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Abstract 

Background  Thyroid surgeries are intricate operations that carry the risk of damaging the parathyroid glands, which 
can result in hypocalcemia and potential long-term hypoparathyroidism. Innovative surgical techniques includ-
ing Intraoperative Nanocarbon Staining (INS), aim to enhance the preservation of parathyroid glands. This study 
assesses the effectiveness of INS combined with parathyroid autotransplantation in reducing postoperative complica-
tions and preserving parathyroid function.

Methods  This retrospective cohort study assessed patients aged ≥ 18 who underwent thyroid surgery at a tertiary 
care hospital from January 2017 to December 2022. We compared the incidence of postoperative parathyroid injury, 
recovery rates of parathyroid function, and the incidence of permanent hypoparathyroidism between groups. Data 
on patient demographics, diagnosis, surgical details, parathyroid hormone levels, and calcium levels were collected 
and analyzed using chi-square tests, t-tests, and logistic regression.

Results  The study included 198 patients, with 101 in the intervention group and 97 in the control group. Base-
line characteristics such as sex ratio, age, BMI, and preoperative calcium levels showed no significant differences 
between groups. The intervention group demonstrated a significantly shorter duration of intravenous calcium sup-
plementation (median 2 vs. 3 days, p < 0.001) and higher calcium nadir levels (median 8.36 vs. 7.85 mg/dL, p < 0.001) 
compared to controls. Furthermore, the incidence of postoperative parathyroid injury and permanent hypoparathy-
roidism was lower in the intervention group (15.84% vs. 20.62%, p = 0.045 and 4.95% vs. 15.46%, p = 0.003, respec-
tively). Multivariate analysis revealed factors such as Blood iPTH monitoring level (OR 1.053, 95% CI 1.009–1.099, 
P = 0.018) and surgery type (Near Total Thyroidectomy) (OR 0.447, 95% CI 0.202–0.990, P = 0.047) were positively 
associated with surgical success. The intervention group also showed higher surgery success rates (OR 2.054, 95% CI 
1.017–4.150, P = 0.045).

Conclusion  The application of INS and parathyroid autotransplantation during thyroidectomy significantly improves 
postoperative parathyroid gland function, reducing the incidence of permanent hypoparathyroidism. These findings 
support the incorporation of these techniques into standard surgical practice for thyroidectomy.
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Introduction
Thyroid diseases encompass a wide range of disorders 
affecting millions worldwide, ranging from benign nod-
ules and goiters to malignancies that require surgical 
intervention [1, 2]. The management of these conditions, 
especially when surgery is necessary, involves navigating 
intricate anatomical relationships and potential compli-
cations, with a primary focus on the integrity of the para-
thyroid glands. Despite their small size, these glands play 
a crucial role in calcium homeostasis [3], and their inad-
vertent injury or removal during thyroid surgery can lead 
to significant postoperative challenges, including hypoc-
alcemia and the potential for long-term hypoparathy-
roidism [4, 5]. Such complications not only affect patient 
recovery and quality of life but also pose a substantial 
burden on healthcare systems.

The advancement in surgical methods has notably 
decreased the risks associated with thyroid surgeries, 
such as the application of near-infrared autofluorescence 
(NIR-AF) technology. NIR-AF has shown potential in 
assisting surgeons with the detection and preservation of 
the parathyroid glands [4] The work of Benmiloud et al. 
suggests that utilizing NIR-AF for identifying parathyroid 
glands can notably decrease the incidence of early post-
operative hypocalcemia and enhance the likelihood of 
parathyroid preservation following total thyroidectomy 
[5]. However, recent clinical studies indicate that while 
the use of autofluorescence technology during thyroid-
ectomies does reduce the morbidity in some patients, 
it does not decrease the incidence of postoperative low 
parathyroid hormone (PTH) levels [6]. 

