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Introduction

Postoperative hypoparathyroidism (POH) is the most common and important complication for thyroid cancer patients who undergo total thyroidectomy. Intraoperative parathyroid autotransplantation has been demonstrated to be essential in maintaining functional parathyroid tissue, and it has clinical significance in identifying essential factors of serum parathyroid hormone (PTH) levels for patients with parathyroid autotransplantation. This retrospective cohort study aimed to comprehensively investigate influential factors in the occurrence and restoration of POH for patients who underwent total thyroidectomy with intraoperative parathyroid autotransplantation (TTIPA).



Method

This study was conducted in a tertiary referral hospital, with a total of 525 patients who underwent TTIPA. The postoperative serum PTH levels were collected after six months, and demographic characteristics, clinical features and associated operative information were analyzed.



Results

A total of 66.48% (349/525) of patients who underwent TTIPA were diagnosed with POH. Multivariate logistic regression indicated that Hashimoto’s thyroiditis (OR=1.93, 95% CI: 1.09-3.42), P=0.024), the number of transplanted parathyroid glands (OR=2.70, 95% CI: 1.91-3.83, P<0.001) and postoperative blood glucose levels (OR=1.36, 95% CI: 1.06-1.74, P=0.016) were risk factors for POH, and endoscopic surgery (OR=0.39, 95% CI: 0.22-0.68, P=0.001) was a protective factor for POH. Multivariate Cox regression indicated that PTG autotransplantation patients with same-side central lymph node dissection (CLND) (HR=0.50; 95% CI: 0.34-0.73, P<0.001) demonstrated a longer time for increases PTH, and female patients (HR=1.35, 95% CI: 1.00-1.81, P=0.047) were more prone to PTH increases. Additionally, PTG autotransplantation with same-side CLND (HR=0.56, 95% CI: 0.38-0.82, P=0.003) patients had a longer time to PTH restoration, and patients with endoscopic surgery (HR=1.54, 95% CI: 1.04-2.28, P=0.029) were more likely to recover within six months.



Conclusion

High postoperative fasting blood glucose levels, a large number of transplanted PTGs, open surgery and Hashimoto’s thyroiditis are risk factors for postoperative POH in TTIPA patients. Elevated PTH levels occur earlier in female patients and patients without CLND on the transplant side. PTH returns to normal earlier in patients without CLND and endoscopic surgery on the transplant side.
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Introduction

Thyroid cancer (THCA) is one of the most prevalent endocrine neoplasms, and its incidence has been constantly increasing over recent years (1). Total thyroidectomy has been regarded as the main modality of treatment for THCA, but it carries the potential for several complications (2). Postoperative hypoparathyroidism (POH) is the most common and important complication and is associated with decreased serum parathyroid hormone (PTH) levels, hypocalcemia and hyperphosphatemia (3). The reported incidence of POH is 30%~68%, with a 6-month transit rate of 19%-38% and a lifetime rate of 0-20% (4, 5). Transient hypoparathyroidism prolongs inpatient rehabilitation and increases hospital stays and treatment costs (6). Additionally, permanent hypoparathyroidism is associated with elevated risks of infection, renal failure, psychiatric morbidities and even mortality (7). Therefore, preventing the occurrence and facilitating the restoration of POH are of vital importance, and thus, the prerequisite of identifying influential factors is imperative.

Intraoperative parathyroid gland (PTG) autotransplantation is one of the main methods used to prevent POH and reduce the rate of permanent hypoparathyroidism (8). However, studies have indicated that the occurrence rate of POH remains 30% ~ 68% for patients with intraoperative transplantation, provoking confusion about what influences the occurrence of POH in these patients (4). According to previous studies, numerous factors, such as age, sex and surgical approaches, were reported to be associated with the occurrence of POH, indicating that complex intrinsic factors are involved in the occurrence of hypoparathyroidism (9–11). As the surgical model of thyroidectomy evolves toward a more precise paradigm of intraoperative transplantation of PTG, the associated influential factors remain to be explored.

In this study, we sought to investigate influential factors and develop a predictive model for the occurrence and restoration of hypoparathyroidism in patients who underwent total thyroidectomy with intraoperative parathyroid autotransplantation (TTIPA).



