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Background: Radiofrequency ablation (RFA) for benign thyroid nodules is one kind of
scarless treatment for symptomatic or cosmetic benign thyroid nodules. However, how to
train RFA-naive physicians to become qualified operators for thyroid RFA is an important
issue. Our study aimed to introduce a successful training model of thyroid RFA.

Materials and Methods: We used a food-assisted and -simulated training model of
thyroid RFA. Chicken hearts were simulated into thyroid nodules, three-layer pork meats
were simulated into peri-thyroid structure, and gel bottles were simulated into trachea,
respectively. Successful training ablations were defined as chicken hearts that were fully
cooked. After repeating training ablations of chicken hearts at least 100 times with the
nearly 100% success rates for three young trainees, they served as the first assistant for
the real procedures of thyroid RFA and then were qualified to perform thyroid RFA on real
patients under the supervision of one experienced interventional radiologist.

Results: 23 real patients who received RFA and follow-up at least 6 months after
treatment were included in Linkou Chang Gung Memorial Hospital from January 1, 2020
to October 1, 2021. Three young endocrinologists performed thyroid RFA independently.
The outcomes were volume reduction rate (VRR), major complications and minor
complications. The median VRR at 12 months was 82.00%, two major complications
were transient hoarseness, and three minor complications were wound pain. All
complications were completely recovered within three days.

Conclusions: For young and RFA-native physicians without any basic skills of echo-
guided intervention, this food-assisted and -simulated training model of thyroid RFA was
useful for medical training and education.
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INTRODUCTION

With the exams by ultrasonography, thyroid nodules are
common in general populations, and the prevalence was ever
reported 50-60% (1, 2). Among of them, around 7-15% nodules
are malignant; therefore, most thyroid nodules are benign (1, 2).
For benign thyroid nodules with symptoms and signs of
compression or cosmetic problem, treatment should be
considered to alleviate the patients’ suffering, such as dyspnea,
dysphagia, voice change, or the cosmetic reasons of neck.
Radiofrequency ablation (RFA) for benign thyroid nodules is
one kind of treatment for symptomatic benign thyroid nodules,
especially for cosmetic problem because thyroid RFA is a scarless
procedure (3).

Thyroid RFA is a minimally invasive procedure using
friction heat productions due to tissue ions agitated by
alternating electric current of electrodes and performed with
generators and 7-cm electrodes which are 18-gauge, and
internally cooled with an active tip measuring 5, 7, or 10 mm
(4, 5). The reported volume reduction rate (VRR) by thyroid
RFA was from 69% to 78% after 1-year follow-up (6, 7). Some
guidelines suggested that thyroid RFA can be used for treating
benign thyroid nodules for volume reduction to relieve
compression or cosmetic problem (8–10). The core skills are
trans-isthmic approach method and moving-shot technique
(11). Although knowing these two core techniques, young
physicians who have never received step-by-step training by
experienced operators and lack in practical experience in real
patients may be unable to perform thyroid RFA well and still
need a longer learning curve. In addition, young physicians
with immature basic and core skills may lead to more
complications while learning thyroid RFA in real patients.

As a result, the aim of our study was to investigate the
feasibility of the food-assisted and -simulated training model of
thyroid RFA in three young endocrinologists who had never
performed echo-guided aspiration cytology and thyroid RFA in
real patients.
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MATERIALS AND METHODS

We used a food-assisted and -simulated training model of
thyroid RFA for three young endocrinologists who never
performed echo-guided aspiration cytology and RFA. Chicken
hearts (size around 2 x 1.5 x 1 cm3) were simulated into thyroid
nodules and three-layer pork meats (size around 25-30 x 15-20 x
7-10 cm3) were simulated into peri-thyroid structure, and gel
bottles were simulated into trachea, respectively (Figure 1). The
generators of RFA were RF Medical Radiofrequency Generator
(Mygen M-2004 and M-3004). The electrodes of RFA were RF
Electrodes (RFT Series: RFT0707LN). Sequential echo-guided
procedures for training the trans-isthmic approach method and
the moving shot technique were performed with the food-
assisted and -simulated training model of thyroid RFA
(Figure 2). The successful ablations were defined as the color
of chicken hearts from bright red to off-white, indicating that the
meat was fully cooked (Figure 3).

