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Abstract
BACKGROUND
There is a common pathologic relationship between parathyroid adenoma and thyroid cancer, but this relationship is infrequent in pregnant patients with primary hyperparathyroidism (PHPT).

CASE SUMMARY
A 27-year-old gravida 1 woman was transferred to our hospital at 16 wk of pregnancy. She was diagnosed with parathyroidoma, papillary carcinoma of the thyroid and thyroid adenoma and was managed surgically. Both the mother and the newborn were stable after a right inferior parathyroidectomy and total thyroidectomy. The healthy infant was delivered at the 40th week of pregnancy. The mother had no evidence of recurrence over three years of follow-up.

CONCLUSION
Awareness of concomitant PHPT and thyroid diseases may help in managing patients with a history of hypercalcemia.
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Core Tip: Primary hyperparathyroidism (PHPT) with parathyroid adenoma associated with papillary cancer and adenoma of the thyroid is unusual. The preliminary test results showed severe hypercalcemia. The level of parathyroid hormone found in further laboratory tests was elevated and a diagnosis of PHPT was determined. Right lower parathyroid gland and total thyroidectomy were performed. This clinical case illustrates the need for awareness of concomitant PHPT and thyroid diseases.

INTRODUCTION
Thyroid disease with associated parathyroid disease was first reported, at the earliest, in 1947[1]. Primary hyperparathyroidism (PHPT) with parathyroid adenoma associated with papillary cancer and adenoma of the thyroid is unusual[2]. The most common etiology of hypercalcemia is PHPT, which is rarely diagnosed during pregnancy[2,3]. Thyroid cancer is the second most frequent malignant neoplasm during gravidity followed by breast cancer[3]. The accurate incidence during pregnancy continues to be a challenge[2]. This disorder contributes to 67% of conditions in pregnancy, and 80% of these conditions may result in symptoms in the fetus[4]. Maternal conditions include skeletal disease, renal calculus, pancreatic lithiasis, severe hyperemesis gravidarum, muscle weakness, altered mental status, and hyperglycemia[2]. Reported symptoms in fetuses include delayed fetal development, low birth weight, premature birth, intrauterine death, fetal dysplasia, and postpartum neonatal titanic crisis (with or without seizures)[2]. Therefore, early diagnosis and appropriate treatment are necessary[5]. Previous studies revealed that the rate of misdiagnosis was as high as 80% in pregnant women with PHPT, with abortion or stillbirth occurring before a definitive diagnosis[6].
To the best of our knowledge, similar cases have not been reported.

CASE PRESENTATION
Chief complaints
A 27-year-old woman who was 16 wk pregnant was transferred to our department, with abdominal pain and nonspecific symptoms.

History of present illness
The patient had abdominal pain with nonspecific symptoms such as nausea and vomiting and abnormalities during routine prenatal testing especially hypercalcemia. She denied weight loss during pregnancy. 

History of past illness
Previously, she had three miscarriages. She also had a history of renal calculus and had normal kidney function.

Personal and family history
No special personal and family history.

Physical examination
Fetal evaluation was normal.

Laboratory examinations
The preliminary test results showed severe hypercalcemia with a serum calcium content of 3.48 mmol/L (13.9 mg/dL) and increased serum ionized calcium (1.9 mmol/L, 7.6 mg/dL), low phosphate concentration (1.3 mmol/L, 4.0 mg/dL) and calcuria (310 mg/24 h). The total magnesium content was low (1.4 mg/dL, 0.6 mmol/L). Thyroid function tests, electrocardiography and fetal evaluation were normal. The level of parathyroid hormone (PTH) (782 pg/mL; 6.0-80 pg/mL) assessed in further laboratory tests was elevated and the patient was diagnosed with PHPT.

Imaging examinations
Cervical ultrasonography showed a multinodular goiter in the center of the right lobe of the thyroid, one in the lower third of the left lobe of the thyroid, a protruding solid nodule, and another 60 * 27 * 22 mm nodule with solid low echo (Figure 1) on the lateral side of the gland; however, this nodule was located close to the lower pole of the right lobe of the thyroid, indicative of a right inferior parathyroid adenoma. The parathyroid adenoma was diagnosed based on magnetic resonance imaging (MRI) (Figure 2) due to the presence of normal gastrin and normal plasma calcitonin, and as no abnormalities in the pituitary and bilateral adrenal glands were found on MRI, multiple endocrine neoplasia (MEN) syndrome was ruled out.

FINAL DIAGNOSIS
The histopathological results showed that a right inferior parathyroid adenoma (greatest diameter 6.0 cm, Figure 3A), a left lower lobe thyroid papillary carcinoma (follicular variant, greatest diameter 1.2 cm, Figure 3B) and multiple thyroid follicular adenomas were present (Figure 3C).

TREATMENT
Initial clinical procedures included forced rehydration, furosemide, and supplementation with magnesium and phosphorus to reduce blood calcium levels. Serum calcium levels decreased to 2.68 mmol/L (10.7 mg/dL).
The nuclear groove and inclusion body were visible on histopathological examination of fine-needle aspiration biopsy (FNAB), and these findings were highly suggestive of papillary thyroid carcinoma. As the combination of FNAB and hypercalcemia may cause abnormalities in the mother and fetus, surgical treatment was performed under basic anesthesia in the 18th wk of pregnancy.

