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	 Case series
	 Patients:	 Male, 53-year-old • Male, 46-year-old
	 Final Diagnosis:	 Primary aldosteronism
	 Symptoms:	 Myalgia • weakness
	 Medication:	 —
	 Clinical Procedure:	 Adrenalectomy
	 Specialty:	 Endocrinology and Metabolic • Urology

	 Objective:	 Unusual clinical course
	 Background:	 Primary aldosteronism, also known as Conn’s syndrome, is a clinical condition caused by excessive produc-

tion of aldosterone. The classic presenting signs of primary aldosteronism are hypertension and hypokalemia. 
However, rhabdomyolysis induced by severe hypokalemia is a rare manifestation of primary aldosteronism. 
There were only a few cases presented in the English literature over the last 4 decades.

	 Case Report:	 We present 2 cases, a 53-year-old man and a 46-year-old man, with severe hypokalemia-induced rhabdomyol-
ysis caused by adrenal tumor-related primary aldosteronism. Both of these patients were under medical treat-
ment with oral anti-hypertension drug for hypertension, but were poorly controlled. They both presented to 
the Emergency Department with muscle weakness and pain. Laboratory testing showed elevated creatinine 
phosphokinase (CPK) and low serum potassium levels. Hypokalemia-induced rhabdomyolysis was suspected. 
A further endocrine survey showed low PRA (plasma renin activity) and high aldosterone levels, finding which 
are compatible with primary aldosteronism. Computed tomography (CT) was arranged for further evaluation, 
and adrenal tumors were found in both cases. Both patients underwent robotic-assisted laparoscopic adrenal-
ectomy. In both cases, there was no recurrence of hypokalemia without potassium supplementation, and their 
hypertension was under better control at further follow-up visits.

	 Conclusions:	 Hypokalemic rhabdomyolysis is a rare manifestation of primary aldosteronism. It might be difficult to making 
a diagnosis when rhabdomyolysis and severe hypokalemia are the first manifestations in patients with prima-
ry aldosteronism. The use of diuretics for hypertension treatment might be a risk factor for extremely low po-
tassium levels, which can induce rhabdomyolysis in patients with primary aldosteronism.
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Background

Primary aldosteronism, also known as Conn’s syndrome, is a 
clinical condition caused by excessive production of aldoste-
rone, resulting in sodium retention and potassium excretion. 
The classic presenting signs of primary aldosteronism (PA) are 
hypertension and hypokalemia. Hypokalemia induced by PA 
is a chronic process with tolerable symptoms of fatigue, mal-
aise, muscle weakness, and muscle cramping [1]. In some cas-
es, however, the extremely low levels of potassium caused by 
PA can induce rhabdomyolysis. Rhabdomyolysis induced by 
severe hypokalemia is a rare manifestation of PA. There were 
only a few cases presented in the English literature over the 
last 4 decades [2-9]. Here, we present 2 cases of severe hypo-
kalemia-induced rhabdomyolysis caused by adrenal tumor-re-
lated primary aldosteronism.

Case Report

Case 1

A 53-year-old man with resistant hypertension, which was 
poorly controlled despite being treated with a combination of 
Amlodipine, Valsartan, and Hydrochlorothiazide, was referred 
to our hospital due to progressive weakness of the limbs for 2 
weeks. The patient also complained of muscle soreness, gen-
eral malaise, nausea, and tea-colored urine. He denied having 
heavy exercise recently. He also had a past history of diabetes 
with vildagliptin and metformin treatment, as well as gouty 
arthritis without medication control. He was a heavy smok-
er with smoking history over 30 years. He denied any specif-
ic family history and allergy history.

