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Abstract
Rhabdomyolysis is a condition resulting from muscle breakdown due to trauma, extreme exertion, or
seizures, causing the release of intracellular contents including potassium and phosphate (Pi).
Abnormalities in serum calcium (Ca) levels have also been reported in rhabdomyolysis, although its exact
mechanism remains controversial. A 57-year-old male was admitted due to tonic-clonic seizures caused by
epilepsy. On the second day of hospitalization, he exhibited high creatine phosphokinase (CPK) levels
(39,253 U/L) and elevated serum creatinine (Cr) levels (2.31 mg/dL), indicating rhabdomyolysis and acute
kidney injury (AKI). Because of anuria and azotemia, he started hemodialysis from the third day.
Subsequently, renal function gradually improved, and he was weaned off hemodialysis. However, around the
20th day of hospitalization, serum Ca levels began to rise, reaching a peak of 13.3 mg/dL. A computed
tomography (CT) scan showed calcification in the left-side muscles including the pectoralis major and upper
arm, and bone scintigraphy also demonstrated a high accumulation of technetium-99m hydroxymethylene

diphosphonate (99mTc-HMDP) in the same areas. Treatment with denosumab was administered for
hypercalcemia, and serum Ca levels returned to normal. On the 45th day, a follow-up CT scan showed the
disappearance of the calcific deposits, and no accumulation was seen in the bone scintigraphy.

Categories: Endocrinology/Diabetes/Metabolism, Internal Medicine, Nephrology
Keywords: acute kidney injury, calcification, denosumab, hypercalcemia, rhabdomyolysis

Introduction
Rhabdomyolysis is a condition resulting from muscle breakdown due to trauma, extreme exertion, or
seizures, causing the release of intracellular contents including potassium and phosphate (Pi), which can
result in acute kidney injury (AKI) [1,2].

In hospitalized patients, hypercalcemia is often caused by malignancy, primary hyperparathyroidism, and
vitamin D intoxication [3,4]. On the other hand, abnormalities in serum calcium (Ca) levels have been
reported in rhabdomyolysis, although its exact mechanism remains controversial [2,5,6].

Herein, we present a case in which marked hypercalcemia developed during the recovery phase of
rhabdomyolysis triggered by seizures. We also report serial findings of the calcific lesions, which could have
contributed to hypercalcemia, using computed tomography (CT) scans and bone scintigraphy.

Case Presentation
A 57-year-old male was transferred to our hospital due to recurrent tonic-clonic seizures affecting the left
side of the body. He had a medical history of epilepsy and type 2 diabetes mellitus. Consciousness was
impaired (Glasgow Coma Scale of E1V1M1) and no obvious external trauma was noted in the body. Physical

examination showed height of 175 cm, weight of 108.7 kg, and body mass index (BMI) of 34.5 kg/m2. Vital
signs were blood pressure of 120/101 mmHg, pulse rate of 155 bpm, body temperature of 40.1 °C, and
saturation of percutaneous oxygen (SpO2) of 71% (room air). Laboratory studies on admission revealed

white blood cell (WBC) count of 22,900/mm3, hemoglobin of 14.8 g/dL, serum albumin of 4.0 g/dL, creatine
phosphokinase (CPK) level of 133 U/L, blood urea nitrogen (BUN) of 17 mg/dL, serum creatinine (Cr) of 1.51

mg/dL, estimated glomerular filtration rate of 39 mL/min/1.73 m2, sodium of 143 mEq/L, potassium of 4.4
mEq/L, corrected Ca of 8.4 mg/dL, Pi of 4.3 mg/dL, and C-reactive protein of 0.06 mg/dL. After he was
admitted to the neurology department, he was treated with anticonvulsants on mechanical ventilation.

On the second day of hospitalization, the serum CPK level increased to 39,253 U/L and the serum Cr
level increased to 2.23 mg/dL. The serum myoglobin level also increased to 284,000 ng/mL (reference: 0-
154.9 ng/mL) and urinary occult blood was positive (3+) without red blood cells on sediment examination.
The patient was referred to the nephrology department and was diagnosed with rhabdomyolysis-induced
AKI.