After repeating ablations of chicken hearts at least 100 times
with the nearly 100% success rates for three young endocrinologists
and the trainees can performed echo-guided aspirations for
cytology of small nodules/lesions on real patients smoothly, they
served as the first assistant for the real procedures of thyroid RFA
at least five times and then were qualified to perform thyroid RFA
on real patients independently under the supervision of one
experienced interventional radiologist for patients’ safety. This is
a retrospective study of thyroid RFA treatment effectiveness and
prognosis after our learning model. Therefore, after training by this
model and under the supervision of the leader in our hospital, our
hospital permitted that we performed RFA in real patients with
patients’ consent and collected data retrospectively after getting
certificate of IRB for a retrospective study. This study was approved
by the Institutional Review Board, Chang Gung Memorial
Hospital, Taiwan (IRB No.: 202101301B0).

Patients with nodular goiter (2 cm in at least one diameter),
and predominantly solid nodules which contributed to
compressive symptoms and/or cosmetic problem were
FIGURE 1 | Chicken hearts simulated into thyroid nodules (arrowhead), three-layer pork meats simulated into peri-thyroid skin structure, and gel bottles simulated
into trachea (arrow).
March 2022 | Volume 13 | Article 809835

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Li et al. Simulated Training of Thyroid RFA
arranged to receive echo-guided fine-needle aspiration cytology.
If the results of cytology showed benign lesions at least twice and
patient refused surgical intervention, there were suggested to
receive thyroid RFA for the treatment. If patients had
multinodular goiter, the predominant and growing nodule was
thought to be responsible for symptoms or cosmetic problems
and was selected for the thyroid RFA. Patients with nodules > 5
cm in at least one diameter who may need multiple sessions of
thyroid RFA were excluded from this study.

From January 1, 2020 to October 1, 2021, a total of 23 real
patients who received thyroid RFA and had follow-up for at least
Frontiers in Endocrinology | www.frontiersin.org 3
6 months after treatment in Linkou Chang Gung Memorial
Hospital were included in the analysis finally.
OUTCOME MEASUREMENT

The patients were retrospectively reviewed with the medical
records to assess the efficacy and the complications of thyroid
RFA at the baseline and during the follow-up. The follow-up
ultrasonography was performed at 1, 3, 6, and 12 months after
thyroid RFA. The volume of nodule and the VRR were calculated
FIGURE 3 | The successful ablations were defined as the color of chicken hearts from bright red to off-white, indicating that the meat was fully cooked.
FIGURE 2 | Sequential echo-guided procedures for training the trans-isthmic approach method and the moving shot technique.
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using the following equations: volume (mL) = length (cm) ×
width (cm) × depth (cm) × p/6 and VRR = [(initial volume −
final volume)/initial volume] × 100%, respectively.

The major outcomes were changes in the volume of nodules,
VRR, major complications, and minor complications one year
after thyroid RFA. Major complications included voice change,
Horner syndrome, brachial plexus injury, and nodule rupture.
Minor complications included wound pain, skin burn
and hematoma.
STATISTICAL ANALYSIS

Categorical data were determined by frequency and percentage.
Kolmogorov-Smirnov test was applied to check the normality of
continuous data. Continuous data without normal distributions
were expressed as medians with interquartile ranges (IQR).
Differences in various continuous parameters during the
period of follow-up were examined for statistical significance
by using Wilcoxon signed rank test as appropriate because of
repeated and non-parametric measurements from a single group.
A p value < 0.05 was considered statistically significant. All data
analyses were performed using IBM SPSS Statistics for Windows,
Version 22.0. (IBM Corp., Armonk, NY, USA).
RESULTS

Baseline Characteristics of Study Patients
23 patients (17 women and 6 men) with 23 benign nodules
received thyroid RFA for the treatment. Two trainees performed
8 cases respectively, and the other trainee performed 7 cases. The
median age of patients was 51 years (IQR, 43-55 years). The
nodules had a median volume of 7.23 mL (IQR, 4.49-13.09 mL)
before the thyroid RFA. All nodules were > 50% solidity and
95.65% of nodules were > 90% solidity. All patients had
euthyroid status before the treatment of thyroid RFA. The
baseline characteristics of study patients are summarized in
Table 1. No patients had previous surgical intervention,
Frontiers in Endocrinology | www.frontiersin.org 4
radioactive iodine therapy, thermal/cryo ablation, or
radiotherapy which may have an influence on the VRR after
thyroid RFA.

