed.2008.03.038

eferences
. Jarman PR, Keheley AM, Mather HM. Hyperkalaemia in diabetes:

prevalence and associations. Postgrad Med J. 1995;7:551-552.
. Weaver DF. A “physiologic” penicillin preparation. Can Med Assoc J.

1980;122:754-755.
. Mercer CW, Logic JR. Cardiac arrest due to hyperkalemia following

intravenous penicillin administration. Chest. 1973;64:358-359.
. Anonymous. Cardiac asystole following intravenous administration of

aqueous potassium penicillin. Anesth Analg. 1969;48:55-57.
. Debrand M, Tsueda K. Ventricular tachycardia due to hyperkalemia

induced by potassium penicillin G overdose. Acta Anaesthesiol Belg.
1980;31:35-37.

. Tullett GL. Sudden death occurring during “massive-dose” potassium
penicillin G therapy. An argument implicating potassium intoxication.

Wis Med J. 1970;69:216-217.


	Hyperkalemia Caused by Penicillin
	DISCUSSION
	CONCLUSIONS
	References


