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Background: The risk factors for hypoparathyroidism after thyroid surgery have not been fully identified. This study analyzes the risk factors of hypoparathyroidism before and after total thyroidectomy.



Methods: We retrospectively collected the clinical data of 289 patients who underwent total thyroidectomy at the Thyroid Surgery Center of Lishui Central Hospital from June 2018 to June 2020. For the anatomy and protection of parathyroid glands during the operation, one group of patients used the parathyroid avoidance method, and the other group used the active exploration method. Various risk factors affecting parathyroid dysfunction were studied using logistic regression models.



Results: A total of 289 patients were included in this study. The average age of patients was 47.21 ± 11.78 years, including 57 males (19.7%) and 232 females (80.3%). There were 149 (51.6%) patients with transient hypoparathyroidism and 21 (7.3%) with permanent hypoparathyroidism. The main risk factors of hypoparathyroidism were parathyroid avoidance method (P = 0.005), parathyroid autotransplantation (P = 0.011), bilateral central neck lymph node dissection (CND) (P = 0.001), lymphatic metastasis (P = 0.039), and parathyroid in the specimen (P = 0.029). The main risk factors associated with permanent hypoparathyroidism were bilateral CND (P = 0.038), lymphatic metastasis (P = 0.047), parathyroid hormone (PTH) < 1.2 pg/ml within three days after surgery (P = 0.006).



Conclusion: Hypoparathyroidism is common but mostly transient after bilateral total thyroidectomy. Compared with parathyroid avoidance method, the active exploration method during operation may reduce the incidence of postoperative hypoparathyroidism. PTH <1.2 pg/ml within three days after surgery was predictive in patients with permanent hypoparathyroidism.
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Introduction

Complete thyroidectomy is the main surgical treatment for thyroid tumors, which is mostly complicated by postoperative hypoparathyroidism (1, 2). The reported incidence of postoperative hypoparathyroidism ranges from 1.6% to over 50% (3–9), and many patients with postoperative hypoparathyroidism recover within a few months. However, there are also many patients with permanent hypoparathyroidism, with an incidence rate of 0.4%–33%. Permanent hypoparathyroidism seriously affects the quality of life of patients who require long-term calcium and vitamin D supplementation and regular monitoring of biochemical indicators. Occult hypocalcemia can even cause epileptic seizures and laryngeal spasms (10). In addition, some patients develop complications, such as basal ganglia calcification (11, 12) and cataract formation (13), and their clinical symptoms are quite painful. Therefore, measures to prevent hypoparathyroidism are of major interest to thyroid surgeons. Hypoparathyroidism is mainly due to insufficient blood supply to or accidental removal of the parathyroid (1). This study investigated the incidence and influencing factors of hypoparathyroidism after thyroid surgery in our hospital.



Materials and methods


Study design

Medical records of 289 patients who underwent total thyroidectomy were analyzed retrospectively. All cases were operated on in the Department of Thyroid Surgery, Lishui Municipal Central Hospital, from June 2018 to June 2020. Before surgery, all patients completed examinations, such as electrolyte, thyroid function, blood routine, liver, and kidney function, parathyroid hormone (PTH), electrocardiogram, chest x-ray, neck ultrasound, and neck computed tomography scan. In addition, all postoperative patients were routinely administered a single dose of preventive calcium supplements (calcium gluconate 2 g, intravenous injection). Non-corrected serum calcium and PTH levels were measured on days one and three after surgery. Patients were administered 1.5–3 g/day calcium carbonate and 0.5–1.5 mg/day calcitriol orally if their serum PTH and calcium levels were lower than the normal ranges. In addition, emergency intravenous infusion was added to the calcium supplementation in case of sudden onset of symptoms of hypocalcemia. Thyroid function, serum calcium, and PTH examination were repeated at two weeks, three months, and six months after surgery. The PTH detection kit of our center was produced by Roche Diagnostics GmbH, which uses electrochemiluminescence as the diagnostic method. The normal range of determination is 15–65 pg/ml (range: 1.2–5,000). Referring to the European guidelines and the standards of the American Thyroid Association (14, 15), as well as relevant literature review conclusions (16, 17), we defined postoperative hypoparathyroidism as PTH lower than normal (15 pg/ml) within 24 h after surgery. Permanent hypoparathyroidism was defined as PTH levels lower than normal for more than six months after the operation and needing drug treatment. Meanwhile, transient hypoparathyroidism was defined as stopping medication for hypoparathyroidism within six months with normal PTH and blood calcium levels.