Intraoperative Nanocarbon Staining (INS) is a new 
technique designed to improve the recognition and pres-
ervation of parathyroid glands. INS utilizes the character-
istics of carbon nanoparticles to help surgeons accurately 
identify and preserve parathyroid glands, thereby miti-
gating the risk of postoperative complications such as 
hypocalcemia. Prior applications of nanocarbon negative 
imaging technology in patients suffering from secondary 
hyperparathyroidism (SHPT) have demonstrated a nota-
ble decrease in the recurrence rate of SHPT, alongside 
enhanced surgical results [7]. Compared with patients 
undergoing conventional endoscopic thyroid cancer sur-
gery, nanocarbon technology allows patients to undergo 
clearer lymph node dissection [8] and facilitates the iden-
tification of parathyroid glands during thyroidectomy 
combined with central compartment lymph node dis-
section [9]. Multiple meta-analysis results also further 

showed that compared with the use of methylene blue or 
blank control, nanocarbon particles improved the degree 
of neck dissection, increased the scope and accuracy of 
neck dissection, and enhanced the protection of the nor-
mal anatomical structure and physiological function of 
the parathyroid glands during thyroid cancer surgery [10, 
11]. Moreover, when in  situ preservation of parathyroid 
glands is not feasible, autotransplantation of the parathy-
roid glands serves as a viable alternative to maintain their 
function by relocating them to a muscle bed, where they 
can continue to regulate calcium levels [12]. Although 
not a new strategy, it remains a crucial aspect of surgical 
treatment for thyroid conditions, especially in scenarios 
with a higher risk of parathyroid damage.

Although INS and parathyroid autotransplantation 
show potential benefits, their effectiveness and impact on 
patient outcomes in thyroid surgery remain unclear. This 
retrospective cohort study seeks to fill the existing gap 
in the literature by examining the incidence of postop-
erative parathyroid injury, the restoration of parathyroid 
function, and the occurrence of permanent hypoparathy-
roidism in patients who have undergone thyroid surgery 
with and without these interventions. Through this anal-
ysis, we aim to provide insights into the effectiveness of 
these techniques and advocate for their consideration in 
surgical practice to enhance patient outcomes after thy-
roid surgery.

Methods
Study design and population
In this retrospective cohort study, we focused on adult 
patients (aged 18 years and older) who underwent thy-
roidectomy at our tertiary care hospital from Janu-
ary 2017 to December 2022. Eligible participants had 
complete medical records, including preoperative 
assessments, intraoperative details, and postopera-
tive follow-ups. We excluded patients with incomplete 
records, those who did not underwent surgery within 
the designated timeframe, those who had prior thyroid 
or parathyroid surgeries, or had concurrent malignant 
diseases (defined as active cancers other than thyroid 
cancer that could independently affect prognosis). The 
selection process is shown in Fig. 1. Ethical approval for 
this study was granted by the Institutional Review Board 
of the People’s Hospital of Suzhou New District, with all 
procedures performed in accordance with ethical stand-
ards laid down in the 1964 Declaration of Helsinki and 
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its later amendments. Due to the retrospective nature 
of this study, the requirement for informed consent was 
waived, contingent upon the anonymization of patient 
data. A post-hoc power analysis was also conducted 
using G*Power to determine the power of the model in 
detecting significant predictors. The analysis revealed 
that the model had a high power (> 80%) to detect the 
effects of the intervention group on permanent hypopar-
athyroidism, while the power for detecting an effect on 
postoperative parathyroid injury was moderate.

Data collection
All data were extracted from electronic medical records 
and paper charts by trained medical staff and entered 
into a secure, anonymized database designed specifically 
for this study. Rigorous data verification protocols were 
implemented to ensure accuracy and completeness of the 
data captured. Discrepancies were resolved through con-
sensus among clinical experts.

Preoperative data collection
For each patient, demographic information including age, 
sex, and Body Mass Index (BMI) was recorded. Clinical 
data encompassing the diagnosis leading to thyroidec-
tomy, any comorbid conditions, and preoperative serum 
calcium, surgery types and parathyroid hormone (PTH) 

levels were systematically collected. This preoperative 
assessment provided a baseline against which postopera-
tive outcomes could be evaluated.

