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INTRODUCTION

Rhabdomyolysis is defined as a pathological condition 
of skeletal muscle cell damage leading to the release of 
potentially toxic intracellular materials into the blood 
circulation [1]. Rhabdomyolysis is caused by various con-
ditions such as muscle diseases, intense exercise, dehy-
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We describes a patient with hypokalemia-induced rhabdomyolysis due to primary aldosteronism (PA), who 
suffered from slowly progressive muscle weakness after laparoscopic adrenalectomy, and was later diagnosed 
with coexisting sporadic inclusion body myositis (sIBM). A 54-year-old Asian male presented with severe muscle 
weakness of both lower extremities. Laboratory findings showed profound hypokalemia, and extreme elevation of 
the serum creatine phosphokinase levels, suggestive of hypokalemia-induced rhabdomyolysis. Further evaluation 
strongly suggested PA by an aldosterone-producing adenoma, which was successfully removed surgically. 
However, muscle weakness slowly progressed one year after the operation and a muscle biopsy demonstrated 
findings consistent with sIBM. This case is the first report of hypokalemia-induced rhabdomyolysis by PA 
coexistent with sIBM, to the best of our knowledge.
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dration, toxins, infections, various drugs and electrolyte 
disorders [2]. Hypokalemia induced by primary aldoste-
ronism (PA) is a chronic process and most patients can 
tolerate the symptoms of malaise, muscular weakness 
and fatigability. However, under some extreme condi-
tions, PA can induce excessive potassium excretion fol-
lowed by rhabdomyolysis [1]. 

Sporadic inclusion body myositis (sIBM) is the most 
common myopathy after 50 years of age, with an esti-
mated incidence and prevalence of 7.9 and 70 cases per 
million inhabitants, respectively, adjusted for sex and age 
to the 2000 U.S. Census population [3], although sIBM 
is considered to be even less common among Asian and 
African-American people [4]. 

This case report describes a patient with hypokalemia-
induced rhabdomyolysis secondary to PA, who suffered 
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from persistent muscle weakness after laparoscopic ad-
renalectomy, and was later diagnosed with coincident 
sIBM.

CASE REPORT

A 54-year-old Asian male, of height 175 cm, weight 85 
kg, and body mass index 27.8 kg/m2, presented to our 
department with severe muscle weakness of both lower 
extremities. Two weeks before presentation, he had an 
episode of weakness in both hands that resolved on the 
next day. He also reported generalized muscle weakness 
that had persisted for >4 years, which he attributed to a 
previous traffic accident. He denied any acute infections, 
trauma or intoxication. His medical history revealed a 
history of resistant hypertension for about 5 years that 
was treated with felodipine 5 mg, losartan 100 mg and 
atenolol 50 mg. A month prior to presentation, he was 
started on thiazide 25 mg to achieve better blood pres-
sure control. On admission, he was conscious, with 
blood pressure of 170/100 mmHg, pulse rate of 72 beats/
min and body temperature of 36.5oC. The initial physical 
examination revealed motor weakness in all limbs, espe-
cially in both lower extremities with hip flexion strength 
using the Medical Research Council (MRC) scale of grade 
4, knee extension grade 3 and ankle dorsiflexion/plan-
tar flexion grade 0. Although he complained of having 
trouble making fists, the MRC scale of muscle strength 
throughout both upper extremities was > grade 4. There 
were no apparent sensory symptoms or signs, and deep 
tendon reflexes were normoactive. The laboratory ex-
amination on admission showed extremely low serum 

potassium (2.0 mmol/L) and elevated creatine phospho-
kinase (CPK) (2,982 IU/L; reference range, 60–220 IU/L), 
myoglobin (688.9 ng/mL; reference range, 17.4–105.7 ng/
mL) and lactate dehydrogenase (LDH) (811 IU/L; refer-
ence range, 218–472 IU/L) levels. Urinary potassium by a 
spot urine check was 25.4 mmol/L, potassium excretion 
was 75.2 mmol/L and the transtubular potassium con-
centration gradient was 10.36 in a 24-hour urine collec-
tion test. Arterial blood gas analysis revealed metabolic 
alkalosis (serum pH=7.46, PaCO2=42.6 mmHg, PaO2=63.3 
mmHg, HCO3=29.9 mEq/L, and SaO2 at 93.3%). Electro-
cardiogram showed a decline in T-wave amplitudes and 
abnormal U-waves with a regular sinus rhythm. Magnetic 
resonance imaging of the cervical and lumbar spine was 
performed to determine whether there was a pathologi-
cal lesion at the spinal level that could account for the 
patient’s severe muscle weakness. This showed central 
and left paracentral and inferior disc extrusion at L5-S1, 
ossification of the posterior longitudinal ligament at C5-6 
and central and left paracentral disc protrusion at C5-6 
and C6-7, but these findings could not explain the gener-
alized severe muscle weakness by the patient (Fig. 1). 

