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Abstract
[bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK143][bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK55][bookmark: OLE_LINK56]Primary hyperparathyroidism (PHPT) is rare during pregnancy. A case of twin pregnancy with three simultaneous parathyroid adenomas at the same time has not been reported. Multiple parathyroid lesions are difficult to diagnose, as pregnant women who insist upon continuing a pregnancy are not able to undergo 99mTc-sestamibi scintigraphy, so cases of PHPT are easily unobserved and often can have serious consequences for the patient and the fetus. Therefore, we reported a case of a 28-year-old woman mid-pregnancy with twins, who had hypercalcemia and was eventually diagnosed with twin pregnancy with PHPT due to a triple parathyroid adenoma, had good pregnancy outcomes after undergoing surgery in mid-pregnancy. Twin pregnancy with PHPT due to a triple parathyroid adenoma, as presented in this case, is very rare and surgery in mid-pregnancy is demonstrated here as safe. Intraoperative parathormone monitoring was and remains key to a successful operation.
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[bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: _GoBack]Core tip: Primary hyperparathyroidism (PHPT) during pregnancy is rare and has been previously reported, but a case of PHPT in a twin pregnancy with three parathyroid adenomas at the same time has not been reported. Multiple parathyroid lesions are difficult to diagnose, and pregnant women who insist upon continuing a pregnancy are not suitable to undergo 99mTc-sestamibi scintigraphy. These results in a case of PHPT that is easily misdiagnosed and can have serious consequences for the patient and the fetus. Therefore, we reviewed the difficulties encountered during the diagnosis and treatment of this case to improve the understanding of this disease and reduce the incidence of incorrect and missed diagnoses.
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INTRODUCTION
[bookmark: OLE_LINK147][bookmark: OLE_LINK148]Primary hyperparathyroidism (PHPT) is a rare disease characterized by parathyroid glands that secrete excessive parathyroid hormone (PTH), which causes disorders associated with calcium and phosphorus levels and bone metabolism. Parathyroid adenoma is the most common cause of PHPT. The prevalence of PHPT is 1/4000 and is found more commonly in women. The ratio of cases in males compared to female cases is about 1:3[1]. According to the literature, 85%-90% of PHPTs are solitary, and less than 2% of patients have 2 or more leisons[2]. PHPT with pregnancy is rarer[3], and can be masked by normal pregnancy conditions, resulting in it being easily misdiagnosis or incorrectly diagnosed. A consensus has not yet been reached regarding a treatment plan, as more conservative treatments or a surgical treatment are both associated with great risks. Treatment that is not timely, it can have serious consequences for both the mother and the fetus. Treatment of multiple parathyroid adenomas in pregnancy is totally a tricky proposition. There are no reports in the literature on a twin pregnancy complicated by multiple parathyroid adenomas. Therefore, this is the first report of a the diagnosis and treatment of a case of twin pregnancy where the mother experienced PHPT due to a triple parathyroid adenoma that was admitted to our hospital in November 2017 is reported for the first time.

