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 Abstract: We present a case of a young patient with severe myopathy and repeated episodes 
of lower limb paralysis. The patient was diagnosed as having primary hypertension and 
because of severely increased blood pressure he received four hypo-tensive drugs including 
a diuretic.  Laboratory analyses indicated severe hypokalemia and increased creatin kinase. 
The association of resistant hypertension with hypokalemia suggested primary 
hyperaldosteronism (PA) confirmed by the increased values of aldosterone and suppression 
of renin. Abdominal computed tomography identified an adrenal ade-noma as being the 
cause of increased aldosterone concentration. Even though muscle weakness is frequently 
associated in PA, paralytic hypokalemic myopathy with rhabdomyolysis is a rare finding, 
imposing a differential diagnosis with other causes of myositis. In our patient, muscular 
symptoms have remitted after hypokalemia correction. Surgical re-moval of adrenal 
adenoma significantly reduced arterial pressure values and persistently normalized serum 
potassium. Conclusion. In patients with arterial hypertension, muscle weakness may be a sign 
of hypokalemic myopathy suggest-ing PA. The administration of diuretics in these patients 
may aggravate hypokalemia and its unfavorable clinical con-sequences including severe 
rhabdomyolysis. 

 
Keywords: hypokalemic paralytic rhabdomyolysis, secondary hypertension, primary         
hyperaldosteronism 
 
1. Introduction  

Primary hyperaldosteronism (PA) is characterized by increased and uncon-
trolled aldosterone secretion caused by either an adrenal tumor, usually benign, or 
by hyperplasia of the adrenal glands. This syndrome has been described for the first 
time by Conn in 1955, in a patient with severe hypertension and hypokalemia due to 
an aldosterone secreting adrenal tumor [1]. 

Hyperaldosteronism is one of the main causes of secondary hypertension, iden-
tified in 10-20% of patients with resistant hypertension [2,3], and in 5 and 13% of  all 
patients with hypertension [4]. Nevertheless, PA is still markedly undiagnosed [5]. 

Increased aldosterone induces excessive renal sodium retention with circulating 
volume overload and abnormal high arterial blood pressure. Concomitantly, it also 
causes excessive potassium secretion and hypokalemia [4].  Even though muscle 
weakness is often associated with PA, myopathy, documented by biological and/or 
histopathological examination, is not common [6]. Nevertheless, although rare, cases 
with extremely low serum potassium are at risk of rhabdomyolysis and muscle pa-
ralysis [7].  

Here we present the medical history of a young patient with severe hyperten-
sion, treated with an association of four hypotensive drugs, including a diuretic, who 
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had suffered from recurrent episodes of inferior limb muscle paralysis for three years.  
On admission, he had marked hypokalemia.   

  
Case presentation 
Presenting symptoms:  
Our patient is a 35-year-old male who presented in the emergency room for a 

severe and persistent episode of inferior limb paralysis.  
Medical history: 
The patient has a 3-year history of increased blood pressure.  He has been di-

agnosed as having essential hypertension and has been treated during this period of 
time, with an association of three or four antihypertensive drugs, including a diuretic 
(thiazide or loop diuretic) because of severely increased blood pressure.   

Despite this intensive treatment, hypertension was usually uncontrolled. Dur-
ing the previous 2 years, the patient noted repeated episodes of inferior limb muscle 
paralysis, of various intensities, spontaneously reversible after several hours of rest. 
Muscle weakness was frequently induced by exercise. His medical history is free of 
any significant disease. There was no familial history of any neurological or cardio-
vascular disease. On admission his medication consisted of an angiotensin convert-
ing enzyme inhibitor (Perindopril 10 mg/day, a beta blocker (betaxolol 10 mg/day), a 
calcium channel blocker (amlodipine 10 mg/day) and a loop diuretic (furosemide 40 
mg/day), taken during the last three months.  