Based on the above clinical findings, the patient was 
first diagnosed with severe hypokalemia and rhabdo-
myolysis. The thiazide was discontinued due to the pos-
sibility of drug-induced hypokalemia, and oral and in-
travenous potassium supplementation was initiated. The 
severe muscle weakness and the serum CPK levels im-
proved over the course of 2 weeks. However, the general-
ized muscle weakness persisted, especially in both lower 
extremities and hands, and the serum potassium levels 
remained low (around 3.0 mmol/L). Subsequent electro-
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Fig. 1. Magnetic resonance imag-
ing findings of the (A) cervical 
and (B) lumbar spines. Central 
and left paracentral and inferior 
disc extrusion at L5-S1, ossifica-
tion of the posterior longitudinal 
ligament at C5-6 and central and 
left paracentral disc protrusion at 
C5-6 and C6-7 were shown.
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Table 1. Nerve conduction study findings of the patient

Stimulation nerve Recording site Latency (ms) Amplitude (µV) CV (m/s)
Motor nerve conduction study

   Left median nerve 46.6

      Wrist APB 3.95 7,195.0

      Elbow APB 9.10 6,236.7

   Left ulnar nerve 60.7

      Wrist ADM 3.65 6,290.0

      Elbow ADM 8.10 5,838.0

   Left peroneal nerve

      Ankle EDB 5.45 58.3

      Fibular head EDB ND ND

   Left tibial nerve 42.9

      Ankle AH 4.20 228.3

      Knee AH 13.3 156.7

Sensory nerve conduction study

   Left median nerve Ankle 3.70 43.9 37.8

   Left ulnar nerve Ankle 3.65 26.5 38.4

   Left superficial peroneal nerve Ankle ND ND -

   Left sural nerve Ankle 3.90 4.6 35.9

APB, abductor pollicis brevis muscle; ADM, abductor digiti minimi muscle; EDB, extensor digitorum brevis muscle; 
AH, abductor hallucis muscle; CV, conduction velocity; ND, not detected.

Table 2. Needle electromyographic findings of the patient

Muscle
Spontaneous MUAPs Recruitment 

patternIA Fib PSW Poly Amp Dur
Lt. APB Normal None None Normal Large Prolonged ↓
Lt. FCR 1+ 1+ 1+ + Large Prolonged ↓
Lt. FCU 1+ None 1+ + Large Prolonged ↓
Lt. ECR Normal None None + Large Prolonged ↓
Lt. Deltoid Normal None None Normal Large Prolonged ↓
Lt. Cer PS Normal None None Normal Normal Normal Not checkable

Lt. AH Normal None None Not checkable

Lt. EDB Normal None None Not checkable

Lt. TA 2+ None 2+ Not checkable

Lt. MG Normal None None Not checkable

Lt. VM Normal None None + Large Prolonged ↓
Lt. Gmax Normal None None + Normal Prolonged ↓
Lt. Lum PS Normal None None Normal Normal Normal Not checkable

MUAPs, motor unit action potentials; IA, insertion activity; Fib, fibrillation; PSW, positive sharp wave; Poly, poly-
phasic potential; Amp, amplitude; Dur, duration; Lt., left; APB, abductor pollicis brevis muscle; FCR, flexor carpi radialis 
muscle; FCU, flexor carpi ulnaris muscle; ECR, extensor carpi radialis muscle; Cer PS, cervical paraspinal muscle; AH, ab-
ductor hallucis muscle; EDB, extensor digitorum brevis muscle; TA, tibialis anterior muscle; MG, medial gastrocnemius 
muscle; VM, vastus medialis muscle; Gmax, gluteus maximus muscle; Lum PS, lumbar paraspinal muscle; ↓, reduced.
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diagnostic studies demonstrated neuropathic patterns. 
Nerve conduction studies revealed a axonal peripheral 
neuropathy (motor and sensory conduction studies of 
peroneal nerves were not evoked and the other motor 
and sensory nerve conduction studies showed small 
amplitudes, delayed latencies and decreased velocities) 
(Table 1), and needle electromyography showed spon-
taneous activities in the flexor carpi radialis, flexor carpi 
ulnaris, and tibialis anterior muscles, and motor unit ac-
tion potentials (MUAPs) were not evoked at the abductor 
hallucis, extensor digitorum brevis, medial gatrocnemius 
and tibialis anterior muscles and large amplitude poly-
phasic MUAPs were observed in all the other examined 
muscles (Table 2). Persistent hypokalemia with excessive 
urinary potassium loss and resistant hypertension raised 
the suspicion of PA; therefore, an abdominal computed 
tomography (CT) was done and showed no abnormal 
findings at the time. 

