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Objective

The objective of this study was to assess the efficacy and safety of ultrasound-guided microwave ablation (MWA) for Bethesda IV thyroid nodules and to compare the outcomes, complications, and costs of MWA and thyroidectomy.



Methods

A total of 130 patients with Bethesda IV nodules were retrospectively reviewed, involving 46 in the MWA group and 84 in the surgery group. The local institutional review board approved this study. Patients in the MWA group were followed up at 1, 3, 6, and 12 months after the intervention. Postoperative complications, treatment time, and cost in the two groups were compared.



Results

Among 84 patients with 85 Bethesda IV nodules in the surgery group, postoperative pathology was benign lesions, borderline tumors, papillary thyroid carcinoma, follicular variant papillary thyroid carcinoma, follicular thyroid carcinoma, and medullary carcinoma in 44, 4, 27, 6, 3, and 1 cases, respectively. Malignant thyroid nodules were more prone to solid echostructure (86.11% vs. 72.72%), hypoechogenicity (55.56% vs. 13.63%), and irregular margin (47.22% vs. 13.63%) than benign lesions. The nodule volume reduction rate of patients at 12 months after MWA was 85.01% ± 10.86%. Recurrence and lymphatic and distant metastases were not reported during the follow-up period. The incidence of complications, treatment time, hospitalization time, incision length, and cost were significantly lower in the MWA group than in the surgery group (all p < 0.001).



Conclusions

MWA significantly reduces the volume of Bethesda IV nodules with high safety and is recommended for those with surgical contraindications or those who refuse surgical resection. Patients with suspicious ultrasound features for malignancy should be actively treated with surgery.
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Introduction

Fine-needle aspiration cytology (FNAC) is a major tool to determine whether a thyroid nodule is cancerous. The Bethesda System for Reporting Thyroid Cytopathology (TBSRTC) has standardized the diagnostic terms and morphologic criteria in thyroid cytology, thus facilitating communication among cytopathologists, clinicians, and investigators. Since the first edition was proposed in 2007, TBSRTC has been recommended by the American Thyroid Association (ATA) as the guideline for the management of thyroid nodules in adults and children (1, 2).

Recent research has upgraded this system; the second edition of TBSRTC was published in 2017. Thyroid nodules are classified into six categories (I–I category) in TBSRTC, and Bethesda IV accounts for 2%–25% in all thyroid fine-needle aspiration samples (3). As an indeterminate cytology type including follicular neoplasm (FN) or suspicious for a follicular neoplasm (SFN), Bethesda IV is estimated to have a 10%–40% risk of malignancy (1–3). Ren et al. (4) reported that among 300 thyroid nodules confirmed by pathological examination, the malignant rate of Bethesda IV is 25%. Bethesda IV nodules are characterized as highly crowded conditions of cells and/or the presence of follicular cells. As a type of follicular epithelial tumor, FN lacks papillary-like nuclear features, with a spectrum covering follicular thyroid adenoma (FA), follicular thyroid carcinoma (FTC), and follicular variant papillary thyroid carcinoma (FVPTC) (5). It is still a challenge to differentiate benign from malignant FN by FNAC, because of the similar or even overlapping morphological features of different subtypes of FN (6). Postoperative histopathology is the gold standard for diagnosing FTC, based on the presence of vascular or capsular invasion (7). Therefore, diagnostic thyroidectomy is considered a standard treatment for FN (1). About 80% of FN samples are postoperatively diagnosed as benign (8). In addition, conservative treatment is preferred for patients with FN but not suitable for surgery, because of concerns about surgical trauma and relevant complications, like hypothyroidism and hoarseness (9).

Ultrasound-guided thermal ablation has been used to treat benign thyroid diseases, papillary thyroid carcinoma (PTC), and metastatic neck tumors (10–13). However, the efficacy of microwave ablation (MWA), a typical technology in thermal ablation, is still debatable in treating Bethesda IV nodules. A literature review has just collected scant data supporting the efficacy and safety of MWA for FN. In the present study, we retrospectively analyzed the clinical data of 46 and 84 cases of Bethesda IV nodules that underwent intervention by ultrasound-guided MWA and thyroid lobectomy/total thyroidectomy, respectively. Through a 12-month follow-up, the outcomes, complications, and costs of the two methods were recorded and compared.



Materials and methods


Patients

This retrospective study was approved by the ethics committee of the Jiangsu Province Academy of Traditional Chinese Medicine (MS2018074). Written informed consent was obtained from all patients prior to ultrasound-guided FNAC, MWA, and surgery. The informed consent emphasized that MWA cannot fully avoid the potential risks of recurrence and distant metastasis.