At the Emergency Department, his vital signs were stable ex-
cept for elevated blood pressure (164/110 mmHg). Physical 
examination revealed that all 4 limbs had tenderness but 
were freely movable. His consciousness status was clear and 
no neurologic deficit was noted. Laboratory testing showed 
elevated creatinine phosphokinase (CPK) (15 930 IU/L), low 
serum potassium (2.1 mmol/L), and metabolic alkalosis (pH 
7.505). Urine testing showed occult blood positive, with nor-
mal count of red blood cell (Table 1). Based on these clinical 
features and data, hypokalemia-induced rhabdomyolysis was 
diagnosed. Intravenous hydration and potassium supplemen-
tation were administered. After admission, an endocrine sur-
vey was performed due to persistent hypokalemia even after 
supplementation of potassium and showed low PRA (plasma 
renin activity), high aldosterone levels, and high ARR (aldoste-
rone-to-renin ratio), findings which are compatible with pri-
mary aldosteronism (Table 1). Other endocrine indicators such 
as cortisol and adrenocorticotropic hormone (ACTH) were nor-
mal. Therefore, a computed tomography (CT) of the adrenal 

glands was arranged and revealed a 1.3-cm oval lesion on the 
left adrenal gland (Figure 1).

Case 2

A 46-year-old man with hypertension was being treated with 
Valsartan and Hydrochlorothiazide. He was referred to our 
hospital due to sudden onset of lower-limbs pain and weak-
ness. He denied other past medical history, family history, 
and allergy history. Cigarette smoking and alcohol consump-
tion were also denied.

At the Emergency Department, extremely elevated blood pres-
sure (217/136 mmHg) was noted. Physical examination re-
vealed bilateral thigh tenderness, but all 4 limbs were freely 
movable. His consciousness status was clear and no neurolog-
ic deficit was noted. The lab data showed severe hypokalemia 
with elevated CPK and myoglobin. A urine test showed occult 
blood positive with elevated count of red blood cell (Table 1). 
Rhabdomyolysis secondary to hypokalemia was diagnosed. 
An abdominal CT was arranged, which showed a 1.5-cm oval 
mass on the left adrenal gland (Figure 2). After admission, due 
to persistently low potassium level in spite of supplementa-
tion of potassium, an endocrine survey was performed and 
showed low PRA and high ARR, findings which are compati-
ble with primary aldosteronism (Table 1). Other endocrine in-
dicators such as cortisol and ACTH were normal.

Both patients were first treated for their rhabdomyolysis and 
severe hypokalemia. Adequate intravenous hydration and po-
tassium supplementation were necessary. The symptoms such 
as muscular pain and weakness and the lab data showing rhab-
domyolysis were improved after initial treatment. Their potas-
sium levels improved gradually, but both patients had a poor 
initial response to treatment. Both of them were then treated 
with robotic-assisted laparoscopic adrenalectomy after their se-
rum CPK and K+ levels improved (preoperative CPK and K+ lev-
el, 345 IU/L and 3.5 mmol/L in Case 1; 1049 IU/L and 4 mmol/L 
in Case 2). Pathological examinations revealed adrenocortical 
adenomas. In both cases, there was no recurrence of hypo-
kalemia without potassium supplementation, and lab results 
were normal at the follow-up visits (Table 2). Their hyperten-
sion was also under better control at further follow-up visits.

Discussion

Rhabdomyolysis is a pathological condition of skeletal muscle 
cell damage that leads to the release of toxic intracellular ma-
terial, such as CPK, myoglobin, and potassium, into the blood 
circulation [10]. There are multiple potential causes of rhabdo-
myolysis, including trauma, ischemia, metabolic disorders, in-
fection, and drug and electrolyte disorders. Hypokalemia and 
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Case 1 Case 2 Reference range

