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Abstract 

Background Hypokalemic rhabdomyolysis is a rare clinical manifestation of primary aldosteronism, making its diag-
nosis challenging, particularly when it becomes the primary presenting symptom. Herein, we present a case of pri-
mary aldosteronism with hypokalemic rhabdomyolysis and conduct a related literature review.

Case presentation We report the case of a 54-year-old Chinese male patient who presented with intermittent 
weakness over the past year and was admitted with sudden limb paralysis for 2 days. The final diagnosis was primary 
aldosteronism accompanied by hypokalemic rhabdomyolysis syndrome. By reviewing the related Chinese and Eng-
lish literature, we noticed that only a few cases were published since 1978. After excluding irrelevant literatures, we 
summarized and analyzed 43 patients of with primary aldosteronism accompanied by hypokalemic rhabdomyolysis 
syndrome. All patients showed good recovery, with normalized blood potassium levels, and a majority achieved nor-
malized blood pressure. Some patients still required medication for blood pressure control.

Conclusions Primary aldosteronism rarely causes rhabdomyolysis; the occurrence of severe hypokalemia and rhab-
domyolysis should prompt consideration of primary aldosteronism in the differential diagnosis. Early detection 
and treatment are crucial for determining patient prognosis.
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Background
Primary aldosteronism (PA), commonly known as 
Conn’s syndrome, is the most common cause of sec-
ondary hypertension. Approximately 5–10% of adults 
with hypertension are estimated to have primary aldo-
steronism [1]. Its main characteristic is excessive secre-
tion of aldosterone, which leads to increased tubular 

reabsorption of sodium and enhanced excretion of potas-
sium in the kidneys. Consequently, elevated blood pres-
sure and hypokalemia ensue, elevating the risk of 
cardiovascular events and target organ damage. Although 
hypokalemia is a common manifestation of primary aldo-
steronism, hypokalemic rhabdomyolysis represents a 
rare presentation of this disease. Rhabdomyolysis (RM) 
is a syndrome characterized by the breakdown of skeletal 
muscle, leading to the release of electrolytes, myoglobin, 
creatine kinase, and other substances. This can result in 
electrolyte imbalances, metabolic acidosis, renal fail-
ure, and other complications [2]. Rhabdomyolysis can 
lead to hyperkalemia, but overall, potassium deficiency 
can occur. However, the mechanism of rhabdomyolysis 
induced by hypokalemia has not been determined.
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We report a case of primary aldosteronism combined 
with hypokalemic rhabdomyolysis and summarize the 
relevant literature to enhance clinicians’ understanding 
of this condition. Early diagnosis and treatment are cru-
cial for improving patient outcomes.

Case presentation
A 54-year-old Chinese male who was engaged in physi-
cal labor and admitted to the hospital due to intermit-
tent fatigue for 1 year and sudden onset of paraplegia 
for 2 days. The patient experienced intermittent fatigue 
without apparent triggers for the past year, with improve-
ment after rest. A total of 3 days prior, after exertion, 
he once again experienced fatigue accompanied by pain 
in the limbs and lower back. Family members provided 
massage to the lumbar and leg areas, resulting in bruis-
ing on the left lower limb. Symptoms improved with 
rest, and the patient had not previously sought medi-
cal attention. A total of 2 days prior, while working, he 
experienced heightened fatigue and developed paraple-
gia. He presented to our emergency department, where 
a head magnetic resonance imaging (MRI) scan showed 
no significant abnormalities, while a lumbar spine MRI 
revealed disc protrusion at L3–L4.

The electrolyte results revealed a blood potas-
sium level of 1.83  mmol/L and a blood sodium level of 
151.4  mmol/L, and liver function indicators revealed 
a total bilirubin level of 29.2  g/L and an aspartate ami-
notransferase (AST) level of 49.6  U/L. Potassium sup-
plements were administered, and subsequent potassium 
monitoring revealed levels maintained between 2.0 and 
2.3 mmol/L. Owing to the necessity for further treatment 
of hypokalemia, the patient was admitted to our depart-
ment. Since the onset of symptoms, the patient’s diet 
and sleep have been normal, with no significant changes 
in urine or stool. The patient had a history of hyperten-
sion for 3 years, with the highest recorded blood pressure 
being 160/100 mmHg. Currently, the patient is receiving 
a daily regimen of 5 mg amlodipine and 150 mg/12.5 mg 

