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Background

Carbon nanoparticles (CNs) have been widely used in the protection of the parathyroid gland and act as a tracer agent in central lymph node dissection. However, the right time for CN injection has not been well illustrated in the transoral endoscopic thyroidectomy vestibular approach (TOETVA). The purpose of this study was to evaluate the safety and feasibility of the preoperative injection of CNs in TOETVA for papillary thyroid cancer.





Methods

From October 2021 to October 2022, a total of 53 consecutive patients with PTC were retrospectively analyzed. All patients underwent unilateral thyroidectomy via the TOETVA. The patients were divided into the preoperative group (n = 28) and the intraoperative group (n = 25) according to CN injection time. In the preoperative group, 0.2 ml of CNs were injected into the thyroid lobules with malignant nodules 1 h before surgery. The numbers of total central lymph node (CLN) and metastatic central lymph node (CLNM), parathyroid autotransplantation, accidental removal of the parathyroid, and the parathyroid hormone level were recorded and analyzed.





Results

The leakage of CNs happened more frequently in the intraoperative group than in the preoperative group (P = 0.002). The mean number of retrieved CLN and CLNM was similar in the preoperative group and the intraoperative group. In parathyroid protection, more parathyroid was discovered in the preoperative group than in the intraoperative group (1.57 ± 0.54 vs. 1.47 ± 0.50, P = 0.002), but less parathyroid autotransplantation (P = 0.004) and accidental removal of the parathyroid (P = 0.036) were discovered in the preoperative group. However, the PTH level between the two groups was similar after the first day and the first month.





Conclusion

The preoperative injection of CNs is a safe and effective method to protect the parathyroid glands (PGs) in patients with PTC undergoing TOETVA. However, the value of preoperative injection of CNs in TOETVA for central lymph node dissection needs to be further studied.
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Introduction

Papillary thyroid carcinoma is the most common endocrine tumor worldwide (1, 2). The transoral endoscopic thyroidectomy vestibular approach (TOETVA) provides easy access to the thyroid and central compartment and avoids skin scarring during thyroid surgery, which makes it a widely popular option in thyroidectomy (3).

Carbon nanoparticles (CNs) act as a novel lymph node tracer and have been used in the surgery of stomach carcinoma, breast cancer, and thyroid cancer (4, 5). In thyroidectomy, CNs are usually injected into the thyroid gland during operation and stain the gland and lymph node black, which facilitated the surgeons to identify the parathyroid and guide them to dissect the lymph nodes (6). However, CNs might leak out of the thyroid and stain the surrounding tissues during the intraoperative injection. Recent studies have shown that the preoperative injection of CNs is safe and feasible in thyroidectomy via traditional open thyroid surgery and bilateral axillo-breast approach robotic thyroidectomy (7–9). However, the effectiveness of the preoperative injection of CNs has not been well illustrated in TOETVA. Therefore, the purpose of this study was to discover the appropriate time to inject CNs in TOETVA.





Materials and methods




Patients

From October 2021 to October 2022, 53 consecutive adult papillary thyroid cancer (PTC) patients who underwent TOETVA with central lymph node dissection at the Department of Thyroid and Breast Surgery, Weifang People’s Hospital, were retrospectively enrolled. Patients were divided into the preoperative CN injection group (preoperative group, n = 28) and the intraoperative CN injection group (intraoperative group, n = 25).

The inclusion criteria were as follows: patients with cosmetic requirements, patients with the longest diameter of tumor less than 20 mm, and patients with postoperative pathologically confirmed PTC.

The exclusion criteria include patients with a history of thyroid surgery or neck radiotherapy, patients younger than 18 years of age, and patients with postoperative pathology suggesting other types of tumors, such as benign tumor, follicular cancer, and medullary or undifferentiated cancer.

All the TOETVA was performed by the same professional thyroid surgeon (Yonghui Wang).