A total of 130 patients with Bethesda IV nodules diagnosed by FNAC and treated with MWA or thyroid lobectomy/total thyroidectomy in the Affiliated Hospital of Integrated Traditional Chinese and Western Medicine of Nanjing University of Chinese Medicine from January 2013 to September 2021 were retrospectively reviewed, involving 46 in the MWA group and 84 in the surgery group (Figure 1). The inclusion criteria were as follows: 1) men or women aged 18–75 years, 2) patients examined by color Doppler ultrasound in the Affiliated Hospital of Integrated Traditional Chinese and Western Medicine of Nanjing University of Chinese Medicine, 3) Bethesda category IV thyroid nodules diagnosed by FNAC, 4) no history of neck surgery and malignant tumors, 5) absence of vocal cord abnormalities and recurrent laryngeal nerve damage confirmed by laryngoscopy, and 6) willingness to undergo MWA or surgical resection and provided written informed consent. The exclusion criteria were as follows: 1) combined with non-thyroid diseases like parathyroid adenoma, tuberculosis, and other tumors; 2) history of surgery for malignant thyroid tumors like PTC, medullary thyroid cancer (MTC), and FTC; 3) allergic reactions to local anesthetics, analgesics, and hemostatic drugs; 4) severe bleeding diathesis or platelet count <50 × 109/L; 5) coagulopathy (prothrombin time (PT) >25 s and prothrombin time activity <40%) or long-term use of aspirin, warfarin, and other anticoagulants that had not been withdrawn within 1 week prior to the surgery; 6) systemic infection, high fever (>38.5°C), or white blood cell count >10 × 109/L or <4 × 109/L; 7) consciousness disorder or unable to comply with the treatment; 8) severe organ dysfunction; and 9) other conditions determined by investigators.




Figure 1 | Flowchart summarizing the patient inclusion process. FNAC, fine-needle aspiration cytology; CND, central lymph node dissection.





Preoperative assessment

All patients were examined by preoperative ultrasound (Hi ViSIOn Preirus, HITACHI, Tokyo, Japan) to assess the anteroposterior, transverse, and longitudinal diameters, volume, location, composition, echogenicity, shape, margin, and calcifications of the thyroid nodule. The thyroid nodule volume was calculated as V = πabc/6, where “a” is the largest diameter and “b” and “c” are the two perpendicular diameters.



Ablation procedure

The MWA procedures were performed by one physician with broad experience in thyroid interventional ultrasound. A 2,450-MHz MWA system consisting of a KY-2000 microwave generator (Kangyou Applied Research Institute, Nanjing, China) and a disposable sterile MWA needle was used. The microwave generator producing 25–30 W of output power was connected with a 16G water-cooled microwave antenna through a low-loss microwave coaxial cable. The heating point was 3 mm away from the tip of the microwave antenna. The Siemens Acuson S2000 ultrasound machine with an 18L6 probe at 6–18 MHz was used in the MWA system.

MWA was performed in an outpatient operating room. The patient was in the supine position with the neck fully exposed and monitored by electrocardiogram and pulse oximetry. The localization and extent of ablation areas, as well as the ablation path, were predetermined through ultrasound examinations. After disinfection with 0.2% iodine and overlaying with sterile sheets, ultrasound-guided local infiltration anesthesia was performed using 1% lidocaine at the lesion site. Through the hydro-dissection technique, normal saline was continuously injected in the space between the thyroid capsule and trachea, esophagus, laryngeal nerve, and parathyroid gland to safeguard vital structures of the neck. Under the guidance of ultrasound, the ablation antenna was inserted into the lesion with the previously determined path, and MWA producing 25–30 W of output power was started. An area of 0.5–1 cm beyond the edge of the tumor was ablated to prevent tumor residues and recurrence under adequate and continuous hydro-dissection. An immediate intraoperative contrast-enhanced ultrasound (CEUS) was performed to assess the therapeutic effect. The ablation antenna was gently pulled out, and the ablation area was ice-packed for 4 h to prevent bleeding and reduce swelling. Vital signs, phonation, and swallowing were closely monitored during MWA. After ablation, this area was compressed with an ice pack. Skin burns, hoarseness, damage to the trachea and esophagus, and other discomforts were recorded after MWA. The patient returned to the ward after close monitoring for 0.5 h.



Surgical procedures

Thyroid lobectomy or total thyroidectomy was performed by experienced physicians. Briefly, the patient was placed in the supine position with the shoulders padded by a cushion. After general anesthesia and endotracheal intubation, a collar incision at one fingerbreadth above the sternal notch was created to sequentially expose the skin, subcutaneous tissues, and platysma. Flaps between the deep cervical fascia and loose connective tissues of the platysma were separated from the edge of the thyroid cartilage to the sternal notch. The linea alba cervicalis was divided vertically until the capsule of the thyroid was exposed. After blood vessels around the thyroid were ligated and the recurrent laryngeal nerve was exposed, thyroid lobectomy or total thyroidectomy was performed with in situ preservation of parathyroid glands. Tissue samples were subjected to pathological examinations. Negative pressure drainage was performed, followed by suturing and assessment of neurological function and hemorrhage.



Post-ablation evaluation and follow-up

The extent of ablation was immediately assessed after MWA by thyroid ultrasound and contrast-enhanced ultrasound. Complete ablation of the thyroid nodule was ensured. Patients were followed up at 1, 3, 6, and 12 months after the intervention. The therapeutic effect was evaluated by ultrasound, and volume of ablation, recurrence, and lymph node metastasis was detected. The percentage reduction of the ablation area in volume was calculated as follows: volume reduction ratios (VRR) = (initial volume − final volume) × 100%/initial volume.