Intraoperative data collection
Detailed records of the surgical procedure were com-
piled, noting whether INNS and parathyroid gland 
autotransplantation were employed. Additional intra-
operative parameters recorded included the total dura-
tion of surgery, any complications encountered (such as 
bleeding, damage to surrounding structures), and the 
number of parathyroid glands identified and preserved or 
autotransplanted.

Postoperative data collection
The postoperative phase involved monitoring and docu-
menting recovery metrics, including serum calcium and 
PTH levels at various intervals, specifically on the first 
postoperative day and subsequently at 1, 3, and 6 months, 
and 1-year post-surgery. The incidence of hypocalce-
mia, its severity, and the duration were recorded, along 
with any treatments administered to manage this condi-
tion. Recovery of parathyroid function and any instances 
of permanent hypoparathyroidism were also moni-
tored, alongside general recovery and any long-term 

Fig. 1  Study flowchart depicting participant selection and analysis
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complications or recurrence of the primary thyroid 
condition.

Statistical analysis
The statistical analyses were conducted using SPSS ver-
sion 26.0 (IBM Corp., Armonk, N.Y., USA). Continuous 
variables were first subjected to normality testing using 
the Shapiro-Wilk test. Variables conforming to a normal 
distribution were described using means and standard 
deviations (mean ± SD) and compared between groups 
using independent samples t-tests. For variables not fol-
lowing a normal distribution, medians and interquartile 
ranges (IQR) were used for descriptive statistics, and 
the Mann-Whitney U test was employed for group com-
parisons. Categorical variables were presented in terms 
of frequencies and percentages and analyzed using the 
Chi-square test or Fisher’s exact test, depending on the 
suitability of the data. The primary outcome of the study, 
the incidence of postoperative parathyroid injury, and 
secondary outcomes, including recovery rates of parathy-
roid function and incidence of permanent hypoparathy-
roidism, were evaluated between the intervention and 
control groups. A p-value < 0.05 was considered statisti-
cally significant. Multiple logistic regression was utilized 
to identify factors associated with surgical success, with 
covariates selected based on a P value < 0.20 in univari-
ate analysis. All selected covariates underwent correla-
tion analysis to detect significant collinearity and were 
included in the multivariate model without selection 
method application, assessing odds ratios (95% CI) for 
each. The specific covariates included in the multivari-
ate analysis were sex, age, BMI, Blood iPTH monitoring 
level, Surgery Type, and Groups. Odds ratios (ORs) with 
95% confidence intervals (CIs) were calculated for each 
variable. The chi-square statistic was used to assess the 
overall model fit, while Cox and Snell, Nagelkerke, and 
McFadden’s pseudo-R² values were calculated to estimate 
the proportion of variance explained by the model.

Result
Perioperative characteristics
The perioperative characteristics of the intervention 
group (INS + parathyroid autotransplantation) and 
control group were shown in Table  1. The comparison 
includes sex ratio, age, BMI, preoperative calcium lev-
els, initial diagnosis, surgery type, lymph node dissec-
tion, autotransplanted parathyroids, duration of surgery, 
complications, weight of the specimen, size of the larg-
est nodule, blood loss, and bone pain relief time. No sig-
nificant differences were found between the two groups 
across all measured parameters, suggesting comparable 
baseline characteristics. The distribution of initial diag-
noses was similar between groups, including thyroid 

carcinoma, multinodular goitre (MNG), toxic MNG, and 
Graves’ disease. The mean duration of surgery and the 
incidence of complications such as recurrent laryngeal 
nerve palsy (RLNP), infection, and hematoma were also 
comparable, indicating a balanced comparison basis for 
further outcome analysis.