CN injection before the operation

Ultrasound-guided injection of CNs was performed 1 h before surgery in the preoperative group. Carbon nanoparticles (0.5 ml per ampoule, Chongqing LaiMei Pharmaceutical Co., Ltd., Chongqing, China) were used in this study. The special procedures were as follows: 0.2 ml of CNs were extracted with a 1-ml syringe, then a new needle was used, and the air inside it was expelled (Figure 1A). Patients were in the position of high shoulder with a pad, and disinfection around the puncture point was prepared before the injection of CNs. We chose a safe and short way to avoid puncturing into the vessels, tumor, and nerves under ultrasound guidance. A volume of 0.2 ml of CNs was injected into the normal thyroid gland tissues, and the needle was gently withdrawn with negative pressure (Figure 1B). After the injection, 1 h of observation was needed, so that timely disposal could be arranged once the patients felt unwell. Preoperative injection of CNs was conducted under ultrasound guidance by an experienced surgeon (Liquan Wang) 1 h before the operation.




Figure 1 | Carbon nanoparticle injection. (A) Preparation of carbon nanoparticles. (B) The ultrasound-guided carbon nanoparticle injection.







Injection of CNs during surgery

The CNs could not be injected under direct vision due to the endoscopic surgery. A percutaneous puncture was made by locating the CN puncture site on the ceiling skin of the working space. CNs (0.2 ml) were injected into the normal thyroid tissue by using a syringe (1 ml). Back-drawing should be performed during injection to avoid mistakenly injecting into the blood vessel. The needle puncture site was gently pressed using gauze for 10 min.





Surgical procedure

All the patients were diagnosed as unilateral PTC by preoperative fine-needle aspiration, and unilateral thyroid gland dissection was first performed followed by ipsilateral central neck lymph node dissection. The TOETVA operative procedures have been previously described (10).





Monitoring indicators

The general characteristics, complications of CNs (pain, hematoma, and CN leakage), pathological examinations, and parathyroid gland (PG)-related parameters [mean number of PGs in situ, mean number of PG autotransplantation, and postoperative parathyroid hormone level (PTH)] were collected and analyzed.

The level of PTH would be tested at three time points, i.e., during preoperation and 1 day and 1 month after the operation. Hypoparathyroidism is defined as a decline in serum PTH below 15 pg/ml. The patient was considered to have permanent hypoparathyroidism when the serum PTH level at 3 months after surgery was below 1.3 mmol/L.





Statistical analysis

Continuous variables were presented as mean ± standard deviation and compared using independent samples t-tests. Chi-square tests were performed to analyze categorical data. Statistical analysis was performed using SPSS 17.0, and a value of P <0.05 was considered statistically significant.






Results




Patients’ characteristics

The process of patient selection based on the inclusion and exclusion criteria is shown in Figure 2. TOETVA was performed on a total of 70 consecutive patients. Fifty-three patients (28 patients in the preoperative group and 25 patients in the intraoperative group) were eligible and 17 patients were excluded. Clinical data were retrospectively collated from 53 patients. The ages of the patients ranged from 20 to 60 years, with a median age of 39 years. All patients underwent endoscopic unilateral thyroidectomy with central lymph node dissection (CND) (level VI), and no patient was converted to open thyroidectomy. PTC was confirmed by postoperative pathology for all patients. The clinicopathological characteristics of the patients enrolled in this study are summarized in Table 1. There was no significant difference between the preoperative group and the intraoperative group in terms of age, sex, Hashimoto’s thyroiditis, extrathyroid extension, tumor size, and preoperative PTH.




Figure 2 | A CONSORT diagram showing the patient inclusion and exclusion criteria. TOETVA, transoral endoscopic thyroidectomy vestibular approach; CNs, carbon nanoparticles.




Table 1 | Patients’ clinical characteristics in the preoperative group and the intraoperative group.







Safety and tolerance of the CN injection

The injection time was approximately 2 min. No patient in the preoperative group has obvious systemic toxicity. In addition, there was no intolerable pain, bleeding, or hematoma during the injection procedure. One patient had skin marking at the puncture site after injection at the early stage, and we put the drainage tube in the marking site during the operation. CN leakage happened in two patients in the preoperative group and in 11 patients in the intraoperative group. The CN leakage rate was higher in the intraoperative group than in the preoperative group (P = 0.002) (Table 2).


Table 2 | Central lymph node dissection and CN leakage in the preoperative group and the intraoperative group.