Statistical analysis

Statistical analysis was performed using SPSS 23.0. Continuous variables were expressed as mean ± standard deviation ( ± s). For normally distributed measurement data, between-group comparison was performed through the independent sample t-test and their intragroup comparison through the paired sample t-test. For measurement data that did not conform to normality, between-group comparison was performed by non-parametric tests on two independent samples, and their intragroup comparison was performed by two sample non-parametric tests. Binary variables were compared by Pearson’s chi-square test. The maximum volume and VRR at each time point of follow-up were compared by the Wilcoxon rank sum test. p < 0.05 is considered statistically significant.




Results


Baseline characteristics

A total of 130 patients with 132 Bethesda category IV thyroid nodules were retrospectively reviewed, involving 24 (18.46%) men and 106 (81.53%) women. They were assigned to the MWA group (n = 46, 47 thyroid nodules) and the surgery group (n = 84, 85 thyroid nodules). There were 11 (23.40%) men and 35 (74.46%) women with a mean age of 20–67 (45.96 ± 11.66) years in the MWA group and 13 (15.48%) men and 71 (84.52%) women with a mean age of 21–73 (46.10 ± 12.11) years in the surgery group. No significant differences were detected in the age and sex between groups (both p > 0.05). The maximum diameter (3.12 ± 0.86 vs. 2.32 ± 1.54 cm) and volume of thyroid nodules (7.54 ± 76.64 vs. 5.44 ± 8.41 ml) were significantly larger in the MWA group than in the surgery group (both p < 0.05, Table 1).


Table 1 | Baseline characteristics of patients with Bethesda category IV thyroid nodules (n = 132).





Preoperative ultrasound characteristics

Preoperative ultrasound showed that the 47 Bethesda IV nodules in the MWA group were mainly characterized by isoechogenicity (95.74%) and no calcification (80.85%), and all thyroid nodules presented a regular margin with a wider-than-tall shape. Among the 84 patients with Bethesda IV nodules in the surgery group, 44 were diagnosed with benign thyroid nodules, 27 with PTC, 6 with FVPTC, 3 with FTC, and 1 with MTC by postoperative pathological examination. Four cases of borderline thyroid tumors were observed in the surgery group, including a hyalinizing trabecular tumor (HTT), a non-invasive follicular thyroid neoplasm with papillary-like nuclear features (NIFTP), a follicular tumor of uncertain malignant potential (FT-UMP), and a Hürthle cell carcinoma (HCC) (Figure 2). Preoperative ultrasound showed that the malignant thyroid nodules were more correlated with the characteristic of solid (86.11% vs. 72.72%), hypoechogenicity (55.56% vs. 13.63%), and irregular margin (47.22% vs. 13.63%) than benign lesions. Furthermore, there were significant differences in the composition, echogenicity, margin, and level of Thyroid Imaging Reporting and Data System of the American College of Radiology (ACR TI-RADS) of thyroid nodules that were postoperatively diagnosed as benign lesions, PTC, and FVPTC/FTC (all p < 0.05, Table 2).




Figure 2 | Preoperative ultrasound images for thyroid nodules with different pathologic types. (A) Follicular thyroid adenoma. (B) Follicular variant papillary thyroid carcinoma. (C) Follicular thyroid carcinoma. (D) Multifocal papillary thyroid carcinoma. (E) medullary carcinoma.




Table 2 | Preoperative ultrasound characteristics of patients with Bethesda category IV thyroid nodules (n = 132).





Follow-up of thyroid nodules after microwave ablation

Patients in the MWA group were followed up for 10.05 ± 3.06 months, and the mean thyroid nodule volumes at 0, 1, 3, 6, and 12 months after MWA were 10.85 ± 10.18, 5.82 ± 4.55, 3.73 ± 3.38, 2.50 ± 2.63, and 1.42 ± 1.27 ml, respectively. The VRRs were 37.90% ± 22.54%, 58.59% ± 20.34%, 73.84% ± 17.24%, and 85.01% ± 10.86%, respectively. Recurrence and lymphatic or distant metastasis were not reported during the follow-up period. There were significant differences in the maximum diameter and volume of thyroid nodules between those measured at 3, 6, and 12 months postoperatively and those at baseline (all p < 0.05, Figure 3). Notably, the VRRs gradually increased with the prolongation of follow-up and were significantly higher at each time point of follow-up than that at baseline (all p < 0.001, Table 3).




Figure 3 | Imaging of a 63-year-old woman with Bethesda IV nodules who underwent microwave ablation (MWA). (A) An isoechoic solid thyroid nodule was detected in the left lobe with an initial volume of 14.29 ml. (B) Ultrasound examination showed enlarged ablation area (20.16 ml) immediately after MWA. (C–F) The volume of the ablation area was 12.39, 6.33, 3.13, and 2.04 ml at 1, 3, 6, and 12 months after MWA, respectively.




Table 3 | The maximum diameter, volume, and VRR changes of thyroid nodules after MWA.