Intraoperative and postoperative outcomes
Intraoperative and postoperative outcomes focused 
on bone pain relief time, blood iPTH monitoring lev-
els, venous calcium time, and calcium nadir. The results 
indicated that although bone pain relief time and blood 
iPTH levels were similar between groups, significant 
differences were found in intravenous calcium dura-
tion and calcium nadir levels (Table 2). The intervention 
group required intravenous calcium for fewer days and 
maintained higher calcium nadir levels than the control 
group, indicating a potential benefit of INS + Parathy-
roid Autotransplantation in mitigating postoperative 
hypocalcemia.

Postoperative parathyroid function and surgical outcomes
The comparison of postoperative outcomes highlights 
the operative duration, POD1 iPTH levels, 1-year iPTH 
levels, incidence of postoperative parathyroid injury, 
incidence of permanent hypoparathyroidism, and recur-
rence. No difference was observed in operative duration 
and immediate postoperative iPTH levels. However, a 
significant reduction in the incidence of postoperative 
parathyroid injury and permanent hypoparathyroidism 
in the intervention group suggests a protective effect of 
INS + Parathyroid Autotransplantation on parathyroid 
function (Table 3). Recurrence rates of the primary con-
dition were similar between groups, indicating that the 
intervention does not impact the long-term manage-
ment of the underlying thyroid condition. Hypocalcemia 
events were more commonly found in the control group 
than in the intervention group, but the difference is not 
statistically significant (p = 0.064).

Multivariate analysis of factors influencing surgical success
Postoperative parathyroid injury and permanent 
hypoparathyroidism were chosen to be the factors rep-
resenting surgical success in the multivariate analysis. 
Blood iPTH monitoring levels were significantly associ-
ated with surgery success (OR 1.053, 95% CI 1.009–1.099, 
P = 0.018). Surgery Type (Near Total Thyroidectomy) 
was also significantly linked to an increased surgery 
success rate (OR 0.447, 95% CI 0.202–0.990, P = 0.047). 
Groups (Intervention vs. Control) were significantly 
associated with surgery success (OR 2.054, 95% CI 
1.017–4.150, P = 0.045) (Table  4). These findings under-
score the complex interplay of patient characteristics 
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and surgical techniques in determining the outcome of 
thyroid surgery. The post-hoc power analysis showed 

the model demonstrated a high power (> 80%) to detect 
the effects of the intervention group on permanent 

Table 1  Perioperative characteristics of study subjects in INNS + Autotransplantation vs. Control Groups

Data are presented as mean ± standard deviation (SD) for normally distributed variables and median [interquartile range (IQR)] for non-normally distributed variables. 
P-values are calculated using the independent samples t-test or Mann-Whitney U test for continuous variables and Chi-square test or Fisher’s exact test for categorical 
variables, as appropriate. P < 0.05 are considered statistically significant and are marked with an asterisk (*). RLNP Recurrent Laryngeal Nerve Palsy, MNG Multinodular 
Goitre

Characteristic Intervention Group (n = 101) Control Group (n = 97) P-value

Sex ratio (F/M) 63.37% / 36.63% 59.79% / 40.21% 0.662

Age (years, median [IQR]) 52.00 [41.00, 58.00] 51.00 [43.00, 58.00] 0.821

BMI (kg/m², mean ± SD) 25.26 ± 4.09 24.29 ± 4.01 0.092

Preoperative calcium (mg/dL, median [IQR]) 9.20 [9.00, 9.50] 9.20 [8.90, 9.50] 0.156

Initial diagnosis, n (%) 0.929

  - Thyroid Carcinoma 48 (47.52%) 44 (45.36%)

  - MNG 26 (25.74%) 23 (23.71%)

  - Toxic MNG 14 (13.86%) 15 (15.46%)

  - Graves’ disease 13 (12.87%) 15 (15.46%)

Surgery Type, n (%) 0.532

  - Total TTx 56 (55.45%) 47 (48.45%)