CASE REPORT
[bookmark: OLE_LINK7]The patient was a first-time mother who was 28-year-old. Because of suffering from “endometriosis”, she has been trying to get pregnant for 2 years since she married, but she had not become pregnant due to ongoing endometriosis. She became pregnant through in-vitro fertilization and embryo transfer. At the 22nd week of pregnancy, she was admitted to the endocrinology department of our hospital on November 2, 2017, as she exhibited elevated serum levels of calcium for one month. The patient presented to the local hospital with severe vomiting, nausea, and general weakness at 18 wk of gestation. The obstetrical ultrasound showed a twin pregnancy, and a blood test showed that her blood potassium level was 1.5 mmol/L (normal range 3.5 to 5.30 mmol/L) and blood calcium level 2.79 mmol/L (normal range 2.00 to 2.60 mmol/L). Although symptoms were relieved after emergency rehydration and potassium supplementation, there is no immediate treatment for hypercalcemia. Therefore, it was found later that her blood potassium level had been corrected, but her blood calcium level gradually increased (3.47 mmol/L), so she was transferred to our hospital for further treatment. Physical examination: The patient's spirit is soft, the skin and sclera were not yellow, the superficial lymph nodes were not swollen, the limbs were not deformed, the thyroid gland was not swollen, the heart and lungs were not remarkably affected, the lower abdomen was bulging, no tenderness and rebound tenderness were observed, no lower extremity edema was observed, and no negative neuropathological signs were observed. Past disease history: The patient had no history of long-term use of vitamins A, D, and calcium, and had no family history of specific diseases. Supplementary examination: PTH 187 pg/mL (normal range 15-65 pg/mL), serum calcium level was 3.49 mmol/L, serum phosphorus level was 0.62 mmol/L (normal range 0.8-1.5 mmol/L), and alkaline phosphatase level was 76 mmol/L (35-100 u/L). Ultrasound on her neck revealed a moderately echogenic nodule (2.0 cm × 0.8 cm) on the dorsal side of the superior portion of the left thyroid gland, which first suggested a parathyroid adenoma. A nodule was observed in the inferior dorsal lateral aspect of the right thyroid gland that was classified as a “3” on the TI-RADS evaluation scale. Admission diagnosis: twin pregnancy with PHPT that was possibly attributable to parathyroid adenomas. After admission, we performed fluid rehydration, diuresis, dilatation, and combined symptomatic supportive, such as calcitonin administration. Blood calcium and PTH levels decreased slightly but did not change much. After several discussions with the multiple-disciplinary team (MDT), and repeatedly communication with the patient, we told her about the advantages and disadvantages as they related to more conservative treatment options. Finally, the patient and her family chose surgical treatment. 
After a fully preoperative preparation, resection of the parathyroid tumor was performed using a cervical plexus nerve block on November 16, 2017. During the operation, a tumor on the dorsal side of the superior lobe of the left thyroid was first observed (lesion 1), which was observed by ultrasound examination. No abnormal mass was found inferior lobe of the left thyroid. After resection of the above masses, blood PTH level was 131 pg/mL (preoperatively is 187 pg/mL) 10 min after resection, which failed to fall to an ideal value. Then, we began to explore the area behind the right thyroid lobe and found two more lesions: one in the superior dorsal lobe of the right thyroid (lesion 2) and one in the lateral aspect of the right lower lobe (lesion 3), with sizes of approximately 2.5 cm × 1.5 cm × 1.0 cm and 0.6 cm × 0.5 cm × 0.5 cm,  respectively. Intraoperative puncture eluent results confirmed that the above lesions were parathyroid tissues, and the blood PTH level was 39 pg/mL 10 min after complete resection of the other two lesions (lesion 2 and 3), and freezing pathology also suggested that parathyroid adenoma should be first considered as the cause. To prevent postoperative hypocalcemia, relatively normal lesions (approximately 3 mm × 3 mm × 3 mm) were placed in the patient’s forearm muscles. Postoperative PTH and serum calcium were within the reference values. Postoperative pathology suggested that the positioning of the lesions at positions of “upper left, lower right, upper right” is consistent with parathyroid adenomas. In follow-up, we found that the patient had undergone a cesarean delivery for 1 male and 1 female infant at 32 wk of gestation, and the newborns were basically normal for preterm infants except for the general performance in that they exhibited low weight. Blood calcium and PTH levels were normal during the follow-up of the patient and the infants.

