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Abstract
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]BACKGROUND
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Primary hypoparathyroidism (HPT) is rarely seen in the clinic, and it can be combined with rhabdomyolysis. There are few reports about this phenomenon. Therefore, it is significant to explore the etiology that is conducive to early diagnosis, timely treatment, and preventing the recurrence.

CASE SUMMARY
[bookmark: OLE_LINK58][bookmark: OLE_LINK59]A 63-year-old man was admitted to our hospital with a severe upper respiratory tract infection and progressing decreased myodynamia of the lower limbs. Blood tests showed creatine kinase > 32000 U/L, creatinine 207.8 µmol/L, calcium 1.28 mmol/L, myoglobin 558.7 ng/mL, and parathyroid hormone 0 pg/mL. He was diagnosed with primary HPT with rhabdomyolysis, and severe upper respiratory tract infection was considered to be the initial trigger. He responded well to supplementation of intravenous calcium gluconate and oral calcium as well as bedside hemodialysis, fluid hydration, infection control, protecting the liver, etc. Creatine kinase, myoglobin, and serum calcium returned to normal, and muscle strength improved significantly. Symptoms improved after symptomatic treatment.

CONCLUSION
Severe infection should be prevented, which is the key cause of rhabdomyolysis in patients with HPT. 
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Core tip: We described progressively decreased myodynamia and elevated muscle enzymes in a man with primary hypoparathyroidism. He was eventually diagnosed with rhabdomyolysis and acute kidney injury based on primary hypoparathyroidism. After bedside dialysis, antibiotic treatment, supplementation with blood calcium, and other symptomatic treatments, muscle strength recovered. Regular monitoring of blood calcium and prevention of infection are necessary to prevent recurrence.

Ding LN, Wang Y, Tian J, Ye LF, Chen S, Wu SM, Shang WB. Primary hypoparathyroidism accompanied by rhabdomyolysis induced by infection: A case report. World J Clin Cases 2019; In press


INTRODUCTION 
Hypothyroidism (hypoparathyroidism, HPT) is a rare endocrine disease induced by a variety of causes of low parathyroid hormone and reduced blood calcium. According to statistics, the incidence of postoperative and nonsurgical HPT is 23 and 17 per 100000, respectively[1]. Neuromuscular excitation is the main symptom, and its complications can involve multiple organs that have important effects on the brain, cognition, muscles, heart, and kidneys[2,3]. Myopathy is a rare manifestation of HPT and may be associated with elevated muscle enzymes caused by hypocalcemia in HPT patients[4]. A small number of patients may have rhabdomyolysis under certain circumstances, and there have been few previous reports of primary HPT with rhabdomyolysis; the first appeared in 1983[5], and in the last thirty years, it has been rarely reported. It is conducive to early diagnosis, timely treatment, and prevention of recurrence to analyze the causes and pathogenesis in patients with HPT. Here, we report the data of a patient with primary HPT and rhabdomyolysis who was admitted to the endocrinology ward in 2019. His symptoms improved significantly when he was discharged from the hospital after timely and effective treatment.

CASE PRESENTATION
Chief complaints
A 63-year-old man who had suffered from cough and asthma with fatigue in both lower limbs for 1 wk was admitted to our hospital.

History of present illness
He had nasal congestion, runny nose accompanied by cough and spit, wheezing, and weakness of both lower limbs for a week before he was admitted to the hospital. The symptoms continued to progress even with the guidance of community doctors and treatment with oral cephalosporin. Subsequently, he was sent to the emergency department for loss of the ability to stand and walk.

History of past illness
The patient had suffered from chronic obstructive pulmonary disease for 2 years. There was no history of coronary heart disease, diabetes, chronic kidney disease, adrenal adenoma, adrenal hyperplasia, or autoimmune disease and no use of glycyrrhizic acid or statins.
He was misdiagnosed with and treated for epilepsy because of physical convulsions in his teenage years. Then, he was diagnosed with primary HPT 40 years ago in another hospital because of low parathyroid hormone but had no thyroidectomy, parathyroidectomy, or radiation exposure. After diagnosis, he took calcium gluconate 75 µg/d and calcitriol with calcium carbonate D3 375 µg/d regularly. He was hospitalized in our hospital 2 years ago because of sudden syncope and fatigue. Elevated creatine kinase, hypocalcemia, acute upper respiratory tract infection, and an abnormal increase in creatinine were detected, and symptoms improved after symptomatic treatment.