valsartan/hydrochlorothiazide, maintaining blood pres-
sure levels of approximately 120–130/80–85  mmHg. 
No family history of hypertension was reported, and 
the individual had no significant personal medical his-
tory. On admission, the patient’s examination revealed 
the following: a temperature of 36.5 °C, heart rate of 100 
beats of minute, respiratory rate of 19 breaths per min-
ute, and blood pressure of 150/90  mmHg. The patient 
was alert with clear speech. Tenderness was noted in 
the soft tissues on the inner side of the left thigh, with 
a visible contusion measuring 20  cm × 15  cm. The thy-
roid was not palpably enlarged and no abnormalities 
were detected during the physical examination of the 
heart, lungs, or abdomen. Muscle strength and tone did 
not significantly differ among the four limbs. Neurologi-
cal examination revealed no obvious abnormalities, and 
the lower extremities exhibited no edema. After admis-
sion, comprehensive laboratory investigations were con-
ducted, including tests for adrenocorticotropic hormone 
(ACTH), cortisol (COR), thyroid function, renal func-
tion (repeatedly checked), coagulation profile, complete 
blood count, urinalysis, stool analysis, lipid profile, and 
blood glucose; all of these tests showed no abnormali-
ties. Table  1 presents electrolyte levels, liver function, 
myocardial enzymes, urinalysis, and 24-hour urine 
potassium levels. The changes in blood potassium and 
creatine kinase levels at different timepoints after patient 
admission were presented (Fig. 1). The renin, angiotensin 
II, and aldosterone levels are detailed in Table 2. In this 
case, since the patient did not discontinue the valsartan/
hydrochlorothiazide tablets for 2 weeks according to the 
standard posture test of the renin–angiotensin–aldoster-
one system, the positive results obtained supported the 
diagnosis. Blood gas analysis revealed a pH of 7.441, a 
 HCO3− concentration of 30.4  mmol/L, a standard base 
excess of 6.2 mmol/L, and a blood potassium concentra-
tion of 1.8 mmol/L. The electrocardiogram showed sinus 
rhythm with a prolonged QT interval.

Table 1 Dynamic changes in laboratory examination parameters at different timepoints during admission and after admission

CK, creatine kinase; CK-MB, creatine kinase isoenzyme; AST, sspartate transaminase; LDH, lactate dehydrogenase; Myo, myohaemoglobin

Laboratory tests Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 8 Day 9 Day 10 Day 11 Day 12 References

K+  (mmo/L) 1.83 2.0 1.9 1.97 2.79 3.5 2.89 2.99 3.26 3.44 3.19 3.5–5.5

CK (U/L) 3309 8008 15514 12879 3175 1066 254 50–310

CK-MB (U/L) 74.9 145 221.6 206 79.2 37.26 22 7–25

AST (U/L) 49.6 47.3 84.5 145.4 131.4 70.5 39.7 22.9 15–40

LDH (U/L) 475 639 932 652 362 322 255 120–250

Myo (ng/ml) 889.5 598.7 322.6 92.62 28–72

Urine occult blood 2 + Negative

Urine potassium (mmol/24h) 33 108 25–125
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An adrenal computed tomography (CT) revealed a 
low-density mass in the medial limb of the left adrenal 
gland, with a CT value of approximately 0  Hounsfield 
unit (HU) and dimensions of approximately 22 mm 
× 16  mm (Fig.  2A). Enhanced CT demonstrated a cir-
cular lesion in the left adrenal gland, with a maximum 
cross-sectional area of approximately 22 mm × 16 mm, 
clear borders, and enhancement phases with CT val-
ues of approximately 51 HU, 64 HU, 45 HU, and 21 HU, 
respectively (Fig.  2B). Bilateral adrenal vein sampling 

yielded no successful results. Upon admission, the 
patient received oral and intravenous potassium sup-
plementation, intravenous fluids, and symptomatic 
treatment for hypertension. After confirming the 
diagnosis of primary aldosteronism, the patient was 
prescribed spironolactone 20  mg twice a day in com-
bination with sustained-release potassium chloride 2 g 
three times a day orally. Following the complete reso-
lution of rhabdomyolysis, the patient underwent uro-
logical surgery at an external hospital one month later. 

