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We describe a hypertensive nephrosclerosis patient presenting with severe
hyperkalemia due to a combination therapy of the angiotensin receptor blocker (ARB)
candesartan and spironolactone despite mildly decreased renal function. Recently,
ARBs are replacing the ACE inhibitors. The combined therapy with ARB and
spironolactone will eventually become the standard regimen. The strict attention and
close monitoring of serum potassium should be mandatory in combination therapy to
prevent hyperkalemia. Assessment of trans-tubular potassium gradient (TTKG) and
fractional excretion of potassium (FEK) before starting the therapy would help in
identifying the patients at higher risk of developing hyperkalemia. Co-administration
of thiazide or loop diuretics is recommended to reduce the risk of hyperkalemia.

Evidences have been accumulating that promote the combination therapy of angiotensin
converting enzyme (ACE) inhibitor with spironolactone as the standard regimen for the
treatment of patients with heart failure and perhaps for those with essential hypertension [1].
Several reports showed spironolactone is effective for reducing proteinuria [2,3] and
preventing tublointerstitional fibrosis [4]. As angiotensin receptor blockers (ARB) replace
ACE inhibitors, the combined therapy of ARBs and spironolactone will eventually become
the standard regimen for renal disease. However, there have been several reports that caution
that simultaneous administration of ACE inhibitors and spironolactone may cause a higher
risk of development of hyperkalemia [5]. As yet no cases of life-threatening hyperkalemia
with the combined therapy of ARB and spironolactone despite mildly decreased renal
function have been reported. We describe a nephrosclerosis patient presenting with severe
generalized muscle weakness and electrocardiographic evidence of severe hyperkalemia in
association with a combination therapy of the ARB candesartan and spironolactone despite
mildly decreased renal function.

CLINICAL CASE

A 57-year-old woman was admitted from November 26, 2001 through December 20,
2001 because of hypertension and proteinuria. The hypertension had been noted 10 years
before. On admission, her blood pressure was 210/102mmHg. Her pulse rate was 60
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beats/min and regular. Her electrocardiogram (ECG) was normal. Her renal function was
mildly decreased with serum creatinine of 1.0mg/dl and 24-hour creatinine clearance of
72ml/min. Serum potassium was 4.2mEg/l, plasma renin activity (PRA) 2.6ng/ml/h (normal
0.5-2.5) and plasma aldosterone 20.5ng/dl (normal 3-16). A renal biopsy revealed tubular
atrophy, mild mesangial cellular proliferation, interstitial fibrosis with leukocytes infiltration
and an atherosclerotic arcuate artery. (Figure 1A,B) These symptoms were compatible with a
diagnosis of benign nephrosclerosis. She was discharged with a regimen of amlodipine
besilate 5mg once daily, an angiotensin receptor blocker (ARB) candesartan cilexetil 8mg
once daily, spironolactone 25mg once daily, metoprolol tartate 40mg three times daily, and
doxazosin mesilate 1mg once daily. Spironolactone was prescribed to prevent a progression
of the interstitial fibrosis and a decrement of proteinuria. Two months after the prescription,
serum potassium was 4.3meq/I.

On April 24, 2002, she was admitted with severe generalized muscle weakness and
general fatigue. She was disoriented in place and time, apyrexial and bradycardiac (heart
rate : 26 beats/min) with cold extremities. An ECG showed absent P waves, wide QRS and
tall peaked symmetrical T waves in leads Il, Ill, aVF, V4-V6. (Figure 2A) Her blood
pressure was 138/76mmHg. In blood chemistry, blood urea nitrogen was 30mg/dl, creatinine
1.8mg/dl, sodium 136mEq/l, potassium 9.4mEq/l, chloride 107mEg/l, blood glucose
110mg/dl, albumin 3.9g/dl and phosphorus 3.2mEg/l. A complete blood count revealed
leukocytosis (10,200/mm?®), hematocrit 41.1% and C-reactive protein 0.27mg/dl. Plasma
aminotransferase, lactic dehydrogenase, creatine kinase and troponin | levels were all within
normal limits. A rapid arterial blood gas analysis showed plasma pH 7.38, pCO2 36.2mmHg,
pO2 93.0mmHg, and bicarbonate 21.0mEq/I, with an anion gap of 8mEq/l. (Table 1)