Lymph node dissection

As shown in Table 2, a total of 124 and 125 lymph nodes were dissected in the preoperative group and the intraoperative group, respectively. In the preoperative group, there were 1–12 lymph nodes per case with an average of 4.50 ± 0.49 lymph nodes per case, and 20 lymph nodes had metastases. In the intraoperative group, there were 1–13 lymph nodes per case with an average of 5.00 ± 0.56 lymph nodes per case, and 15 lymph nodes had metastases. However, there was no statistical difference in both total CLN (P = 0.502) and CLNM (P = 0.775) between the preoperative group and the intraoperative group.





Identification and protection of the parathyroid glands during the operation

The baseline of preoperative PTH was similar between the preoperative group and the intraoperative group (40.75 ± 2.47 vs. 38.37 ± 2.15, P = 0.478) (Figure 3). Although the postoperative PTH level dropped on the first day, no significant difference was found between the preoperative group and the intraoperative group, and it recovered to preoperative levels on the first month (Figure 3). Pathological results showed that one incident of accidental removal of PG occurred in the preoperative group, whereas seven instances of PG removal occurred in the control group (Table 3), which means that there was more frequent accidental PG removal in the intraoperative group (P = 0.036). In addition, there was a low ratio of PG autotransplantation in the preoperative group than in the intraoperative group (P = 0.004) (Table 3).




Figure 3 | The parathyroid hormone was detected during preoperation and on the first day and first month after surgery.




Table 3 | Preserved PG in situ, PG autotransplantation, and accidental PG removal between the preoperative group and the intraoperative group.








Discussion

CNs, with a diameter of 150 nm, can pass through the lymphatic vessels and accumulate in the lymph nodes and stain them (11). CNs have been widely used as a tracer for lymph node dissection in thyroid surgery. As they do not enter the blood capillaries, the other function of CNs is to discover the parathyroid which is not changed and left unstained unlike the thyroid and lymph nodes (11). More surgeons usually injected CNs during the operation and noticed the phenomenon of CNs leaking out during surgery which stained the surrounding tissue and affected the recognition of the parathyroid (12). Recent studies have shown that the preoperative use of CNs has more advantage in the protection of the parathyroid and in central lymph node dissection in open thyroidectomy and bilateral axillo-breast approach robotic thyroidectomy (7, 8). However, the right time for CN injection has not been well illustrated in TOETVA.

Similar to previous studies with the preoperative injection of CNs, this study showed a few complications of CNs, which is also consistent with the intraoperative injection of CNs in other studies (7, 8). Skin staining after injection occurred in one patient during the early stage of our study, and this adverse event could be avoided by using a new needle before the injection. In addition, the leakage of CNs occurred in two patients in the preoperative group, which is much lesser than in the intraoperative group. There are some reasons for the less chance of leakage in the preoperative injection of CNs. Firstly, the capsule of the thyroid has not been destroyed before the surgery which can prevent the CNs from leaking. Secondly, the trap muscle is still in contact with the capsule and could compress the injection site to prevent leaking.

Due to less scarring in the neck, endoscopic thyroid surgery techniques including the transoral approach and the bilateral axillo-breast approach have been used all over the world (13). The transoral approach does not cause scarring in the skin and requires a smaller subcutaneous flap elevation than the bilateral axillo-breast approach; therefore, TOETVA attracted the attention of both surgeons and patients (3). A previous study showed that central lymph node metastasis occurred in nearly half of the patients and prophylactic central lymph node dissection was performed to reduce its recurrence (14). However, the central lymph node dissection has enhanced the injury of the parathyroid and induced the occurrence of postoperative hypoparathyroidism (14).