Fig. 1 Serum potassium and creatine kinase levels over time in patients after admission

Table 2 Preoperative standard posture test of the renin–angiotensin–aldosterone system

PRA, plasma renin activity; PAC, plasma aldosterone concentration; ARR, aldosterone–renin ratio

Preoperative supine 
(day 1)

Preoperative supine 
(day 7)

Reference (supine) Preoperative upright 
(day 7)

Reference 
(upright)

PRA (pg/mL) 3.37 3.68 4–24 3.58 4–38

PAC (pg/mL) 333.12 855.27 10–160 729.52 40–310

ARR 116.65 232.41 203.78

Fig. 2 A Plain renal CT image showing a low-density mass in the medial limb of the left adrenal gland, with a CT value of approximately 0 HU 
(yellow arrow). B Adrenal enhanced CT image demonstrating a round-like mass in the left adrenal gland, with a maximum cross-sectional area 
of approximately 22 mm × 16 mm, indicating mild enhancement during the enhanced scan (red arrow)
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Pathology revealed nodular cortical hyperplasia in the 
left adrenal gland, with active local cell proliferation 
and focal medullary hyperplasia (Fig.  3). During fol-
low-up at 1  month, 6  months, and 1  year, the patient 
reported relief of fatigue and muscle pain symptoms, 
with no recurrence of limb paralysis. Blood potassium 
levels returned to normal, and the patient required 
daily administration of 30 mg of nifedipine controlled-
release tablets to maintain a blood pressure of approxi-
mately 120/80 mmHg.

Literature search and screening
Using the keywords “primary aldosteronism and rhab-
domyolysis” or “primary aldosteronism and myopathy,” 
a search was conducted on English databases (PubMed, 
Scopus, Web of science, and Embase) and Chinese data-
bases, including China National Knowledge Infrastruc-
ture (CNKI), the Wanfang Medical Database, and the 
VIP Technology Journal Database. The search spanned 
from 1978 to 2023.

Two authors independently conducted searches in the 
Chinese and English databases using a predefined search 
strategy. After the literature was retrieved, duplicates 
were removed using EndNote X9 software. Subsequently, 
the two authors individually assessed the titles and 
abstracts of the remaining articles, excluding irrelevant 
articles. Relevant literature on primary aldosteronism 
combined with rhabdomyolysis was identified. In cases 
of disagreement between the two authors, decisions were 
made by the research team. Moreover, while reviewing 
the relevant literature, references were scrutinized, and 
citation tracking searches were conducted to address any 
omissions.

Results
A total of 39 articles were retrieved, comprising 9 in 
Chinese and 30 in English (Fig. 4). All the included arti-
cles were case reports, resulting in a total of 43 patients 
(Table  3). Three articles reported two patients each. 
A total of 19 of these patients were male and 24 were 

Fig. 3 Pathological findings suggestive of nodular hyperplasia 
with features of adrenal cortical adenoma were characterized 
by locally active cellular growth and focal medullary hyperplasia

Fig. 4 Flowchart and results of the literature screening process. A total of 39 articles were included, including 30 in English and 9 in Chinese. CNKI, 
China National Knowledge Infrastructure; VIP, China Science and Technology Journal Database; Wanfan Digital Database, China Wanfang Data 
Knowledge Service Platform
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female, with an age range of 14–73 years and an average 
age of 47.6 years. Muscle weakness was the common clin-
ical symptom among all patients and was accompanied 
by additional manifestations such as muscle pain, mus-
cle atrophy, and, in some cases, vomiting. All patients 
exhibited hypokalemia, with the lowest potassium level 
recorded being 1.04 mmol/L. Creatine kinase (CK) levels 
increased to varying degrees upon admission. Only one 
patient among all the patients did not have hyperten-
sion. Acute kidney injury occurred in eight patients, but 
they recovered to normal function after treatment. Nine 
patients, including the patient in the present case, were 
treated with diuretics before being diagnosed.

Among the 43 patients, 32 underwent surgical excision 
of the lesions, with pathology revealing adenomas in 29 
patients and adrenal hyperplasia in 3 patients (Table 3). 
Additionally, 11 patients were treated with oral spirono-
lactone (40–120  mg). All patients recovered well, with 
normal blood potassium levels observed in all patients 
and normalization of blood pressure in the majority 
of patients. A few patients still required medication for 
blood pressure control. A summary of clinical features, 
diagnosis data, and treatment of all cases with primary 
hyperaldosteronism combined with rhabdomyolysis in 
both the literature and the present case were summarized 
in the Supplementary Table.