OUTCOME AND FOLLOW-UP
During the operation, rapid pathological assessment showed left lobe papillary carcinoma of the thyroid. Furthermore, the infiltration of lymphocytes could be seen in the surrounding tissues, and the formation of a thyroid adenoma was also observed. Right lower parathyroid gland and total thyroidectomy were performed. After extensive exploration of the neck area, there was no apparent enlargement of the lymph nodes.
After surgery, the patient’s serum calcium level immediately decreased to 2.15 mmol/L (8.58 mg/dL), and PTH recovered to 16 pg/mL. The patient was found to have hypocalcemia on day 3 (calcium 7.48 mg/dL) in accordance with the “hungry bone” syndrome. She was treated with oral calcium, intravenous calcium and vitamin D3, and upon discharge with oral calcium and vitamin D3. The postoperative vital signs in the mother and newborn were stable, and the laboratory and clinical manifestations quickly returned to normal. 
A healthy female baby weighing 3300 g was born, with an APGAR score of nine and ten points at one minute and five minutes postpartum, respectively, after 40 wk of pregnancy. The patient was discharged from hospital 4 d after delivery in good condition. She was followed-up at the outpatient department after receiving L-thyroxine substitution therapy. During the 12-mo follow-up period after surgery, the intact PTH level was 25 pg/mL, and the thyroid globulin level was less than 0.1 ng/mL under T4 suppression. She had no evidence of recurrence, and her child was in good health over the three-year follow-up period.

DISCUSSION
There have been many studies on the correlation between PHPT and differentiated thyroid cancer. A retrospective study was conducted which included 824 patients with primary hyperthyroidism with at least one lobotomy, and 18 patients (8.6%) were identified as having thyroid cancer[7].
The results of the study by Burmeister et al[7] showed that thyroid cancer during parathyroid resection was involved in conditions that may not be correlated with PHPT. The correlation between thyroid cancer and PHPT may be apparent. Some investigators have described this coexistence as fortuitous[7]; however, other researchers have indicated elevated endogenous calcium levels or growth factors, for instance, insulin-like growth factors and epithelial growth factors, as elements causing goiter[8-10]. PHPT and the diagnosis of thyroid carcinoma during pregnancy is a challenging problem for obstetricians.
A more sensitive scan for thyroid nodules can be performed by ultrasound-guided FNAB before surgery[11]. According to a Swedish study, the presence of a parathyroid adenoma in women during pregnancy significantly increases the risk of preeclampsia, with an odds ratio of 6.89[6]. In fact, hyperparathyroidism should not be suspected with high levels of PTH; in contrast, patients with hyperparathyroidism should be closely monitored, including for a possible diagnosis of MEN syndrome, and for the presence of nontoxic goiter with rare nodules.
Additionally, 99mTc-MIBI scanning is now considered to be the most sensitive monitoring tool, and it has many advantages, including the inspection and measurement of ectopic glands and nonfunctional parathyroid carcinoma[12,13]. In addition to 99mTc-MIBI scanning, the preoperative localization of parathyroid glands can be performed by ultrasound and MRI.
MRI is especially useful when there is a high probability of the presence of heterotopic glands. However, parathyroidoma, hyperplasia, and cancer demonstrate similar patterns on MRI, which leads to lower idiosyncrasies[14]. If ultrasonography and/or scintillation are ambiguous, MRI is usually used to evaluate patients with PHPT. Ultrasonography is a non-invasive, easily available, low-cost and nonionized technique that is very dependable when conducted by experienced operators. Ultrasound can be used to locate cervical nodules, and guide biopsies. However, ultrasonography to estimate the location of the parathyroid gland behind the mediastinum, esophagus or trachea is not useful, and is difficult if the patient has had previous surgery[15]. With regard to localization, ultrasonic examination can enhance the orientation of thyroid gland nodes, and the precise diagnosis of tubercles is carried out by FNAB with a sensitivity of 89%, an accuracy of 90%, and a specificity of 91%[6]. Furthermore, four-dimensional computed tomography (4DCT) is an emerging imaging modality for the evaluation of PHPT. 4DCT enables successful and efficient parathyroidectomy[16].
As CT, PET/CT, 4DCT, and 99mTc-MIBI scanning may cause radiation damage to the fetus, preoperative examination in this case was only performed with ultrasound, MRI and FNAB.

CONCLUSION
This clinical case illustrates the need for awareness of concomitant PHPT and thyroid diseases. For all PHPT patients, it is necessary to perform a careful thyroid evaluation.
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Figure Legends
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Figure 1 Ultrasound images of the patient. A: Papillary thyroid carcinoma; B: Parathyroid adenoma; C: Thyroid adenoma.
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Figure 2 Magnetic resonance imaging of the right inferior parathyroid (orange arrows). A: Coronal section; B: Transverse section; C: Sagittal section.

[image: Figure 3]
Figure 3 Histology of parathyroid adenoma, papillary thyroid carcinoma and thyroid adenoma. A: Parathyroid adenoma [hematoxylin and eosin (H&E) staining, 400 ×, insert 1000 ×]; B: Papillary thyroid carcinoma (H&E staining, 400 ×, insert 1000 ×); C: Thyroid follicular adenomas (H&E staining, 100 ×, insert 400 ×).
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