Materials and methods


Patients

This was a retrospective case–controlled cohort study of patients undergoing TTIPA in the Department of Breast and Thyroid Surgery, Chongqing General Hospital, China, from January 2020 to December 2020. The aim of this study was to investigate influential factors for hypoparathyroidism of THCA; therefore, all patients 18-65 years of age who underwent thyroidectomy with intraoperative parathyroid autotransplantation were included. THCA was confirmed by pathology. Exclusion criteria included incomplete information, preoperative hypoparathyroidism, and severe cardiovascular or respiratory diseases. This study was approved by the Ethics Review Board of Chongqing General Hospital. Written informed consent was obtained from all participants.



Surgical conduct for THCA at chongqing general hospital

Thyroidectomy was performed for confirmed cases of THCA with a length larger than 1 cm, surrounding invasion or distant metastases. Complete central lymph node dissection (CLND) was performed on the side of the THCA. A contralateral central neck dissection followed if positive lymph nodes were detected in the central contents by frozen-section pathological examination. Moreover, concurrent unilateral or bilateral modified lateral neck dissection was performed if lateral neck lymph node metastases were considered according to preoperative examinations. All surgeries were performed by one experienced surgeon who performs over 1000 thyroid surgeries per year.



Parathyroid gland identification and transplantation

Parathyroid glands were routinely identified by the naked eye or ICG combined with autofluorescence if it was difficult to evaluate their location and blood supplies. Detailed methods of ICG combined with autofluorescence were described in our previous study (12). If the blood supply was deemed sufficient by the surgeon’s verdict, the suspected parathyroid would be preserved in situ. Autotransplantation was performed when inadvertent parathyroidectomies or devascularization were performed. Suspected parathyroid glands were stored in saline at 4°C for autotransplantation after pathological confirmation. The parathyroid glands were minced into less than 0.5 mm pieces and transplanted into sternocleidomastoid.



Data collection

All data, including the general information, clinical features and surgical information, were collected retrospectively and are shown in Table 1. Patients received follow-up every 2-3 months. At each follow-up visit, patients were tested for serum PTH, calcium and phosphorus levels.


Table 1 | Pathological and clinical features of 525 patients.





Definition

Hypoparathyroidism was defined as a serum PTH level <12 pg/ml (normal range: 12–65 pg/ml), regardless of the calcium level and hypocalcemia symptoms. Patients with a marked increase ≥1 pg/ml from the lowest post-operative PTH value were considered to have elevated serum PTH levels. Restoration was considered when the serum PTH level became normal.



Statistical analysis

Univariate and multivariate analyses based on logistic regression and Cox regression were conducted. Normally distributed continuous data are presented as the mean ± standard deviation, and nonnormally distributed continuous data are presented as the median (interquartile range). Variables that were statistically significant or with a p value <0.10 in univariate analysis were enrolled in multivariate analysis to identify the independent factors. Logistic regression analyses are presented as odds ratios (ORs) and 95% confidence intervals (CIs), and Cox regression analyses are presented as hazard rates (HRs) and 95% CIs. SPSS (IBM SPSS Statistics 23.0, USA) and R software (Version 4.1.0, www.r-project.org, Vienna, Austria) were used for data analysis. Nomograms were formulated based on the results of multivariate Cox regression or logistic regression analyses by using the “rms” package in R. In all analyses, a two-sided p value < 0.05 was considered to be statistically significant.



Ethical approval

The study was conducted in accordance with the principles and guidelines of the Declaration of Helsinki. The research protocol was approved by the Medical Ethics Committee of Chongqing General Hospital (KYS2022-005-01), and was granted informed consent exemption.




Results

Data from 960 patients who underwent thyroidectomy from June 2020 to June 2021 in our hospital were collected. According to the inclusion and exclusion criteria, 525 patients with thyroid cancer who underwent TTIPA were finally included in the study. Among them, 349 patients (66.48%) had PTH levels lower than the normal value (12 pg/ml) on the first postoperative day and were diagnosed with POH. Logistic regression was used to explore the factors affecting the occurrence of postoperative POH in patients, and the half-year follow-up data of these patients were further collected. We aimed to explore the factors that affect the increase and restoration of PTH to normal after the operation. Thus, we defined a postoperative serum PTH level ≥1 pg/ml as an increase in the PTH value, and a PTH level that reached normal levels (≥12 pg/ml) was defined as the restoration of PTH. The time at which the value increased and the time it took to return to normal were recorded, and the influencing factors were explored through Cox regression (Figure 1). There were 90 males and 435 females in the study cohort, and the average age was 39.38 ± 10.89 years. Additionally, 84.76% of these patients underwent conventional conventional open thyroidectomy, and 15.24% of patients underwent endoscopic thyroidectomy. All surgical patients had at least one parathyroid gland transplanted (Table 1).