Discussion and conclusions
The causes of primary aldosteronism (PA) include aldos-
terone-producing adenoma (APA), idiopathic hyperaldo-
steronism (also referred to as idiopathic aldosteronism), 
primary adrenal cortical hyperplasia (also termed uni-
lateral adrenal hyperplasia), familial hyperaldosteron-
ism, adrenal cortical carcinoma secreting aldosterone, 
and ectopic aldosterone-secreting tumors [3]. The vari-
ous etiologies of primary aldosteronism necessitate dis-
tinct treatment approaches. For aldosterone-producing 
adenomas, unilateral adrenal hyperplasia, and adrenal 
cortical carcinoma secreting aldosterone, surgery is the 
preferred treatment. However, for idiopathic hyperaldo-
steronism and glucocorticoid-remediable aldosteronism, 
medication is the preferred treatment. Currently, adrenal 
vein sampling (AVS) is recognized as the gold standard 
for diagnosing and subtyping primary aldosteronism. 
According to literature review, a total of nine patients 
underwent successful adrenal vein sampling (AVS) [4]. 
Among them, one patient reported bilateral adrenal 
masses, and AVS suggested unilateral dominance, lead-
ing to surgical excision [5]. In a case reported by Zavatto, 
imaging indicated bilateral adrenal nodules, and compre-
hensive AVS confirmed the diagnosis of idiopathic hyper-
aldosteronism and was managed with oral medication 
[6]. Another patient showed no imaging abnormalities 
in the adrenal glands, but AVS detected increased aldos-
terone secretion from the right adrenal gland, prompting 
treatment with oral spironolactone [7]. Unfortunately, 
AVS was unsuccessful in the present patient. Pathol-
ogy indicated nodular adrenal cortical hyperplasia, not 
suggesting aldosterone-producing adenoma. A patient 
reported by Kotsaftis also presented with a unilateral 
nodule, without AVS, and the pathology revealed adrenal 
hyperplasia [8]. These cases underscore the importance 
of AVS.

The International Consensus on the Pathological 
Diagnosis of Unilateral Primary Aldosteronism empha-
sizes the pivotal role of aldosterone synthase (CYP11B2) 
immunohistochemical staining in the pathological diag-
nosis and subtyping of unilateral primary aldosteron-
ism [9]. Therefore, for patients with unilateral primary 
aldosteronism who are unable to undergo surgery or 
who have failed adrenal vein sampling (AVS), perform-
ing CYP11B2 immunohistochemical staining on patho-
logical specimens is recommended. Among the patients 
described in this article, a total of 32 patients underwent 
surgical treatment [5, 6, 8, 10–34], with three of whom 
exhibited adrenal hyperplasia [8, 33]. Additionally, 11 
patients received oral spironolactone (40–120 mg) [4, 7, 
35–43]. None of the 32 surgically treated patients exhib-
ited CYP11B2 immunohistochemical staining in the 
pathological reports.

Table 3 Summary of the clinical characteristics of patients with 
primary hyperaldosteronism combined with rhabdomyolysis in 
the literature and the present case

CK, creatine kinase; ARR, aldosterone-renin ratio; AKI, acute kidney injury

Variable Category Number 
of cases

Gender Male 19

Female 24

Age (years)  ≤ 45 20

 > 45 23

Clinical Symptom Weakness 43

Hypertension 42

Use of diuretics Yes 9

K+(mmol/L)  < 2.0 33

2.0–2.5 8

2.5–3.5 2

CK (U/L)  < 10000 31

 ≥ 10000 12

ARR  < 30 6

 ≥ 30 29

NA 8

AKI Yes 8

Treatment Surgery 32

Medicine 11
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Rhabdomyolysis (RM) can result from various under-
lying causes, such as trauma, ischemia, metabolic disor-
ders, infection, drugs, and electrolyte imbalances [44]. 
In this particular case, low potassium levels constitute 
the primary reason for RM. Furthermore, the patient 
in this instance was taking diuretics, which potentially 
aggravated her hypokalemia. A literature review in this 
context included nine patients treated with diuretics [4, 
6, 7, 19, 20, 37, 41]. Rhabdomyolysis-induced muscle 
breakdown releases a substantial amount of potassium 
into the circulation. However, when clinical syndrome 
manifests as both hypokalemia and rhabdomyolysis, the 
absolute concentration of potassium falls below detect-
able levels. Hence, substantial potassium supplementa-
tion and intravenous fluid administration are imperative. 
Reports in the literature highlight a markedly elevated 
risk of rhabdomyolysis when blood potassium levels fall 
below 2.0  mmol/L [21]. Additionally, reports indicate 
that severe hypokalemia, defined as a blood potassium 
concentration < 2.5 mmol/L, often leads to severe muscle 
weakness or RM [17]. According to literature review, 33 
patients had initial blood potassium levels < 2.0 mmol/L, 
constituting approximately 76.7% of the total. There were 
41 patients with blood potassium levels ≤ 2.5  mmol/L, 
representing 95.3% of the population, thereby affirming 
the previously drawn conclusion. However, the mecha-
nisms by which hypokalemia leads to RM remain unclear. 
Severe hypokalemia (serum potassium < 2.5  mmol/L) 
may crucially contribute to muscle injury for three rea-
sons [4, 19]: (1) microvascular constriction leading to 
reduced muscle blood supply and subsequent muscle cell 
dissolution, (2) inhibition of glycogen synthesis and stor-
age, and (3) disruption of cell membrane ion transport.

