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Ultrasound-guided radiofrequency thermal ablation has been proposed as an effective and safe procedure for treating patients who have low-risk papillary thyroid microcarcinomas and/or are unfit for surgery. We present the case of a 72-year old male patient with a small thyroid nodule diagnosed as papillary carcinoma after fine needle aspiration. Since the patient had other serious comorbidities, priority was given to other therapies and the malignant thyroid nodule was submitted to active surveillance. After detecting at a follow-up examination a slight dimensional increase of the nodule, the possibility of a radiofrequency thermal ablation was proposed to our patient, who accepted. The procedure was safely and effectively carried out. Follow-up examinations with ultrasonography (or contrast enhanced ultrasound), conducted after 1, 3, 6, and 12 months, demonstrated a progressive reduction of size and loss of vascularization in the treated area. The fine needle aspiration was repeated after 6 months: the sample revealed a very poor cellularity composed of inflammatory cells and thick colloid; no residual neoplastic cells were observed. Our experience confirmed what already demonstrated by previous reports: radiofrequency ablation can effectively eliminate small papillary carcinomas, with a very low complication rate. It may be an alternative strategy for the treatment of low-risk, indolent papillary thyroid microcarcinomas, thus avoiding the potential side-effects of surgery in patients at risk for relevant comorbidities.
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Introduction

Surgery represents the first approach for the treatment of papillary thyroid carcinoma (PTC). However, considering the overall good prognosis of this neoplasm, extensive radical resection may not be indicated for some patients due to the risk of surgical complications and impaired quality of life in the postoperative period (1, 2). For years, radiofrequency ablation (RFA) has been considered a safe and effective method for the treatment of benign thyroid nodules and recurrent thyroid tumors. Currently, several guidelines recommend RFA treatment for symptomatic benign thyroid nodules, while indications for the treatment of malignant nodules are limited to palliative treatment in recurrent thyroid tumors or metastatic lymph nodes, when surgery is contraindicated or refused by the patient (1–5). RFA has also been recently suggested as an alternative treatment modality for primary thyroid microcarcinomas (1–3, 6) and in 2017, the RFA guidelines of the Korean society of thyroid radiology proposed the use of RFA for patients with primary thyroid cancer who refuse or are unfit for surgery (7).



Case Description

A 72-year old male patient was referred to our clinic after the diagnosis of a left axillary lymph node metastasis from Merkel cell carcinoma (MCC) with high mitotic activity and proliferation index. A dermatologic evaluation showed no sign of a primary skin lesion. A 18F-fluoro-2-deoxy-d-glucose Positron Emission Tomography (18FDG-PET)/Computed Tomography (CT) scan was performed for initial tumor staging and revealed an uptake in the left axilla (site of the known lymph node lesion) and a focal uptake in the left thyroid lobe. The subsequent thyroid ultrasound (US) showed, in the medial third of the left thyroid lobe, an 8x8x7 mm markedly hypoechoic, solid, subcapsular nodule with irregular margins and microcalcifications (high-risk category according to the 2016 AACE/ACE/AME US classification system) (8). No suspicious cervical lymph-nodes were detected. TSH and calcitonin levels were normal. Given the suspicious US features and the 18FDG-PET uptake, a US-guided fine needle aspiration cytology (FNAC) was performed, being consistent with PTC (Tir 5 according to SIAPEC/IAP classification of thyroid cytology or category VI according to the Bethesda System) (9, 10) (Figure 1).




Figure 1 | FNAC before RFA. 4 µm-thick H&E stained sections from the cell-block show a highly cellular sample, with a typical papillary architecture; thyrocytes show irregular, large and clear nuclei. A diagnosis of Papillary Thyroid Carcinoma (TIR5 according to the Italian SIAPEC-IAP classification of thyroid cytology) was formulated (A, magnification x200; B, x400).



In consideration of the clinical aggressiveness of MCC and its staging, priority was given to the treatment of MCC and a strategy of active surveillance for the small malignant thyroid nodule was chosen.

