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Abstract
BACKGROUND
[bookmark: _Hlk4613630]Hypoparathyroidism with basal ganglia calcification is clinically rare. Here, we report a case of Fahr’s syndrome due to hypoparathyroidism and review the literature in terms of etiology, clinical manifestation, diagnosis, and treatment.

CASE SUMMARY
[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: _Hlk2670738]A 62-year-old man experienced repeated twitching of both hands in recent 10 years. On July 28, 2017, the patient was admitted to our hospital due to slow response and speech difficulties. On medical examinations, he had a positive Chvostek sign, while no Albright’s hereditary osteodystrophy signs or history of neck surgery or radiation, and his family members had no similar medical history. Laboratory examinations revealed hypocalcemia, hyperphosphatemia, and low parathyroid hormone (PTH) levels. Computed tomography revealed basal ganglia calcification. Based on these investigations, a diagnosis of Fahr’s syndrome due to hypoparathyroidism was suggested. After receiving intravenous calcium gluconate to relieve symptoms, the patient continued to take oral calcium carbonate and calcitriol for treatment.

CONCLUSION
The possibility of hypoparathyroidism should be considered in patients with chronic hypocalcemia, recurrent tetany, and even neuropsychiatric symptoms. Hypoparathyroidism is a common cause of basal ganglia calcification. Therefore, it is recommended that blood calcium, phosphorus, and PTH levels should be measured in all individuals with basal ganglia calcification to exclude hypoparathyroidism.
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[bookmark: OLE_LINK25]Core tip: The clinical manifestations of hypoparathyroidism are complex and varied. Fahr's syndrome is diagnosed when basal ganglia calcification occurs. Fahr's syndrome is clinically rare. Here, we report a case of Fahr’s syndrome due to hypoparathyroidism and review the literature from etiology, clinical manifestation, diagnosis, and treatment. On the one hand, this case reflects the importance of standardized treatment and follow-up in patients with hypoparathyroidism. On the other hand, it is recommended that clinicians first consider the possibility of hypoparathyroidism when looking for the cause of basal ganglia calcification.
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INTRODUCTION
Hypoparathyroidism refers to an endocrine disorder caused by insufficient secretion and/or effect of parathyroid hormone (PTH)[1]. Its clinical manifestations are varied; however, the main manifestation is increased excitability of nerves and muscles caused by decreased blood calcium. Fahr’s syndrome is diagnosed when hypoparathyroidism is combined with basal ganglia calcification[2]. Although Fahr’s syndrome is not clinically frequent, hypoparathyroidism is the most common cause[3].

CASE PRESENTATION
Chief complaints
On July 28, 2017, a 62-year-old male farmer was admitted to the Emergency Department of People’s Hospital of Yuxi City (China) due to slow response and speech difficulties for half a day.

History of present illness
The patient has experienced repeated twitching of both hands in recent 10 years. He had been diagnosed as “hypocalcemia” in a primary hospital, and the symptoms can be alleviated after "calcium supplementation". However, the patient had poor compliance and did not regularly take calcium supplements. The symptoms mentioned above were repeated.

History of past illness
The patient had cataract, while no history of neck surgery or neck radiation.

Personal and family history
He had no history of smoking or drinking. His family members had no similar medical history.

Physical examination
His vital signs were as follows: Blood pressure was 130/80 mmHg, pulse rate was 70 beat per minutes, respiratory rate was 20 breaths/min, and body temperature was 36.4 °C. His consciousness was clear. Neurological examination revealed a positive Chvostek sign, while no Albright’s hereditary osteodystrophy (AHO) signs, and cranial nerve abnormalities were not observed.

Laboratory examinations
The laboratory examinations are shown in Table 1, Coagulation function and glucose were within normal limits. There were no significant changes in full blood count or blood gas analysis. Electrolyte analysis revealed hypocalcemia and hyperphosphatemia: Total calcium, 1.28 mmol/L (normal range: 2.04-2.39 mmol/L); free calcium, 0.64 mmol/L (normal range: 1.00-1.25 mmol/L); phosphorus, 2.08 mmol/L (normal range: 0.87-1.45 mmol/L).