Physical examination
The lungs showed severe wheezing, and a high-pitched wet sound could be heard in the lower right lung. The upper limb muscle strength was grade 4, while the lower limb strength was grade 1. The muscle tension was normal, but the lower limbs had slight edema on physical examination. 

Laboratory examinations
His blood test suggested a severe infection, severe hypocalcemia, hypokalemia, and elevated levels of anhydrase and creatinine. Myocardial zymography showed increased creatine kinase (> 32000 U/L), and the myoglobin level was abnormally elevated (558.7 ng/mL), with a B-type natriuretic peptide level of 200 pg/mL and a cardiac troponin I level of 0.2 ng/mL (Table 1). The changes in the pathological laboratory index during the disease course are presented in Figure 1. 

Imaging examinations
The cranial computed tomography showed multiple symmetrical patchy calcifications in the bilateral white matter, basal ganglia, thalamic area, and cerebellar hemisphere (Figure 2). The chest computed tomography demonstrated that there was no obvious lesion.

MULTIDISCIPLINARY EXPERT CONSULTATION
Xiao Wu, MD, PhD, Attending Physician, Department of Pneumatology
The blood gas analysis results of the patient suggested current type 1 respiratory failure, and it was necessary to increase oxygen inhalation. It was also recommended that methylprednisolone be used to relieve spasm and asthma.

Yan Zhou, MD, PhD, Attending Physician, Department of Nephrology
Acute kidney injury is considered to be secondary to rhabdomyolysis, and the treatment should be based on stable electrolytes; if necessary, bedside continuous renal replacement therapy can be taken. Cardiac injury is a secondary injury and may be associated with severe hypocalcemia and elevated muscle enzymes. We checked the myocardial infarction index again after symptomatic treatment.

FINAL DIAGNOSIS 
Primary HPT; rhabdomyolysis; hypocalcemia; acute kidney injury; chronic obstructive pulmonary disease with acute respiratory tract infection

TREATMENT
Based on these blood test results, we suspected multiorgan failure due to infectious diseases. We first tried intravenous methylprednisolone (40 mg) for 3 days to relieve spasm and asthma. Once the asthma was eased, we stopped using hormones, and we empirically used second-generation cephalosporin antibiotics combined with moxifloxacin to control infection. After the clear diagnosis by perfecting the test for myoglobin, bedside dialysis was performed periodically and continued for 3 days because of the continuous oliguria, despite rehydration, until the renal function improved, and the myoglobin and creatine kinase decreased. The man responded well to supplementation with intravenous calcium gluconate (2 g/d), calcium carbonate D3 (250 IU/d), and calcitriol (5 μg/d). Simultaneous rehydration, stable electrolytes, antibacterial therapy, and liver protection were equally important in the process.

OUTCOME AND FOLLOW-UP 
The patient’s symptoms improved by more than half, while the creatine kinase level decreased to normal, and muscle strength was restored to grade 4 12 days later. He was transferred to the rehabilitation center for further rehabilitation because of his remaining muscle strength. He was discharged with treatment with oral calcium (250 IU/d) and calcitriol (5 μg/d) and was advised to return to the endocrinology outpatient clinic regularly for calcium reexamination. No abnormalities occurred during 1 mo of follow-up after discharge. The man felt good in the most recent review, and the blood test suggested elevated creatinine and uric acid, while the blood calcium and myoglobin were within the normal range. It should be noted that the amount of calcium should be controlled to prevent hypercalcemia and rehospitalization because the young man who was treated by Sumnu et al[6] was hospitalized again during follow-up for hypercalcemia. A timeline was organized from information of the case report that was presented in the end (Figure 3)

