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Background: About 3-9.2% of papillary thyroid carcinomas (PTC) are found in the
isthmus, which has unique anatomic properties, making treatment more challenging. The
aim of this study was to evaluate the treatment and undesirable effects of ultrasound-
guided radiofrequency ablation (RFA) for PTC in the isthmus.

Methods: This retrospective case series study assessed 112 patients with single papillary
thyroid microcarcinoma in the isthmus, pathologically diagnosed before RFA at the
General Hospital of Chinese PLA in 2014-2018. Follow-up was performed by contrast-
enhanced ultrasound (CEUS) and ultrasound examinations at 1, 3, and 6 months and
every 6 months thereafter. The complete ablation (CAR), disappearance (DR), and volume
reduction (VRR) rates of nodules, the incidence of complications, and the rate of lymph-
node metastasis were recorded.

Results: The CAR of the tumors was 100%. During follow-up, the volume of coagulation
necrosis gradually decreased. DRs at 1, 3, 6, 12, and 18 months after RFA were 0.8% (1/
112), 10.7% (12/112), 51.7% (58/112), 91.0% (102/112), and 100% (112/112),
respectively. The VRR evaluated by ultrasound and CEUS gradually increased. One
recurrent case (0.8%) was found at 7 months after RFA. No complications, lymph node
metastasis confirmed by ultrasound, and abnormal thyroid function were observed.

Conclusions: This retrospective study shows that RFA is beneficial for the treatment of
PTMC in the isthmus.
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INTRODUCTION

Papillary thyroid carcinoma (PTC) is the most common pathological
type of primary thyroid cancer, accounting for approximately 85% of
such cancers and showing an increasing incidence recently (1). PTCs
are mostly asymptomatic and well-differentiated, with low
malignancy, slow growth, and relatively good patient prognosis (2,
3). Papillary carcinoma measuring 10 mm or less is defined as
papillary thyroid microcarcinoma (PTMC) by the World Health
Organization (WHO) classification (4).

Recently, the incidence of PTMC has overtly increased thanks
to broad screening and technological advances in thyroid
ultrasound and fine-needle aspiration biopsy (FNAB) (5). The
American Thyroid Association (ATA), British Thyroid
Association (BTA), and European Society of Medical Oncology
(ESMO) recommend that low-risk PTMCs can be periodically
followed, with surgery being not immediately necessary due to
the good prognosis (2, 6, 7). Nevertheless, no clinical, imaging,
molecular, or other parameters accurately differentiate the few
aggressive PTMCs from the large proportion of indolent
tumors (8).

In recent years, radiofrequency ablation (RFA) for the
treatment of benign thyroid nodules and thyroid carcinoma
has attracted increasing attention from doctors and patients as
a minimally invasive, easy to operate, safe, and predictable
procedure, with few complications and high postoperative
quality of life (9-13). Meanwhile, about 3-9.2% PTCs are
found in the isthmus, which has unique biological and
anatomic characteristics, making treatment more challenging
(14). To date, there is no recommended standard therapy for
PTC in the isthmus (15). In addition, RFA for PTMC in the
isthmus has not been assessed.

Therefore, the present study aimed to evaluate the treatment
and undesirable effects of RFA for PTMC in the isthmus. The
results revealed a promising value for RFA in the treatment of
PTMC in the isthmus.

MATERIALS AND METHODS

Patients

This was a retrospective case series study performed at the
General Hospital of the Chinese PLA of patients pathologically
diagnosed of PTMC from May 2014 to Apr 2018 by core needle
biopsy before RFA. The inclusion criteria were: 1) single nodule
smaller than 10 mm; 2) nodule located in the isthmus (Figure 1),
the capsule/envelope around the nodule was smooth and
continuous, there were cross-movements between the thyroid
muscle and anterior cervical muscle group, and no signs of
invasion of the anterior cervical muscles when swallowing; 3)
after adequate communication with the patients, the patients
agreed and underwent RFA. The exclusion criteria were: (1)
incomplete data; or (2) unclear image. This work has been
carried out in accordance with the Declaration of Helsinki
(2000) of the World Medical Association. The study was
approved by the Ethics Committee of PLA General Hospital
(S2019-211-01). There was no requirement for informed consent
because of the retrospective design, but all patients signed a
treatment consent form.