DISCUSSION
Pregnancy with PHPT is rare[4]. There are only 150 cases of related diseases reported in the literature, and less than 10 cases reported in China. This is the first case of PHPT in a twin pregnancy with multiple parathyroid tumors. PHPT can lead to serious complications for both the mother and fetus[5]. Common complications for the mother include: hyperemesis, skeletal lesions, kidney stones, elevated blood pressure, and other similar complications. When serum calcium is extremely elevated, it can induce pancreatitis, and a high blood calcium crisis can lead to death. A total of 80% of patients who do not receive effective treatment will experience complications in the fetus that can include fetal growth restriction, low birth weight, premature birth, intrauterine fetal death, stillbirth and neonatal hand-foot convulsions. According to literature reports, the incidence of untreated maternal complications in PHPT is about 67% of all pregnancy-associated PHPT cases, and the incidence of fetal or neonatal complications is as high as 80%, and can cause fetal or neonatal death in as much as 30% of cases. Therefore, it is necessary to raise the awareness of the disease.
Most patients who experience PHPT while pregnant lack typical clinical manifestations. Clinical symptoms often only manifest as vomiting, polydipsia, increased nocturia, and other similar symptoms. These are easily to be confused with normal responses to pregnancy, thereby masking the condition and causing missed diagnoses. In this case, due to nausea, vomiting and general malaise were present, but subsequent examinations also revealed a progressive increase in serum levels of calcium, and parathyroid tumors were found after assessing PTH levels and were partly observed through ultrasound examination. Combined with other people’s reports and our experience in this case[6,7], when a pregnant woman presents with the following symptoms: Hyperemesis, spasticity, pancreatitis, hypercalcemia, urinary system stones, this disease should be considered. If blood calcium and PTH levels are observed over time and can be combined with ultrasound, 99mTc-sestamibi scintigraphy, then the diagnosis of the disease is not difficult, and suggesting that raised awareness of the disease is most important for its correct diagnosis. However, it should be emphasized that 99mTc-sestamibi scintigraphy should be avoided for those who elect to continue with a pregnancy because of their associated risks of radiation exposure, as shown as example demonstrates. Additionally, the disease needs to be differentiated from other diseases, such as hypercalcemia that could be caused from a multiple myeloma or other similar causes, and secondary hyperparathyroidism, familial hyperparathyroidism syndrome, diseases that affect multiple endocrine glands, and other additional possible causes of these symptoms. These can be identified by combining laboratory and imaging tests with an oral history. 
Current PHPT treatment guidelines do not give a clear treatment plan in PHPT associated with pregnancy as the incidence of PHPT in pregnancy is very low and most of the literature only reports individual cases. Norman et al[8] analyzed 32 women who had PHPT while pregnant and found that about 20% of patients who received surgical treatment during the middle of pregnancy had a good outcomes associated with the pregnancy. When a PHPT patient remains untreated, loss of the pregnancy can occur in as many as 40% of untreated pregnancies. Therefore, it is considered that early diagnosis and active surgical treatment are necessary. However, some researchers[5] found through retrospective analysis that there was no statistically significant difference in the live birth rate compared to the rate of abortion in pregnancies associated with PHPT compared to normal pregnancies, and that only the cesarean section rate increased slightly. Therefore, parathyroid surgery should be considered, as PHPT does not reduce the risk of miscarriage in these patients, but surgery can still help reduce the complications in both the mother and the newborn. However, risks associated with surgery are also very high, including risks associated with anesthesia, postoperative bleeding, permanent hypoparathyroidism, and other similar complications. Any risk may have serious consequences for the mother, the child, or both. In addition, more conservative treatment may be considered for patients with PHPT who exhibit only mildly elevated serum calcium levels in PHPT, as studies suggesting that patients with asymptomatic PHPT with serum calcium levels below 11 mg/dL (2.75 mmol/L) should consider more conservative treatments, which include treatments like administration of calcitonin, and other similar options[9]. At present, the conservative treatment methods for PTPH mainly include rehydratation, Calcitonin, Bisphosphonates and Cinacalcet. The use of rehydratation and Calcitonin is relatively mature, and no adverse effects of the fetus have been reported in the literature. Bisphosphonates and Cinacalcet can cross the placenta and are embryotoxic at high doses[10]. Although these have been used in few cases with good results, but more evidence of safety is required[11]. However, conservative treatments and their effects are often limited, and drug resistance may occur. If pregnant women with PHPT do not receive effective treatment, the incidence of neonatal complications can reach up to 80% of all cases of PHPT in pregnancy. Even in conservatively treated patients, the incidence of neonatal complications can reach as high as 53%, of which 27% to 31% of these cases can result in neonatal deaths[12]. In summary, current evidence supports parathyroidectomy as the main treatment, performed preferably during the second trimester, when the serum calcium is above 11 mg/dL (2.75 mmol/L). In the patients with mild forms of PHPT, which are nowadays the most frequent, a conservative management is generally preferred[13]. We think the timing of surgical management of PHPT in pregnancy also should also think over acute maternal presentation, fetal status, maternal medical and surgical history, and the patient’s response to medical management.