DISCUSSION
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]We have described a man with primary HPT accompanied by muscle weakness and increased muscle enzymes who was finally diagnosed with rhabdomyolysis. Our case indicates that patients with severe infections are more likely to suffer from rhabdomyolysis if they have HPT, and the main reason may be related to the extremely elevated muscle enzymes caused by severe hypocalcemia. Severe respiratory infections and acute kidney injury, which are further exacerbated by the reduction of calcium, will contribute to the lower blood calcium to worsen the condition.
Here, we listed the cases of HPT with rhabdomyolysis that have been reported so far, whose clinical data were detailed (Table 2). In 1983, Liu et al[5] first reported the case of primary HPT with rhabdomyolysis without any cause, in which the blood calcium was found to be inversely proportional to myoglobin and lactate dehydrogenase, and in 1993, it was reported that serum creatine kinase, lactate dehydrogenase, and blood calcium were inversely related[7]. Three cases[8-10] discussed the occurrence of primary HPT related to MTP deficiency caused by gene mutation, which were mainly considered to be mutation of the HADHB gene and HADHA gene. Sumnu et al[6] reported a case accompanied by acute kidney injury in a young male, whose main symptoms were pain in the leg muscles, nausea, and vomiting, and focused on the description of the cranial calcification. Overall, few of the published studies clarified the causes and possible mechanisms of the disease. In our table, patients who had no other medical history except primary HPT combined with rhabdomyolysis for different reasons at a relatively young age, the main symptoms were muscle weakness or tetany. However, the older male had a history of chronic obstructive pulmonary disease. For our patient, there were three characteristics during the disease: one is severe hypocalcemia, the second is severe respiratory tract infection, and the third is acute renal impairment. Here, we discuss the possible pathogenesis and the relationship among the three aspects. 
Rhabdomyolysis was firstly described in crush injuries, and it was thought to be associated with thermal injuries[11]. Other nontraumatic causes include electrolyte disorder, infection, and drugs (such as statins)[12] in later years. Direct muscle injury remains to be the most common cause of rhabdomyolysis. Our patient had no history of strenuous exercise or related drug intake. We believe that hypocalcemia and infection played a role in the incidence of the disease because there are studies showing that elevated muscle enzymes are associated with hypocalcemia[13] and infection[14]. Meanwhile, there is a direct relationship between hypocalcemia and primary HPT[15]. As hypocalcemia is the main feature of HPT[16]; we have reason to believe that patients with HPT may suffer from rhabdomyolysis easily. 
Previously, it was thought that hypocalcemia was characterized by decreased muscle strength, but not all hypocalcemia patients have clinical signs; these signs depend on the degree of low calcium and the rate of calcium decrease. Chronic hypocalcemia manifests as cataract, anxiety, basal ganglia calcification, or extrapyramidal dyskinesia, while acute hypocalcemia is presented as paresthesia, muscle weakness, or even paralysis[17]. Both acute and chronic hypocalcemia are associated with elevated muscle enzymes[3], which have also been found in the case of postoperative HPT[18] and pseudohypoparathyroidism[19]. The specific mechanism of elevated muscle enzyme in patients is not clear; one of the speculative mechanisms is that muscle enzyme leaks from the myocytes due to the change in membrane permeability under hypocalcemia[20] or a slight change in blood calcium levels. The destruction of muscle cells also result in the leakage of myoglobin, creatine kinase, aldolase phosphate, lactate dehydrogenase, and aspartate transaminase[11], which can explain the dramatic elevation of aspartate transaminase in patients with rhabdomyolysis. 