Treatment Outcomes and Complications
The sequential changes in the median volume of nodules before
and after thyroid RFA were 7.23 mL (IQR, 4.49-13.09 mL) at
baseline, 3.49 mL (IQR, 2.36-6.13 mL) at one month, 1.93 mL
(IQR, 1.29-4.45 mL) at three months, 1.42 mL (IQR, 0.63-2.30
mL) at six months and 1.30 mL (IQR, 0.22-2.42 mL) at 12
months, respectively (Table 2 and Figure 4). The sequential
median VRR after thyroid RFA were 40.89% (IQR, 32.26-
56.78%) at one month, 69.62% (IQR, 60.17-79.06%) at three
months, 79.89% (61.91-85.44%) at six months and 82.00%
(62.17-87.63%) at 12 months, respectively (Table 2 and
Figure 4). Each nodule was ablated with single session. One of
our real patients was with good response after thyroid RFA and
had near 97% VRR at 12 months (Figures 5A, B).

Hoarseness could be one kind of major complications after
thyroid RFA. There were two patients having transient voice
change and both patients recovered totally; one was within five
minutes and another was within one day. There were three
patients having wound pain and needed non-steroidal anti-
inflammatory drugs (NSAIDs) for pain control. Wound pain
of these three patients was improved and all patients
discontinued NSAIDs within three days. During the follow-up,
there was no event of Horner syndrome, brachial plexus injury,
nodule rupture, skin burn or hematoma. Due to the small case
number of each trainee, the differences of efficacy/complications
among these three physicians were not statistically significant.
DISCUSSION

There could be a long learning curve for some physicians to
perform thyroid RFA. One recent study showed that there was a
measurable learning curve in thyroid RFA until a total of 90
patients for the efficacy of benign thyroid nodules (12). In other
words, there could be a minimum number of thyroid RFA for a
physician to optimize patients’ outcomes. The acceptable VRR
after thyroid RFA is at least ≥ 50% at 12 months (13). This
concept is like a previous study for evaluation of outcomes in
thyroidectomy and the result showed that a surgeon volume
threshold (> 25 total thyroidectomies per year) is correlated with
improved patients’ outcomes (14).

The strength of our study is that it is the first established food-
assisted and -simulated training model of thyroid RFA and the
result showed successful outcomes (the median VRR at 12
months: 82.00%) for medical training and education. This kind
of simulated training model may shorten the learning curve in
real patients and could prevent the bad outcomes in the initial 90
patients undergoing thyroid RFA. In other words, by our
learning model, trainees can improve their major skills and
ability and may be able to prevent excessive trial-and-error
learning in the initial 90 real patients.

In Taiwan, thyroid RFA developed later than Korea. In the
search of literatures, the first documented case of thyroid RFA in
TABLE 1 | Baseline characteristics in 23 patients with thyroid radiofrequency
ablation.

Clinical characteristics Value

Main nodule for RFA 23
Age at treatment (year) 51 (43-55)
Female gender 17 (73.91)
Largest diameter (cm) 3.50 (2.80-4.01)
Initial volume 7.23 (4.49-13.09)
Small (< 10 ml) 9 (39.13)
Medium (> 10 to ≤ 20 ml) 5 (21.74)
Large (> 20 to ≤ 30 ml) 6 (26.09)
Very large (> 30 ml) 3 (13.04)
Solidity > 50% 23 (100)
Solidity > 90% 22 (95.65)
Euthyroid status 23 (100)
Data were presented as median (interquartile range) or number (percentage).
March 2022 | Volume 13 | Article 809835