At this point, the patient was referred to the department 
of endocrinology for further evaluation and manage-
ment. Endocrinologic evaluations revealed suppressed 
plasma rennin activity (PRA; 0.3 ng/mL/hr; reference 
range, 0.8–1.36 ng/mL/hr), increased plasma aldosterone 
concentration (PAC; 37.5 ng/dL; reference range, 5.0–19.4 
ng/dL) and an extremely high PAC/PRA ratio (125 ng/
dL per ng/mL/hr; reference range, less than 20–25 ng/
dL per ng/mL/hr). A furosemide stimulation test did not 
demonstrate an increase in PAC after 2 hours of standing, 
indicating that the most likely cause of PA was an aldo-
sterone-producing adenoma (APA). A repeat abdominal 

CT scan was performed, which showed a small, circum-
scribed, hypo-attenuated right adrenal mass measuring 
1.5 cm×1.0 cm in diameter (Fig. 2A). A month after ad-
mission, the patient was treated successfully by laparo-
scopic right adrenalectomy. The histological findings of 
the specimen were consistent with a functioning adreno-
cortical adenoma (Fig. 2B, C). The patient was diagnosed 
with APA resulting in severe hypokalemia and subsequent 
rhabdomyolysis. Two weeks after the operation, the pa-
tient’s symptoms improved, the PAC and PRA reverted 
abruptly to normal levels, and the serum potassium and 
CPK levels also returned to and remained normal. 

At 1 year post-operatively, the patient was normoten-
sive and normokalemic, but still complained of general-
ized muscle weakness (hip flexion strength was grade 3, 
knee extension was grade 3, ankle dorsiflexion/plantar 
flexion were still grade 0, and finger flexors were grade 
3), which seemed to have slowly progressed to the point 
of impairing activities of daily living. Laboratory ex-
amination showed a normal CPK, LDH and myoglobin, 
although his clinical presentation appeared similar to 
certain types of adult-onset neuropathy or myopathy. 
This was grounds for the suspicion that a certain type of 
neuromuscular disease had been coexistent with the pa-
tient’s hypokalemia-induced rhabdomyolysis caused by 
PA. Therefore, a muscle biopsy of the left vastus lateralis 
muscle was performed, which demonstrated endomysial 
inflammation and vacuolar degeneration consistent with 
sIBM (Fig. 3). Within 6 months of establishing the diag-
nosis and beginning rehabilitative management, he was 
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Fig. 2. (A) Adrenal computed tomography shows a 1.5×1-cm-sized ovoid mass at the body of the right adrenal gland. 
(B, C) Microscopic findings of the resected right adrenal gland. Sections disclose portions of adrenal cortical adenoma 
showing a well circumscribed tumor tissue consisting of proliferation of some zona glomerulosa and mostly fascicula-
ta-resembling cells (H&E, B 100×, C 400×).
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wearing bilateral ankle-foot orthoses and using a wheel-
chair for outdoor ambulation.

DISCUSSION

PA is a common cause of secondary hypertension and 
the prevalence rates of PA currently range between 5%–
10%, although a true estimation is difficult because its 
detection is dependent on the physician’s level of aware-
ness of the disorder [2]. A recent study showed that hy-
pokalemia was present in 45.6% of patients with resistant 
hypertension due to PA; in addition, PA can induce ex-
cessive potassium excretion followed by rhabdomyolysis 
in some extreme conditions [1,2,5]. The present patient 
was first diagnosed with rhabdomyolysis based on the 
findings of severe muscle weakness, high serum CPK and 
myoglobin levels; and the rhabdomyolysis was consid-
ered to have resulted from severe hypokalemia. Although 
rhabdomyolysis usually results in hyperkalemia due to 
the direct release of intracellular potassium into the ex-
tracellular fluid, over-excreted aldosterone induced po-
tassium excretion into the urine, in the present patient. 
The cause of hypokalemia-induced rhabdomyolysis in PA 
is unknown, but some reports suggest that the potassium 

ion is a major factor mediating the rise of muscle blood 
flow and it is postulated that impaired potassium release 
from the potassium-deficient skeletal muscle in patients 
with PA may induce muscle injury or frank necrosis as a 
consequence of the relative ischemia [6,7].