The characteristics of patients were analyzed, including age, sex, Hashimoto thyroiditis, methods of preserving parathyroid gland in operation, malignant tumor, tumor size, lymph node metastasis, lymph node dissection, parathyroid transplantation, and pathological examination. Blood calcium and PTH were examined in all patients before, as well as day one, day three, two weeks, three months, and six months after the operation. According to the laboratory test results and symptoms of low calcium, patients with a deficiency were given calcium and vitamin D supplements. The Lishui Central Municipal Hospital Ethics Committee waived the need for written informed consent because the study was retrospective, and participants’ characteristics were anonymous.



Surgical methods

Preventive or therapeutic neck central zone lymph node dissection was performed in all patients with thyroid cancer. The main strategy dissection included routine ipsilateral central lymph node dissection. If patients had bilateral carcinoma or combined lateral cervical lymph node metastasis, bilateral central regional lymph node dissection was performed. Our operation followed the relevant consensus in China to preserve blood supply of the parathyroid gland using the refined anatomy method and the general principle of “1 + X + 1” (at least one parathyroid gland can be strategically transplanted by identifying and reserving one parathyroid gland in situ) (18). During the operation, parathyroid glands that cannot be preserved in situ or have no blood supply after preservation undergo intramuscular autotransplantation (parathyroid tissue is cut into fine particles and planted in muscles, usually sternocleidomastoid muscles). Our center usually has two methods for anatomy and protecting the parathyroid gland during operation. Usually, the surgeon in charge will determine the surgical method on the day of the surgery, and the recording physician will describe the surgical procedure in the surgical record. By searching the medical record system and reviewing the surgical records of patients, we divide patients into two groups according to different methods. The parathyroid avoidance method involves preserving any suspicious parathyroid gland when dissecting the thyroid capsule. Meanwhile, the active exploration method entails finding the parathyroid gland and protecting its blood supply before removing the thyroid gland. Both methods conform to the principle of refined analytical methods. It should be noted that the active exploration method does not guarantee the detection of all parathyroid glands. Regardless of the method used, there is no assurance that all parathyroid glands will be found. The main difference between the two surgical methods is the timing of protecting the parathyroid glands. One approach involves protecting the parathyroid gland before removing the thyroid gland, while the other entails safeguarding the parathyroid glands during thyroid removal.



Statistical analysis

SPSS 22.0 was used for data analysis. The Shapiro-Wilk test was used to test the normality of measurement data. Normally distributed data was expressed as mean ± standard deviation, and the difference between groups was assessed using the independent sample t-test. Meanwhile, non-normally distributed data was summarized using the median and interquartile range [M (IQR)], and the Mann-Whitney test was used to assess group differences. Group differences between categorical data were evaluated using the Chi-square test or Fisher's exact test. The Fisher's exact test was used when expected numbers were less than 1 (expected frequencies). Binary unconditional logistic regression analysis was used to identify factors influencing the occurrence of hypoparathyroidism. All tests were two-sided, and P-values less than 0.05 were considered statistically significant.




Results

Patient characteristics and laboratory results are shown in Table 1. In total, 289 patients who underwent total thyroidectomy were included. The average age was 47.21 ± 11.78 years and most were female (232/289, 80.3%) and had malignant tumors (279/289, 96.54%). A total of 199 (68.9%) and 90 (31.1%) patients underwent the parathyroid avoidance method and active exploration method, respectively. Forty-two (14.5%) patients underwent parathyroid autotransplantation, 32 (76.2%) of whom experienced transient hypoparathyroidism, and 3 (7.1%) patients experienced permanent hypoparathyroidism. The two groups of patients were comparable in terms of age, gender, body mass index, tumor size, parathyroid gland transplantation rate, surgical range, etc. (P > 0.05). The overall incidence of transient and permanent hypoparathyroidism were 51.6% (149/289) and 7.3% (21/289), respectively. The number of patients with PTH less than the minimum detection range (1.2 pg/ml) within three days after surgery was 60 (20.8%), 13 (21.7%) of whom developed permanent hypoparathyroidism; only 8 (7.3%) of the remaining 110 patients with hypoparathyroidism developed permanent hypoparathyroidism.


TABLE 1 Patient characteristics and treatment history.
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Univariate analysis (Table 2) showed that postoperative hypoparathyroidism was more common in Hashimoto's thyroiditis (P = 0.046), parathyroid avoidance method (P = 0.010), parathyroid autotransplantation (P = 0. 013), bilateral central neck lymph node dissection (CND) (P = 0.001), multifocality (P = 0.037), lymphatic metastasis (P = 0.039), and parathyroid in the specimen (P = 0.006). There was no significant correlation between sex, age, body mass index (BMI), tumor diameter, and tumor location. The multivariate analysis (Table 3) showed that postoperative hypoparathyroidism was more common in the parathyroid avoidance method (P = 0.005), parathyroid autotransplantation (P = 0.011), bilateral CND (P = 0.001), lymphatic metastasis (P = 0.039), and parathyroid in the specimen (P = 0.029).