Subsequently, patient underwent external beam radiotherapy treatment to the axillary lesion (50 Gy/25 fractions), and, after detection of metastatic liver lesions and peri-pancreatic lymph node metastases, multiple cycles of systemic Carboplatin/Etoposide chemotherapy were administered. After a further disease progression, the patient was switched to an immunotherapy-based, second-line systemic treatment regimen with avelumab. The following restaging CT scans showed progressive reduction in the size of known liver metastases, confirming a partial response to the immunotherapy regimen, which was then discontinued after 18 months due to stable disease.

During the US follow-up exams, the malignant thyroid nodule showed a slight dimensional increase, reaching the size of 11x9x8 mm of maximum diameter. Taking into consideration patient’s age, performance status, the overall clinical situation and surgical risk, a less invasive treatment approach was preferred, and after obtaining patient’s informed consent, a procedure of RFA of the malignant thyroid nodule was performed.



Description of the Procedure

The treatment of RFA was carried out in day hospital regimen. A peripheral vein was cannulated in the forearm with a venous catheter. During the procedure, 500 ml saline and 50 mg of Ranitidine were administered. The patient was connected to a monitor which allowed to check peripheral oxygen saturation, electrocardiogram, respiratory rate and blood pressure during the whole duration of the procedure. He was placed supine with his neck extended, in order to allow a better exposure of the jugular region.

The nodule was assessed by ultrasound: it was sub-capsular and localized in the left thyroid lobe, in the para-isthmic region; its diameters were 11x9x8mm. The echostructure was solid, irregular, hypoechoic, with slightly spiculated margins and with microcalcifications (Figure 2). At the Echo Color Doppler (ECD) investigation, vascularization was mainly endonodal; on strain elastosonography it appeared mainly rigid. The investigation was completed with the contrast-enhanced US (CEUS) (SonoVue Bracco, Milan) which allowed the complete visualization of the nodule vascular micro-network: it appeared mainly endonodal but irregular, with a scarcely vascularized central nucleus.




Figure 2 | Ultrasound features of the nodule before and after RFA. Before RFA (A), the nodulation has a solid, irregular, hypoechoic structure, with slightly spiculated margins and microcalcifications. At control 12 months after RFA only a small nodular, hypoechoic and homogeneous area is appreciable (B); it is in contact with the thyroid capsule that appears slightly retracted but with no signs of extra-thyroidal extension.



The procedure was carried out by RG, a collaborator of our group with at least 30 years of diagnostic and interventional ultrasound experience, especially of the neck region. After disinfecting the skin and setting up the sterile field, the suitable point was identified by US to proceed with local anesthesia with 2% lidocaine: the anesthetic was injected at the site of the skin puncture and in the space between the thyroid capsule and the fascia of the peri-thyroid muscles (strap muscles), where the algogenic endings of the sensory nerves are located.

The needle for RFA (needle used RFT-0710N RF, Medical Co.Ltd) was then inserted, under US guidance, with a trans-isthmic approach, always displaying the needle along its major axis. This type of approach allows to constantly monitor the needle in the context of the nodule, keeping it away from the recurrent laryngeal nerve, in order to reduce the risk of thermal injury (1–3). For the RFA procedure, a maximum power of 50 Watts was used.

As a rule, the technique of ablation consists in ideally dividing the nodule into smaller units that are independently treated using the “moving shot” technique: the tip of the electrode is initially positioned in the deeper portion with subsequent retractions towards the more superficial portions.

Given the small size of the nodule, the procedure was carried out quickly, with a duration of 5’11’’.

At the end of the procedure, before removing the needle, another CEUS examination was performed to assess the extension of the ablated area and compare it to the pre-treatment situation: the ablation proved complete and the ablated area was clearly wider than the edge of the previously assessed neoplasm.