Muscle cell changes inevitably occur in patients with mild to moderate myocyte vacuolation and focal hyalinosis. Muscle cell atrophy, multifocal myofibrillar degeneration, and sarcolemmal cell proliferation were found in myocytes through muscle biopsy, and there were different degrees of immune complexation. The change is thought to be connected to the duration and extent of low calcium[4]. We concluded that the absence of regular monitoring of the concentration of calcium may result in patients suffering from long-term low calcium levels or a sharp decrease in calcium because of certain causes. 
Hypocalcemia is the key to the elevated muscle enzymes, but the occurrence of rhabdomyolysis requires a trigger, which in this case was the respiratory tract infection. Serum calcium is strongly associated with pulmonary infection, and it is estimated that at least half of rhabdomyolysis cases occur in elderly people with acute respiratory infections, which may be related to elevated temperature and high levels of proinflammatory mediators (such as cytokines and chemokines) caused by infectious diseases[21]. Furthermore, studies suggest that patients with hypocalcemia are more likely to develop respiratory diseases[22], whereas patients with respiratory diseases would have lower serum calcium levels, especially in elderly patients[23]. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Serum potassium seems to play an equally important role in regulating skeletal muscle. According to decades of literature, severe hypokalemia was a main trigger of rhabdomyolysis caused by primary hyperaldosteronism, excessive consumption of glycyrrhizic drugs, diuretics, renal tubular acidosis, vomiting, and diarrhea. Interestingly, the concentrations of potassium in reported cases were within 2 mmol/L; additionally, scholars held that those with potassium below 2 mmol/L are more prone to suffer from rhabdomyolysis and arrhythmia[24]. In our case, the patient’s potassium was 3.12 mmol/L, and there was no lower potassium observed during the course; hence, we presumed that hypokalemia is not the major trigger.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK17][bookmark: OLE_LINK18]It is well recognized that the nephrotoxic effect of myoglobin results in kidney damage, which is common in rhabdomyolysis[25]. Studies have shown that hypocalcemia is more likely to occur in the presence of a large volume of muscle damage and phosphate retention in rhabdomyolysis. Acute kidney injury during rhabdomyolysis further aggravates phosphate deposition. Ultimately, the use of phosphate depletes ATP and then impairs active calcium transport in the muscle, which causes a decrease in blood calcium[26]. All of the above possibilities combine with the history of primary HPT to make the decreased blood calcium worsen. The patient’s primary HPT, hypocalcemia, acute kidney injury, and infection formed a vicious circle. Despite this effect, the critical condition and the progressing decreased myodynamia could be reversed after timely treatment. The main goal is to avoid acute kidney injury[27]; on the one hand, active rehydration[28] may prevent acute kidney injury and contribute to the clearance of myoglobin. Once this occurs, continuous renal replacement therapy is a good choice that may provide benefits for people with rhabdomyolysis by removing myoglobin and stabilizing the hemodynamic and metabolic status[29]. On the other hand, symptomatic treatment needs to continue during the whole process. 
It is worth noting that in the early stage of treatment, the patient was treated with corticosteroids for asthma during our treatments. Although there was no significant effect on the increase in blood calcium in our case, the steroids inhibited intestinal calcium absorption and increased renal calcium excretion, leading to worsening of hypocalcemia[30] and worsening of symptoms. Considering this effect, early measurement of serum calcium is important. Blood calcium levels are targeted at or slightly below the lower limit of the normal range, to the extent possible, while being careful to avoid hypercalcemia, which may cause the sudden deterioration of the patient’s condition or even death during recovery[31].