Preoperative Preparation

All patients underwent contrast-enhanced ultrasound (CEUS)
and ultrasound examinations before RFA. The diameter, volume
(V = length x width x depth x 0.524), location, echo property,
calcification, and relationship with the capsule membrane of
each nodule were evaluated by ultrasound. The blood supply in
the nodule was detected by CEUS. CEUS and ultrasound were
performed independently by two skillful sonographers with over
10 years of work experience. Then, two doctors with over 5 years
of experience analyzed all video data separately. Blood tests,
coagulation function evaluation, thyroid hormone level
assessment, and electrocardiography (ECG) were performed.
The patients only underwent local infiltration anesthesia in the
interventional ultrasound room.

FIGURE 1 | A diagram of the thyroid isthmus.The isthmus is the thyroid tissue between the lateral side-lines of the trachea, delineated by the two dotted lines.
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RFA

A specific operation room for all RFA procedures was allocated
in the outpatient department. The patients were treated by an
experienced sonographer with a work experience of over 10
years, using the Celon AG RFA System (Olympus, Tokyo, Japan)
with a disposable bipolar electrode (18G, Olympus). The
electrode was a straight tip, with a 9-mm long active
component and 3 to 6 W of power. An Acuson Sequoia 512
ultrasound diagnostic system equipped with an L3-6 high-
frequency Linear Array Probe (3-6 MHz) was used as a
monitoring device during the procedure. The devices for
perioperative examination and follow-up included an Acuson
Sequoia 512 ultrasound diagnostic system equipped with an L8-
15 high-frequency linear array probe (8-15 MHz), and an 1U22
Doppler ultrasonic diagnosis apparatus with an L12-5 high-
frequency Linear Array Probe (Philips, Best, The Netherlands).
The contrast agent used in CEUS was SonoVue (Bracco S.p.A
Inc., Milan, Italy); 59 mg of SonoVue was dissolved with 0.9%
sodium chloride solution to form a microbubble suspension in a
total of 5 ml. After shaking, the contrast agent was injected
rapidly through the antecubital vein. Instant monitoring of blood
pressure, oxygen saturation, heart rate, and ECG was carried out
throughout the RFA process.

The patient lay in the supine positions with the neck in
overextension, providing a comfortable posture throughout the
procedure. Then, the operation field was conventionally
disinfected and covered with sterile surgical towels. Local
anesthesia with 1% lidocaine was performed at the puncture
site. Before ablation, the hydrodissection technique was
performed with a 23-gauge needle to inject sterile saline
containing 0.0005% adrenaline between the isthmus and the
anterior cervical soft tissue as well as between the isthmus and
the trachea to form an isolation zone of at least 1 cm wide to
prevent thermal injury.

The direct nodule puncture approach was used, and the
electrode was advanced into the deepest part of the nodule
under ultrasound guidance. Once the electrode was

appropriately positioned, the RFA applicator was initiated with
an output power of 3-6 W. The “pull-back” technique was
applied during the procedure. At the very beginning of RFA, a
vaporized area usually appears around the electrode tip, and RFA
was performed until the nodule was completely covered by a
transient hyperechoic zone, indicating the termination of RFA.
The ablated area was evaluated by CEUS, and no contrast
perfusion into the ablated area was defined as complete
ablation (16). Otherwise, immediate supplementary RFA was
recommended to eliminate the residual tumor. Figure 2
summarizes the procedure.

Postoperative Evaluation and Follow-Up
After the surgery, the patients were monitored for vital signs
and procedure-related adverse events in the operation room
for 1-2 h. Follow-up was performed at 1, 3, and 6 months and
every 6 months thereafter by ultrasound (volume of the ablated
area and lymph-node metastasis in the neck) and CEUS
(volume of coagulation necrosis area and remnant or
recurrence of tumor).

No contrast perfusion into the ablated area was defined as
complete ablation. If the tumor were larger than previously
assessed, the presence of surviving tumor cells could not be
ruled out, and another RFA was recommended to eliminate the
residual tumor. When the tumor became smaller or in case of
complete absorption, ablation was then not required. Moreover,
a hard-to-evaluate linear scar in the ablation zone was considered
to indicate complete absorption.