Imaging examinations
[bookmark: _Hlk19804575][bookmark: OLE_LINK32][bookmark: _Hlk3209890][bookmark: OLE_LINK1]Brain, chest, and abdomen computed tomography showed: (1) Multiple calcifications in the dentate nucleus and basal ganglia of bilateral cerebellum hemispheres (Figure 1); (2) inflammation in bilateral lower lobes of the lungs; (3) pulmonary balloon shadow in bilateral lower lobes near the pleura; (4) a small amount of pleural effusion in the right pleura; (5) right renal cyst; and (6) no abnormality was found in plain scans of the liver, gallbladder, pancreas, spleen, left kidney, and lower abdomen.

Further diagnostic work-up
Combined with hypocalcemia, hyperphosphatemia, and basal ganglia calcification, suspected hypoparathyroidism was preliminarily diagnosed. The patient was admitted to the Department of Endocrinology for further diagnosis and treatment. The relevant auxiliary examinations are shown in Table 1. Regulatory hormones involved in the metabolism of calcium and phosphorus had changed: PTH, 2.46 ng/L (normal range: 6.0-80.0 ng/L); calcitonin (CT), 6.9 ng/L (normal range: 0.0-18.0 ng/L); 25-hydroxy (OH) vitamin D, 85.75 nmol/L (normal range: 76.0-250.0nmol/L). Thyroid function test revealed low triiodothyronine syndrome: free triiodothyronine and triiodothyronine were lower than normal ranges. The 24 h urine phosphorus was decreased to 3.63 mmol/24 h (normal range: 12.9-42.0 mmol/24 h). There was no remarkable changes in liver function or pituitary hormones. The renal function, sex hormones, cortisol rhythm, tumor markers, and antinuclear antibody spectrum were within the normal ranges. Electrocardiography (ECG) revealed (Figure 2): (1) sinus rhythm; (2) ECG axis shifting -61° to the left; and (3) QS type in the II, III, and avF leads. Thyroid sonography revealed no abnormalities in bilateral thyroid glands and their periphery. Electroencephalogram and echocardiography results were not available because the patient refused.

FINAL DIAGNOSIS
Fahr’s syndrome due to hypoparathyroidism was taken as a final diagnosis into account.

TREATMENT
[bookmark: OLE_LINK34]Combined with the clinical manifestations and laboratory examinations of the patient, it was revealed that there was acute hypocalcemia. Calcium gluconate (10%; 10 mL) was slowly intravenously injected for treatment. Because of repeated symptoms, the patient was given continuous intravenous drip of calcium (10% calcium gluconate [100 mL] diluted to 5% glucose solution [1000 mL]). Acute symptoms were relieved after 3 d, and calcium carbonate (600 mg calcium carbonate was administered 3 times/d) and calcitriol (0.25 µg calcitriol was administered twice/d) were given routinely. Blood electrolyte changes during treatment are shown in Table 2. Due to the patient’s economic constraints, the patient required to be discharged automatically after 11 days of hospitalization.

OUTCOME AND FOLLOW-UP
The patients did not attend follow-up visits regularly at our hospital, thus the follow-up data could not be obtained.