Figure 1 | Study flowchart.




Influencing factors of hypoparathyroidism after TTIPA

Taking the occurrence of postoperative POH as the outcome variable, the preoperative and intraoperative variables and the basic characteristics of the patients were all included as potential influencing factors for logistic univariate regression analysis. The factors with significant differences (P<0.05) were further analyzed by multivariate logistic regression analysis to explore the factors affecting POH after TTIPA in patients with thyroid cancer. The results showed that endoscopic thyroid surgery (OR=0.39, 95% CI: 0.22-0.68, P=0.001) was a protective factor for POH and that Hashimoto’s thyroiditis (OR=1.93, 95% CI: 1.09-3.42), P=0.024), the number of transplanted parathyroid glands (OR=2.70, 95% CI: 1.91-3.83, P<0.001) and blood glucose levels on the first postoperative day (OR=1.36, 95% CI: 1.06-1.74, P=0.016) were risk factors for POH. Preoperative PTH (OR = 0.99, 95% CI: 0.98-1.00, P=0.011) showed little influence on POH (Table 2).


Table 2 | Infulential factors of POH in patients underwent TTIPA - Multivatirate and Univariate Logistic model.





Factors influencing PTH increase after TTIPA

Elevated PTH is an important sign of parathyroid function restoration. To explore the factors that affect the increase in PTH after TTIPA, we defined a ≥ 1 pg/ml increase in serum PTH levels as numerical elevation. Univariate Cox regression analyses were used to explore the influencing factors of PTH in the early stage, and factors with significant differences (P < 0.05) were included in multivariate Cox regression to reduce the effect of the interaction. The results showed that PTG autotransplantation patients with same side CLND (HR=0.50; 95% CI: 0.34-0.73, P<0.001) had a longer time to PTH increase after transplantation, and female patients (HR=1.35, 95% CI: 1.00-1.81, P=0.047) were more prone to PTH increases (Table 3). Furthermore, Cox regression was used to draw a nomogram. A prediction model was built for the increase in PTH values at 7 days, 60 days, and 180 days, and a calibration curve was used for calibration (Figures 2A, B).


Table 3 | Infulential factors of PTH numeric elevation in patients underwent TTIPA - Multivatirate and Univariate Cox model.






Figure 2 | (A) Nomogram predicting the porbability of un-elevated serum PTH for TTIPA patients. Influential factors screened by multivariate Cox regression are listed along with related point axis. The sum of the scores for all variables is labeled on the total points axis, and 7-day, 60-day and 180-day porbabilities are drawn to determine the likelihood of un-elevated serum PTH; (B) Calibration curve of nomogram predicting the porbability of un-elevated serum PTH; (C) Nomogram predicting 7-day, 60-day and 180-day porbabilities of hypoparathyroidism. (D) Calibration curve of nomogram predicting the porbability of hypoparathyroidism.





Factors affecting restoration of PTH to the reference range after operation

Furthermore, in order to clarify the factors that affect the restoration of PTH in patients, univariate COX regression analyses were used to find that age (from 18 to 70-year-old, HR=1.01, 95% CI: 1.00-1.02, P=0.049), PTG autotransplantation with/without same side CLND (with vs. without, HR=0.56, 95% CI: 0.38-0.82, P=0.003) and endoscopic surgery (endoscopic vs. open, HR=1.57, 95% CI: 1.06-2.32, P=0.023) were influential factors for the restoration of PTH to the reference range within six months. The multivariate COX regression indicated that PTG autotransplantation with same side CLND (HR=0.56, 95% CI: 0.38-0.82, P=0.003) patients had a longer time to PTH restoration, and patients with endoscopic surgery (HR=1.54, 95% CI: 1.04-2.28, P=0.029) were more likely to recover within six months. These findings suggest that CLND and open surgery on the same side of the transplant may be key factors affecting the restoration of TTIPA patients to normal (Table 4). Furthermore, based on Cox regression, a nomogram prediction model for 7-day, 60-day, and 180-day PTH restoration was constructed and calibrated using the calibration curve (Figures 2C, D).


Table 4 | Infulential factors of PTH restoration in patients underwent TTIPA - Multivatirate and Univariate Cox model.