CONCLUSION
Our case indicates that rhabdomyolysis occurs easily in patients with primary HPT under certain conditions (such as infections). Although the mortality rate is high, lethal outcomes can be avoided by active treatment. Considering the important role of serum calcium, long-term regular use of drugs to supplement calcium, detection of blood calcium concentration regularly, and avoiding triggers (such as infection) are necessary, which is important to maintain muscle enzymes within the normal range to prevent the recurrence of rhabdomyolysis.
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Table 1 The blood tests of the patient at admission and discharge 
	
	Admission
	Discharge
	Follow up
	Normal range

	Leucocytes, /L
	18.01 × 109
	9.32 × 109
	6.35 × 109
	4-10 × 109

	Neutrophil, %
	90.6
	72.9
	70.2
	50-70

	Hemoglobin, g/L
	119
	107
	103
	120-160

	AST, U/L 
	518
	33
	-
	< 38

	ALT, U/L 
	88
	41
	-
	< 42

	CK, U/L 
	> 32000
	354
	96
	24-195

	CK-MB, U/L 
	420
	13
	10
	< 25

	LDH, U/L 
	4864
	226
	234
	135-225

	Urea, mmol/L 
	7.2
	11.31
	10.62
	1.7-8.3

	Creatinine, µmol/L 
	212.1
	134.5
	137.3
	44-110

	Potassium, mmol/L 
	3.19
	4.07
	3.99
	3.5-5.1

	Calcium, mmol/L 
	1.27
	2.13
	2.44
	2.1-2.95

	Uric acid, µmol/L 
	688
	631.8
	579.3
	200-420

	Phosphorus, mmol/L  
	2.21
	1.47
	-
	0.87-1.45

	Myoglobin, ng/mL
	558.7
	141.5
	58.6
	17.4-105.7

	25(OH)D, ng/L 
	25.49
	-
	30.38
	-

	PTH, pg/mL 
	0
	0
	0
	12.0-88.0

	CTn I, ng/mL 
	0.2
	0.04
	-
	< 0.04


LDH: Lactate dehydrogenase; PTH: Parathyroid hormone; CK-MB: Creatine kinase isoenzyme; ALT: Alanine transaminase; AST: Aspartate transaminase; CK: Creatine kinase; CTn I: Cardiac troponin I.


Table 2 Reported cases of primary hypoparathyroidism with rhabdomyolysis 
	Ref.
	Age/sex
	Year 
	Main symptoms
	CK
	Calcium
	Trigger
	Treatment
	Follow up

	Liu et al[5]
	53/M
	1983
	Leg pain, swelling，erythema of extremi-
ty
	45000
	1.175
	Cellulitis
	Ergocalciferol (100000 U/d), gluconate calcium (20 g/d)
	Normal

	Akmal[7]
	45/F
	1993

	Tiredness, weakness，inappropriate. behavior.
	26080
	1.025
	None
	Calcium gluconate and vitamin D2 
	Normal


	Hirata et al[13]
	30/M
	2001
	Tetany, hyporeflexia, fatigue.
	3540
	1.2
	None
	Calcium and 1α-hydroxyvitamin D3
	Normal


	Labarthe et al[10]
	4 m/M
	2006
	Muscular pains, areflexia.
	10960
	1.2
	Fasting
	Alfacalcidol (20 μg/d) 
	Nuclear cataract

	Naiki et al[8]
	2/F
	2014
	Tetany.
	9577
	1.48
	Infection
	Intravenous fluids
	Recurrence (3 yr old)

	van Vliet et al[9]
	20/F
	2017
	Dyspnea, muscle weakness, vomiting.
	193936
	1.48
	Viral gastroenteritis
	Intravenous hydration, calcium
	Recurrence 14 wk later

	Sumnu et al[6]
	26/M
	2015
	Pain and cramps in the legs, nausea, vomiting.
	262000
	0.925
	Tetany
	Calcium and calcitriol, hydration
	Hypercalcemia

	Kutílek et al[19]
	16/M
	2018
	Convulsions, transient loss of consciousness.
	1920
	< 1
	None
	Calcium, cholecalciferol
	Normal



F: Female; M: Male; CK: Creatine kinase.
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Figure 1 Changes in the main laboratory indicators during hospitalization. A: The creatine kinase continued to decrease during treatment; B: Serum creatinine was in a state of fluctuation but still higher than normal at discharge; C. The serum myoglobin slowly decreased after the initial fast; and D: Blood calcium and blood phosphorus were negatively correlated, and the blood calcium slowly increased.
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Figure 2 Transverse section of computed tomography scan. The arrows point to multiple symmetrical patchy calcifications in the bilateral white matter, basal ganglia, thalamic area, and cerebellar hemisphere.
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Figure 3 Timeline of the case report.
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