CBC

WBC 11150 13600 4000~10 000 /uL

RBC 4.39 4.65 4.70~6.10 106/uL

Hb 13.3 13.4 14.0~18.0 g/dL

Hct 36 37.6 42.0~52.0 %

PLT 208 289 130~400 103/uL

Blood chemistry

BUN 11 15 8~25 mg/dL

Cr 1.15 0.85 0.63~1.30 mg/dL

GOT 218 126 5~35 IU/L

GPT 100 42 5~35 IU/L

T. Bil 1.4 0.5 0.2~1.5 mg/dL

CPK 15930 1629 30~223 IU/L

Myoglobin >3000 838.1 28.0~72.0 ng/mL

Na 141 142 135~145 mmol/L

K 2.1 1.9 4.1~5.6 mmol/L

Osm 288 296 275~295 mOsm/kg

Glu 163 70~140 mg/dL

Arterial blood gas analysis

PH 7.505 7.445 7.35~7.45

pO2 45.0 42.8 83.0~108.0 mmHg

pCO2 43.0 52.0 35.0~45.0 mmHg

HCO3 33.2 34.9 21.0~28.0 mmol/L

BE 10.1 10.9 mmol/L

Urinary analysis

Appearance Brown/turbid Yellow/turbid Yellow/clear

Microscopic RBC 0~3 10~19 0~5 /HPF

Microscopic WBC 0~5 0~5 0~5 /HPF

Ep. cell 0~5 0~5 0~5 /HPF

Cast – – – /LPF

Crystal – – – /HPF

Bacteria – +/– – /HPF

Glucose – – –

Bilirubin – – –

Ketone body – – –

Table 1. Laboratory data on admission and endocrine data.
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hypophosphatemia are the major causes of electrolyte abnor-
mality-induced rhabdomyolysis [11,12].

Potassium plays an important role in the regulation of skele-
tal muscle blood flow in the pathogenesis of rhabdomyolysis. 
Potassium released from muscle cells during exercise medi-
ates vasodilation, which increases the blood flow to muscles 

appropriately to meet enhanced energy demands. However, 
profound hypokalemia (serum potassium <2.5 mEq/L) may 
lead to lower increases in blood flow and decreased muscle 
perfusion, which can promote the development of rhabdo-
myolysis by decreasing the blood flow to the muscles in re-
sponse to exertion [13].

Table 1 continued. Laboratory data on admission and endocrine data.

Case 1 Case 2 Reference range

Specific gravity 1.006 1.012 1.003~1.035

OB 2+ 3+ –

PH 8.5 8.5 5.0~8.0

Protein +/– 30 – mg/dl

Urobilinogen 0.2 0.2 0.2~1.0 E.U/dl

Nitrite – – –

Leukocyte – – –

Endocrine data

Renin 1.3 1.1~20.2 pg/mL

PRA <0.07 <0.07 0.32~1.84 ng/mL/hr

Aldosterone 38.8 13.6 6.8~17.3 ng/dL

PAC/PRA ratio (ARR) >554.28 >194.28 <30 ng/dl: ng/ml/h

ACTH (8AM) 14.0 17.0 9.0~52.0 pg/ml

T3 68.7 73.6 60.0~190.0 ng/dl

Free T4 1.68 1.14 0.56~1.80 ng/dl

TSH 0.59 1.61 0.25~4.0 uIU/ml

Cortisol 5.2 (random) 16.9 (8AM) 5.0~20.0 ug/dl

Figure 1. CT: A 1.3-cm oval lesion at left adrenal gland (arrow). Figure 2. CT: A 1.5-cm oval mass at left adrenal gland (arrow).
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In PA, excessive production of aldosterone results in sodium 
retention with plasma volume expansion and potassium ex-
cretion. It usually presents with hypertension and mild hypo-
kalemia, while malaise, fatigue, and muscular weakness are 
generally tolerable symptoms [2]. However, extremely low lev-
els of potassium may occur due to vomiting and diarrhea or 
when diuretics are used [3,4]. Both of the patients discussed 
in this report had a history of hypertension and were taking 
anti-hypertension drugs, including Hydrochlorothiazide. These 
factors might increase the risk of hypokalemia-induced rhabdo-
myolysis in both cases. A study by Zavatto et al [7] noted that 
there were 22 previous cases of severe hypokalemic rhabdo-
myolysis induced by PA reported in the English literature over 
the 39 years from 1976 to 2015. This indicates that hypoka-
lemic rhabdomyolysis is a rare manifestation of primary aldo-
steronism. In addition, 8 of those 22 cases involved patients 
who used diuretics (hydrochlorothiazide or furosemide) as an-
ti-hypertension drugs. A recent report by Wu et al [8] also pre-
sented a 44-year-old woman with poorly controlled hyperten-
sion that was being treated with captopril and indapamide. She 
was sent to an Emergency Department due to weakness in the 
lower extremities and difficulty walking for 2 days. Laboratory 
finding revealed elevated CPK and extremely low potassium. 
They first treated this patient as having polymyositis. Endocrine 
survey and CT examination were performed due to persistent 
hypokalemia even after high-dose supplementation of potas-
sium. An endocrine survey showed suppressed PRA and ex-
tremely high ARR. A CT scan revealed a 1.8-cm adenoma in 
the right adrenal area. She finally underwent surgical removal 
of the adenoma and reported no recurrence of the symptoms 
at the 8-month follow-up. Her symptoms, laboratory finding, 
imaging finding, and clinical course were similar to our cases. 
These finding might indicate that the use of thiazide and loop 
diuretics are important risk factors for severe hypokalemia-in-
duced rhabdomyolysis in PA patients and result in their mech-
anism of potassium expulsion. It also indicates that the easily 