  - Near Total TTx 25 (24.75%) 25 (25.77%)

  - Lobectomy 20 (19.80%) 25 (25.77%)

Lymph Node Dissection, n (%) 0.936

  - Central Lymph Node Dissection (Bilateral) 26 (25.74%) 27 (27.83%)

  - Central Lymph Node Dissection (Unilateral) 19 (18.81%) 17 (17.53%)

  - None 56 (55.45%) 53 (54.64%)

Autotransplanted Parathyroids, n (%) 0.696

  − 0 33 (32.67%) 37 (38.14%)

  − 1 23 (22.77%) 16 (16.49%)

  − 2 31 (30.69%) 31 (31.96%)

  − 3 14 (13.86%) 13 (13.40%)

Mean duration of surgery (min, mean ± SD) 120.65 ± 28.97 125.05 ± 27.98 0.279

Complications, n (%) 0.819

  - RLNP 4 (3.96%) 2 (2.06%)

  - Infection 2 (1.98%) 1 (1.03%)

  - Hematoma 1 (0.99%) 1 (1.03%)

Weight of the specimen (g, mean ± SD) 34.96 ± 14.04 37.36 ± 14.79 0.243

Size of the largest nodule (mm, mean ± SD) 26.20 ± 10.63 25.29 ± 10.43 0.544

Blood loss (mL, mean ± SD) 51.12 ± 26.53 52.94 ± 26.87 0.632

Bone pain relief time (days, median [IQR]) 7.00 [3.00, 11.00] 8.00 [4.00, 11.00] 0.417

Table 2  Comparison of intraoperative outcomes between groups

Data are presented as mean ± standard deviation (SD) for normally distributed variables and median [interquartile range (IQR)] for non-normally distributed variables. 
P-values are calculated using the independent samples t-test or Mann-Whitney U test for continuous variables and Chi-square test or Fisher’s exact test for categorical 
variables, as appropriate. P<0.05 are considered statistically significant and are marked with an asterisk (*)

Characteristic Intervention Group (n = 101) Control Group (n = 97) P-value

Bone pain relief time (days, median [IQR]) 7.00 [3.00, 11.00] 8.00 [4.00, 11.00] 0.417

Blood iPTH monitoring level (pg/mL, median [IQR]) 35.08 [20.17, 50.13] 37.65 [23.31, 51.56] 0.455

Intravenous calcium time (days, median [IQR]) 2.00 [1.00, 3.00] 3.00 [2.00, 4.00] < 0.001*

Calcium Nadir (mg/dL, median [IQR]) 8.36 [7.76, 8.69] 7.85 [7.55, 8.35] 0.000*
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hypoparathyroidism (P = 0.008), confirming the robust-
ness of this finding. However, the model’s power for 
detecting an effect on postoperative parathyroid injury 
was moderate (P = 0.176), suggesting that while there is 
a trend towards increased risk in the intervention group, 
the study may have been underpowered to detect smaller 
effect sizes for this outcome.

Discussion
This retrospective cohort study demonstrated the effec-
tiveness of INS combined with parathyroid autotrans-
plantation in reducing postoperative hypocalcemia and 
preserving parathyroid function after thyroidectomy. 
The significant decrease in the need for intravenous 

calcium and higher calcium nadir levels in the inter-
vention group highlights the potential of INS + para-
thyroid autotransplantation to mitigate postoperative 
hypocalcemia, a common complication following thy-
roid surgery. This finding is particularly relevant given 
the morbidity associated with acute and chronic hypoc-
alcemia, which can significantly impact patient quality 
of life. Postoperative hypocalcemia is the most common 
complication after thyroid surgery and a major obstacle 
to early discharge [13]. Studies have shown that female 
sex, surgery, and changes in perioperative serum cal-
cium are factors influencing the development of early 
hypocalcemia [14]. Van et al. demonstrated that fluor-
oscopic visualization of the parathyroid glands during 
thyroid surgery appeared to reduce the occurrence of 