Physical examination revealed an increased body mass index (BMI=32 m2/kg) 
and an abdominal distribution of the adipose tissue. On admission, he had proximal 
muscle weakness of both legs, but neurological examination found normal muscle 
tone and mass as well as normal cranial nerves function. He had no modification of 
cutaneous reflexes, while osteotendinous reflexes were diminished. The cardiovas-
cular examination found normal heart rhythm at a frequency of 70 beats/min, with-
out murmurs, brachial arterial pressure was 170/100 mmHg while peripheral pulse 
waves were normal. The abdominal physical examination revealed mild hepatomeg-
aly. The abdomen was not painful and there were no abdominal arterial murmurs.  

Laboratory investigations:  
The biochemical analysis indicated severe hypokalemia (K=1.50 mmol/l), nor-

mal natremia (Na=140 mmol/l), metabolic alkalosis (blood PH=7.53, pCO2=47 mmHg, 
standard bicarbonate=33 mmol/l), normal renal function tests, hyperglycemia (176 
mg/dl, 150 mg/dl) and glycosuria.  

The total creatin kinase was extremely elevated (22 894 U/l) compared to normal 
values (<171U/l) indicating rhabdomyolysis. The aspartate amino-transferase (ASAT) 
and the lactic dehydrogenase (LDH) were also elevated while other liver function 
tests including alanine amino-transferase, gamma glutamyl transpeptidase and alka-
line phosphatase were normal, suggesting muscular origin of ASAT and LDH.  

Since our patient declared low alcohol consumption (one low alcohol drink once 
or twice weekly) and denied statin treatment we excluded alcohol or statin induced 
rhabdomyolysis. We also excluded hypothyroid myopathy based on normal thyroid 
stimulating hormone and free T4. Inflammatory markers (CRP, ESR) and antinuclear 
antibodies were within normal values ruling out inflammatory myositis.  

The exploration of lipid metabolism showed normal LDL-cholesterol and HDL-
cholesterol and increased triglycerides (348 mg/dl).   

Electrocardiography showed a normal sinus rhythm, ST depression and T wave 
flattening in all precordial leads explained by severe hypokalemia.  

Echocardiography did not identify any significant anomaly.  
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Marked hypokalemia and metabolic alkalosis in a young patient with severe ar-
terial hypertension were strongly suggestive for PA. The screening tests were per-
formed without stopping antihypertensive medication because hypertension was se-
vere. Plasma aldosterone and renin concentrations were measured in supine position. 
The aldosterone level was elevated 53.7 ng/dl (reference range 1.17-23.6 ng/dl), direct 
renin concentration was suppressed < 0.3 ng/l (low limit 3.6 ng/l) and aldoste-
rone/renin concentration ratio was extremely elevated > 1790. These laboratory mod-
ifications supported the diagnosis of PA.  

We performed further imaging examinations of the adrenal glands. Abdominal 
ultrasonography failed to identify any suprarenal pathologic modification, but the 
examination conditions were not appropriate due to increased periadrenal adipose 
tissue. Nevertheless, contrast-enhanced computed tomography of both adrenal 
glands showed an adenoma located in the body and medial limb of the right adrenal 
gland (Figure 1). Both abdominal ultrasonography and computed tomography 
showed hepatic steatosis.  

We withdrew loop diuretics, replacing them with an anti-aldosterone drug spi-
ronolactone and we supplemented potassium via intravenous route. Intravenous hy-
dration was added. Progressively, serum potassium values increased, muscular 
weakness remitted, and muscular enzymes normalized. The resolution of muscular 
symptoms and normalization of muscular enzymes after potassium substitution sup-
ported our diagnosis of hypokalemic myopathy with rhabdomyolysis.  

 
Figure 1. Contrast-enhanced computed tomography scan of the adrenal glands showed a 
hypodense oval lesion, 27/20 mm, affecting the body and the medial limb of the right adrenal 
gland. The left adrenal gland was normal.  