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Li et al. Simulated Training of Thyroid RFA
Taiwan was published in 2016 (15). In Korea, Professor Jung
Hwan Baek started thyroid RFA since 2002 (16) and ever
published a large population study of thyroid RFA in 2008 (17).
Nowadays, many guidelines in different countries have suggested
thyroid RFA can be a standard of care to treat benign thyroid
nodules for volume reduction to relieve compression or cosmetic
problem (3, 8–10). However, in Taiwan, for most clinical
physicians who have interests in thyroid RFA, they still have no
idea how to learn thyroid RFA efficiently. Traditionally, learning a
new invasive procedure requires someone who has a lot of
experience to teach the trainee step by step. Two most famous
physicians in Taiwan, both Dr. Wei-Che Lin and Dr. Kai-Lun
Cheng have performed over one hundred cases of thyroid RFA
and mainly contributed to publish a multicenter study of 762 cases
after thyroid RFA which established the efficacy and safety of RFA
for benign thyroid nodules in Taiwan (18) but they can not teach
Frontiers in Endocrinology | www.frontiersin.org 5
every trainee by the real patients in Taiwan step by step. Therefore,
under the supervision of Dr. Kai-Lun Cheng, one experienced
interventional radiologist in Taiwan, we worked together to build
this kind of food-assisted and -simulated model for thyroid RFA
training. Setting a good training model to learn a new invasive
procedure is very important. A good simulated training model
consists of hands-on training, deliberate practice, training to
proficiency, cognitive teaching, and effective provision of
feedback (19). Our training model meets the above points and
showed good clinical results after training. The key components of
our training model were as the followings: ablations of chicken
hearts at least 100 times with the nearly 100% success rates, already
performing trans-isthmic approach method with moving-shot
technique very well, and understanding the critical structures
associated with thyroid RFA, such as danger triangle, middle
cervical sympathetic ganglion, and vagal nerve after serving as
FIGURE 4 | The median changes in the volume of nodules and volume reduction rate during the follow-up.
TABLE 2 | Outcomes of main nodules after thyroid radiofrequency ablation.

Initial 1 month after RFA 3 month after RFA 6 month after RFA 12 month after RFA
(N = 23) (N = 23) (N = 23) (N = 23) (N = 18)

Volume of nodule (mL) 7.23 (4.49-13.09) 3.49 (2.36-6.13)* 1.93 (1.29-4.45)* 1.42 (0.63-2.30)* 1.30 (0.22-2.42)*
VRR (%) 0 40.89 (32.26-56.78)* 69.62 (60.17-79.06)* 79.89 (61.91-85.44)* 82.00 (62.17-87.63)*
Major complications
Voice change 2 0 0 0 0
Horner syndrome 0 0 0 0 0
Brachial plexus injury 0 0 0 0 0
Nodule rupture 0 0 0 0 0

Minor complications
Wound pain 3 0 0 0 0
Skin burn 0 0 0 0 0
Hematoma 0 0 0 0 0

Euthyroid status (%) 100 100 100 100 100
March 2022 | Volum
RFA, radiofrequency ablation; VRR, volume reduction rate; N, number.
Data were presented as median (interquartile range), number, or percentage.
*p value < 0.05 when compared with the initial nodules.
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the first assistant for the real procedures of thyroid RFA at least
five times. Besides, this training model is not expensive, easy to
prepare materials and to facilitate the promotion of education.
Each round of practice cost around 2500-3500 New Taiwan Dollar
and can train multiple trainees at the same time and in the same
place. Using this model, we successfully trained and cultivated
three physicians simultaneously.

This present study had several major limitations. First,
although we tried our best to simulate the peri-thyroid
structure but we were unable to simulate the blood vessel,
nerves, and esophagus. Therefore, the trainees needed to
imagine the locations of the common coratid artery, internal
jugular vein, vagal nerve, cervical sympathetic ganglion, danger
triangle, and esophagus while practicing the trans-isthmic
approach method and moving-shot technique. Second,
although the current results of our study showed good
applications of our training model with the median VRR
82.00% in real patients, the number of our study subjects is
only 23 patients. Third, the longest time of follow-up in our study
was 12 months which means we could not confidently evaluate
whether the nodular regrowth will occur. Despite these
disadvantages, our present study can still provide a valuable
Frontiers in Endocrinology | www.frontiersin.org 6
training model for those who want to learn how to practice
thyroid RFA but do not know where to start.
CONCLUSIONS

For young and RFA-native physicians without any basic skills of
echo-guided intervention, this food-assisted and -simulated
training model of thyroid RFA was successful for medical
training and education.
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 approved by the Institutional Review Board,
Chang Gung Memorial Hospital , Taiwan (IRB No.:
A