Injury to the parathyroid would lead to hypocalcemia, which is often caused by the accidental removal of the parathyroid gland or damage to the glandular blood supply. As a result of the surgeons’ awareness of parathyroid protection and operative skills, the parathyroid injury rate has been reduced. However, the postoperative hypocalcemia rate is still up to 0.3%–49% (14). Therefore, protecting the blood supply and parathyroid is of primary importance in thyroid surgery. In terms of parathyroid protection, there was a low ratio of autotransplantation and accidental thyroid dissection in the preoperative group than in the intraoperative group. The plausible reason was that there was more leaking of CNs in the intraoperative group than in the preoperative group, which darkened the parathyroid and made it hard to distinguish the parathyroid from the adipose tissues. In our study, the accidental removal of the parathyroid happened in seven patients, and all of them had CN leakage. Therefore, it is important to prevent CN leakage by preoperative injection. Most people have four parathyroids. Once one or two parathyroids are injured in the operation, the other parathyroid could enhance the secretion function and act as a substitute for the injured parathyroid. Therefore, the PTH level was not significantly different between the two groups on day 1 in this study. This result was special for total thyroidectomy and bilateral central lymph node dissection which had more possibility to damage all the four parathyroids and develop permanent hypoparathyroidism.

Previous studies showed that CNs could help detect the lymph nodes and increase the discovery of metastatic lymph nodes. However, consistent with the recent study, the time of CN injection could not help in discovering more lymph nodes and metastatic lymph nodes, and this can be attributed to the fact that skillful surgeons could perform central neck dissection according to the requirements of the guidelines.

However, there are some limitations in this study. Firstly, this study was not a prospective randomized control one, which means that the evidence provided by the study was not as powerful as that of a multicentric pragmatic randomized control clinical trial. Secondly, the number of patients in our study was small, and unilateral thyroidectomy was performed which might influence temporary and permanent hypoparathyroidism. In addition, the time of preoperative injection was only 1 h before surgery. In a future study, we might consider more time points such as immediately after anesthesia which might alleviate anxiety.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.





Ethics statement

The studies involving human participants were reviewed and approved by ethics committee of WeiFang people’s hospital. The patients/participants provided their written informed consent to participate in this study.





Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71:209–49. doi: 10.3322/caac.21660

2. Tufano, RP, and Mohamed Ali, K. The year in surgical thyroidology: Recent technological developments and future challenges. Thyroid (2022) 32:14–8. doi: 10.1089/thy.2021.0590

3. Van Den Heede, K, Brusselaers, N, Gaujoux, S, Menegaux, F, and Chereau, N. Feasibility and safety of ambulatory transoral endoscopic thyroidectomy via vestibular approach (TOETVA). World J Surg (2022) 46:2678–86. doi: 10.1007/s00268-022-06666-y

4. Feng, Y, Yang, K, Sun, HH, Liu, YP, Zhang, D, Zhao, Y, et al. Value of preoperative gastroscopic carbon nanoparticles labeling in patients undergoing laparoscopic radical gastric cancer surgery. Surg Oncol (2021) 38:101628. doi: 10.1016/j.suronc.2021.101628

5. Lisik, K, and Krokosz, A. Application of carbon nanoparticles in oncology and regenerative medicine. Int J Mol Sci (2021) 22. doi: 10.3390/ijms22158341

6. Koimtzis, G, Stefanopoulos, L, Alexandrou, V, Tteralli, N, Brooker, V, Alawad, AA, et al. The role of carbon nanoparticles in lymph node dissection and parathyroid gland preservation during surgery for thyroid cancer: A systematic review and meta-analysis. Cancers (Basel) (2022) 14. doi: 10.3390/cancers14164016

7. Ouyang, H, Xia, F, Zhang, Z, Cong, R, and Li, X. Preoperative application of carbon nanoparticles in bilateral axillo-breast approach robotic thyroidectomy for papillary thyroid cancer. Gland Surg (2021) 10:3188–99. doi: 10.21037/gs-21-671

8. Yan, S, Zhao, W, Wang, B, and Zhang, L. Preoperative injection of carbon nanoparticles is beneficial to the patients with thyroid papillary carcinoma: From a prospective study of 102 cases. Med (Baltimore) (2018) 97:e11364. doi: 10.1097/MD.0000000000011364

9. Zhao, WJ, Luo, H, Zhou, YM, Gou, ZH, Wang, B, and Zhu, JQ. Preoperative ultrasound-guided carbon nanoparticles localization for metastatic lymph nodes in papillary thyroid carcinoma during reoperation: A retrospective cohort study. Med (Baltimore) (2017) 96:e6285. doi: 10.1097/MD.0000000000006285