Postoperative complications after microwave ablation and surgery

Postoperative hoarseness, dysphagia, hematoma, and infection were not reported in the MWA group during the follow-up period. Only two cases in the MWA group developed postoperative pain, which spontaneously disappeared within 2 h. A total of 72 patients in the surgery group developed postoperative pain, which was relieved within 12 h. One patient in the surgery group suffered from glottic edema, incision swelling, and shortness of breath, which were alleviated after 1-day mechanical ventilation. One patient in the surgery group developed postoperative numbness of hands and feet, which spontaneously disappeared within 4 h. Serum calcium and parathyroid hormone of this case were in the normal ranges, and vocal cord paralysis was not examined by laryngoscopy. Another patient in the surgery group showed postoperative incision infection and hematoma without symptoms of fever. Laboratory examination data revealed a higher leukocyte count (13.76 × 109/L) and neutrophil count (11.83 × 109/L). The leukocyte count returned normal after a 3-day anti-infection treatment in the electronic intensive care unit (EICU). The incidence of postoperative complications was significantly higher in the surgery group than in the MWA group (p < 0.01, Table 4).


Table 4 | Postoperative complications of patients with Bethesda IV nodules treated with MWA and surgery.





Treatment time and medical cost of microwave ablation and surgery

Compared with the surgery group, the MWA group presented significantly shorter treatment time (109.74 ± 42.42 vs. 4.03 ± 3.28 min) and length of stay (8.22 ± 2.24 vs. 5.15 ± 2.66 days), less cost (3,837.68 ± 2,385.11 vs. 2,617.42 ± 570.40 USD), and lower incision length (0 cm vs. 6.07 ± 1.93 cm), suggesting that MWA was more cost-effective than thyroid lobectomy/total thyroidectomy in the treatment of Bethesda IV nodules (p < 0.001, Table 5).


Table 5 | Treatment time and medical cost of patients with Bethesda category IV thyroid nodules treated with MWA and surgery.






Discussion

MWA is accomplished through oscillating charges from microwaves of 900–2,450 MHz to trigger violent movements of water molecules that increase the water temperature. Similarly, electromagnetic microwaves can induce cell death by heating (14). Ultrasound-guided MWA has been extensively applied in the minimally invasive treatment of liver, lung, and bone tumors (15–17). In recent years, the efficacy and safety of thermal ablation on benign thyroid nodules, PTC, metastatic lymph nodes of PTC, and papillary thyroid microcarcinoma (PTMC) have been verified (18–20). Our previous research has demonstrated that MWA, as a representative technique of thermal ablation, is an effective and safe strategy for low-risk PTMC (21). In the present study, MWA effectively reduced the volume of Bethesda IV thyroid nodules. There was no recurrence, lymph node metastasis, and distant metastasis during the follow-up period. Therefore, for patients who are not ineligible for or refuse surgery, MWA is a safe and effective option.

Bethesda IV nodules are cytologically defined as FN or SFN in the TBSRTC, involving FA, FTC, and FVPTC. Theoretically, preoperative cytological examination or even core needle biopsy (CNB) is unable to distinguish benign from malignant thyroid nodules. Recommended by the European Thyroid Association (ETA) and Cardiovascular and Interventional Radiological Society of Europe (CIRSE), surgery remains the standard management for thyroid nodules with Bethesda IV cytology, and ablation should be restricted to patients with follicular lesions who are at surgical risk and present favorable US features and negative molecular testing, as an alternative to clinical surveillance (19). In our study, preoperative ultrasound characteristics Table 5 of 47 patients with Bethesda IV nodules in the MWA group included isoechoic nodules (95.7%), no calcification (80.85%), wider-than-tall with regular margin (100%), and TI-RADS 3 nodules (42.56%). Among the 36 malignant thyroid nodules diagnosed by postoperative pathology, there were 17 irregular nodules and 20 solid hypoechoic nodules (involving 16 PTC and 4 FVPTC cases). Significant differences were detected in the composition, echogenicity, margin, and ACR TI-RADS of benign lesions, PTC, and FTC. Taken together, surgery should be actively performed in patients with Bethesda IV nodules presenting suspected ultrasound characteristics like solid echotexture, hypoechogenicity, and irregular margins.

Anabella et al. (22) conducted a prospective analysis of 155 patients with single Bethesda IV nodules. Of these patients, 23 who refused surgery or were at a high risk of surgery were actively followed up, with a median duration of 3.5 years during which no evidence of tumor progression was observed. However, active surveillance may cause anxiety in patients, which probably impairs patients’ quality of life and compliance with follow-up (23). In the present study, 44/85 (51.76%) of Bethesda IV thyroid in the surgery group were diagnosed as benign lesions, involving 29 cases of FTA, nine nodular goiters, and six lymphocytic thyroiditis. Among the 37 Bethesda IV thyroid diagnosed as malignant lesions by postoperative pathology, there were 27 (72.97%) cases of PTC, 6 (16.21%) of FVPTC, 3 (4.47%) of FTC, and 1 (2.70%) of MTC. In particular, all three cases of FTC belonged to the subtype of minimally invasive follicular thyroid carcinoma and were treated with thyroid lobectomy. Lymph nodes and distant metastasis were not examined during the surgery, and vascular invasion was absent. Lee et al. (24) demonstrated that the occurrence of distant metastasis of minimally invasive follicular thyroid carcinoma is not influenced by the surgical extent (thyroid lobectomy vs. total thyroidectomy). It is reported that ablation of follicular neoplasms can delay surgery in case of malignancy, while it does not influence the subsequent treatment and postoperative pathology (25). Whether ablation accelerates the malignant progression from follicular neoplasms into follicular carcinoma and/or residual thyroid tumors remains unknown. In the present study, the ablation extent was 0.5–1 cm beyond the edge of the tumor to prevent tumor residues and recurrence. During the follow-up period, only one patient with a VRR of 65.79% was transferred to surgical treatment at 12 months and postoperatively diagnosed as FTA. Recurrence, lymph node metastasis, and distant metastasis were not reported in the remaining patients. Ha et al. (26) conducted a 5-year follow-up in 10 cases of small follicular neoplasms (<2.00 cm) treated with radiofrequency ablation, and they did not report recurrent or distant metastatic cases. Collectively, it is necessary to thoroughly assess benign and malignant nodules and general conditions of patients before MWA to prevent residual tumors and recurrence.