In this case, the patient’s blood calcium and PTH levels were decreased somewhat but remained elevated overall after medical treatment. If we had continued with a more conservative treatment, there would have likely been an escape phenomenon, which can lead to severe consequences, such as: Refractory hypercalcemia, possibly a high calcium crisis, hematuria, coma, and death. Current research has confirmed that surgery performed during the second trimester of pregnancy is largely safe, but surgery performed in later stages of pregnancy can increase miscarriage rates. Our patient was in the second trimester, so it was the best time for surgery for this patient. Therefore, after a multidisciplinary discussion in the hospital, and repeatedly stressing advantages and disadvantages of each treatment option to the patient and her family, the patient chose surgery. Although most reports say that general anesthesia has little effect on the mother and the fetus, we still chose a nerve block in the cervical plexus to reduce possible harm to the mother and the fetus. Finally, in follow-up, we observed a good outcome relating to the pregnancy in this patient.
The surgical treatment of hyperparathyroidism is an organ-destructive surgery. Its success requires not only a return of normal PTH levels, but also an avoidance of overcorrection and prevention of permanent hypoparathyroidism. Multiple parathyroid lesions are more problematic in clinical treatment. The literature shows that 85%-90% of PHPT are solitary, and less than 2% of patients have 2 or more lesions[2]. Precise preoperative imaging to obtain the lesion’s location is beneficial for a rapid search for parathyroid lesions, and it is also especially helpful for improving the success rate of the surgery, as it can reduce the time of the surgery and exposure to anesthesia, which is especially important for this patient. Ultrasound examination is a convenient, inexpensive and non-invasive examination method. The accuracy of preoperative localization of parathyroid lesions alone can be up to reach 77% (173/226)[14], which is comparable to the accuracy of a radionuclide scan plus MIBI imaging alone. The latter can be used when the ultrasound examination is negative or uncertain. The combination of these two examinations can increase the accuracy of positioning to 90%. Ultrasound, 99mTc-sestamibi scintigraphy, and MRI have their own advantages and disadvantages in PHPT diagnosis. Reasonable selection can complement each other. However, the literature reports and our experience in this case suggest that any imaging examination cannot ensure the visualization of all paraneoplastic lesions in these glands. More importantly, visualization of lesions depends on the surgeon’s experience and careful exploration during surgery, especially in patients like the one in this case who was not able to undergo 99mTc-sestamibi scintigraphy. In addition, the immediate detection of changes in PTH levels during surgery is also an important measure for improving the success of the surgery[15]. PTH is metabolized by the liver and kidneys in vivo. Its half-life is only 3 to 5 min. High serum PTH reduction is the earliest change indicating success in surgical treatment of PHPT. The standard that is currently most widely accepted by the majority of scholars is the Miami standard: The surgery is considered successful if the value of the PTH serum level drops to greater than or equal to 50% of the preoperative PTH value 10 min after the gland is removed. Therefore, being able to observe changes in PTH serum levels at 10 min after the surgical removal of the gland is critical for assessing the success of the operation. This case uses this criterion. After resection of the patient’s supra-parathyroid tumor prompted by preoperative ultrasound, PTH levels in the blood (131 pg/mL) did not drop to the expected level, so we continued to explore the right neck and found two additional lesions. The intraoperative puncture of eluent results suggested that the two masses originated in the parathyroid gland. After the second complete resection of the two lesions, the levels of PTH in the blood dropped to 39 pg/mL, suggested the surgery had completely removed all parathyroid lesions.
To avoid overcorrection and prevent the occurrence of permanent hypoparathyroidism, we chose a relatively normal lesion of about 3 mm × 3 mm × 3 mm in size for autologous transplantation in the forearm muscles in this patient, which was done according to the guidelines developed from the experiences from the treatment of patients with secondary hyperparathyroidism. After postoperative follow-up, blood PTH and serum calcium levels in this patient were within the normal range. However, in the case of similar patients, the need for transplantation of the parathyroid glands and the amount of transplanted tissue necessary must be further explored and studied. Additionally, the literature reports that about 5% of patients have ectopic parathyroid lesions. If this patient is involved in this situation, what should we do? PTH levels may remain substandard after all suspected lesions have been removed, but if the surgeon continues to probe blindly, it undoubtedly will increase the surgical complications and even possibly cause increased serious consequences. Recommendations for these cases require further research and lessons learned.
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]In summary, the possibility of PHPT should be considered during pregnancy when hypercalcemia, stones in the urinary tract, pancreatitis, prolonged irritability of pregnancy, or bone fractures occuring. Combined with experience of treatment in this patient, mid-pregnancy surgery has been previously observed as relatively safe. Early diagnosis and treatment of PHPT during pregnancy can result in better pregnancy outcomes. In addition, failure to perform surgery for PHPT surgery may result in a secondary surgery or permanent hypoparathyroidism, which may cause great pain to patients. In clinical practice, a rigorous diagnosis and treatment strategy must be established. Our experience suggests that imaging cannot be fully relied upon for diagnosis. The rapid detection of PTH levels using a process called intraoperative parathormone monitoring (IPM) after surgical resection is necessary and key for a successful operation, and the removal of diseased glands should return PTH levels to their ideal value. The treatment plan should allow for individual choices based on the patient’s symptoms, serum calcium levels, the effectiveness of more conservative treatments, the size of the gestational age in the patient and the patient's willingness to receive the chosen treatment.