Additionally, it is crucial to consider the relationship 
between serum transaminases and RM. Several stud-
ies have shown a correlation between changes in serum 
AST and alanine transaminase (ALT) and serum cre-
atine kinase (CK) levels, suggesting that the increase in 
transaminase levels in patients with rhabdomyolysis may 
be a marker of skeletal muscle damage rather than liver 
cell damage [45, 46]. Of course, it is essential to inquire 
about the patient’s history of liver disease, and if this 
information is missing, elevated transaminase levels 
may be indicative of skeletal muscle injury. In this litera-
ture review, 20 patients provided AST and ALT values, 
and these patients had no history of liver disease, yet 
transaminase values showed varying degrees of elevation.

In our case, the patient’s blood pressure did not return 
to normal after surgery. Considering the patient’s mid-
dle-aged onset and short history of hypertension with-
out a family history of hypertension, three different 
types of antihypertensive drugs were required preop-
eratively to control blood pressure. Postoperatively, only 

one antihypertensive drug was needed to control blood 
pressure. Combined with pathological findings suggest-
ing adenomatous nodular hyperplasia, the possibility of 
a subtle lesion on the contralateral adrenal gland cannot 
be ruled out. Hypertension is considered to be secondary 
to aldosterone excess. The diagnosis and treatment of this 
case align with the 2020 expert consensus on the diag-
nosis and treatment of primary aldosteronism in China 
[47]. Unfortunately, the patient experienced AVS failure, 
and CYP11B2 immunohistochemical staining was not 
performed on the pathological specimen. Postoperative 
pathology indicates the disease is likely due to idiopathic 
hyperaldosteronism. Considering the possibility of recur-
rence of the disease, the levels of blood potassium and 
renin–angiotensin–aldosterone should be closely moni-
tored after surgery.

Strengths of this case include clear diagnosis and timely 
treatment based on the patient’s clinical presentation, 
laboratory results, and imaging examinations. Spirono-
lactone was administered preoperatively to correct 
hypokalemia. Moreover, the diagnostic and treatment 
processes were standardized, aligning with the 2020 
expert consensus on the diagnosis and treatment of pri-
mary aldosteronism in China [47]. However, some limita-
tions of our presentation case merit consideration. Firstly, 
the patient’s adrenal vein sampling (AVS) was unsuccess-
ful, leading to insufficient grounds for surgical treatment. 
Secondly, postoperative pathological specimens did not 
undergo CYP11B2 immunohistochemical staining.

In this paper, 43 cases of primary aldosteronism with 
hypokalemic rhabdomyolysis were retrospectively 
analyzed to improve clinicians’ understanding of the 
disease. We found that severe hypokalemia (potas-
sium ≤ 2.5  mmol/L) may be a significant predictor of 
rhabdomyolysis. However, in the literature, the diagno-
sis and treatment of patients with primary aldosteron-
ism complicated by hypokalemic rhabdomyolysis was 
not completely standardized. In this literature review, 
only nine cases underwent adrenal vein sampling (AVS) 
according to guidelines for the management of primary 
aldosteronism to determine the cause [48].  Pathologi-
cal testing, including CYP11B2 immunohistochemical 
staining, is recommended for patients who have not had 
AVS or who have failed AVS according to the Interna-
tional Consensus on Pathological Diagnosis of Unilat-
eral Primary Aldosteronism  [9]. The literature did not 
identify case–control studies regarding the incidence 
rate of rhabdomyolysis associated with primary aldo-
steronism, such as stratifying by serum potassium levels 
(> 2.5 mmol/L and ≤ 2.5 mmol/L). Therefore, multicenter 
case-series control study will be our next research direc-
tion in the future.
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Based on published cases, it can be concluded that 
hypokalemic rhabdomyolysis is a rare clinical mani-
festation of primary aldosteronism and is more com-
monly observed in middle-aged females (< 60  years 
old). Patients with hypertension and severe hypoka-
lemia should be highly suspected. Early diagnosis and 
treatment can improve patient prognosis, reducing the 
frequency of complications such as rhabdomyolysis 
and acute kidney injury. Furthermore, for patients with 
PA, AVS should be conducted. In instances of unilat-
eral PA, testing for CYP11B2 is essential for enhancing 
the accuracy of subtype diagnosis. Moreover, empha-
sis should be placed on the correlation between serum 
transaminase levels and RM.
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