DISCUSSION
[bookmark: _Hlk5178816]Hypoparathyroidism is a clinical syndrome caused by insufficient secretion and/or influence of PTH. Its clinical characteristics are mainly manifested as hypocalcemia, hyperphosphatemia, increased neuromuscular excitability as well as heterotopic calcification of soft tissues[1]. It is noteworthy that the clinical syndrome of hypocalcemia, hyperphosphatemia, and hyper PTH are called pseudo-hypoparathyroidism (PHP) because of the resistance of target organs (e.g., the kidneys and bone) to PTH. Some patients have been reported to have special physical deformities, such as short stature, obesity, round face, short neck, short finger (toe), and even mental retardation, i.e., typical AHO[1,4]. An epidemiological survey conducted in Japan showed that 58% of PHP patients were female[5]. A patient who has a singular sign of AHO while lacks a corresponding biochemical and metabolic abnormality is regarded to have pseudo-PHP[1].
The causes of hypoparathyroidism are varied. Neck surgery is the most frequent cause of hypoparathyroidism, accounting for about 75%[1]. Second, autoimmune diseases and genetic factors can affect parathyroid glands alone or simultaneously influence several other endocrine glands[6-8]. Gene detection is an important auxiliary diagnostic method. For example, type 1 autoimmune polyglandular syndrome, in addition to hypoparathyroidism, is also associated with Edison’s disease, candidiasis, malignant anemia, type 1 diabetes mellitus, primary hypothyroidism, autoimmune thyroid disease and so on[9]. Moreover, abnormal magnesium metabolism, both hypermagnesemia and severe hypomagnesemia, could inhibit the secretion and function of PTH[6,10]. If factors, such as surgery, inheritance, and abnormal magnesium metabolism are excluded, rare causes, involving invasive diseases, tumor metastasis, and ionizing radiation, should be considered[6].
In this case, the clinical manifestation of the patient was recurrent tetany in the past 10 years, and his personality gradually became isolated. The patient visited hospital because of slow reaction and speech difficulties. He had a positive Chvostek sign, while no AHO signs; he had no history of neck surgery or radiation; however, a history of cataract (suggesting ectodermal malnutrition) was found. Laboratory tests showed that total blood calcium and free calcium were significantly lower than normal, blood phosphorus was elevated, urine phosphorus was reduced, blood magnesium was normal, PTH was lower than normal, and bone turnover index was normal. There was no evidence of hypocalcemia caused by vitamin D deficiency, liver and kidney dysfunction, alkalosis, malnutrition, etc. No evidence of autoimmune diseases (e.g., hypofunction of adrenal cortex, autoimmune-related hypothyroidism, and diabetes) or tumors was noted as well. However, genetic testing could not be undertaken due to the limitations, thus genetic factors could not be excluded. Therefore, the etiology of hypoparathyroidism was undetermined. The patient’s brain computed tomography showed manifestations in the basal ganglia, simultaneously suggesting the diagnosis of Fahr’s syndrome.
[bookmark: OLE_LINK4][bookmark: _Hlk19738600][bookmark: _Hlk19740614][bookmark: OLE_LINK33][bookmark: _Hlk19738638][bookmark: _Hlk19741542]Basal ganglia calcification, also known as Fahr’s syndrome or Fahr’s disease, is a neurological disorder, in which there are calcium deposits abnormally in areas of the brain that control motor activity, leading to neuropsychiatric symptoms[11]. However, it should be clearly pointed out that Fahr’s syndrome is not exactly Fahr’s disease, although they have similar clinical manifestations, and there are obvious differences in etiology, prognosis, and treatment. Fahr’s syndrome is often associated with other diseases, and parathyroid dysfunction (especially hypoparathyroidism) is the most common cause of Fahr’s syndrome[3,12]. With