Discussion

Thyroid cancer is the most common cervical malignancy, and total thyroidectomy is the main treatment for thyroid cancer. Due to the complex structure of the neck, patients often suffer from various complications, such as hemorrhage, infection, and nerve damage, after surgery (3). Among them, 30-60% of patients may develop POH (4). Hypoparathyroidism is a syndrome of hypocalcemia and hyperphosphatemia caused by decreased PTH. It is mainly characterized by increased excitability of the neuromuscular system with abnormal systemic calcium and phosphorus metabolism, such as multitissue metastatic calcification and ectodermal tissue degeneration (13). Several previous studies and our long-term clinical practice have found that most patients have transient hypoparathyroidism; that is, plasma PTH levels can be recovered within six months. Furthermore, approximately 0.5-15% of patients have long-term hypoparathyroidism (14, 15). Therefore, it is of great importance to explore the risk factors for the occurrence of POH and to clarify the influencing factors of postoperative PTH restoration in patients with POH.

Intraoperative parathyroid transplantation is the main method to maintain the physiological level of PTH in patients (16). Most studies believe that parathyroid transplantation during total thyroidectomy can prevent POH to a certain extent and reduce the occurrence of permanent hypoparathyroidism (17, 18). However, Matilda Annebäck et al. also pointed out that parathyroid transplantation is a risk factor for permanent hypoparathyroidism in patients (OR: 1.72; 95% CI: 1.47-2.01), suggesting that surgical methods, surgeons and transplantation strategies may have an important influence on the restoration of PTH in patients (11). To further clarify the influencing factors of postoperative POH and PTH restoration in patients undergoing TTIPA, we reviewed the data of thyroid cancer patients who underwent TTIPA by the same experienced physicians from June 2020 to June 2021 in our department. Our study found that the proportion of POH in TTIPA patients was approximately 37%, and 37% of these patients recovered to physiological levels before discharge. Furthermore, some patients recovered within 2 months, and approximately 1.90% of patients did not recover to physiological levels within six months.

A number of previous studies have indicated that the preoperative PTH level and the number of transplanted PTGs are related factors affecting the occurrence of POH (16, 19). Similarly, our multivariate analysis also showed that the preoperative PTH level and the number of transplanted PTGs were influencing factors of POH in TTIPA patients. In addition, the postoperative fasting blood glucose level, surgical method (open vs. endoscopic) and Hashimoto’s thyroiditis were also factors affecting the incidence of POH in TTIPA patients. Although most studies suggest that there is no significant difference in the incidence of POH between endoscopic surgery and open surgery, some studies have indicated that the incidence of permanent hypoparathyroidism in endoscopic surgery is lower than that in open surgery (20, 21). We focused on TTIPA patients and found that endoscopic surgery was a protective factor for POH compared with open surgery (OR=0.39, 95% CI: 0.22-0.68, P=0.001). One possible reason is that the exposure of the operative field of laparoscopy is more sufficient, which is helpful for identifying the parathyroid glands during the operation. The other possible reason is that the traction on the sternocleidomastoid muscle during laparoscopy is small, which may help protect the blood supply and function of the sternocleidomastoid muscle and thus promote graft survival (22, 23).

There are few studies clarifying the effect of blood glucose on PTH in patients with TTIPA. Marie Reeberg Sass et al. analyzed parathyroid surgery specimens. They found that serum PTH levels were correlated with serum insulin levels and that parathyroid cells expressed insulin receptors (24). Ruizhi Jiajue et al. indicated that PTH levels in patients with diabetes were lower than normal (25). The above studies suggest that there may be a complex regulatory relationship between blood glucose levels, insulin levels and postoperative PTH levels. Future studies should explore the role of perioperative blood glucose monitoring and insulin use in maintaining postoperative PTH levels and reducing the risk of POH.

In addition, previous studies have demonstrated that thyroid surgery with Hashimoto’s thyroiditis (HT) has a significantly increased risk of postoperative complications (26). This is similar to our results, approximately 23.8% of thyroid cancer patients had Hashimoto’s thyroiditis. The logistic multivariate analysis showed that Hashimoto’s thyroiditis was an independent risk factor for POH (OR=1.93, 95% CI: 1.09-3.42, P=0.024). One possible reason is that the reactive enlarged lymph nodes in patients with HT combined with PTC may be misdiagnosed as metastatic lymph nodes. Thus, the probability of lymph node dissection is higher, the damage to the operation area is worse, and the parathyroid gland damage increases (27). Another possible reason is that bridge changes in thyroid mass (fragility, vascularity (rich blood supply), and/or fibrosis) in thyroiditis can significantly prolong operative time and increase operative difficulty (28). Thus, it can increase the probability of parathyroid injury and the blood supply of the sternocleidomastoid muscle in the transplant area.