Hypokalemia is one of the most frequent findings 
among hypertensive patients with PA [5]. However, many 
patients with PA are not hypokalemic [8] and PA-induced 
hypokalemia is usually mild and can present many years 
after the appearance of arterial hypertension [9]. The 
malaise and muscle weakness from the mild hypokalemia 
is usually tolerable for patients [1], but serum potassium 
levels may drop to very low levels in PA when vomiting 
or diarrhea occurs, or diuretics are used [2]. Frank rhab-
domyolysis usually occurs only when serum potassium 
values are <2.0 mmol/L, as in the present case [1]. Goto 
et al. [2] reported a patient on a diuretic to achieve better 
blood pressure control 2 weeks prior to his admission for 
severe weakness in his extremities that developed shortly 
after a heavy bout of drinking alcohol. In this patient, 
profound hypokalemia was thought to be precipitated by 
alcohol-induced dehydration in addition to the diuretic 
therapy. 

In our case, the patient was started on 25 mg of a thia-
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Fig. 3. (A) Light microscopy of the biopsy specimen from the left vastus lateralis shows marked size variation of myo-
fibers; some rimmed vacuoles with basophilic stippling; round atrophic and degenerating myofibers; endomysial 
fibrosis and fatty change (H&E 400×). (B) Electron microscopy shows size variation of myofibers with rarefaction of 
myofilaments; many myelin figure-like concentric lamellated membranous bodies and degenerated organelles in 
subsarcolemmal and intermyofibrillar areas (electron microscope 6000×), consistent with inclusion body myositis.
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zide for uncontrollable hypertension 1 month prior to 
presentation. Despite the history of resistant hyper-
tension, longstanding muscle weakness, and a recent 
episode of bilateral hand weakness, he had never been 
screened for secondary hypertension until admission, 
and diuretic therapy was initiated antecedently. The ini-
tiation of the thiazide was likely to have aggravated the 
hypokalemia, although there were no other precipitating 
factors such as alcohol-induced dehydration. The severe 
muscle weakness of the patient appeared to be improv-
ing and the serum potassium and CPK levels normalized 
shortly after the diagnosis of PA by APA and its successful 
removal. However, the patients’ muscle weakness per-
sisted and progressed slowly during the 1 year post-oper-
ative period. Therefore, we presumed that the underlying 
and previously undiagnosed sIBM probably contributed 
as a potential precipitating factor to the development 
of severe rhabdomyolysis in the hypokalemic skeletal 
muscle, which led to the subsequent, progressive muscle 
weakness.

sIBM is characterized clinically by the insidious on-
set of slowly progressive proximal and distal weakness, 
which generally develops after the age of 50 years, and 
the presence of asymmetric, quadriceps and wrist/finger 
flexor weakness strongly suggests the diagnosis of sIBM 
[10]. Ankle dorsiflexors are also often involved at an early 
stage, as in the present case [3]. The slow progress of the 
disease may in part account for the delay in diagnosis [4], 
and electrodiagnostic study results suggesting an axonal 
peripheral neuropathy in the nerve conduction study and 
pseudo-neurogenic MUAPs may prevent the diagnosis of 
myopathy. In the present study, there was no suspicion of 
sIBM at first because of the sudden onset of severe mus-
cle weakness. Moreover, sIBM, which is considered to be 
rare among Asians [10], was coexistent with PA associ-
ated with rhabdomyolysis due to profound hypokalemia 
that has also been rarely reported [1,2]. It is a challenge 
for physiatrists to suspect 2 rare coincident conditions. In 
the present case, the slowly progressive muscle weakness 
after the removal of the apparent cause of the patient’s 
symptoms, raised the suspicion of another underlying 
neuromuscular condition, thus prompting the decision 
to perform a further evaluation (muscle biopsy) and 
eventually revealing coexistent sIBM. sIBM is reportedly 
associated with some autoimmune diseases [3]. However, 
there are no previous case reports on IBM associated with 

endocrine syndromes. Therefore, coexisting endocrino-
logical disorder might be an extremely rare presentation 
of sIBM. This is the first report of hypokalemia-induced 
rhabdomyolysis by PA coexistent with sIBM, to the best of 
our knowledge.

The present case report indicates that sIBM might man-
ifest with PA by APA of the adrenal gland, which causes 
severe hypokalemia manifesting as generalized weakness 
due to rhabdomyolysis. When evaluating hypertensive 
patients with generalized muscle weakness, it is impor-
tant to evaluate serum electrolyte concentrations, espe-
cially serum potassium levels, and further determine the 
cause of hypokalemia. The present case emphasized the 
need for physiatrists to monitor accompanying signs and 
symptoms that suggest another coexisting neuromuscu-
lar condition.
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