the improvement of the means of diagnosis, cases of Fahr’s syndrome caused by hypoparathyroidism had gradually increased in recent years. Most patients had neuropsychiatric symptoms or motor disorder, including seizure[13], early onset demensia[14], chorea[15], etc. Furthermore, some rare complications have also been reported, such as cerebral hemorrhage[16] and thoracic ossification of the posterior longitudinal ligament[17]. In addition to hypoparathyroidism, Fahr’s syndrome can also be observed in neuroferritinopathy, Kenny-Caffey syndrome type 1, intrauterine or perinatal infection (e.g., toxoplasma gondii, rubella), tuberous sclerosis complex, brucella infection, etc[2,18]. Fahr’s disease refers to familial idiopathic basal ganglia calcification, which is a rare hereditary neurodegenerative disease. It has the following characteristics: Autosomal dominant inheritance; age of onset is concentrated in 40-60 years old; large, progressive, bilateral symmetrical calcification of the basal ganglia; exclusive of infection, trauma, or poisoning; exclusive of mitochondrial or metabolic diseases or other systemic diseases[2,18]. For the past years, some mutations in genes that are related to Fahr’s disease had been identified, including SLC20A2, PDGFRB, PDGFB, and XPR1, together with novel mutations in the myogenic regulating glycosylase gene[19].
Fahr’s syndrome and Fahr's disease share similar clinical manifestations, mainly neurological signs (e.g., loss of consciousness, tetany, and epilepsy)[3], motor disorder (e.g., clumsiness, involuntary movement, and muscle cramping)[20,21], as well as neuropsychiatric features (e.g., mild difficulty with concentration and memory, changes in personality or behaviors, psychosis, and dementia)[22,23]. In contrast to Fahr’s disease, which has no effective treatment, Fahr’s syndrome can be remarkably improved after correcting the primary etiology.
[bookmark: OLE_LINK3][bookmark: OLE_LINK12][bookmark: OLE_LINK13]Calcium and vitamin D preparations are the basic treatment for hypoparathyroidism[24,25]. Therapeutic principle is based on the fact that deficiency or dysfunction of PTH may lead to a decrease in production of 1-25 (OH), an active metabolite of vitamin D, leading to a decrease in intestinal calcium uptake[26]. Calcium carbonate is the most commonly used calcium agent, containing 40% of elemental calcium[27]. It has been recommended to supplement calcium 500-1000 mg, 2-3 times/d. Active vitamin D preparations recommended are calcitriol (0.25-2 µg/d) and 1 alpha-hydroxy vitamin D (0.5-3 µg/d)[28-30]. If the patient has recurrent tetany, acute hypocalcemia is predicted. Slow intravenous infusion of 10% calcium gluconate 10-20 mL (90-180 mg elemental calcium, 10-20 min) usually relieves symptoms immediately. If the symptoms are repeated and difficult to alleviate, continuous intravenous drip of calcium is necessary, i.e., 10% calcium gluconate 100 mL (930 mg elemental calcium) should be diluted to 5% calcium gluconate 1000 mL[31-32]. Routine supplementation of calcium and active vitamin D should be given after remission of acute symptoms. In this case, because of acute hypocalcemia and repeated symptoms at the beginning of admission, the patient was given continuous intravenous drip of calcium. Calcium carbonate and calcitriol were given routinely after the acute symptoms were relieved three days later. It is worth noting that if long-term supplementation of large doses of calcium and active vitamin D fails to meet the treatment target, PTH replacement therapy, such as rhPTH1-34 (Teriparatide)[7,33,34] or rhPTH1-84 (Natpara)[35-37], may be a promising option. In addition, health education is also an important part of treatment. Patients and family members should acquire basic knowledge on clinical manifestations and treatment, and understand the importance of regular follow-up to prevent or delay the occurrence of long-term complications.