In our previous study, the median VRR of benign non-functioning thyroid nodules at 1 year after MWA reached 86.67% (27). A meta-analysis showed that the VRR of benign thyroid nodules treated with MWA was 63.00%–89.90% (28). According to the Proposal for Standardization of Terminology and Reporting Criteria for Image-Guided Thyroid Ablation proposed by the Italian Working Group on Minimally Invasive Treatments of the Thyroid, a 50% volumetric reduction at 1 year is considered a reasonable threshold for defining the technical success of ablation (29). In the present study, MWA was successful in all 47 patients with Bethesda IVnodules. The mean VRR was 85.01% ± 10.86% at 12 months, and the VRRs were more than 90.00% in 15 patients at the last time of follow-up. Dong et al. (30) reported that the VRR of benign thyroid nodules greater than 4 cm reaches 90% ± 5% at 12 months after MWA. In addition, MWA is evident in protecting thyroid function and alleviating clinical symptoms, like compression and lower cosmetic score than lobectomy. Our results showed that only two patients in the MWA group developed postoperative pain, which was reported in 72 patients of the surgery group. In addition, one case of postoperative glottic edema, incision swelling, and shortness of breath and one of postoperative infection and hematoma were reported in the surgery group. The successful ligation of blood vessels and immediate hemorrhage are critical to prevent hematoma during thyroid lobectomy. A patient in the surgery group developed numbness in his/her hands and feet. Cavicchi et al. (31) have shown that adequate exposure of the recurrent laryngeal nerve during surgery and its intermittent monitoring can effectively prevent surgical damage. During the MWA procedure, normal saline was continuously injected in the space between the thyroid capsule and trachea, esophagus, laryngeal nerve, and parathyroid gland to safeguard vital structures of the neck. The incidence of complications was significantly lower in the MWA group than in the surgery group. Moreover, the MWA group presented shorter treatment time and hospitalization time and less cost than the surgery group, suggesting that MWA is an effective, safe, and cost-effective option for patients with Bethesda IV nodules.

Several limitations in this study should be concerned. First, patients in the MWA group were only followed up for 12 months. The long-term efficacy of MWA on Bethesda IV nodules should be further observed in a longer follow-up. Second, patients in the surgery group were not followed up, and their postoperative quality of life, levothyroxine use, and adverse events were not analyzed. Third, it was a retrospective study with small sample size. A multi-center, large-scale prospective study with a longer follow-up period is needed in the future to validate our findings.

In conclusion, this study demonstrated that ultrasound-guided MWA can treat Bethesda IV nodules with a low incidence of complications. For patients ineligible for or refusing surgery, MWA is a safe and effective option. However, patients with suspected preoperative ultrasound characteristics like solid echotexture, hypoechogenicity, and irregular margins should be actively treated with surgery.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

This study was reviewed and approved by ethics committee of the Jiangsu Province Academy of Traditional Chinese Medicine (MS2018074). The patients/participants provided their written informed consent to participate in this study.



Author contributions

JY, YZ and SX developed the research questionnaire and wrote the protocol for this study. JY and YZ were responsible for data collection and analysis. XL, GC, XC and RL participated in the diagnosis. SX and JW were the operators for microwave ablation and surgery, respectively. YTZ and XH were responsible for the perioperative management. SX, FH and CL interpreted the results. JY and YZ wrote the article. SX and CL revised it critically for important intellectual content. All authors agreed to take responsibility for the integrity of the data and the accuracy of the data analysis. All authors contributed to the article and approved the submitted version.



Funding

This study was funded by the Jiangsu Provincial Key R&D Programme (Social Development, BE2020726), Scientific Research Project of Jiangsu Health Committee (M2020102), Special Project on Diagnosis and Treatment of Key Clinical Diseases in Suzhou (LCZX201914), and Opening Project of National Clinical Research Base of Chinese Medicine (JD2019SZXYB13).



Acknowledgments

We are grateful to the patients who participated in this study.