After the procedure, the observation period lasted about 6 hours, with infusion of Methylprednisolone (125 mg), Acetaminophen (1 g) and Ranitidine (50 mg) in 500 ml saline solution. A last US exam of the anterior cervical region was performed to assess the absence of complications and then the patient was discharged home.



Follow-Up

The patient was reassessed with the US at 1, 3, 6, and 12 months after the procedure, making a multiparametric US evaluation and adding the CEUS in the 3rd and 6th month controls.

At the examination performed after 1 month, the nodule had an oblong shape, measured approximately 13 x 22 x 9 mm (respectively, transverse, lateral and antero-posterior diameters) (T x L x AP) and had a solid, hypoechoic, slightly inhomogeneous echostructure, with regular margins. In the control performed after 3 months, the nodule had a slightly oblong shape, with a substantially unchanged volume from the previous exam, with measurements of approximately 12 x 18 x 8 mm (T x L x AP). The nodule had a solid, slightly irregular and hypoechoic structure. CEUS assessed, the described area appeared clearly avascular.

In the control performed after 6 months, the nodule had clearly reduced dimensions, always oblong in shape with dimensions of approximately 8 x 12 x 6 mm (T x L x AP), with a hypoechoic, uneven echostructure, with a small anterior marginal hyperechoic area.

When investigated by CEUS, the nodular area appeared to be totally avascular with less clear vascular margins compared to the previous examination. During this evaluation, FNAC with thin needle (22 Gauge) was performed. The sample was partly smeared on two slides, of which one was immediately alcohol-fixed and stained with Hamatoxylin and Eosin (H&E) for rapid on site evaluation while the other was air-dried and stained with Giemsa afterwards; the remaining sample in the syringe was collected and alcohol-fixed in a test tube. From this material, a paraffin-embedded cell-block was obtained, from which 5-µm thick sections were cut and stained with H&E.

The FNAC (both smears and cell-block) yielded a poorly cellular sample containing inflammatory cells (histiocytes and multinucleated cells), necrotic debris, fibrotic tissue, thick colloid and scattered thyrocytes, the latter showing no significant nuclear atypia (regular nuclear margins without groovings or pseudoinclusions) (Figure 3). If compared with the pre-RFA procedure FNAC, cellularity was considerably reduced and the typical signs of papillary carcinoma were totally absent.




Figure 3 | FNAC after RFA H&E (A) or Giemsa (B) stained smears and H&E stained section from cell-block (C) exhibit a poorly cellular sample with sparse inflammatory elements or multinucleated giant cells in a background of thick colloid and fibrosis (magnification x400).



After 12 months, only a small nodular area in the site of the previous treatment was appreciable, with a maximum size of about 4 mm, hypoechoic, homogeneous, without significant vascularization under ECD investigation (Figure 2). The nodule was in contact with the thyroid capsule that appeared slightly retracted, but seemed confined within the thyroid parenchyma, with no sign of extra-thyroidal extension. No pathological cervical lymph-nodes were found.

Nowadays, two years after the diagnoses of MCC and thyroid cancer, the patient is alive and well, substantially free of disease.



Discussion

Since the first reported series in 2006 (11, 12), a number of studies showed the efficacy and safety in treating benign ‘cold’ and ‘hot’ thyroid nodules with RFA. Currently, several guidelines recommend RFA for generally benign thyroid nodules for symptomatic or cosmetic reasons and until recent years, recommendations for malignant diseases were restricted to palliative treatment for recurrent thyroid cancers or metastatic lymph nodes when surgery was contraindicated or declined by the patient (13–15).

However, several previous studies also showed that image-guided RFA is safe and effective in the treatment of primary thyroid microcarcinoma (PTMC) (16, 17) and this procedure was included in the 2017 RFA Guidelines of the Korean Society of Thyroid Radiology as an alternative to surgery for patients who refuse it or who cannot undergo an operation (7). Satisfactory results of image-guided thermal ablation for primary thyroid cancer were also reported using means other than radiofrequency, like laser and microwave (18, 19) but whether there is a difference among the efficacy of different techniques remains unclear and should be investigated with further studies.