 
A laparoscopic adrenalectomy of the right adrenal gland was subsequently per-

formed. A nodular, brown-orange tumor surrounded by a fine fibrous pseudocap-
sule was identified macroscopically. Histological examination confirmed adrenal 
cortical adenoma. Hematoxylin-eosin staining (Figure 2, a and b) revealed cellular 
proliferation disposed in nests, separated by fine conjunctive-vascular septa. The pre-
dominant cells were large, with pale cytoplasm and round, uniform nucleus with 
normally distributed chromatin. There were no areas of necrosis or cell mitoses.  
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(a) (b) 
Figure 2. Histological examination. a. Cell nets separated by thin connective tissue septa 
(HE, 25x). b. Histological details of cell nests consisting of great cells (HE, 200x).  

 

Histochemistry (Figure 3) found focal positivity for synaptophysin (a) and diffuse 
positivity for inhibin alpha (b) confirming cortical adrenal origin of the tumor  

  

(a) (b) 

 Figure 3. Histochemistry. a. Focal positivity for Synaptophysin. b. Diffuse positivity for 
inhibin alpha.  

Post-surgical evolution was favorable with significant reduction of arterial pressure. 
The patient needed only one medication (candesartan 32 mg/d) for optimal blood 
pressure control. Sulfonylurea medication (gliclazide 60 mg/d) was indicated for his 
type 2 diabetes mellitus. At discharge he had no muscular symptoms and potassium 
serum values were normal.  

4. Discussion 

 
The clinical picture, dominated by severe, uncontrolled hypertension and recur-

rent episodes of muscle weakness, was highly suggestive for PA.  
Aldosterone is an essential hormone in sodium-potassium homeostasis. It stim-

ulates Na+/K+ ATP-ase in the basocellular membrane of the distal nephron, inducing 
sodium and water reabsorption as well as potassium and hydrogen ion secretion. 
Aldosterone also stimulates extrarenal potassium secretion by the salivary glands, 
airway epithelium and colonic mucosa [2]. Hyperaldosteronism causes hypertension 
mainly because of sodium and water excessive retention, hypokalemia and metabolic 
alkalosis.  
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Hypokalemia increases resting membrane potential and reduces muscle excita-
bility and contractility. Even though muscle weakness is frequently seen in PA,  
rhabdomyolysis is rarely reported, usually associated with very low potassium levels 
(below 2.0 mmol/l) [7,8,6,9,10,11,12,13,14]. Moreover, it has been reported that 
hypokalemia is detected in less than half of patients with PA [4,5]. 

Hypokalemia is more pronounced in patients taking rich salt diets because  in-
creased aldosterone production stimulates potassium secretion if sodium concentra-
tion in the collecting tubes is high [8,25]. Asian populations have been reported to be 
more exposed to hypokalemic paralysis, which is rarely described in occidental pop-
ulations [8].  Aggravation of hypokalemia in patients with PA may be caused by 
vomiting [10], diarrhea [15], or potassium spearing diuretic administration 
[11,12,14,15,16,17]. 

Chow et al. reported a case of PA with lumbar plexopathy with unprovoked 
severe hypokalemia and rhabdomyolysis [18]. Muscular weakness accompanied by 
severe  spontaneous hypokalaemia has been also reported [13,19,20,21,22]. 

The mechanism involved in hypokalemic rhabdomyolysis is not completely elu-
cidated. Impaired exercise vasodilation of muscle arterioles, reduced glycogen syn-
thesis and storage, and alteration of cell membrane transport have been suggested 
[7,21,23]. Optical microscopic examination in hypokalemic myopathy with rhabdo-
myolysis revealed diffuse necrosis and muscle cells vacuolization. In electron micros-
copy, dissolution of microfilaments and sarcoplasmic reticulum in necrotized cells 
has been described [19,21].  