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. Haugen, BR, Alexander, EK, Bible, KC, Doherty, GM, Mandel, SJ, Nikiforov, YE, et al. 2015 American Thyroid association management guidelines for adult patients with thyroid nodules and differentiated thyroid cancer: The American thyroid association guidelines task force on thyroid nodules and differentiated thyroid cancer. Thyroid (2016) 26:1–133. doi: 10.1089/thy.2015.0020

2. Francis, GL, Waguespack, SG, Bauer, AJ, Angelos, P, Benvenga, S, Cerutti, JM, et al. Management guidelines for children with thyroid nodules and differentiated thyroid cancer. Thyroid (2015) 25:716–59. doi: 10.1089/thy.2014.0460

3. Cibas, ES, and Ali, SZ. The 2017 Bethesda system for reporting thyroid cytopathology. Thyroid (2017) 27:1341–6. doi: 10.1089/thy.2017.0500

4. Ren, Y, Kyriazidis, N, Faquin, WC, Soylu, S, Kamani, D, Saade, R, et al. The presence of hurthle cells does not increase the risk of malignancy in most Bethesda categories in thyroid fine-needle aspirates. Thyroid (2020) 30:425–31. doi: 10.1089/thy.2019.0190

5. Grani, G, Lamartina, L, Durante, C, Filetti, S, and Cooper, DS. Follicular thyroid cancer and hurthle cell carcinoma: Challenges in diagnosis, treatment, and clinical management. Lancet Diabetes Endocrinol (2018) 6:500–14. doi: 10.1016/S2213-8587(17)30325-X

6. Staubitz, JI, Musholt, PB, and Musholt, TJ. The surgical dilemma of primary surgery for follicular thyroid neoplasms. Best Pract Res Clin Endocrinol Metab (2019) 33:101292. doi: 10.1016/j.beem.2019.101292

7. Daniels, GH. Follicular thyroid carcinoma: A perspective. Thyroid (2018) 28:1229–42. doi: 10.1089/thy.2018.0306

8. Kuo, TC, Wu, MH, Chen, KY, Hsieh, MS, Chen, A, and Chen, CN. Ultrasonographic features for differentiating follicular thyroid carcinoma and follicular adenoma. Asian J Surg (2020) 43:339–46. doi: 10.1016/j.asjsur.2019.04.016

9. Zhi, X, Zhao, N, Liu, Y, Liu, JB, Teng, C, and Qian, L. Microwave ablation compared to thyroidectomy to treat benign thyroid nodules. Int J Hyperthermia (2018) 34:644–52. doi: 10.1080/02656736.2018.1456677

10. Kim, JH, Yoo, WS, Park, YJ, Park, DJ, Yun, TJ, Choi, SH, et al. Efficacy and safety of radiofrequency ablation for treatment of locally recurrent thyroid cancers smaller than 2 cm. Radiology (2015) 276:909–18. doi: 10.1148/radiol.15140079

11. Cesareo, R, Pacella, CM, Pasqualini, V, Campagna, G, Iozzino, M, Gallo, A, et al. Laser ablation versus radiofrequency ablation for benign non-functioning thyroid nodules: Six-month results of a randomized, parallel, open-label, trial (LARA trial). Thyroid (2020) 30:847–56. doi: 10.1089/thy.2019.0660

12. Mauri, G, Gennaro, N, Lee, MK, and Baek, JH. Laser and radiofrequency ablations for benign and malignant thyroid tumors. Int J Hyperthermia (2019) 36:13–20. doi: 10.1080/02656736.2019.1622795

13. Xiao, J, Zhang, Y, Zhang, M, Lan, Y, Yan, L, Luo, Y, et al. Ultrasonography-guided radiofrequency ablation vs. surgery for the treatment of solitary T1bN0M0 papillary thyroid carcinoma: A comparative study. Clin Endocrinol (Oxf) (2021) 94:684–91. doi: 10.1111/cen.14361

14. Simon, CJ, Dupuy, DE, and Mayo-Smith, WW. Microwave ablation: Principles and applications. Radiographics (2005) 25 Suppl 1:S69–83. doi: 10.1148/rg.25si055501

15. Ghosn, M, and Solomon, SB. Current management of oligometastatic lung cancer and future perspectives: Results of thermal ablation as a local ablative therapy. Cancers (Basal) (2021) 13:5202. doi: 10.3390/cancers13205202

16. Lin, YM, Paolucci, I, Brock, KK, and Odisio, BC. Image-guided ablation for colorectal liver metastasis: Principles, current evidence, and the path forward. Cancers (Basel) (2021) 13:3926. doi: 10.3390/cancers13163926

17. Qiu, YY, Zhang, KX, Ye, X, Zhang, XS, Xing, C, Wu, QS, et al. Combination of microwave ablation and percutaneous osteoplasty for treatment of painful extraspinal bone metastasis. J Vasc Interv Radiol (2019) 30:1934–40. doi: 10.1016/j.jvir.2019.08.008

18. Papini, E, Monpeyssen, H, Frasoldati, A, and Hegedus, L. 2020 European Thyroid association clinical practice guideline for the use of image-guided ablation in benign thyroid nodules. Eur Thyroid J (2020) 9:172–85. doi: 10.1159/000508484

19. Mauri, G, Hegedus, L, Bandula, S, Cazzato, RL, Czarniecka, A, Dudeck, O, et al. European Thyroid association and cardiovascular and interventional radiological society of Europe 2021 clinical practice guideline for the use of minimally invasive treatments in malignant thyroid lesions. Eur Thyroid J (2021) 10:185–97. doi: 10.1159/000516469