The complete ablation rates (CAR), disappearance rates (DR),
and volume reduction rates (VRR) for nodules (17) were derived
at each follow-up point. CAR refers to the coagulative necrosis
region caused by ablation totally covered the tumor region, as
confirmed by CEUS immediately evaluated at the end of RFA.
The CAR is used to determine whether an immediate second
ablation is necessary. The DR refers to the speed of the total
absorption/disappearance of the coagulative necrosis region
caused by ablation during follow-up.

FIGURE 2 | Radiofrequency ablation of thyroid isthmus nodules under ultrasound guidance. (A). The radiofrequency needle (arrow) is advanced into the posterior of
the tumor (arrowhead) under ultrasound guidance. (B). At the beginning of RFA, a vaporized area (arrow) appears around the point of the needle, with the tumor still
visible (arrowhead). (C). At the end of the ablation, the tumor is completely covered by a transient hyperechoic zone (arrow).
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Statistical Analysis

All data were analyzed using SPSS 25.0 (IBM, Armonk, NY,
USA). Continuous variables with a normal distribution are
presented as means + standard deviations and were analyzed
using the paired samples t-test. Categorical data are presented as
percentages and frequencies. P<0.05 was considered
statistically significant.

RESULTS

Patient Baseline Features

A total of 163 patients who underwent RFA ablation on isthmus
MPTCs were eligible according to the inclusion criteria, and 46 and
5 patients among them were excluded due to incomplete data and
unclear image respectively. Eventually, 112 patients with complete
follow-up data were included. They were 44.9 + 10.6 years old,
ranging from 22 to 66 years. Among them, 18 patients were male,
and 94 were female. The average follow-up duration was 30.2 + 13.9
months (13-60 months). The average nodule diameter in the 112
cases was 6.5 + 1.9 mm, for an average volume of 181.6 mm”. All of
the nodules in the 112 patients showed hypoecho on sonography.
No extra-thyroid invasion were detected by sonography in any of
the patients. Ten (8.9%) were presented with bulky calcification; 2
(1.8%) showed surrounding annular calcifications; and 34 (30.4%)
were presented with punctate calcification; while 66 (58.9%) did not
show calcification. Twenty-two (19.6%) of the 112 patients had
diffuse lesion. Seventy (62.5%) patients had nodules of aspect ratio
less than one, while 42 (37.5%) patients had nodules of aspect ratio
larger than one.

One patient was not a surgical candidate (involuntary twitch
and tic and renal failure managed with regular hemodialysis),
and the other patients were unwilling to undergo surgery and
have to take lifelong medication, and surgery was kept in case of
tumor progression, recurrence, or relapse. The average RFA
energy was 0.78 + 0.73 kJ (range, 0.39-1.67).

Clinical Outcomes
There was one recurrent case (0.8%) at 7 months after RFA. No
complications, lymph node metastasis confirmed by ultrasound,
or abnormal thyroid functions were detected in the study cohort.
The CAR of the tumors was 100%. During follow-up, the
volume of coagulation necrosis gradually decreased (Figure 3).
The DRs of the nodules at 1, 3, 6, 12, and 18 months after RFA
were 0.8% (1/112), 10.7% (12/112), 51.7% (58/112), 91.0% (102/
112), and 100% (112/112), respectively. The VRR after RFA,
evaluated by US and CEUS, increased with time. VRRs were
compared pairwise after treatment, and a significantly higher
value was found at 3 months compared with 1 month (P<0.001),
while there were no significant differences for the other
comparisons (P>0.05; Figures 3-5). Moreover, the ablation
zone in one patient was confirmed as total absorption at only 1
month after RFA.

DISCUSSION

This retrospective study strongly suggests that RFA is beneficial
for the treatment of PTMC in the isthmus, reaching the
maximum VRR within 6 months after surgery.

