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Abstract \

Background: Thyroid nodules (TNs) usually appearing in the general population have the potential possibility of malignant |
transformation and common problems of jugular oppression such as dyspnea and hoarseness. We performed this meta-analysis to
evaluate the efficiency of radiofrequency ablation (RFA) for the treatment of benign TNs in accord with the Preferred Reporting ltems
for Systematic Reviews and Meta-Analyses statements.

Methods: Published literatures were retrieved from PubMed, Embase, Web of Science, and Scopus up to January 27, 2016.
Pooled standard mean difference with 95% confidence interval was estimated by fixed- or random-effects model depending on
heterogeneity, which was calculated using the Cochran Q, w2, and /° statistics. The quality of the articles was evaluated by the
Newcastle-Ottawa scale.

Results: Meta-analysis of data from 1090 patients with 1406 benign TNs in 20 articles showed that with the subgroup stratified by
nodule volume, they were significantly decreased at 1, 3, 6, 12, and the last follow-up months, when comparing post-RFA with the
initial nodule volume. In addition, the volume also notably declined by cold and hot nodules. By subgrouping into the largest diameter,
symptom score, cosmetic score, thyrotropin, triiodothyronine, free thyroxine level, and vascularity, the pooled data indicated that
there was a decrease in largest diameter, symptom score, cosmetic score, triiodothyronine level, and vascular scale, an unchanged
free thyroxine, and an increased thyrotropin level after RFA. The publication bias for this particular study is presented in the following
groups: nodule volume reduction at 6 months and last follow-up month after RFA and symptom score.

Conclusion: In summary, by pooling of these studies we recommended that RFA indeed has the advantages in improving
outcomes and providing better prognosis for patients with benign TNs.

Abbreviations: df = degrees of freedom, fT4 = free thyroxine, LA = laser ablation, NOS = Newcastle-Ottawa quality assessment,
PLA=percutaneous laser ablation, RFA = radiofrequency ablation, SMD = standard mean difference, T3 = triiodothyronine, TN =
thyroid nodule, TSH = thyrotropin.

Keywords: benign thyroid nodules, meta-analysis, radiofrequency ablation, systematic review, thyroid

Editor: Eleonore Froéhlich.
FC and GT contributed equally to this work.

Authorship: FC and TJ studied concept and design,; FC, GT, DK, LZ, and TJ acquired the data; FC, GT, DK, and LZ performed analysis and interpretation of data;, FC
and GT drafted the manuscript; FC, GT, and TJ performed critical revision of the manuscript for important intellectual content; FC, DK, GT, and LZ performed statistical
analysis; TJ obtained funding; DK, GT, and LZ provided technical or material support; TJ supervised the studly.

Funding: This study was supported by the opening foundation of the State Key Laboratory for Diagnosis and Treatment of Infectious Diseases, Collaborative Innovation
Center for Diagnosis and Treatment of Infectious Diseases, The First Affiliated Hospital of Medical College, Zhejiang University, grant no. 2015KF06.

The authors have no conflicts of interest to disclose.
Supplemental Digital Content is available for this article.

@ Hepatobiliary and Pancreatic Intervention Center, © State Key Laboratory for Diagnosis and Treatment of Infectious Diseases, Collaborative Innovation Center for
Diagnosis and Treatment of Infectious Diseases, The First Affiliated Hospital, College of Medicine, ° Department of Mathematics, dDepanment of Ultrasound, The First
Affiliated Hospital, College of Medicine, Zhejiang University, Hangzhou, China.

) Correspondence: Tian'an Jiang, Department of Ultrasound, The First Affiliated Hospital, College of Medicine, Zhejiang University, Hangzhou 310008, China

(e-mail: tiananjiang@126.com).

Copyright © 2016 the Author(s). Published by Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons Attribution License 4.0 (CCBY), which permits unrestricted use, diistribution, and reproduction in
any medium, provided the original work is properly cited.