 
In our patient we were able to exclude other more frequent causes of rhabdomy-

olysis including drug or alcohol consumption, hypothyroidy, statin use or other med-
ications, viral and bacterial infections, autoimmune myositis, trauma or excessive ex-
ercise.  Moreover, the correction of hypokalemia was accompanied by progressive 
decrease of total creatin kinase and complete remission of muscular symptoms, 
which supported our diagnosis of hypokalemic myopathy. Our patient correlated 
muscular symptoms with more intensive exercise, but he could not establish a cause-
effect relationship with the use of diuretics. Nevertheless, the extremely low hypoka-
lemia might have been aggravated by the prolonged administration of potassium 
spearing diuretics. 

 
Screening for hyperaldosteronism is indicated in patients with resistant hyper-

tension, as well as in patients with hypertension and spontaneous or diuretic induced 
hypokalemia. The recommended test is plasma aldosterone to renin ratio [6,24]. Sup-
pression of renin activity and increased serum aldosterone with aldosterone/renin 
ratio exceeding 20/1 argues in favor of PA. Confirmatory tests such as oral sodium 
loading, saline infusion, fludrocortisone suppression, and the captopril challenge test 
aim to suppress aldosterone secretion. In PA aldosterone levels remain elevated [25].  

For the etiological diagnosis of PA, contrast-enhanced computed tomography 
scan of the adrenal glands is recommended. Adrenal venous sampling is necessary 
to detect unilateral aldosterone secretion (adenoma or hyperplasia). However, ac-
cording to recent diagnosis algorithms, in young patients (less than 35 years), with 
severe hypokalemia, markedly increased serum aldosterone and unilateral adrenal 
mass on CT scan, confirmatory tests and adrenal venous sampling are not required 
before surgical intervention [6].   

In clinical practice, early diagnosis of PA is essential because patients with PA 
carry an excessive risk of cardiovascular complications which is independent of arte-
rial pressure values [27,28]. This can be explained by the aldosterone’s direct vascular 
and cardiac effects, including endothelial dysfunction, wall remodeling and fibrosis, 
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myocardial hypertrophy and fibrosis [28,29]. Moreover, aldosterone is involved in 
metabolic disturbances including insulin resistance, systemic inflammation and ab-
dominal obesity which subsequently increase cardiovascular risk [30].  

The treatment of choice in PA for patients with unilateral adenoma or unilateral 
adrenal hyperplasia is unilateral laparoscopic adrenalectomy. In patients with bilat-
eral adrenal hyperplasia, medical treatment is indicated including a mineralocorti-
coid receptor antagonist, such as spironolactone or, as an alternative, eplerenone [24].  

Our patient’s arterial pressure significantly improved following laparoscopic 
unilateral adrenalectomy, and, on discharge, he received only one hypotensive med-
ication (candesartan 32 mg/day) which normalized his arterial pressure. It has been 
reported that, after adrenalectomy, in 65% of cases, only moderate control of arterial 
pressure is obtained imposing the continuation of medical hypotensive medication. 
Predictive factors for complete remission of hypertension after adrenalectomy are the 
following: 2 or fewer antihypertensive medications, body mass index ≤25 kg/m2, du-
ration of hypertension ≤6 years, and female sex [31]. Our patient has at least three 
risk factors for incomplete resolution including male sex, more than 2 hypotensive 
drugs and increased body mass. Log time follow up will be necessary for the control 
of blood pressure, diabetes mellitus, obesity and serum potassium.  Adenoma re-
currence is possible, although exceptional, after complete unilateral adrenalectomy 
[32].  

 5. Conclusion 

 In young patients with severely increased blood pressure, a cause of secondary 
hypertension must be investigated. Repeated episodes of limb paralysis associated 
with resistant hypertension are indicative of PA. In such cases, investigations for the 
confirmation of PA are necessary because the administration of potassium sparing 
diuretics may aggravate muscular symptoms and induce severe rhabdomyolysis.  
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