TABLE 2 Results of univariate analysis of postoperative hypoparathyroidism.
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TABLE 3 Multivariate regression analysis of postoperative hypoparathyroidism.
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Univariate analysis was conducted in patients with or without permanent hypoparathyroidism (Table 4). The results showed that permanenthypoparathyroidism was more likely to occur under the following conditions: bilateral CND (P = 0.012), lymphatic metastasis (P = 0.048), and parathyroid in the specimen (P = 0.038). The multivariate analysis (Table 5) showed that permanent hypoparathyroidism is more likely to occur in bilateral CND (P = 0.038) and lymphatic metastasis (P = 0.047).


TABLE 4 Univariate analysis of permanent hypoparathyroidism.
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TABLE 5 Multivariate regression analysis of permanent hypoparathyroidism.
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When comparing patients with transient and permanent hypoparathyroidism, we added the variable PTH within three days after surgery <1.2 pg/ml.

Univariate analysis (Table 6) showed that patients with bilateral CND (P = 0.049) and PTH within three days after surgery <1.2 pg/ml (P = 0.006) were more likely to develop permanent hypoparathyroidism. Meanwhile, the multivariate analysis (Table 7) showed that only the latter factor significantly affected permanent hypoparathyroidism (P = 0.006).


TABLE 6 Univariate analysis of transient and permanent hypoparathyroidism.
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TABLE 7 Multivariate regression analysis of transient and permanent hypoparathyroidism.
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Discussion

Hypoparathyroidism is one of the most common surgical complications of total thyroidectomy, which mostly results from a cut in the blood supply of the parathyroid gland during the operation. After six months of follow-up, transient and persistent hypoparathyroidism in this study accounted for 51.6% and 7.3%, respectively. The multivariate logistic regression analysis conducted on 289 patients undergoing total thyroidectomy in our center showed the parathyroid avoidance method, parathyroid autotransplantation, bilateral CND, lymphatic metastasis, and parathyroid in specimens were associated with postoperative hypoparathyroidism. In addition, bilateral CND and lymphatic metastasis were associated with permanent hypoparathyroidism. For patients with postoperative hypoparathyroidism, PTH within three days after surgery cannot be measured had predictive significance for the occurrence of permanent hypoparathyroidism.

Preserving the parathyroid gland during thyroidectomy is a major concern for thyroid surgeons because even benign diseases cannot guarantee normal parathyroid gland function after thyroidectomy. If the tumor is large, invasive, or has extensive lymph node metastasis, it is challenging to maintain the integrity of the parathyroid glands. According to a systematic review, the median incidence of temporary and permanent hypoparathyroidism were 27% and 1%, and the highest rates were 38% and 3%, respectively (19). The incidence of transient hypoparathyroidism in this study was relatively high, partly because all the included patients underwent bilateral total thyroidectomy. Additionally, the proportion of patients with thyroid cancer in this study was as high (96.5%). We performed routine preventive central lymph node dissection on patients with thyroid cancer, which also increased the incidence of hypoparathyroidism.

This study found that the incidence of postoperative hypoparathyroidism varied by the parathyroid anatomy and protection methods. The rate of transient hypoparathyroidism caused by the active exploration method was significantly lower than that caused by the avoidance method, which may be due to the following principal reasons. The active exploration method can better preserve the blood supply of the parathyroid gland. For example, the blood supply of the superior parathyroid gland mostly comes from the terminal branch of the inferior thyroid artery or the posterior branch of the superior thyroid artery (20). When using the parathyroid avoidance method, these branches are easily ligated first, resulting in damage to the blood supply of the superior parathyroid gland. For some of the lower polar parathyroid glands, the blood supply comes from the thyrothymic ligament (21).The active exploration method can better preserve the blood supply between the thyrothymic ligament and the lower polar parathyroid glands. Based on this result, ensuring that the blood supply of the parathyroid gland is not interrupted is important for preserving the parathyroid gland. Therefore, one should use the active exploration method during the operation to preserve thebranchs of the thyroid artery and thyrothymic ligament. We found that the incidence of permanent hypoparathyroidism caused by the active exploration method (4.4%) was also lower than the parathyroid avoidance method (8.5%), but the difference was not statistically significant (P = 0.21), which may be related to the low number of patients with permanent hypoparathyroidism.