FIGURE 3 | Changes of PTMC in the isthmus after ablation. (A) Ultrasound revealing hypoechoic nodules in the isthmus (arrow); left and right panels are sagittal and
axial images, respectively. (B) Immediately after radiofrequency ablation, CEUS was performed (left and right panels are double-amplitude mode-CEUS and
conventional ultrasound images, respectively); no enhancement is observed in the coagulation necrosis area (arrow) as a result of RFA. (C-F). CEUS and
conventional ultrasonography images at 1, 3, 6, and 12 months after RFA, respectively. With time, the volume of the coagulation necrosis area (arrow) under CEUS
and conventional ultrasonography gradually decreases until the necrotic area is completely absorbed at 12 months.
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FIGURE 4 | Volume reduction rate (VRR) as assessed by CEUS. *P<0.05.
The results are presented as the means + standard deviations of all patients.
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FIGURE 5 | Volume reduction rate (VRR) as assessed by US. *P<0.05. The
results are presented as the means + standard deviations of all patients.

The incidence of differentiated thyroid carcinoma (DTC) in
the isthmus ranges from 1% to 9.2% (18-21). Treatment of PTC
in either lobe has clear recommendations, but the best option for
treating PTC in the isthmus remains controversial, as highlighted
by the ATA and British guidelines (2, 6, 22). For patients with
stage T1b and T2 PTC (no lymph node metastasis), the revised
version of the ATA guidelines recommends lobectomy plus
isthmusectomy rather than the previous recommendation
(2009) of total thyroidectomy (2, 23). The alteration in
guidelines reflects that conservative surgical approaches are
preferred by clinicians versus extensive radical operations,
partially because the latter might induce multiple
complications such as hypoparathyroidism and recurrent
laryngeal nerve injury, reducing the quality of life (24, 25).
Total thyroidectomy is recommended for patients diagnosed
with lymph node metastasis of thyroid carcinoma in the 2015
ATA guidelines. Nevertheless, in patients whose malignant

lesions are restricted in the isthmus with no lymph node
metastasis, neither the extent of operation nor a clear
therapeutic strategy is found in the ATA or BTA guidelines
(2, 22).

Studies assessing PTC restricted to the thyroid isthmus have
indicated that isthmusectomy or limited neck lymph node
dissection (lymph nodes anterior to the cricoid cartilage and
trachea) shows satisfactory therapeutic effects (24, 26, 27).
Specifically, in patients with PTC restricted to the isthmus,
especially those with a maximum diameter of less than 10 mm,
isthmusectomy or wide-field isthmusectomy (resection of the
isthmus and the neighboring lobe of the thyroid) might be a
suitable choice because of reduced odds of injuries to the
recurrent laryngeal nerve and parathyroid glands. Averagely,
the above studies lasted 124 months, and the 10-year disease-
specific survival rate and the 10-year negative local recurrence
rate were both 100%.

Small-volume PTMC might not lead to poor prognosis
with positive monitoring. Indeed, Ito et al. (28) and Ode
et al. (27) indicated that after 10 years of follow-up of
patients with minor PTC, the mortality rates were similar in
the positive monitoring and immediate operation groups.
Undoubtedly, patients undergoing positive monitoring
should be provided with adequate psychological counseling
and management.

Thermal ablation is extensively applied for the treatment of
thyroid nodules, PTC, and recurrent thyroid carcinoma with
minimal invasion (11, 12, 29-33). A statement from Italy
highlights that RFA will play an important role in the future
(13), while a recent meta-analysis indicates that RFA is effective
and safe in non-surgical candidates (34). It is usually performed
by the trans-isthmic approach and moving shot technique.
Monopole radiofrequency ablation (RFA) is currently the most
documented thermo-ablative method. RFA produces coagulative
necrosis within the nodule, and normal thyroid tissue can be
preserved as much as possible to ensure the safety of the adjacent
membrane and vital organic tissue. After RFA, the necrotic tissue
is gradually absorbed, and the symptoms caused by the nodule
are relieved (11, 35). A previous study by our team indicated that
RFA is very effective in treating low-risk PTC with a relatively
low incidence of complications (11), similar to other findings
(36). Specifically, 41.7% of nodules were absorbed in 6 months,
and this ratio rose to 95.8% at 12 months. These studies revealed
RFA to be minimally invasive, easy to operate, safe, predictable,
simple, and efficient, which, in turn, attenuates patient anxiety
and improves the quality of life.