Mediicine (2016) 95:34(e4659)
Received: 28 January 2016 / Received in final form: 21 July 2016 / Accepted: 21 July 2016
http://dx.doi.org/10.1097/MD.0000000000004659


mailto:tiananjiang@126.com
http://dx.doi.org/10.1097/MD.0000000000004659

Chen et al. Medicine (2016) 95:34

1. Introduction

Thyroid nodules (TNs) are frequent findings, commonly
present in 20% to 76% of the general population.!" Although
the majority of TNs are benign, they have the potential
possibility of malignant transformation™ and can pose
common problems of jugular oppression such as dyspnea
and hoarseness. Thus, these nodules are necessary to be
treated.”!  Although previous surgery and levothyroxine
therapy are the traditional treatment of choice for benign
TNs, both of them have shortcomings in terms of general
anesthesia, iatrogenic hypothyroidism, and scar formation.!
Levothyroxine treatment also showed signs of hyperthyroid-
ism, such as nervousness, palpitations, sweating, or tremor.[>>°!
In recent years, image-guided tumor ablations including
radiofrequency ablation (RFA), ethanol ablation, and laser
ablation (LA) have been clinically and effectively used.[”~!!!
However, patients who underwent ethanol ablation for TNs
complained of voice changes and the direct injury of adjacent
nerves or essential structures due to leakage of ethanol.l*>1*1 It
was also reported that there were complications of LA for TNs
such as pain in the neck,''! transient hyperthyroidism,'®!
hoarseness,!'”"'® and hematoma.™®! For larger nodules, REA
could be performed using the moving-shot technique while LA
needs to exit the fiber, risking the possibility of more
punctures. Although RFA has been considered to be a safe
and effective method of inducing tissue necrosis using thermal
energy and has been applied to patients with benign TN, it
may lead to symptoms and cosmetic problems.!®?°! RFA has a
risk of inducing autoimmune thyroid disease, recurrent
laryngeal nerve palsy, hematoma, skin burns, and adhesion
formation if surgery is performed.”*"??! In contrast with
surgery, RFA has fewer complications, preservation of thyroid
function, and less hospitalization time.**! A previous meta-
analysis observed the diminution in nodule size and improve-
ment of symptom and cosmetic scores after RFA.[**
Nonetheless, emerging reports have focused on the RFA for
benign TNs!*8:20-23:25-381 414 since the outcomes including
nodule volume, largest diameter, symptom score, cosmetic
score, thyrotropin (TSH), tritodothyronine (T3), free thyroxine
(fT4) level, and vascularity are still inconclusive, in order to
obtain a more precise effectiveness estimation, we conducted a
systematic review and meta-analysis.

2. Materials and methods

This meta-analysis was conducted on the basis of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
statement.[*”! There are no ethical approval and patient written
informed consent because of the systematic review and meta-
analysis based on the published studies.

2.1. Search strategy

To find all relevant publications of RFA for the treatment of
benign TN, electronic searches were independently conducted
by 2 individual investigators with the same method in PubMed,
Embase, Web of Science, and Scopus databases up to January 27,
2016 using the keywords “radiofrequency ablation,” “RFA,”
“RF ablation,” “radiofrequency thermal ablation,” “RTA,”
“thyroid,” and “thyroid nodule” (Supplementary Materials,
http://links.lww.com/MD/B224). Data were available from the
full-published papers and no language or race restriction was
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used. Bibliographies of relevant review articles were further
screened to support the electronic searches.

2.2. Inclusion criteria

Included studies have to meet the following criteria: original
research papers; prospective or retrospective studies, including
cohorts and trials; and clinical results, such as nodule volume,
largest diameter, symptom score, cosmetic score, TSH, T3, fT4,
and vascularity.

2.3. Exclusion criteria

We excluded studies according to the following criteria:
abstracts, case reports, case series, in vitro studies, and animal
studies were excluded; the studies with malignant TNs were
removed; if studies had multiple reports, the latest or most
complete article was retained.

2.4. Literature screening

Articles were electronically downloaded into reference manage-
ment software (EndNote X7) and duplicated articles were
electronically or manually excluded. The remaining articles were
screened by 2 individual investigators using predefined criteria.
Full-text versions of potentially relevant articles were available
and again screened by 2 individual investigators depending on the
predefined criteria. Discrepancy was determined by a third
reviewer.