ARTICLE HIGHLIGHTS
Case characteristics
The patient presented with nausea, vomiting and general malaise and elevated serum calcium.

Clinical diagnosis
Physical examination showed the patient's spirit is soft, the lower abdomen is bulging.

Differential diagnosis
The differential diagnosis included multiple myeloma, secondary hyperparathyroidism, familial hyperparathyroidism syndrome and multiple endocrine gland diseases. The disease can be differentiated from other diseases by asking history and combining laboratory, imaging tests.

Laboratory diagnosis
Blood test results were as follows: Parathyroid hormone (PTH) 187 pg/mL, serum calcium 3.49 mmol/L, serum phosphorus 0.62 mmol/L, alkaline phosphatase 76 mmol/L.

Imaging diagnosis
Ultrasound on the neck showed a moderately echogenic nodule (2.0 cm × 0.8 cm) on the dorsal side of the upper left thyroid gland, which parathyroid adenoma was the first consideration. Thyroid right lower lobe dorsal lateral process nodule (TI-RADS 3).

Pathological diagnosis
Postoperative pathology suggested that “three lesions are all parathyroid adenomas”.

Treatment
Treatment with parathyroid tumor resection the cervical plexus nerve block during mid-pregnancy.

Related reports
Primary hyperparathyroidism during pregnancy have been reported previously, they were all have a single parathyroid adenoma or choose to complete the radiological examination after termination of pregnancy. But we report a unique case of twin pregnancy with three parathyroid adenomas, without radiological examination, had good pregnancy outcomes after undergoing surgery during mid-pregnancy.

Term explanation
IPM: Intraoperative parathormone monitoring.

Experiences and lessons
Given the severity of the associated complications, every effort should be made to ensure prompt diagnosis and reasonable treatment. Do not rely on imaging diagnosis. Careful exploration, rapid detection of PTH after surgical resection and the removal of diseased glands to the ideal value, which called IPM is the key to successful operation.
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