Nevertheless, the role of RFA in the treatment of PTC in the
isthmus remains unclear. In this study, all the nodules were
successfully ablated at the first attempt, and no severe
complications and thyroid dysfunction were detected. We
advanced the probe from one side of the neck, and the anterior
and posterior capsules of the isthmus were ablated
simultaneously due to the thin anatomic structure of the
isthmus. Some patients might feel a dull pain in the neck to
some extent, but such discomfort usually disappeared within 1
month. All patients underwent CEUS and ultrasound

Frontiers in Endocrinology | www.frontiersin.org

February 2021 | Volume 11 | Article 599471


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

Song et al.

RFA for PTC in the Isthmus

examination during follow-up, and nodule volumes decreased
with time: VRRs were 97.6 + 5.2% at 6 months and 99.6 + 1.8% at
12 months; at 18 months, all nodules had disappeared. In one
patient, the nodule disappeared at 1 month after RFA, which
might be related to the abundant blood supply of the isthmus
(37). Normally, a scar may be left after nodule absorption. There
was one recurrent case [recurrence >6 months after RFA (38)] in
which the primary nodule had multiple microcalcifications,
possibly suggesting that RFA might not be suitable for this
type of lesion, but this will have to be verified in the
future studies.

This study has several limitations. First, it was a retrospective
study, with all the inherent drawbacks. In addition, the sample
size was relatively small, and the study was performed at a single
center. Finally, the follow-up was only 30.2 + 13.9 months.
Therefore, further well-designed, large, multicenter studies are
warranted to confirm the current findings and advocate for the
wide application of RFA for PTMC therapy.

In summary, this preliminary study showed that RFA is
effective in the treatment of thyroid carcinoma in the isthmus,
with virtually no complications. However, these findings should
be confirmed in future studies.

DATA AVAILABILITY STATEMENT

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

REFERENCES

1. Lim H, Devesa SS, Sosa JA, Check D, Kitahara CM. Trends in Thyroid Cancer
Incidence and Mortality in the United States, 1974-2013. JAMA (2017) 317
(13):1338-48. doi: 10.1001/jama.2017.2719

2. Haugen BR. American Thyroid Association Management Guidelines for
Adult Patients with Thyroid Nodules and Differentiated Thyroid Cancer:
What is new and what has changed? Cancer (2017) 123(3):372-81.
doi: 10.1002/cncr.30360

3. Schneider DF, Chen H. New developments in the diagnosis and treatment of
thyroid cancer. CA Cancer J Clin (2013) 63(6):374-94. doi: 10.3322/
caac.21195

4. Hedinger C, Williams ED, Sobin LH. The WHO histological classification of
thyroid tumors: a commentary on the second edition. Cancer (1989) 63
(5):908-11. doi: 10.1002/1097-0142(19890301)63:5<908::aid-
cncr2820630520>3.0.co;2-i

5. Li J, Liu Y, Liu J, Qian L. Ultrasound-guided percutaneous microwave
ablation versus surgery for papillary thyroid microcarcinoma. Int J
Hyperthermia Off ] Eur Soc Hyperthermic Oncol North Am
Hyperthermia Group (2018) 34(5):653-9. doi: 10.1080/02656736.2018.
1453092

6. British Thyroid Association. British Thyroid Association Guidelines for the
Management of Thyroid Cancer. Clin Endocrinol (2014) 81(Supplement
1):33-4.

7. Filetti S, Durante C, Hartl D, Leboulleux S, Locati LD, Newbold K, et al.
Thyroid cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment
and follow-updagger. Ann Oncol (2019) 30(12):1856-83. doi: 10.1093/
annonc/mdz400

8. Zhang M, Tufano RP, Russell JO, Zhang Y, Zhang Y, Qiao Z, et al.
Ultrasound-Guided Radiofrequency Ablation Versus Surgery for Low-Risk
Papillary Thyroid Microcarcinoma: Results of Over 5 Years’ Follow-Up.

ETHICS STATEMENT

The studies involving human participants have been carried out
in accordance with the Declaration of Helsinki (2000) of the
World Medical Association. The study was approved by the
Ethics Committee of PLA General Hospital (S2019-211-01).
There was no requirement for informed consent because of the
retrospective design. Written informed consent for participation
was not required for this study in accordance with the national
legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

QS, HG, and XT carried out the studies, participated in data
collection, and drafted the manuscript. LR, YL, and LY
performed the statistical analysis and critical revision for
important intellectual content. YKL participated in the
acquisition, analysis, and interpretation of data and drafted the
manuscript. All authors contributed to the article and approved
the submitted version.