As previously reported, after about two years of follow up, no sign of PTC recurrence was seen in our patient. This, together with the anatomo-pathological findings 6 months after the procedure, with no evidence of typical PTC cells, testifies the effectiveness of RFA in the treatment of malignant thyroid nodules. However, it should be considered that the patient was concomitantly taking avelumab; even if nowadays there are no data about the use of this drug in PTC treatment, there is a growing evidence regarding the efficacy of immunotherapy, and in particular of pembrolizumab, in the field of advanced thyroid cancer treatment (20). Therefore, we cannot exclude that this factor may also have contributed to the successful control of PTC in this patient)

The present case report recaps on some topics about RFA. As described elsewhere (1), the procedure starts by positioning the electrode into the deepest conceptual ablation unit of the nodule and under continuous US guidance and using the “moving shot” technique, the output RF power is administered until all conceptual units of the nodule have been covered. Our experience highlights an important concept about the technique of RFA: when treating a malignant nodule, thermoablation-induced necrosis must be extended beyond the borders of the nodule, even if it is in contact with the capsule, in order to be sure of the total ablation of the nodule. The US (morphological and contrast-enhanced) checks carried out in our case showed a tissue necrosis wider than the area of the tumor, thus testifying a positive result of the procedure. The tumor area was totally ablated and, at the end of the treatment, it appeared very small and avascular. However, attention must be paid not to damage the surrounding noble structures and in some cases it may be useful to interpose some liquid between the muscle band and the capsule. In the event that the nodules are in a position very close to the thyroid capsule or to the trachea, esophagus or arterial vessels, it is possible to perform a local infusion of liquid (saline solution, or 5% glucose), in order to create a liquid barrier between the nodule to be treated and the surrounding anatomical structures to protect the noble structures of the neck (the so-called “hydrodissection technique”). In our case, due to the position of the target nodule, it was not necessary to recur to this technique.

Contrary to the growing experience in using non-surgical procedures for thyroid nodule treatment (ethanol ablation, laser ablation, RFA, high-intensity focused ultrasound), morphological changes produced by ablation are rarely investigated apart from occasional descriptions of minimally-invasive techniques such as core needle biopsies (CNB) on residual nodule detected during follow-up after these procedures. In 2016, Branovan et al. (21) analyzed the gross and microscopic alterations in human thyroid tissue induced by RFA: the experiment was conducted on 37 thyroid glands surgically removed for follicular adenoma or adenomatous colloid goiter. After dividing the nodules into two parts, one was a subject for histological routine processing, the other one was used for the RFA procedure. On the half nodule treated with RFA, pathological examination revealed destructive and diffuse alterations in shape and size of parenchymal structures (follicles), stroma and vessels. Moreover, extensive necrotic areas, wrinkling of the tissue, swelling and blurring of cell details were observed. Also, larger vessels (venules) appeared spastic, while smaller ones (small lymphatics) were dilated.

Valcavi et al. (19) investigated the pathological effects of US-guided thermal laser ablation in three papillary microcarcinomas. The patients underwent percutaneous laser ablation and, subsequently, total thyroidectomy: conventional histology showed destructured and carbonized tissue, with no viable cells in the ablated area and in the rim of normal tissue surrounding the tumor. Similar results were obtained by Piana et al. (22) who evaluated the histopathological effects on 22 benign nodules treated with laser ablation and compared the cytological findings before and after the treatment with the histological features on surgical specimens.