Table 3  Comparison of postoperative outcomes between groups

Data are presented as mean ± standard deviation (SD) for normally distributed variables and median [interquartile range (IQR)] for non-normally distributed 
variables. P-values are calculated using the independent samples t-test or Mann-Whitney U test for continuous variables and Chi-square test or Fisher’s exact test for 
categorical variables, as appropriate. P < 0.05 are considered statistically significant and are marked with an asterisk (*). SHPT Secondary Hyperparathyroidism. POD1 
iPTH Postoperative Day 1 intact Parathyroid Hormone levels. Persistent SHPT refers to persistent secondary hyperparathyroidism observed post-surgery. Recurrence 
indicates the recurrence of the primary thyroid condition necessitating surgery

Characteristic Intervention Group (n = 101) Control Group (n = 97) P-value

Operative Duration (min, median [IQR]) 121.50 [120.75, 122.25] 121.50 [120.75, 122.25] 0.213

POD1 iPTH (pg/mL, median [IQR]) 36.37 [35.72, 37.01] 36.37 [35.72, 37.01] 0.455

1-year iPTH (pg/mL, median [IQR]) 41.80 [41.37, 42.24] 41.80 [41.37, 42.24] 0.310

Incidence of Postoperative Parathyroid Injury, n (%) 16 (15.84%) 20 (20.62%) 0.045*

1-year iPTH (pg/mL, median [IQR]) 40.93 [30.07, 54.40] 42.68 [33.31, 57.37] 0.200

Incidence of Permanent Hypoparathyroidism, n (%) 5 (4.95%) 15 (15.46%) 0.003*

Recurrence, n (%) 5 (4.95%) 5 (5.15%) 1.000

Hypocalcemia events, n (%) 17 (28.87%) 28 (28.87%) 0.064

Table 4  Analysis on factors influencing Surgical Success

P< 0.05 are considered statistically significant and are marked with an asterisk (*). Persistent SHPT refers to persistent secondary hyperparathyroidism observed post-
surgery. Recurrence indicates the recurrence of the primary thyroid condition necessitating surgery

Characteristics Univariate analysis Multivariate analysis

OR (95%CI) P OR (95%CI) P

Sex
  Female 0.493 (0.242, 1.005) 0.052 2.375 (0.564–9.999) 0.238

  Male Reference Reference

Age 0.976 (0.948, 1.005) 0.101 0.976 (0.947–1.006) 0.119

BMI 0.937 (0.865, 1.015) 0.109 0.931 (0.852–1.017) 0.112

Blood iPTH monitoring level (pg/mL) 1.031 (1.009, 1.053) 0.006* 1.053 (1.009–1.099) 0.018*

Surgery Type
  Lobectomy 0.896 (0.383, 2.099) 0.100 0.738 (0.299–1.825) 0.511

  Near Total Thyroidectomy 0.455 (0.215, 0.964) 0.040* 0.447 (0.202–0.990) 0.047*

  Total Thyroidectomy Reference Reference

Groups
  Intervention group 1.727 (0.898, 3.324) 0.102 2.054 (1.017–4.150) 0.045*

  Control group Reference Reference
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permanent hypocalcemia, with a 17.5% incidence of 
transient hypoparathyroidism [15]. This discrepancy 
may indicate that, although INS and parathyroid trans-
plantation enhance overall parathyroid function, other 
unmeasured variables may still contribute to the risk of 
hypocalcemia. Further investigation of factors influenc-
ing the development of hypocalcemia after thyroidec-
tomy is needed in the future.