20. Cao, XJ, Wei, Y, Zhao, ZL, Peng, LL, Li, Y, and Yu, MA. Efficacy and safety of microwave ablation for cervical metastatic lymph nodes arising post resection of papillary thyroid carcinoma: A retrospective study. Int J Hyperthermia (2020) 37:450–5. doi: 10.1080/02656736.2020.1759829

21. Lu, C, Li, X, Chu, X, Li, R, Li, J, Wang, J, et al. Clinical effects of microwave ablation in the treatment of low-risk papillary thyroid microcarcinomas and related histopathological changes. Front Endocrinol (Lausanne) (2021) 12:751213. doi: 10.3389/fendo.2021.751213

22. Smulever, A, and Pitoia, F. Active surveillance in small cytological indeterminate thyroid nodules: a call to common sense? Endocrine (2021) 72:505–12. doi: 10.1007/s12020-020-02566-0

23. Lin, WC, Tung, YC, Chang, YH, Luo, SD, Chiang, PL, Huang, SC, et al. Radiofrequency ablation for treatment of thyroid follicular neoplasm with low SUV in PET/CT study. Int J Hyperthermia (2021) 38:963–9. doi: 10.1080/02656736.2021.1912414

24. Lee, YM, Lee, YH, Song, DE, Kim, WB, Sung, TY, Yoon, JH, et al. Prognostic impact of further treatments on distant metastasis in patients with minimally invasive follicular thyroid carcinoma: Verification using inverse probability of treatment weighting. World J Surg (2017) 41:138–45. doi: 10.1007/s00268-016-3608-9

25. Dobrinja, C, Bernardi, S, Fabris, B, Eramo, R, Makovac, P, Bazzocchi, G, et al. Surgical and pathological changes after radiofrequency ablation of thyroid nodules. Int J Endocrinol (2015) 2015:576576. doi: 10.1155/2015/576576

26. Ha, SM, Sung, JY, Baek, JH, Na, DG, Kim, JH, Yoo, H, et al. Radiofrequency ablation of small follicular neoplasms: Initial clinical outcomes. Int J Hyperthermia (2017) 33:931–7. doi: 10.1080/02656736.2017.1331268

27. Chen, M, Xu, S, Xu, Y, Wang, Y, Chu, X, and Liu, C. Efficacy and ultrasonographic morpholgic analysis of ultrasound-guided percutaneous microwave ablation on benign nonfunctioning thyroid nodule. Int J Endocrinol Metab (2019) 39:294–7. doi: 10.3760/cma.j.issn.1673-4157.2019.05.002

28. Cho, SJ, Baek, JH, Chung, SR, Choi, YJ, and Lee, JH. Long-term results of thermal ablation of benign thyroid nodules: A systematic review and meta-analysis. Endocrinol Metab (Seoul) (2020) 35:339–50. doi: 10.3803/EnM.2020.35.2.339

29. Mauri, G, Pacella, CM, Papini, E, Solbiati, L, Goldberg, SN, Ahmed, M, et al. Image-guided thyroid ablation: Proposal for standardization of terminology and reporting criteria. Thyroid (2019) 29:611–8. doi: 10.1089/thy.2018.0604

30. Dong, P, Wu, XL, Sui, GQ, Luo, Q, Du, JR, Wang, H, et al. The efficacy and safety of microwave ablation versus lobectomy for the treatment of benign thyroid nodules greater than 4 cm. Endocrine (2021) 71:113–21. doi: 10.1007/s12020-020-02338-w

31. Cavicchi, O, Burgio, L, Cioccoloni, E, Piccin, O, Macri, G, Schiavon, P, et al. Intraoperative intermittent neuromonitoring of inferior laryngeal nerve and staged thyroidectomy: Our experience. Endocrine (2018) 62:560–5. doi: 10.1007/s12020-018-1739-5



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 © 2022 Yang, Zhang, Li, Zhao, Han, Chen, Chu, Li, Wang, Huang, Liu and Xu. 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/Images/fendo-13-924993-g002.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Efficacy and safety of ultrasound-guided microwave ablation versus surgical resection for Bethesda category IV thyroid nodules: A retrospective comparative study

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Patients

          



          		

            Preoperative assessment

          



          		

            Ablation procedure

          



          		

            Surgical procedures

          



          		

            Post-ablation evaluation and follow-up

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Baseline characteristics

          



          		

            Preoperative ultrasound characteristics

          



          		

            Follow-up of thyroid nodules after microwave ablation

          



          		

            Postoperative complications after microwave ablation and surgery

          



          		

            Treatment time and medical cost of microwave ablation and surgery

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Composition (n, %)
Solid

Cyst-solid

Cystic

Echogenicity (n, %)
Hypoechoic
Isoechoic/hyperechoic
Margin (n, %)
Regular

Irregular
Calcification (n, %)
Microcalcification
Coarse/rim calcification
Absent

Shape
Taller-than-wide
Wider-than-tall
ACR TI-RADS
TI-RADS 1
TI-RADS 2
TI-RADS 3
TI-RADS 4
TI-RADS 5

MWA group (n = 47)