CONCLUSION
In this case report, because the primary hospital is limited to temporary treatment of calcium supplement symptoms, the cause of the disease has not been further investigated and the relevant laboratory tests have not been improved, resulting in the patient tossing and turning for 10 years before the final diagnosis. Therefore, for patients with long-term hypocalcemia, recurrent tetany, or even epileptic-like psychiatric symptoms, clinicians should associate with the possibility of hypoparathyroidism in order to make early diagnosis and treatment. Hypoparathyroidism is a common cause of basal ganglia calcification in the majority of individuals. It is recommended to determine serum calcium, phosphorus, and PTH levels in all individuals with basal ganglia calcification and exclude hypoparathyroidism. In addition, hypoparathyroidism is often accompanied by other complications and comorbidities. It is important for clinicians, especially endocrinologists, to understand the clinical manifestations, diagnosis, and treatment of the disease.
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Figure 1 Computed tomography of the brain showed multiple calcifications in the dentate nucleus and basal ganglia of bilateral cerebellum hemispheres.
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Figure 2 Electrocardiogram showing: (1) sinus rhythm; (2) electrocardiogram axis shifting -61° to the left; and (3) QS type in the II, III, and avF leads.


[bookmark: _Hlk19712852]Table 1 Results of laboratory examinations
	
	Value
	Normal range

	Liver function

	TBIL
	26.8
	≤21.0 µmol/L

	DBIL
	10
	0.0-6.8 µmol/L

	IBIL
	16.8
	0.5-10.5 µmol/L

	TP
	63.1
	65.0-85.0 g/L

	ALB
	40.8
	40-55 g/L

	AST
	34
	15-40 IU/L

	ALT
	42
	9-50 IU/L

	ALP
	83
	45-125 IU/L

	Thyroid function

	FT3
	2.67
	3.22-6.47 pmol/L

	FT4
	20.51
	10.18-21.36 pmol/L

	T3
	0.43
	0.73-1.91 µg/L

	T4
	68
	45-135 µg/L

	TSH
	0.743
	0.3-4.44 mIU/L

	a-Tg
	6.06
	0.0-100.0 IU/mL

	Tg
	5.68
	0.0-70.0 µg/L

	a-TPO
	3.31
	0.0-16.0 IU/ml

	Coagulation function

	PT
	13.7
	11.0-14.5 s

	aPTT
	35.6
	26.0-42.0 s

	TT
	16.4
	14.0-21.0 s

	FIB
	4.88
	2.0-4.0 g/L

	Blood gas analysis

	pH
	7.46
	7.35-7.45

	PO2
	91.2
	85.0-105.0 mmHg

	PCO2
	33.6
	35.0-45.0 mmHg

	HCO3-
	23.6
	22.0-29.0 mmol/L

	Pituitary hormone

	FSH
	14.98
	1.3-11.8 IU/L

	LH
	12.76
	2.8-6.8 IU/L

	PRL
	13.25
	4.1-18.5 µg/L

	Sex hormone

	E2Gen
	39.3
	0.0-44.5 ng/L

	PROG
	0.58
	0.0-0.61 g/L

	TEST
	1.38
	1.95-8.95 µg/L

	Blood cell count

	WBC
	10.06 × 109
	3.5-9.5 × 109/L

	RBC
	4.99 × 1012
	4.3-5.8 × 1012/L

	PLT
	206 × 109
	125.0-350.0 × 109/L 

	Others

	PTH
	2.46
	6.0-80.0 ng/L

	CT
	6.9
	0.0-18.0 ng/L

	25OHD
	85.75
	76.0–250.0 nmol/L

	24 h urinary calcium
	4.07
	2.7-7.5 mmol/24 h 

	24 h urine phosphorus
	3.63
	12.9-42.0 mmol/24 h


TBIL: Total bilirubin; DBIL: Direct bilirubin; IBIL: Indirect bilirubin; TP: Total protein; ALB: Albumin; ASL: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; FT3: Free triiodothyronine; FT4: Free tetraiodothyronine; T3: Triiodothyronine; T4: Tetraiodothyronine; TSH: Thyroid-stimulating hormone; a-Tg: Anti-thyroglobulin antibody; Tg: Thyroglobulin; a-TPO: Thyroid peroxidese antibody; PT: Prothrombin time; aPTT: Activated partial thromboplastin time; TT: Thrombin time; FIB: Fibrinogen; pO2: Partial pressure of oxygen; pCO2: Partial pressure of carbon dioxide; HCO3-: Actual bicarbonate radical; FSH: Follicle stimulating hormone; LH: Luteinizing hormone; PRL: Prolactin; E2Gen: Estradiol; PROG: Progestogen; TEST: Testosterone; PTH: Intact parathormone; CT: Calcitonin; 25OHD: 25-hydroxy (OH) vitamin D; WBC: White blood cells; RBC: Red blood cells; PLT: Platelets.


[bookmark: _Hlk19712384]Table 2 Blood electrolyte changes during treatment
	Date
	Potassium
	Sodium

	Chlorine
	Total calcium
	Free calcium
	Phosphorus
	Magnesium
	Lactic acid

	7.28
	3.39
	138
	100
	1.41
	0.70
	2.07
	0.72
	1.4

	7.29 (06:30)
	3.74
	136
	100
	1.79
	0.9
	2.21
	0.72
	1.7

	7.29 (15:00)
	3.87
	138
	100
	1.83
	0.92
	2.05
	0.73
	2.2

	7.30 (06:00)
	3.88
	136
	97
	1.68
	0.84
	1.92
	0.75
	2.2

	7.30 (16:00)
	4.02
	139
	101
	2.13
	1.06
	1.96
	0.76
	2.5

	7.31
	4.08
	135
	99
	1.87
	0.94
	1.82
	0.81
	2.2

	8.1
	4.01
	137
	97
	1.87
	0.94
	1.44
	0.81
	2.9

	8.2
	3.52
	139
	99
	1.76
	0.88
	1.73
	0.82
	1.6

	8.3
	3.94
	137
	96
	1.87
	0.94
	1.61
	0.91
	2.0

	8.7
	3.94
	135
	96
	1.91
	0.95
	1.87
	0.89
	2.4


[bookmark: _GoBack]Normal ranges: Potassium, 3.5-5.3 mmol/L; Sodium, 137-147 mmol/L; Chlorine, 99-110 mmol/L; Total calcium, 2.04-2.39 mmol/L; Free calcium, 1-1.25 mmol/L; Phosphorus, 0.87-1.45mmol/L; Magnesium, 0.65-1.05 mmol/L; Lactic acid, 1.3-2.8 mmol/L.
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