Autofluorescence imaging has not yet been estab-
lished as a standard technique in clinical practice. Our 
study suggests another feasible and effective way to 
label parathyroid glands. The effectiveness of nanocar-
bons in preventing parathyroid damage has been dem-
onstrated using nanocarbon suspensions during total 
thyroidectomy [16]. In cases of inadvertent resection 
or revascularization during thyroid surgery, parathy-
roid autotransplantation may serve as the sole means 
of restoring parathyroid function [17]. The significant 
reduction in the incidence of postoperative parathyroid 
injury and permanent hypoparathyroidism further high-
lights the clinical utility of the intervention. This find-
ing is consistent with prior studies that suggest accurate 
identification and, when necessary, autotransplantation 
of parathyroid glands can significantly improve func-
tional preservation [18]. These techniques, by facilitating 
the real-time differentiation of parathyroid tissue from 
thyroid and other neck tissues, help in reducing acciden-
tal resection or devascularization of the glands.

The multivariate analysis sheds light on various fac-
tors influencing surgical success, offering insights into 
preoperative and intraoperative considerations that 
could enhance patient outcomes. Near-total thyroid-
ectomy had a relatively good surgical success rate com-
pared with other surgeries. This may be related to the 
characteristics of near-total thyroidectomy. The goal of 
this operation is to preserve some thyroid function while 
minimizing the risk of complications, particularly those 
related to parathyroid glands [19, 20]. In addition, blood 
iPTH monitoring levels were identified as an impor-
tant risk factor. Studies have shown that intraoperative 
monitoring of blood iPTH levels can serve as a power-
ful indicator for evaluating parathyroid function and help 
identify high-risk patients [21, 22]. The protective effect 
of INS + Autotransplantation on the parathyroid glands 
corroborates with the literature emphasizing the evolu-
tion of surgical techniques towards minimizing compli-
cations and enhancing recovery [23, 24]. The application 
of INS improves intraoperative visualization of both thy-
roid and parathyroid glands, reducing the risk of missec-
tion and promoting vascularization, which aids in the 
recovery of parathyroid function. Moreover, while some 
studies suggest that parathyroid transplantation may 
lead to transient hypocalcemia, its long-term benefits 

include a lower incidence of permanent hypocalcemia, 
as transplanted glands can better reestablish blood sup-
ply and regulatory mechanisms for calcium metabolism. 
This dual approach not only increases surgical success 
rates but may also leverage distinct biological mecha-
nisms to enhance patient recovery outcomes. The find-
ings of Wang and colleagues align closely with our own, 
suggesting that carbon nanoparticles are instrumental in 
accurately identifying lymph nodes, reducing missection 
of parathyroid glands, and accelerating rapid recovery of 
parathyroid function [25]. However, there appears to be 
a divergence in perspectives regarding parathyroid trans-
plantation when compared to our research. The study by 
Lu et al. reported a higher incidence of transient hypoc-
alcemia in patients who received PTHAT compared with 
patients who did not receive PTHAT, but permanent 
hypocalcemia occurred only in patients who did not 
receive PTHAT [26]. This discrepancy may be attributed 
to the necessity for the transplanted parathyroid gland to 
restore its blood supply function.

This study advocates the wider use of INS and parathy-
roid transplantation during thyroidectomy, particularly 
in cases at high risk for parathyroid injury. However, the 
study is limited by its retrospective design, which inher-
ently introduces the risk of selection bias and potential 
confounding factors. Furthermore, variations in surgical 
technique and surgeon experience, which were not sys-
tematically controlled, could have influenced the study 
outcomes. Patients with more complex thyroid condi-
tions may have been more likely to undergo parathyroid 
autotransplantation, potentially skewing the results. 
Future research should focus on prospective, randomized 
controlled trials with larger sample sizes to address these 
limitations and better control for confounding variables. 
Such studies could also explore patient-centered out-
comes, including long-term quality of life, and validate 
the findings in more diverse patient populations.

Conclusion
In conclusion, the integration of INS and parathyroid 
autotransplantation presents a promising approach to 
improving the outcomes of thyroid surgery. This study 
contributes valuable evidence to the ongoing efforts to 
refine surgical techniques for thyroid and parathyroid 
diseases, emphasizing the importance of preserving gland 
function and preventing postoperative complications.
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