2.5. Data extraction and quality assessment

All the information was independently extracted and then cross-
checked by 2 investigators according to a standard format as
follows: author, publication year, study period, design style,
country, population characteristics, treatment methods, number of
benign TNs, male or female number, age, follow-up interval,
complication, and Newcastle-Ottawa quality assessment (NOS)
score. If important data were unavailable in the articles, an email
was forwarded to the author for the particular relevant data.
Efficacy of RFA for benign TN-related neck symptoms would be
estimated by symptom score and cosmetic score. Two types of
symptom scores were used: to assess thermal pain thresholds,
patients were asked to rate the perceived temperature and pain
sensations using numeric rating scales ranging from 0 to 10 (0
indicating “no pain” and 10 being “the maximum pain that can be
imagined”)?1*"); the symptoms were listed as follows—pressure
symptoms in the neck, difficulty in swallowing (dysphagia), and
esthetic complaint. Score (0 =absent; 1 =moderate; 2 =severe) was
appraised to each symptom. The sum of these single scores
generated a final symptom score ranging from 0 to 6.3 The
physician then estimated a cosmetic score (1, no palpable mass; 2,
no cosmetic problem but a palpable mass; 3, cosmetic problem on
swallowing only; and 4, easily visible cosmetic problem).*!
Nodule vascularity was graded from 0 to 4 as follows: 0, no signal
in the nodule; 1, a few spotty signals in the nodule; 2, signals in
<25% of the nodules; 3, signals in 25% to 50% of the nodules; 4,
signals in >50% of the nodules.!*?! In addition, the quality of each
of the included studies was appraised using the NOS scale by 2
reviewers. The NOS scale consists of 8 questions with 9 scores on
the basis of 3 parts including selection populations, comparability
of groups, and exposure.!*’)
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2.6. Statistical analysis

Compared with the initial nodule volume, the meta-analysis
checked the changes at 1, 3, 6, 12, and the last follow-up months
after RFA. We did the outcome comparison of nodule volume,
largest diameter, symptom score, cosmetic score, TSH, T3, fT4
level, and vascularity before the treatment and those at the last
follow-up month after RFA treating benign TNs. In addition, we
also estimated the subgroup results on the basis of the
retrospective and prospective studies. With standard mean
difference (SMD) as the effect size, we extracted and combined
the mean, standard deviation, and sample size in each study. We
transformed and synthesized the indirectly available data to
calculate the approximate values based on the previous
studies.[**! Heterogeneity within the studies was estimated using
the Q statistic,!*! 12, and I? (=100% x ([Q — df])/Q).[* If there
was no statistical difference in heterogeneity (P>0.05), the
assumption of homogeneity was deemed valid and a fixed-effect
model was then applied. Otherwise, a random-effects model
would be used. In addition, sensitivity analysis was used to
estimate the effect of the remaining studies without the larger
one’s effect. The risk of publication bias of included studies was
checked by the visual inspection of symmetry level of funnel plot
and Egger linear regression test.!*’! Statistical analysis was
implemented by Stata 12.0 software.

3. Results

3.1. Characteristics of eligible studies in the final analysis

A total of 1090 patients with 1406 benign TNs reported in 20
articles were finally identified through the described search
strategies till January 27, 2016. One thousand one hundred
seventy-two records were removed according to the inclusion
criteria (Fig. 1). In these studies reporting age and sex, the age
ranges from 13 to 89 years, and 78.62% of the participants were
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female. The treated nodules in these studies were partly solid, and
detailed information on the nodules is shown in population
characteristics in Table 1. The follow-up time after RFA is
approximately >6 months. The basic characteristics of included
studies are listed in Table 1; in addition, the quality of literature
evaluated according to NOS scale, which showed good quality
with scores of 5 to 8, is listed in Table 2.