Moreover, Zhang et al. (23) reported a case series of 98 patients treated with RFA on low-risk PTC. The follow-up CNB was performed in all patients after 3 months from the procedure, both in the ablation area and in the surrounding parenchyma and it showed degeneration of follicular epithelial cell, fibrosis with hyaline degeneration of interstitial collagen fibers and inflammatory lymphocytic infiltration at the center and at the edge of the ablation area. No residual or recurrent tumors were detected, which confirmed complete elimination of the PTMC lesions. These data were confirmed by a larger cohort of the same group (1), with CNBs showing degenerative changes such as edema, inflammation and sclerosis. Recently, Xiao et al. (24) evaluated the efficacy and safety of US-guided RFA for treating low-risk T1bN0M0 PTC. US-guided CNB was routinely performed at the center and edge of the ablation zone as well as in the surrounding thyroid parenchyma 3 or 6 months after ablation; among the ablation zones that did not disappear (28 cases on a total of 66 patients), CNB revealed no viable neoplastic cells in 26 cases, while two patients were found to have malignant cells on CNB at the edge of their ablation zones after 6 months of follow-up; these patients successfully underwent a second RFA session. A metastatic lymph-node was detected at ipsilateral level IV in one patient 3 months after ablation and this lymph-node was successfully treated with RFA. No distant metastases were detected during follow-up.

To our knowledge, our case is the first report on a FNAC (instead of a core biopsy) on a PTC nodule treated with RFA: results are similar to those shown in CNBs by Zhang et al. (23) and Wu et al. (1), namely a sample showing prevalent sclerosis, inflammation and absence of residual neoplastic cells. Thus, traditional FNAC may prove as effective as CNB in order to assess complete response to RFA or to detect a possible residual disease. Moreover, it has the advantage of being a less invasive procedure than CNB: CNB needles in fact are larger in caliber than FNAC needles and they should be used only by experienced operators; less-experienced operators may have difficulties in tracking the needle tip under US, thus increasing the possibility of complications (25).

In conclusion, image-guided thermal ablation of low risk PTC is becoming a widely accepted procedure: with the advantage of minimal invasiveness, it might be chosen as first line treatment for patients unfit for surgery or to avoid its complications. Some authors even suggest that image-guided thermal ablation might be a good option to compensate for image-derived cancer overdiagnosis (26), with PTCs being more and more often detected in their very initial stage due to improved imaging techniques.

However, so far, some limitations to the widespread use of RFA for treating PTMC still exist: first of all, available data are based on retrospective studies only, with inevitable sample bias (1). Moreover, considering the good prognosis of PTC, definitive conclusions about the efficacy of RFA might be drawn only after longer term follow-up, not yet available at the present moment.



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.



Ethics Statement

Written informed consent was obtained from the individual for the publication of any potentially identifiable images or data included in this article.



Author Contributions

FM and SG conceived the idea of this essay. SG, AB, AR, FR, MG, and RG participated in the treatment and collected the case history. FM made the cytological diagnoses. FM, SG, and RG wrote the case report. RG and MP revised the manuscript.



Funding

Work supported by grants from AIRC, Milan (IG n. 20100 to MP).



References

1. Wu, R, Luo, Y, Tang, J, Yang, M, Li, J, Zhang, Y, et al. Ultrasound-guided radiofrequency ablation for papillary thyroid microcarcinoma: a retrospective analysis of 198 patients. Int J Hyperthermia (2020) 37(1):168–74. doi: 10.1080/02656736.2019.1708480

2. Park, HS, Baek, JH, Park, AW, Chung, SR, Choi, YJ, and Lee, JH. Thyroid Radiofrequency Ablation: Updates on Innovative Devices and Techniques. Korean J Radiol (2017) 18(4):615–23. doi: 10.3348/kjr.2017.18.4.615

3. Lee, J, Shin, JH, Hahn, SY, Park, KW, and Choi, JS. Feasibility of Adjustable Electrodes for Radiofrequency Ablation of Benign Thyroid Nodules. Korean J Radiol (2020) 21(3):377–83. doi: 10.3348/kjr.2019.0724

4. Rosato, L, Avenia, N, Bernante, P, De Palma, M, Gulino, G, Nasi, PG, et al. Complications of thyroid surgery: analysis of a multicentric study on 14,934 patients operated on in Italy over 5 years. World J Surg (2004) 28(3):271–6. doi: 10.1007/s00268-003-6903-1