We further evaluated the factors influencing the PTH increases and PTH restoration to normal. Although approximately 98% of patients eventually returned to the reference range, there were differences in the speed of restoration. In POH patients, a ≥ 1 pg/ml increase in PTH levels was used as the end point event. The factors affecting the elevated level of PTH were explored, and the corresponding time was recorded. Univariate and multivariate Cox regression indicated that female patients or the ipsilateral transplant did not undergo central surgery. Patients with regional lymph node dissection (PTG autotransplantation with same-side CLND (HR=0.50; 95% CI: 0.34-0.73, P<0.001) had an earlier rise in PTH levels. The role of sex in the restoration of PTH in patients after PTG transplantation has not been reported, but multiple studies suggest that female patients are at a higher risk of developing postthyroidectomy hypoparathyroidism for TTIPA patients (29).

Although we did not find a statistical relationship between the incidence of POH and sex, it seems that female patients do have a higher risk (female vs. male, HR=1.40, 95% CI=0.88-2.24). This finding suggests that PTH levels may be regulated by estrogen. More importantly, estrogen can directly or indirectly promote the expression of PTH-related genes and PTH secretion (30, 31). Almaden, Y. et al. further confirmed that female parathyroid tissue had a stronger proliferation ability (32). More importantly, studies suggest that women tend to benefit more than men during transplantation of various tissues, including islets and lymph nodes. These findings suggest that estrogen may play a key role in promoting graft survival and growth (33). However, as e number of female patients underwent TTIPA was remarkably higher than male patients, a unavoidable sample size bias may introduce this statistical differences. Therefore, future clinical studies with larger samples are needed to explain the role of gender in promoting the restoration of POH. Additionally, exploring the role of sex and estrogen in the regulation of PTH and its influence on PTH restoration in patients with TTIPA may be an important direction to shorten the restoration time of PTH and reduce the occurrence of POH.

In addition, we found that time to PTH elevation and restoration in PTG autotransplantated patients with same-side CLND was longer than those without CLND. The sternocleidomastoid muscle is the most commonly transplanted site of the parathyroid glands (34). Unfortunately, limited studies have analyzed the correlation between the sternocleidomastoid muscle transplantation location and the level of PTH. The blood supply of the sternocleidomastoid muscle mainly comes from the thyroid neck trunk, the superior thyroid artery and the occipital artery (35). During the dissection of the central lymph nodes, there may be damage to small blood vessels branching to the transverse carotid artery and the superior thyroid artery of the thyroid neck trunk (35). Excessive lateral sternocleidomastoid traction causes local muscle damage and affects the transplantation effect (36). Therefore, to ensure the restoration of PTH, it is of great importance to clarify the site of parathyroid transplantation. In addition to the sternocleidomastoid muscle, parathyroid gland transplantation can also be transplanted into the pectoral muscle, forearm muscle group, subcutaneous tissue, inguinal area, and abdominal cavity (34, 37). Further exploration of specific transplantation sites and transplantation strategies are important directions in the development of thyroid surgery under the guidance of precision medicine in the future. In addition to performing CLND, we also found that the surgical approach is an important factor affecting the restoration of PTH to reference range. Compared with patients undergoing open surgery, the time required for PTH to return to normal in patients with TTIPA undergoing endoscopic surgery is shorter. Combined with results listed above, this study revealed that the incidence of POH in patients with TTIPA undergoing open surgery is higher, and special attention should be given to parathyroid gland recognition and protection in patients who are planning to undergo open surgery.



Conclusion

A high postoperative fasting blood glucose level, a large number of transplanted PTGs, open surgery and Hashimoto’s thyroiditis are risk factors for postoperative POH in TTIPA patients. Elevated PTH levels occur earlier in female patients and patients without CLND on the transplant side. PTH recovers to reference range earlier in patients without CLND and endoscopic surgery on the transplant side.
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BRAF V600E mutation status
BRAF V600E Muttion

BRAF V600E Wi type

N/A
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Number
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90 (17.14)
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18 (3.43)
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125 (23.81)
400 (76.19)

445 (84.76)
80 (15.24)
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274 (52.19)
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(discrete variables)
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Yes (Left)
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No

Central lymph node dissection
Left

Right
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