FUNDING

This project funded by China Postdoctoral Science Foundation
(2018M643876) and Innovation Cultivation Fund Project of PLA
Army General Hospital (2015-LC-05).

Thyroid Off ] Am Thyroid Assoc (2020) 30(3):408-17. doi: 10.1089/
thy.2019.0147
9. Tang X, Cui D, Chi J, Wang Z, Wang T, Zhai B, et al. Evaluation of the safety

and efficacy of radiofrequency ablation for treating benign thyroid nodules.
] Cancer (2017) 8(5):754-60. doi: 10.7150/jca.17655

10. Korkusuz H, Nimsdorf F, Happel C, Ackermann H, Griinwald F.
Percutaneous microwave ablation of benign thyroid nodules. Functional
imaging in comparison to nodular volume reduction at a 3-month follow-
up. Nuklearmedizin Nucl Med (2015) 54(1):13-9. doi: 10.3413/Nukmed-
0678-14-06

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

12. Teng D, Sui G, Liu C, Wang Y, Xia Y, Wang H. Long-term efficacy of
ultrasound-guided low power microwave ablation for the treatment of
primary papillary thyroid microcarcinoma: a 3-year follow-up study. J Cancer
Res Clin Oncol (2018) 144(4):771-9. doi: 10.1007/s00432-018-2607-7

13. 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

14. Xu R, Yin X, Xu W, Jin L, Lu M, Wang Y. Assessment of carotid plaque
neovascularization by contrast-enhanced ultrasound and high sensitivity C-
reactive protein test in patients with acute cerebral infarction: a comparative
study. Neurol Sci Off J Ital Neurol Soc Ital Soc Clin Neurophysiol (2016) 37
(7):1107-12. doi: 10.1007/s10072-016-2557-2

15. Pontieri G, Urselli F, Peschi L, Liccardi A, Ruggiero AR, Vergara E, et al. Is the
Isthmus Location an Additional Risk Factor for Indeterminate Thyroid
Nodules? Case Report and Review of the Literature. Front Endocrinol
(2018) 9:750. doi: 10.3389/fendo.2018.00750

Frontiers in Endocrinology | www.frontiersin.org

February 2021 | Volume 11 | Article 599471


https://doi.org/10.1001/jama.2017.2719
https://doi.org/10.1002/cncr.30360
https://doi.org/10.3322/caac.21195
https://doi.org/10.3322/caac.21195
https://doi.org/10.1002/1097-0142(19890301)63:53.0.co;2-i
https://doi.org/10.1002/1097-0142(19890301)63:53.0.co;2-i
https://doi.org/10.1080/02656736.2018.1453092
https://doi.org/10.1080/02656736.2018.1453092
https://doi.org/10.1093/annonc/mdz400
https://doi.org/10.1093/annonc/mdz400
https://doi.org/10.1089/thy.2019.0147
https://doi.org/10.1089/thy.2019.0147
https://doi.org/10.7150/jca.17655
https://doi.org/10.3413/Nukmed-0678-14-06
https://doi.org/10.3413/Nukmed-0678-14-06
https://doi.org/10.1089/thy.2015.0471
https://doi.org/10.1007/s00432-018-2607-7
https://doi.org/10.1007/s40477-015-0169-y
https://doi.org/10.1007/s10072-016-2557-2
https://doi.org/10.3389/fendo.2018.00750
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Song et al.