5. Kim, JH, Baek, JH, Sung, JY, Min, HS, Kim, KW, Hah, JH, et al. Radiofrequency ablation of low-risk small papillary thyroid carcinoma: preliminary results for patients ineligible for surgery. Int J Hyperthermia (2017) 33(2):212–9. doi: 10.1080/02656736.2016.1230893

6. 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

7. Kim, JH, Baek, JH, Lim, HK, Ahn, HS, Baek, SM, Choi, YJ, et al. 2017 Thyroid Radiofrequency Ablation Guideline: Korean Society of Thyroid Radiology. Korean J Radiol (2018) 19(4):632–55. doi: 10.3348/kjr.2018.19.4.632

8. Gharib, H, Papini, E, Garber, JR, Duick, DS, Harrell, RM, Hegedüs, L, et al. American Association of Clinical Endocrinologists, American College of Endocrinology, and Associazione Medici Endocrinologi medical guidelines for clinical practice for the diagnosis and management of thyroid nodules - 2016 update. Endocr Pract (2016) 22(5):622–39. doi: 10.4158/EP161208.GL

9. Nardi, F, Basolo, F, Crescenzi, A, Fadda, G, Frasoldati, A, Orlandi, F, et al. Italian consensus for the classification and reporting of thyroid cytology. J Endocrinol Invest (2014) 37(6):593–9. doi: 10.1007/s40618-014-0062-0

10. Cibas, ES, and Ali, SZ. The 2017 Bethesda System for Reporting Thyroid Cytopathology. Thyroid (2017) 27(11):1341–6. doi: 10.1089/thy.2017.0500

11. Kim, Y, Rhim, H, Tae, K, Park, DW, and Kim, ST. Radiofrequency Ablation of Benign Cold Thyroid Nodules: Initial Clinical Experience. Thyroid (2006) 16:361–71. doi: 10.1089/thy.2006.16.361

12. Baek, J, Lee, J, Valcavi, R, Pacella, CM, Rhim, H, and Na, DG. Thermal Ablation for Benign Thyroid Nodules: Radiofrequency and Laser. Korean J Radiol (2011) 12:525–40. doi: 10.3348/kjr.2011.12.5.525

13. Na, DG, Lee, JH, Jung, SL, Kim, JH, Sung, JY, Shin, JH, et al. Radiofrequency ablation of benign thyroid nodules and recurrent thyroid cancers: consensus statement and recommendations. Korean J Radiol (2012) 13(2):117–25. doi: 10.3348/kjr.2012.13.2.117

14. Dietrich, CF, Müller, T, Bojunga, J, Dong, Y, Mauri, G, Radzina, M, et al. Statement and recommendations on interventional ultrasound as a thyroid diagnostic and treatment procedure. Ultrasound Med Biol (2018) 44(1):14–36. doi: 10.1016/j.ultrasmedbio.2017.08.1889

15. Garberoglio, R, Aliberti, C, Appetecchia, M, Attard, M, Boccuzzi, G, Boraso, F, et al. Radiofrequency ablation for thyroid nodules: which indications? The first Italian opinion statement. J Ultrasound (2015) 18(4):423–30. doi: 10.1007/s40477-015-0169-y

16. Valcavi, R, Piana, S, Bortolan, GS, Lai, R, Barbieri, V, and Negro, R. Ultrasound-guided percutaneous laser ablation of papillary thyroid microcarcinoma: a feasibility study on three cases with pathological and immunohistochemical evaluation. Thyroid (2013) 23(12):1578–82. doi: 10.1089/thy.2013.0279

17. Yue, W, Wang, S, Yu, S, and Wang, B. Ultrasound-guided percutaneous microwave ablation of solitary T1N0M0 papillary thyroid microcarcinoma: initial experience. Int J Hyperthermia (2014) 30(2):150–7. doi: 10.3109/02656736.2014.885590