misdiagnosis when rhabdomyolysis and severe hypokalemia 
are the first manifestations in PA patients [8,9]. In our cases, 
we first only treated their rhabdomyolysis and hypokalemia. 
The response to the treatment was initially poor because we 
did not recognize the true cause of their problems.

The treatment strategies for PA entail removing the source of 
excess mineralocorticoids or blocking the effect of aldoste-
rone in the target organs. Therefore, control and prevention 
of the morbidity associated with excess mineralocorticoids 
are the treatment goals [14,15]. Adrenal vein sampling (AVS) 
is the criterion standard for localizing the laterality of aldo-
sterone-secreting adenomas and for differentiating between 
unilateral or bilateral sources of aldosterone secretion in pa-
tients with PA [16,17]. In patients with confirmed lateralizing 
aldosterone secretion, adrenalectomy should be considered. 
The majority of patients with small unilateral aldosterone-pro-
ducing adenomas are candidates for laparoscopic adrenalec-
tomy [18]. However, for those patients who are not surgical 
candidates, such as those with bilateral aldosterone secretion 
or poor general condition, medical treatment is indicated. The 
aldosterone receptor antagonists, such as spironolactone, are 
successful in lowering blood pressure and maintaining potas-
sium levels. They are, therefore, the first choices of antihy-
pertensive agents in patients with PA [14,15]. In our cases, it 
was necessary to manage the rhabdomyolysis and severe hy-
pokalemia first. Adequate intravenous hydration and potas-
sium supplementation were thus necessary. We did not per-
form AVS in these 2 cases because CT examinations reveal a 
unilateral adrenal tumor over 1 cm in size in both cases. We 
eventually decided not to perform such an invasive diagnostic 
procedure on either of them. Both of our patients were then 
treated with robotic-assisted laparoscopic adrenalectomy af-
ter their serum CPK and K+ levels normalized. In both cases, 
there was no recurrence of hypokalemia without potassium 
supplementation after surgery or during further follow-up.

Case 1 Case 2 Reference range

Blood chemistry

GOT 15 5~35 IU/L

GPT 12 5~35 IU/L

CPK 133 75 30~223 IU/L IU/L

K 5.1 3.5 4.1~5.6 mmol/L

Endocrine data

PRA 5.26 0.32~1.84 ng/mL/hr

Aldosterone 12.1 6.8~17.3 ng/dL

ACTH (8AM) 20.8 9.0~52.0 pg/ml

Cortisol 8.4 (8AM) 5.0~20.0 ug/dl

Table 2. Laboratory data at 3-month follow-up visits and endocrine data at 1-year follow-up visits.
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Conclusions

Hypokalemic rhabdomyolysis is a rare manifestation of PA. 
Making a diagnosis of PA can be difficult when rhabdomyoly-
sis and severe hypokalemia are the first manifestations. The 
use of diuretics for hypertension treatment might be a risk 
factor for extremely low potassium levels, which can induce 
rhabdomyolysis in patients with PA. Patients taking diuretics, 
especially thiazide, can potentially be predisposed to hypokale-
mia-induced rhabdomyolysis, as were the patients in the pres-
ent report. Patients with hypokalemia of unknown etiology or 
with truly resistant hypertension should be evaluated for PA.
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