23 (47.95%)*
14 (29.79%)*
10 (21.28%)*

2 (4.26%)*
45 (95.74%)*

47 (100%)
0

7 (14.89%)
2 (4.26%)
38 (80.85%)

0
47 (100%)

11 (23.40%)*

6 (12.77%)*

20 (42.56%)*

10 (21.28%)*
0

Surgery group (n = 84)

Benign lesions/FTA (n = 44)

32 (72.72%)
2 (4.54%)
10 (22.72%)

6 (13.64%)
38 (86.36%)

8 (86.36%)
6 (13.64%)

6 (13.64%)
9 (20.45%)
29 (65.9%)

1(2.27%)
43 (97.72%)

5 (11.36%)
2 (4.54%)
17 (38.63%)
7 (38.63%)
3 (6.8%)

PTC (n = 27)

24 (88.9%)
3 (11.1%)
0

16 (59.26%)
11 (40.74%)

14 (51.85%)
13 (48.15%)

6 (22.22%)
5 (18.52%)
16 (59.26%)

4 (14.81%)
23 (85.19%)

2 (7.4%)
0
6 (22.22%)
8 (29.63%)
11 (40.74%)

FTC/FVPTC (n = 9)

7 (77.78%)
2 (22.22%)
0

4 (44.44%)
5 (55.56%)

5 (55.56%)
4 (44.44%)

1 (11.11%)
3(33.33%)
5 (55.56%)

0
9 (100%)

0
1(11.11%)
2 (22.22%)
4 (44.44%)
2 (22.22%)

MWA, microwave ablation; FTA, follicular thyroid adenoma; PTC, papillary thyroid carcinoma; FTC, follicular thyroid carcinoma; FVPTC, follicular variant

carcinoma; ACR TI-RADS, the Thyroid Imaging Reporting and Data System of American College of Radiology.

*p < 0.05 vs. MWA group.

< 0.05

< 0.05

< 0.05

< 0.05

of papillary thyroid





OEBPS/Images/table4.jpg
Complication

Hoarseness (n, %)

Glottic edema (n, %)

Numbness of hands and feet (n, %)
Postoperative pain (n, %)

Postoperative infection (n, %)

Note. MWA, microwave ablation.
41 < 0.001 vs. surgery group.

MWA group (n =47)

0
0
0
2 (4.26%)*
000

Surgery group (n = 84)

0
1(1.19%)
1(1.19%)

72 (85.71%)

1





OEBPS/Images/fendo.2022.924993_cover.jpg
’ frontiers | Frontiers in Endocrinology

Efficacy and safety of
ultrasound-guided microwave
ablation versus surgical resection
for Bethesda category IV thyroid
nodules: A retrospective
comparative study





OEBPS/Images/table3.jpg
Baseline
Immediately
1 month

3 months

6 months

12 months

47
47
46
43
43
33

Maximum diameter

Mean
+ SD (cm)

312+ 0.86
3.28 £ 0.90
2.80 = 0.71
237 £ 0.62
201 +0.67
1.66 + 0.61

MWA, microwave ablation; VRR, volume reduction rate.

*n < 0.05 vs. baseline.

P

0.890
0.023*
<0.001*
<0.001*
<0.001*

Volume

Mean
+ SD (ml)

747 +6.68
10.85 + 10.18
5.82 +4.55
373 +3.38
2.50 +2.63
142 +1.27

0.060
0.015*
<0.001*
<0.001*
<0.001*

VRR (%)

Mean
+ SD

37.90 + 22.54
58.59 + 20.34
73.84 +17.24
85.01 + 10.86

<0.001*
<0.001*
<0.001*
<0.001*





OEBPS/Images/fendo-13-924993-g001.jpg
1028 patients with Bethesda IV nodules underwent
FNAC from January 2013 to September 2021

Excluded n=898
» 879 lost during follow-up

* 19 no intervention

130 patients with

Bethesda IV nodules

46 patients underwent 84 patients underwent surgery

microwave ablation * 15 lobectomy
* 30 lobectomy + CND

* 12 total thyroidectomy
« 27 total thyroidectomy + CND






OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-13-924993-g003.jpg
DTSRI, . i s






OEBPS/Images/table1.jpg
MWA group Surgery group

Thyroid nodules (n, %) 47 (35.60) 85 (64.08)
Case number (n, %) 46 (35.38) 84 (65.94)
Age (years) 46.30 + 11.54 46.10 £ 12.11
Sex

Male (%) 11 (23.91%) 13 (15.48%)
Female (%) 35 (74.47%) 71 (84.52%)
The volume of thyroid nodule (ml) 7.47 + 6.68* 544 + 841
The maximum diameter of thyroid nodule (cm) 3.12 + 0.86* 232+ 1.54

MWA, microwave ablation.
*n < 0.05 Vs. surgery group.





OEBPS/Images/table5.jpg
Total operation time (min)
Hospitalization (day)
Cost (USD)

Incision length (cm)

MWA, microwave ablation.

b < 0.001 vs. surgery group.

MWA group (n = 47)

4.03 +3.28%*
5.15 + 2.66***
2,617.42 + 570.40%*

0*

Surgery group (n = 84)

109.74 + 42.42
822+224
3,837.68 + 2,385.11
6.07 + 1.93