On the third day of hospitalization, the patient was started hemodialysis because he became anuric and his
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renal function rapidly deteriorated as BUN, serum Cr, and potassium levels increased to 67 mg/dL, 7.54
mg/dL, and 6.8 mEq/L, respectively. The serum CPK level peaked at 182,900 U/L on the sixth day and
gradually declined. As rhabdomyolysis improved, urine output gradually increased from around the 20th
day, and he was successfully weaned off hemodialysis (Figure 1). Although serum corrected Ca level was
mildly low at 8.4 mg/dL on admission, it began to rise as rhabdomyolysis improved, reaching a peak of 13.3
mg/dL on the 26th day (Table 1, Figure 1). Serum corrected Ca levels were calculated using Payne’s formula:
corrected Ca level (mg/dL) = measured Ca level (mg/dL) + (4 - serum albumin level [g/dL]) [7]. To investigate
the cause of hypercalcemia, a CT scan was performed, and it showed calcification in the left-side muscles
including the pectoralis major muscle, triceps brachii muscle, and biceps femoris muscle. Correspondingly,
bone scintigraphy revealed a high accumulation of technetium-99m hydroxymethylene diphosphonate

(99mTc-HMDP) in these areas (Figure 2A). Secondary hypercalcemia due to malignancy,
hyperparathyroidism, and vitamin D toxicity were also ruled out (Table 1). The isotonic electrolyte solution
of 1000-2000 mL daily depending on the urine volume was administered to treat hypercalcemia, although
hypercalcemia did not improve. On the 26th day of hospitalization, denosumab was administered, and the
serum Ca levels returned to normal. A follow-up CT scan on the 45th day showed complete resolution of the
calcific lesions, and no accumulation was noted in the bone scintigraphy (Figure 2B). At 15 months before
and after hospitalization, his serum corrected Ca and Pi levels maintained within the normal range (9.0 and
2.9 mg/dL before hospitalization, and 9.0 and 2.7 mg/dL after hospitalization, respectively).

FIGURE 1: Clinical course after admission
Ca, calcium; CPK, creatine phosphokinase; Cr, creatinine; Pi, phosphate.
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FIGURE 2: Whole-body plain CT scans and bone scintigraphy
(A) At the onset of hypercalcemia (Day 26), calcium deposits (white arrowheads) are seen in the left pectoralis
muscle and upper arm, as well as other muscles on the left side. Corresponding high uptake of 99mTc-HMDP is
observed in the same sites (black arrowheads). (B) After improvement of hypercalcemia (Day 45), these calcium
deposits in the muscles have disappeared, and there is no longer any high uptake of 99mTc-HMDP in those
regions.

99mTc-HMDP, technetium-99m hydroxymethylene diphosphonate.
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Measurement item Unit Value Reference value

Serum Albumin g/dL 2.6 4.1-5.1

Corrected Ca mg/dL 13.3 8.8-10.1

Pi mg/dL 11.4 2.7-4.6

Ionized Ca          mEq/L 2.79 2.41-2.72

Intact PTH pg/mL 19 10-65

25(OH)Vit D3 ng/mL 5 10.0-70.0

1,25(OH)2Vit D3 pg/mL 9.4 20.0-60.0

ACE U/L 8.3 8.3-21.4

IGRA  (-) (-)

PTHrP pmol/L <1.0 <1.1

TRACP-5b mU/dL 422 170-590

BAP μg/L 26.4 3.7-20.9

FECa % 31.9 2.0-4.0

FEPi % 50.5 10.0-20.0

TABLE 1: Laboratory findings on the 26th day of hospitalization at the peak of hypercalcemia
ACE, angiotensin-converting enzyme; BAP, bone-specific alkaline phosphatase; Ca, calcium; FE, fractional excretion; IGRA, interferon gamma release
assay; OH, hydroxy; PTH, parathyroid hormone; PTHrP, parathyroid hormone-related peptide; Pi, phosphate; TRACP, tartrate-resistant acid phosphatase;
Vit, vitamin.