Lymph node dissection in the VI area of the neck can easily destroy the supply of blood vessels of the parathyroid gland, leading to hypoparathyroidism to a certain extent (22, 23). Existing articles have different views on how to perform cervical lymph node dissection. Some people suggest that preventive dissection will not significantly reduce the recurrence and metastasis rate of the tumor but will increase the risk of parathyroid damage (24). This case is similar to other studies, suggesting that lymph node dissection is a risk factor for temporary and persistent hypoparathyroidism. Therefore, the operation procedure should be strictly observed and conducted to reduce injury to the parathyroid glands during the operation. Where possible, other chromogenic substances, such as Nano-C, can be used to stain the parathyroid gland (25, 26). In recent years, fluorescence imaging—relying both on parathyroid gland autofluorescence under near-infrared light—and angiography using the fluorescent dye indocyanine green-has been used to reduce the risk of iatrogenic parathyroid injury during thyroid and parathyroid resections. Parathyroid autofluorescence was considered better than indocyanine green angiography for localizing parathyroid glands, whereas indocyanine green angiography was deemed superior in assessing parathyroid perfusion (27–29). But there are no published guidelines exist regarding its use.Some surgeons prefer to remove thyroid cancer and perform central chamber lymph node dissection, but this increases the risk of damage to complex vascular connections in parathyroid glands.

This study showed that patients with lymph node metastasis have a high incidence of transient and permanent hypoparathyroidism after surgery, consistent with the disease characteristics of thyroid cancer. Firstly, in patients with lymph node metastasis, the scope of lymph node dissection usually includes the bilateral VI and even the lateral neck area. Secondly, in patients with lymph node metastasis in the central region, it is more likely to damage the blood supply of the parathyroid gland during the resection because they are usually accompanied by abnormally swollen lymph nodes.

Our study also showed that autoparathyroid transplantation has some effect on the occurrence of postoperative hypoparathyroidism, but it has no significant correlation with permanent hypoparathyroidism, indicating that the transplanted parathyroid gland needs a certain time to survive and function. Some studies also confirmed that autologous parathyroid transplantation can prevent permanent hypoparathyroidism (3, 30). In addition, some researchers recommend conventional autotransplantation of parathyroid glands (31). Furthermore, we observed that accidental parathyroidectomy is a significant risk factor for transient hypoparathyroidism but was not associated with persistent hypoparathyroidism. A complete parathyroid gland is widely believed to maintain the body's blood calcium (32). Lee et al. surveyed 2,636 patients and found that inadvertent parathyroidectomy did not affect postoperative hypoparathyroidism after surgery (33). However, even if a single reserved parathyroid gland seems feasible, it may also lose its function, resulting in postoperative hypoparathyroidism (34). Therefore, the parathyroid gland should be retained as much as possible in surgical practice, and the parathyroid gland should be carefully searched in the anatomical specimen. If the parathyroid gland is found to be resected by mistake, timely parathyroid gland autotransplantation should be performed.

This study shows that patients with lower PTH levels (less than 1.2 pg/ml) within three days after surgery had a higher risk of permanent hypoparathyroidism, similar to previous studies (35). For patients with PTH still below detectable levels on the third day, it is necessary to strengthen calcium and vitamin D3 supplementation. A lack of timely calcium supplementation or follow-up may cause patients to lose the opportunity to recover their parathyroid function.



Summary

Hypoparathyroidism commonly occurs after total thyroidectomy and is mostly temporary. Parathyroid autotransplantation, bilateral CND, lymphatic metastasis, and parathyroid in the specimen are objective risk factors for postoperative hypoparathyroidism.

Understanding the complex vascular structure around the parathyroid gland can prevent hypoparathyroidism after thyroidectomy. Compared with parathriod avoidance method, the active exploration method may reduce the incidence of postoperative hypoparathyroidism. Few cases of transient hypoparathyroidism evolve into permanent hypoparathyroidism, bilateral CND, lymphatic metastasis, and PTH within three days after surgery <1.2 pg/ml were the risk factors for postoperative permanent hypoparathyroidism. More attention needs to be paid to these patients, and timely calcium and vitamin D supplementation after surgery can improve their symptoms.More importantly, we need to make sufficient efforts to reduce the occurrence of this situation.

The limitations of this study are that the number of patients with permanent hypoparathyroidism was relatively small, and a few patients recovered their parathyroid function after a long time (over six months and even one year), which may bias the result of the study. Our study is also limited by some factors inherent to retrospective research, including the inability to specify and standardize subject recruitment and data collection in advance.
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