10. Zhang, WD, Dai, L, Wang, YC, Xie, YY, Guo, JY, Li, JJ, et al. Transoral endoscopic thyroidectomy vestibular approach versus endoscopic thyroidectomy Via areola approach for patients with unilateral papillary thyroid carcinoma: A retrospective study. Surg Laparosc Endosc Percutan Tech (2021) 31:550–3. doi: 10.1097/SLE.0000000000000932

11. Liu, P, Tan, J, Tan, Q, Xu, L, He, T, and Lv, Q. Application of carbon nanoparticles in tracing lymph nodes and locating tumors in colorectal cancer: A concise review. Int J Nanomedicine (2020) 15:9671–81. doi: 10.2147/IJN.S281914

12. Chen, Y, Zhang, G, Lin, Y, Zhang, G, and Gao, J. The advantages of carbon nanoparticles in level VII lymph node dissection in patients with papillary thyroid cancer. Gland Surg (2021) 10:2028–36. doi: 10.21037/gs-21-281

13. Zheng, G, Xu, J, Wu, G, Ma, C, Sun, H, Ge, M, et al. Transoral versus gasless transaxillary endoscopic thyroidectomy: a comparative study. Updates Surg (2022) 74:295–302. doi: 10.1007/s13304-021-01062-y

14. Yazicioglu, MO, Yilmaz, A, Kocaoz, S, Ozcaglayan, R, and Parlak, O. Risks and prediction of postoperative hypoparathyroidism due to thyroid surgery. Sci Rep (2021) 11:11876. doi: 10.1038/s41598-021-91277-1




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Wang, Zhang, Huang and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Preoperative application of carbon nanoparticles in transoral endoscopic thyroidectomy vestibular approach for papillary thyroid cancer

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Patients

          



          		

            CN injection before the operation

          



          		

            Injection of CNs during surgery

          



          		

            Surgical procedure

          



          		

            Monitoring indicators

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Patients’ characteristics

          



          		

            Safety and tolerance of the CN injection

          



          		

            Lymph node dissection

          



          		

            Identification and protection of the parathyroid glands during the operation

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-13-1120411-g002.jpg
Patients received TOETVA(n=70)

Patients were excluded: benign
tumor (n=7), total thyroidectomy
(n=8), hyperparathvroidism (n=2)

Patients included for analysis(n=33)

Preoperative injection of CNs(n=28) intraoperative injection of CNs(n=25)





OEBPS/Images/table2.jpg
Variables Preoperative

Number of CLN 4.50 + 0.49 5.00 +0.56 0.502
Metastatic CLN 0.75 + 0.24 0.60 + 0.19 0.775
CN leakage 0.002
No 2 11
Yes 26 14

CLN, central lymph node; CLNM, central lymph node metastasis.





OEBPS/Images/table3.jpg
Variables

Preoperative group (n

Identification of PG 50 (1.57 + 0.54) 45 (1.47 £ 0.50) 0.002
Autotransplantation of the parathyroid 0.004
No 26 10
Yes 2 15
Accidental PG removal 0.036
No 27 18
Yes 1 7

PG, parathyroid gland.





OEBPS/Images/fonc.2023.1120411_cover.jpg
& frontiers | Frontiers in Oncology

Preoperative application of carbon
nanoparticles in transoral endoscopic
thyroidectomy vestibular approach for

papillary thyroid cancer





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-13-1120411-g003.jpg
- preoperative group

intraoperative grou
60 p group

40

20

Preoperative First day First month





OEBPS/Images/table1.jpg
Age

Sex (male/female)
Male

Female

Extrathyroid extension
No

Yes

Hashimoto’s thyroiditis
No

Yes

Tumor size (mm)

PTH (preoperative)

PTH, parathyroid hormone.

Preoperative group ( Intraoperative group (n

40.14 £ 1.65 38.60 + 2.41
3 3
25 22
14 8
14 17
6 6
22 19
0.62 +0.45 0.55 +0.29
40.75 + 247 3837 £2.15

0.593

0.883

0.184

0.823

0.928

0.478





OEBPS/Images/fonc-13-1120411-g001.jpg