B

FIGURE 5 | One of our real patients with good response after thyroid radiofrequency ablation (RFA). (A) before thyroid RFA (B) near 97% volume reduction rate 12
months after thyroid RFA.
March 2022 | Volume 13 | Article 809835

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Li et al. Simulated Training of Thyroid RFA
202101301B0). The patients/participants provided their written
informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

The conceptualization and design of the study was headed by Y-
RL, W-KC, K-LC, and M-JL. The manuscript draft was written
by Y-RL and M-JL. While the data analysis and interpretation
Frontiers in Endocrinology | www.frontiersin.org 7
were done by Y-RL, W-YC,W-KC, K-LC, J-HS, F-HL, S-TC, and
M-JL. All authors contributed to the article and approved the
submitted version.
ACKNOWLEDGEMENTS

We thank GOLEAD BIOPHARM INC for their assistance of
providing the food model, generators, and electrodes of
thyroid RFA.
REFERENCES

1. Burman KD, Wartofsky L. Clinical Practice. Thyroid Nodules. N Engl J Med
(2015) 373(24):2347–56. doi: 10.1056/NEJMcp1415786

2. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE,
et al. 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):1–133. doi: 10.1089/
thy.2015.0020

3. Ha EJ, Baek JH, Che Y, Chou YH, Fukunari N, Kim JH, et al. Radiofrequency
Ablation of Benign Thyroid Nodules: Recommendations From the Asian
Conference on Tumor Ablation Task Force. Ultrasonography (2021) 40
(1):75–82. doi: 10.14366/usg.20112

4. Baek JH, Lee JH, Valcavi R, Pacella CM, Rhim H, Na DG. Thermal Ablation
for Benign Thyroid Nodules: Radiofrequency and Laser. Korean J Radiol
(2011) 12(5):525–40. doi: 10.3348/kjr.2011.12.5.525

5. Park HS, Baek JH, Choi YJ, Lee JH. Innovative Techniques for Image-Guided
Ablation of Benign Thyroid Nodules: Combined Ethanol and Radiofrequency
Ablation. Korean J Radiol (2017) 18(3):461–9. doi: 10.3348/kjr.2017.18.3.461

6. Cesareo R, Pasqualini V, Simeoni C, Sacchi M, Saralli E, Campagna G, et al.
Prospective Study of Effectiveness of Ultrasound-Guided Radiofrequency
Ablation Versus Control Group in Patients Affected by Benign Thyroid
Nodules. J Clin Endocrinol Metab (2015) 100(2):460–6. doi: 10.1210/jc.2014-
2186

7. Deandrea M, Sung JY, Limone P, Mormile A, Garino F, Ragazzoni F, et al.
Efficacy and Safety of Radiofrequency Ablation Versus Observation for
Nonfunctioning Benign Thyroid Nodules: A Randomized Controlled
International Collaborative Trial. Thyroid (2015) 25(8):890–6. doi: 10.1089/
thy.2015.0133

8. Dobnig H, Zechmann W, Hermann M, Lehner M, Heute D, Mirzaei S, et al.
Radiofrequency Ablation of Thyroid Nodules: “Good Clinical Practice
Recommendations” for Austria: An Interdisciplinary Statement From the
Following Professional Associations: Austrian Thyroid Association (OSDG),
Austrian Society for Nuclear Medicine and Molecular Imaging (OGNMB),
Austrian Society for Endocrinology and Metabolism (OGES), Surgical
Endocrinology Working Group (ACE) of the Austrian Surgical Society
(OEGCH). Wien Med Wochenschr (2020) 170:6–14. doi: 10.1007/s10354-
019-0682-2

9. Papini E, Pacella CM, Solbiati LA, Achille G, Barbaro D, Bernardi S, et al.
Minimally-Invasive Treatments for Benign Thyroid Nodules: A Delphi-Based
Consensus Statement From the Italian Minimally-Invasive Treatments of the
Thyroid (MITT) Group. Int J Hyperthermia (2019) 36:376–82. doi: 10.1080/
02656736.2019.1575482

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

11. Na DG, Lee JH, Jung SL, Kim JH, Sung JY, Shin JH, et al. Korean Society of
Thyroid Radiology (KSThR); Korean Society of Radiology. 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