Discussion
Rhabdomyolysis is a condition in which muscle tissue undergoes necrosis or lysis due to internal or external
factors, releasing large amounts of myoglobin and cellular contents into the bloodstream [1]. This can lead
to complications such as hyperkalemia, hyperphosphatemia, metabolic acidosis, compartment syndrome,
and AKI [2]. Regarding serum Ca levels in rhabdomyolysis, it is known that serum Ca levels often decrease
during the acute phase and increase during the recovery phase [5]. This Ca metabolic abnormality has been
reported in up to 33% of rhabdomyolysis cases [8]. During the acute phase, Pi released from the damaged
muscle cells binds with Ca to form calcium phosphates, leading to Ca deposition into the injured muscle. In
the recovery phase, the dissolution of these calcium phosphates into the bloodstream results in
hypercalcemia. Hadjis et al. [5] demonstrated this process using CT scans and muscle biopsies. However, the
exact mechanisms underlying the release of calcium phosphates during the recovery phase are not fully
understood. Several studies suggest that the decrease in serum Pi levels due to renal recovery (diuresis)
causes hypercalcemia to maintain the calcium phosphate product (Ca x Pi) [6,9]. On the other hand,
Meneghini et al. [10] reported several cases in which hypercalcemia had developed during the oliguric phase
of AKI. In this case, hypercalcemia persisted despite continuous hyperphosphatemia, indicating that
mechanisms independent of Ca x Pi may be involved. Other proposed mechanisms include secondary
hyperparathyroidism following acute hypocalcemia [11] or an increase in active vitamin D during renal
recovery [12]. However, in a report by Meneghini et al. [10], which summarized cases of rhabdomyolysis
complicated by AKI, 11 cases had elevated intact parathyroid hormone (PTH) levels among 34 cases, and
only two cases had elevated 25-hydroxyvitamin D3 levels among nine cases. These findings suggest that the

Ca metabolism abnormalities in rhabdomyolysis cannot be simply explained by the changes in hormones or
vitamins. In our case, both intact PTH and 1,25-dihydroxyvitamin D3 levels were low during hypercalcemia,

and then the involvement of hyperparathyroidism and the effect of increased vitamin D levels were unlikely.

We also investigated other factors such as malignancy, sarcoidosis, and tuberculosis as possible causes of
hypercalcemia, but those factors were ruled out based on the radiological and laboratory findings (Table 1).
Moreover, Ca replacement therapy was not administered for the acute-phase hypocalcemia in our case.
Although the involvement of immobility could not be completely ruled out, early rehabilitation and the
absence of elevated bone resorption markers (TRACP [tartrate-resistant acid phosphatase]-5b) suggested
that its effect was minimal [13].
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There have been several reports on Ca metabolism abnormalities in rhabdomyolysis, although those reports
observed the progression of calcific lesions using CT scans or bone scintigraphy at a single time point
[5,6,8,9,14-17]. On the other hand, our case observed the serial changes in calcific lesions using two
modalities, CT scans and bone scintigraphy. Furthermore, those calcific lesions were primarily observed on
the left side of the body corresponding to the site of seizures. Taken together, we speculated the mechanism
of hypercalcemia complicated with rhabdomyolysis in our case as follows: (i) Pi released from the damaged
muscle cells bound with Ca to form calcium phosphates, leading to Ca deposition into the injured muscle
during the acute phase; and (ii) the dissolution of these calcium phosphates into the bloodstream resulted in
hypercalcemia in the recovery phase. Recently, Alkaissi and McFarlane [18] also reported serial
radiographical findings in a patient who had been applied Ca sulfate beads at the surgical sites, which
developed hypercalcemia probably due to the dissolution from the sites. Furthermore, our case responded
well to denosumab, a monoclonal antibody targeting the receptor activator of nuclear factor kappa-B ligand
(RANKL), effectively reducing serum Ca levels. In the presence of AKI, denosumab can be a useful treatment
option as it does not require renal excretion, although hemodialysis using a dialysis fluid of low calcium
concentration may be another treatment option.

From the point of view of hyperphosphatemia, familial hyperphosphatemic tumoral calcinosis (FHTC) could
be listed as one of the differential diagnoses of the disease that shows a similar phenotype to our case
[19,20]. On the other hand, hyperphosphatemia was transiently observed just in the recovery phase of
rhabdomyolysis, hypercalcemia was rarely observed in FHTC, and calcific lesions were observed in the site
of injured muscles, but not in the periarticular sites typically found in FHTC. In addition, we could not
explain the reason for the suppressed serum 1,25-dihydroxyvitamin D3 level, which should be elevated or

inappropriately normal for the degree of hyperphosphatemia in FHTC [21].

Conclusions
We presented a case of hypercalcemia developed in the recovery phase of rhabdomyolysis. To the best of our
knowledge, this case is the first report that observed the serial changes of calcific lesions using two
modalities, CT scans and bone scintigraphy. Although the exact mechanisms of hypercalcemia in
rhabdomyolysis are still controversial, it was speculated that the dissolution of the calcific lesions into the
bloodstream resulted in hypercalcemia. In addition, denosumab was found to be effective in normalizing the
Ca levels, although denosumab might actually affect bones. This case emphasizes the importance of
monitoring Ca levels and suggests a treatment option such as denosumab in patients with hypercalcemia
following rhabdomyolysis.
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