RFA for PTC in the Isthmus

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Hiraki T, Yasui K, Mimura H, Gobara H, Mukai T, Hase S, et al.
Radiofrequency ablation of metastatic mediastinal lymph nodes during
cooling and temperature monitoring of the tracheal mucosa to prevent
thermal tracheal damage: initial experience. Radiology (2005) 237(3):1068-
74. doi: 10.1148/radiol.2373050234

Li P, Xiao-Yin T, Cui D, Chi JC, Wang Z, Wang T, et al. Evaluation of the
safety and efficacy of percutaneous radiofrequency ablation for treating
multiple breast fibroadenoma. | Cancer Res Ther (2016) 12(Supplement):
C138-c42. doi: 10.4103/jcrt.JCRT_966_16

Cantisani V, Grazhdani H, Drakonaki E, D’Andrea V, Di Segni M, Kaleshi E,
et al. Strain US Elastography for the Characterization of Thyroid Nodules:
Advantages and Limitation. Int J Endocrinol (2015) 2015:908575.
doi: 10.1155/2015/908575

Roh JL, Park JY, Park CI. Total thyroidectomy plus neck dissection in
differentiated papillary thyroid carcinoma patients: pattern of nodal
metastasis, morbidity, recurrence, and postoperative levels of serum
parathyroid hormone. Ann Surg (2007) 245(4):604-10. doi: 10.1097/
01.512.0000250451.59685.67

Lee YS, Jeong JJ, Nam KH, Chung WY, Chang HS, Park CS. Papillary
carcinoma located in the thyroid isthmus. World J Surg (2010) 34(1):36-9.
doi: 10.1007/500268-009-0298-6

Karatzas T, Charitoudis G, Vasileiadis D, Kapetanakis S, Vasileiadis I. Surgical
treatment for dominant malignant nodules of the isthmus of the thyroid
gland: A case control study. Int J Surg (London England) (2015) 18:64-8.
doi: 10.1016/j.ijsu.2015.04.039

Perros P, Boelaert K, Colley S, Evans C, Evans RM, Gerrard Ba G, et al.
Guidelines for the management of thyroid cancer. Clin Endocrinol (2014) 81
Suppl 1:1-122. doi: 10.1111/cen.12515

Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee SL, Mandel SJ, et al.
Revised American Thyroid Association management guidelines for patients
with thyroid nodules and differentiated thyroid cancer. Thyroid Off ] Am
Thyroid Assoc (2009) 19(11):1167-214. doi: 10.1089/thy.2009.0110

Nixon IJ, Palmer FL, Whitcher MM, Shaha AR, Shah JP, Patel SG, et al.
Thyroid isthmusectomy for well-differentiated thyroid cancer. Ann Surg
Oncol (2011) 18(3):767-70. doi: 10.1245/s10434-010-1358-8

Farkas EA, King TA, Bolton ]S, Fuhrman GM. A comparison of total
thyroidectomy and lobectomy in the treatment of dominant thyroid
nodules. Am Surg (2002) 68(8):678-82; discussion 82-3.

Lim ST, Jeon YW, Suh YJ. Correlation Between Surgical Extent and Prognosis
in Node-Negative, Early-Stage Papillary Thyroid Carcinoma Originating
in the Isthmus. World J Surg (2016) 40(2):344-9. doi: 10.1007/s00268-
015-3259-2

Oda H, Miyauchi A, Ito Y, Yoshioka K, Nakayama A, Sasai H, et al. Incidences
of Unfavorable Events in the Management of Low-Risk Papillary
Microcarcinoma of the Thyroid by Active Surveillance Versus Immediate
Surgery. Thyroid Off ] Am Thyroid Assoc (2016) 26(1):150-5. doi: 10.1089/
thy.2015.0313

Ito Y, Miyauchi A, Inoue H, Fukushima M, Kihara M, Higashiyama T, et al.
An observational trial for papillary thyroid microcarcinoma in Japanese
patients. World J Surg (2010) 34(1):28-35. doi: 10.1007/s00268-009-0303-0

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Lim HK, Baek JH, Lee JH, Kim WB, Kim TY, Shong YK, et al. Efficacy and
safety of radiofrequency ablation for treating locoregional recurrence from
papillary thyroid cancer. Eur Radiol (2015) 25(1):163-70. doi: 10.1007/
500330-014-3405-5

Gharib H, Hegediis L, Pacella CM, Baek JH, Papini E. Clinical review:
Nonsurgical, image-guided, minimally invasive therapy for thyroid nodules.
J Clin Endocrinol Metab (2013) 98(10):3949-57. doi: 10.1210/jc.2013-1806
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 ] Radiol (2012) 13(2):117-25.
doi: 10.3348/kjr.2012.13.2.117