12. Russ G, Ben Hamou A, Poirée S, Ghander C, Ménégaux F, Leenhardt L, et al.
Learning Curve for Radiofrequency Ablation of Benign Thyroid Nodules. Int J
Hyperthermia (2021) 38(1):55–64. doi: 10.1080/02656736.2021.1871974

13. Negro R, Rucco M, Creanza A, Mormile A, Limone PP, Garberoglio R, et al.
Machine Learning Prediction of Radiofrequency Thermal Ablation Efficacy: A
New Option to Optimize Thyroid Nodule Selection. Eur Thyroid J (2020) 9
(4):205–12. doi: 10.1159/000504882

14. Adam MA, Thomas S, Youngwirth L, Hyslop T, Reed SD, Scheri RP, et al. Is
There a Minimum Number of Thyroidectomies a Surgeon Should Perform to
Optimize Patient Outcomes? Ann Surg (2017) 265(2):402–7. doi: 10.1097/
SLA.0000000000001688

15. Lee MT, Wang CY. Case Experience of Radiofrequency Ablation for Benign
Thyroid Nodules: From an Ex Vivo Animal Study to an Initial Ablation in
Taiwan. J Med Ultrasound (2016) 24(1):32–8. doi: 10.1016/j.jmu.2016.03.003

16. Sim JS, Baek JH. Unresolved Clinical Issues in Thermal Ablation of Benign
Thyroid Nodules: Regrowth at Long-Term Follow-Up. Korean J Radiol (2021)
22(8):1436–40. doi: 10.3348/kjr.2021.0093

17. Jeong WK, Baek JH, Rhim H, Kim YS, Kwak MS, Jeong HJ, et al.
Radiofrequency Ablation of Benign Thyroid Nodules: Safety and Imaging
Follow-Up in 236 Patients. Eur Radiol (2008) 18(6):1244–50. doi: 10.1007/
s00330-008-0880-6

18. Lin WC, Wang CK, Wang WH, Kuo CY, Chiang PL, Lin AN, et al.
Multicenter Study of Benign Thyroid Nodules With Radiofrequency
Ablation: Results of 762 Cases Over 4 Years in Taiwan. J Pers Med (2022)
12(1):63. doi: 10.3390/jpm12010063

19. Palter VN. Comprehensive Training Curricula for Minimally Invasive
Surgery. J Grad Med Educ (2011) 3(3):293–8. doi: 10.4300/JGME-D-11-
00091.1

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.

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 Li, Chou, Chan, Cheng, Sun, Liu, Chen and Liou. 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.
March 2022 | Volume 13 | Article 809835

https://doi.org/10.1056/NEJMcp1415786
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.14366/usg.20112
https://doi.org/10.3348/kjr.2011.12.5.525
https://doi.org/10.3348/kjr.2017.18.3.461
https://doi.org/10.1210/jc.2014-2186
https://doi.org/10.1210/jc.2014-2186
https://doi.org/10.1089/thy.2015.0133
https://doi.org/10.1089/thy.2015.0133
https://doi.org/10.1007/s10354-019-0682-2
https://doi.org/10.1007/s10354-019-0682-2
https://doi.org/10.1080/02656736.2019.1575482
https://doi.org/10.1080/02656736.2019.1575482
https://doi.org/10.3348/kjr.2018.19.4.632
https://doi.org/10.3348/kjr.2012.13.2.117
https://doi.org/10.1080/02656736.2021.1871974
https://doi.org/10.1159/000504882
https://doi.org/10.1097/SLA.0000000000001688
https://doi.org/10.1097/SLA.0000000000001688
https://doi.org/10.1016/j.jmu.2016.03.003
https://doi.org/10.3348/kjr.2021.0093
https://doi.org/10.1007/s00330-008-0880-6
https://doi.org/10.1007/s00330-008-0880-6
https://doi.org/10.3390/jpm12010063
https://doi.org/10.4300/JGME-D-11-00091.1
https://doi.org/10.4300/JGME-D-11-00091.1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Successful Applications of Food-Assisted and -Simulated Training Model of Thyroid Radiofrequency Ablation
	Introduction
	Materials and Methods
	Outcome Measurement
	Statistical Analysis
	Results
	Baseline Characteristics of Study Patients
	Treatment Outcomes and Complications

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