A temporary pacemaker was immediately installed and a nine-hour hemodialysis therapy
followed, which reduced serum potassium level to 3.9mEq/l. After the hemodialysis, the
muscle weakness and ECG abnormalities vanished completely and serum potassium level
was not elevated. (Figure 2B, 3) After all the medications were washed out for 2 weeks,
pertinent tests to assess the patient’s renal potassium handling were performed. An arterial
blood gas analysis showed plasma pH 7.36, pCO2 36.5mmHg, pO2 88.7mmHg, bicarbonate
24.1mEqg/l. PRA was 1.2ng/ml/Hr, and plasma aldosterone was 7.7pg/ml. Serum sodium was
140mEq/l, potassium 4.3mEg/l, chloride 108mEq/l, blood urea nitrogen 17mg/dl, creatinine
1.1mg/dl, creatinine clearance 57ml/min. Trans-tubular potassium gradient (TTKG):[(urine
K) x (plasma osmolality)]/[(plasma K) x (urine osmolality)] was 4.2 (normal 6.68+0.55 [6]
or >10 in hyperkalemia [7]) and fractional excretion of potassium (FEK):100 x [(urine K) X
(plasma creatinine)]/[(plasma K) x (urine creatinine)] was 6.8% (normal 10-20% [8]). The
patient didn’t take any medications which could potentially induce hyperkalemia, e.g.
non-steroidal antiinflamamatory drugs (NSAIDs).

Besides refractory hypertension, the patient had an uneventful recovery and was
discharged after 50 days. She has been receiving amlodipine besilate 5mg once daily,
candesartan cilexetil 8mg once daily, azosemide 30mg once daily and doxazocin melate 1mg
once daily to date without a recurrence of hyperkalemia.
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Figure 1A, B Light microscopy slides show mild mesanglal ceIIuIar prollferatlon |nterst|t|al fIbI’OSIS
with leukocytes infiltration and an atherosclerotic arcuate artery.
A: Masson-trichrome stain. X200 B: Hematoxylin and eosin (HE). X200
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Figure 2A, B Electrocardiograms before and after hemodialysis.
a: Before hemodialysis  b: After hemodialysis
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Table 1. Laboratory data on admission

Hematology Arterial blood gas
White blood cells 10,200 /mm® pH 7.38
Red blood cells 418X 10* /mm?® pO; 93.0 mmHg
Hemoglobin 13.6 g/dl pCoO, 36.2 mmHg
Hematocrit 41.1% HCO5~ 21.0 mEg/I
Platelets 21.4x10* Jmm?® Base excess —3.1 mEg/l
Blood chemistry Anion gap 8 mEq/I
AST 391U/ Urinalysis
ALT 341U/ Protein G
LDH 225 1U/ Sugar )
ALP 911U/l Occult blood (%)
y-GTP 331U/ RBC 1-3/HPF
Total bilirubin 0.9 mg/di WBC 0—1/HPF
Total cholesterol 142 mg/dI
Triglyceride 116 mg/dI
Total protein 6.8 g/dI
Albumin 3.9 g/dl
Blood urea nitrogen 30 mg/dl
Creatinine 1.8 mg/dl
Sodium 136 mEqg/I
Potassium 9.4 meqg/I
Chloride 107 mEqg/I
Calcium 10.1 mg/dl
Phosphate 3.2 mg/di
CRP 0.27 mg/dl
Glucose 104 mg/d|
AST : aspartate aminotransferase ALT : alanine aminotransferase ~ LDH : lactate dehydrogenase
ALP : alkaline phosphatase y-GTP : y-glutamyl transferase CRP : C-reactive protein