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

Lee GM, You JY, Kim HY, Chai Y], Kim HK, Dionigi G, et al. Successful
radiofrequency ablation strategies for benign thyroid nodules. Endocrine
(2019) 64(2):316-21. doi: 10.1007/s12020-018-1829-4

Tong M, Li S, Li Y, Li Y, Feng Y, Che Y. Efficacy and safety of radiofrequency,
microwave and laser ablation for treating papillary thyroid microcarcinoma: a
systematic review and meta-analysis. Int | Hyperthermia Off ] Eur Soc
Hyperthermic Oncol North Am Hyperthermia Group (2019) 36(1):1278-86.
doi: 10.1080/02656736.2019.1700559

Mauri G, Cova L, Monaco CG, Sconfienza LM, Corbetta S, Benedini S, et al.
Benign thyroid nodules treatment using percutaneous laser ablation (PLA)
and radiofrequency ablation (RFA). Int | Hyperthermia Off ] Eur Soc
Hyperthermic Oncol North Am Hyperthermia Group (2017) 33(3):295-9.
doi: 10.1080/02656736.2016.1244707

Baek JH, Lee JH, Sung JY, Bae JI, Kim KT, Sim J, et al. Complications
encountered in the treatment of benign thyroid nodules with US-guided
radiofrequency ablation: a multicenter study. Radiology (2012) 262(1):335-42.
doi: 10.1148/radiol.11110416

Wang J, Sun H, Gao L, Xie L, Cai X. Evaluation of thyroid isthmusectomy as a
potential treatment for papillary thyroid carcinoma limited to the isthmus: A
clinical study of 73 patients. Head Neck (2016) 38 Suppl 1:E1510-4.
doi: 10.1002/hed.24270

Jeon YW, Gwak HG, Lim ST, Schneider J, Suh YJ. Long-Term Prognosis of
Unilateral and Multifocal Papillary Thyroid Microcarcinoma After Unilateral
Lobectomy Versus Total Thyroidectomy. Ann Surg Oncol (2019) 26(9):2952—
8. doi: 10.1245/510434-019-07482-w

Conlflict 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 Song, Gao, Tian, Ren, Lan, Yan and Luo. 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.

Frontiers in Endocrinology | www.frontiersin.org

February 2021 | Volume 11 | Article 599471


https://doi.org/10.1148/radiol.2373050234
https://doi.org/10.4103/jcrt.JCRT_966_16
https://doi.org/10.1155/2015/908575
https://doi.org/10.1097/01.sla.0000250451.59685.67
https://doi.org/10.1097/01.sla.0000250451.59685.67
https://doi.org/10.1007/s00268-009-0298-6
https://doi.org/10.1016/j.ijsu.2015.04.039
https://doi.org/10.1111/cen.12515
https://doi.org/10.1089/thy.2009.0110
https://doi.org/10.1245/s10434-010-1358-8
https://doi.org/10.1007/s00268-015-3259-2
https://doi.org/10.1007/s00268-015-3259-2
https://doi.org/10.1089/thy.2015.0313
https://doi.org/10.1089/thy.2015.0313
https://doi.org/10.1007/s00268-009-0303-0
https://doi.org/10.1007/s00330-014-3405-5
https://doi.org/10.1007/s00330-014-3405-5
https://doi.org/10.1210/jc.2013-1806
https://doi.org/10.3348/kjr.2012.13.2.117
https://doi.org/10.3348/kjr.2018.19.4.632
https://doi.org/10.1007/s12020-018-1829-4
https://doi.org/10.1080/02656736.2019.1700559
https://doi.org/10.1080/02656736.2016.1244707
https://doi.org/10.1148/radiol.11110416
https://doi.org/10.1002/hed.24270
https://doi.org/10.1245/s10434-019-07482-w
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

	Evaluation of Ultrasound-Guided Radiofrequency Ablation as a Treatment Option for Papillary Thyroid Microcarcinoma in the Isthmus: A Retrospective Study
	Introduction 
	Materials and Methods
	Patients
	Preoperative Preparation
	RFA
	Postoperative Evaluation and Follow-Up
	Statistical Analysis

	Results
	Patient Baseline Features
	Clinical Outcomes

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	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 true
  /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 true
  /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 true
  /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