18. Pacella, CM, Bizzarri, G, Guglielmi, R, Anelli, V, Bianchini, A, Crescenzi, A, et al. Thyroid tissue: US guided percutaneous interstitial laser ablation-a feasibility study. Radiology (2000) 217(3):673–7. doi: 10.1148/radiology.217.3.r00dc09673

19. Valcavi, R, Riganti, F, Bertani, A, Formisano, D, and Pacella, CM. Percutaneous laser ablation of cold benign thyroid nodules: a 3-year follow-up study in 122 patients. Thyroid (2010) 20(11):1253–61. doi: 10.1089/thy.2010.0189

20. Varricchi, G, Loffredo, S, Marone, G, Modestino, L, Fallahi, P, Ferrari, SM, et al. The Immune Landscape of Thyroid Cancer in the Context of Immune Checkpoint Inhibition. Int J Mol Sci (2019) 20(16):3934. doi: 10.3390/ijms20163934

21. Branovan, DI, Fridman, M, Lushchyk, M, Drozd, V, Krasko, O, Nedzvedz, O, et al. Morphological Changes Induced by Bipolar Radiofrequency Ablation in Thyroid Nodules – a Preclinical Ex Vivo Investigation. Eur Endocrinol (2016) 12(2):85–8. doi: 10.17925/EE.2016.12.02.85

22. Piana, S, Riganti, F, Froio, E, Andrioli, M, Pacella, CM, and Valcavi, R. Pathological Findings of Thyroid Nodules After Percutaneous Laser Ablation. A Series of 22 Cases with Cyto-histological Correlation. Endocr Pathol (2012) 23:94–100. doi: 10.1007/s12022-012-9192-0

23. Zhang, M, Luo, Y, Zhang, Y, and Tang, J. Efficacy and Safety of Ultrasound-Guided Radiofrequency Ablation for Treating Low-Risk Papillary Thyroid Microcarcinoma: A Prospective Study. Thyroid (2016) 26(11):1581–7. doi: 10.1089/thy.2015.0471

24. Xiao, J, Zhang, M, Zhang, Y, Yan, L, Lan, Y, Zhu, Y, et al. Efficacy and safety of ultrasonography-guided radiofrequency ablation for the treatment of T1bN0M0 papillary thyroid carcinoma: a retrospective study. Int J Hyperthermia (2020) 37(1):392–8. doi: 10.1080/02656736.2020.1752945

25. Na, DG, Baek, JH, Jung, SL, Kim, JH, Sung, JY, Kim, KS, et al. Core Needle Biopsy of the Thyroid: 2016 Consensus Statement and Recommendations from Korean Society of Thyroid Radiology. Korean J Radiol (2017) 18(1):217–37. doi: 10.3348/kjr.2017.18.1.217

26. Mauri, G, and Sconfienza, LM. Image-guided thermal ablation might be a way to compensate for image deriving cancer overdiagnosis. Int J Hyperthermia (2017) 33(4):489–90. doi: 10.1080/02656736.2016.1262969



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.

Copyright © 2021 Maletta, Garberoglio, Bisceglia, Ragni, Retta, Gallo, Garberoglio and Papotti. 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.2021.566362_cover.jpg
’ frontlers
n Endocrinology

Radiofrequency Thermal Ablation
for a Small Papillary Thyroid
Carcinoma in a Patient Unfit for
Surgery: A Case Report





OEBPS/Images/fendo-12-566362-g001.jpg





OEBPS/Images/logo.jpg
’ frontiers
in Endocrinology





OEBPS/Images/fendo-12-566362-g003.jpg
v






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Radiofrequency Thermal Ablation for a Small Papillary Thyroid Carcinoma in a Patient Unfit for Surgery: A Case Report

      

        		

          Introduction

        



        		

          Case Description

        



        		

          Description of the Procedure

        



        		

          Follow-Up

        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo-12-566362-g002.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