HPF : high-power field

DISCUSSION

Patients presenting with hyperkalemia without oliguria or advanced renal failure are
often diagnosed as having hyporeninemic hypoaldosteronism (renal tubular acidosis type 1V).
Our case had only mild renal dysfunction (24-h creatinine clearance 72ml/min). Because
there was no metabolic acidosis on repeated arterial gas analyses, and plasma renin activity
and plasma aldosterone levels were normal, we thought there was little possibility that she
had renal tubular acidosis type 1V. Trans-tubular potassium gradient (TTKG), the driving
force for net potassium secretion, reflects mainly the bioactivity of aldosterone with regard to
the kaliuretic response [7]. It has been reported that drug-induced hyperkalemia patients have
lower TTKG values than those observed in patients with normal or mild-to-moderate renal
failure [6]. In the present case, the TTKG and FEK were below normal, which indicated that
her renal potassium handling was impaired. The impaired renal potassium handling might be
attributed to the interstitial fibrosis revealed by a renal biopsy. A combined therapy of
spironolactone and an ARB candesartan should have augmented the potassium retention and
culminated in life threatening hyperkalemia (9.4mEg/l).

Hyperkalemia is a known complication of the use of ACE inhibitors. The incidence of
hyperkalemia appears to be relatively low in patients with normal renal function (0-6%), but
becomes increasingly common in those with renal insufficiency (5-50%). Development of
life-threatening hyperkalemia during the use of ACE inhibitors, although relatively rare, has
been reported. Additional factors reported to increase the risk of hyperkalemia during the use
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of ACE inhibitors have included advanced age, congestive heart failure, and the use of
potassium-sparing diuretic agents, potassium supplements, and NSAIDs. Long-acting ACE
inhibitors are associated with an increased risk. On the other hand, the use of thiazide and
loop diuretics were each associated with a reduced risk of hyperkalemia [9]. Indeed
hyperkalemia has not recurred in our patient since she has been prescribed candesartan and a
loop diuretic, azosemide.

It has been reported that, in the presence of renal insufficiency, an ARB valsartan did not
raise serum potassium to the same degree as the ACE inhibitor lisinopril [10]. This
difference in effect on serum potassium was related to a relatively smaller reduction in
plasma aldosterone by valsartan and was not related to changes in glomerular filtration rate.
Another study has shown no statistical differences in renal potassium handling between
candesartan and lisinopril in patients with diabetes mellitus and preserved renal function [11].
Taken together, it can be deduced that ARBs that share many pharmacological properties
with ACE inhibitors have a similar, if smaller, potential to induce hyperkalemia.
Spironolactone, an aldosterone antagonist, also has a strong potential to induce hyperkalemia,
especially in patients with renal impairment [12].

Clinical trials, especially ‘“The Randomized Aldactone Evaluation Study (RALES)’ [1],
have shown that addition of spironolactone to long-term ACE inhibitor therapy results in
clinical improvement among patients with refractory heart failure. It is also reported that
spironolactone in addition to ACE inhibitor resulted in a reduction of proteinuria in patients
with chronic renal disease [2,4].

Though the risk of hyperkalemia remains a source of serious concern, this concern was
not evident in the RALES trial, which reported an incidence of serious hyperkalemia of only
2% in the spironolactone treatment group that was not different from the 1% incidence
observed in the placebo group. However, it’s a fact that the publication of RALES was
associated with abrupt increases in the rate of prescriptions for spironolactone and in the rate
of hyperkalemia-associated morbidity and mortality [13]. In addition, this concern has been
verified by a study of 25 patients with serious hyperkalemia caused by a combination of
spironolactone and ACE inhibitors [5]. The defined serious hyperkalemia was a potassium
concentration of >6.0mEq/l. The mean daily dose of spironolactone was 57mg and the mean
serum creatinine concentration was 3.8mg/dl. The cause of renal insufficiency was
dehydration and worsening of congestive heart failure. Two patients died, and 2 patients
were resuscitated but survived. Hemodialysis was necessary in 17 patients and 12 patients
were admitted to the intensive care unit. Our patient presented a similar clinical picture as the
most serious cases in this report.

As ARBs are replacing ACE inhibitors, the combined therapy with ARBs and
spironolactone will eventually become the standard regimen for renal disease. Caution and
close monitoring of serum potassium is necessary in the combination therapy to prevent
hyperkalemia. Assessment of TTKG and FEK before starting the therapy would be helpful in
identifying patients at higher risk of developing hyperkalemia. Co-administration of thiazides
or loop diuretics is recommended to reduce the risk of hyperkalemia.
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