3.2. Heterogeneity test result and subgroup analysis

With the subgroup stratified by nodule volume, all of the results
showed significant decrease at 1, 3, 6, 12, and the last follow-up
months after RFA treatment compared to the initial nodule
volume (1 month, SMD 95% confidence interval [CI]: 0.83
[0.47-1.19]; 3 months, SMD 95% CI: 1.31 [0.76-1.85]; 6
months, SMD 95% CI: 1.25 [0.90-1.59]; 12 months, SMD 95%
CI: 4.16 [2.25-6.07]; last follow-up month, SMD 95% CI: 1.73
[1.27-2.18]) (Table 3; Figs. 2 and 3). In addition, the volume also
notably declined by cold and hot nodules (cold nodule, SMD
95% CI: 2.02 [1.10-2.93]; hot nodule, SMD 95% CI: 2.05
[0.88-3.21]) (Table 3). With the subgroup stratified by the largest
diameter, symptom score, cosmetic score, TSH, T3, fT4, and
vascularity (largest diameter, SMD 95% CI: 1.43 [0.97-1.90];
symptom score, SMD 95% CI: 3.11 [2.28-3.94]; cosmetic score,
SMD 95% CI: 2.77 [2.18-3.36]; TSH, SMD 95% CI: —0.44
[-0.86 to —0.02]; T3, SMD 95% CI: 0.33 [0.06-0.60]; T4,
SMD 95% CI: 0.46 [—0.29 to 1.22]; vascularity, SMD 95% CI:
1.78 [0.31-3.25]) (Supplemental Figs. 1-7, http://links.lww.com/
MD/B224), the pooled data indicated a decrease in the largest
diameter, symptom score, cosmetic score, T3 level, and vascular
scale, an unchanged fT4, and an increased TSH level after RFA
treatment (Table 3).

Additionally, it also suggested similar results for the subgroups
on the basis of the retrospective and prospective studies (Figs. 2
and 3; Supplemental Figs. 2—6, http:/links.lww.com/MD/B224).

Relevant articles (1192) from databases:

Pubmed (199), Embase(220), Web of science
(328), Scopus(433) and additional records (12)

.| 1053 excluded for insufficient relevance and
duplicates by titles and abstracts

141 studies on basis of
further review

121 screened by full-text articles
40 thyroid cancer

30 amimal

26 case reports

21 review

4 meta-analysis

y
20 eligible articles in meta-analysis
(including 23 studies)

Figure 1. Flow diagram of the study selection process.
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Quality assessment of included studies.

Selection Comparability Exposure
Comparability of Same method
Adequate cases and controls of ascertainment
definition  Representativeness  Selection of  Definition  on the basis of the  Ascertainment for cases and Nonresponse
Study of cases of cases controls of controls  design or analysis of exposure controls rate
Kim et al®! i i i i i NA i NA
Jeong et a™ ) * * * N NA * *
Deandrea et al® * * : * : NA i NA
Spiezia et al?” ) * * * - ) ) NA
Baek et al™® i . i i 0 NA i .
Lee et al®" . 0 i i ) NA ) NA
Faggiano et al*”! * * ) * * NA i NA
Jang et al?® ) 0 * * 0 NA * *
Lim et al®® ) ’ ’ : ’ NA ) ’
Ha et al®® ) i i i : NA ) NA
Sung et alt"! ! * : * 0 * i *
Bernardi et al®? i i : i ) NA ) NA
Turtulici et al® i . i i i NA i NA
Yoon et al® i 0 i i ) NA ) NA
Cesareo et al®® i i i i - . i NA
Sung et al®® ) * N * * NA ) ’
Che et al®® : i i i i NA i NA
Ugurlu et al®” ) * * * * NA * NA
Ji Hong et al®® ! * ¢ * 0 NA * *
Valcavi et al®? * * * * * NA * )

0 = no, NA = not available.

" means score of 1 and " for scores of 2, which mean the information available in the included article.

3.3. Sensitivity analysis and publication bias

Given the stability of the results, sensitivity analysis was
performed and had no significant change if any 1 study was
removed. Egger linear regression test was used to appraise the
asymmetry of the funnel plot and the risk of publication bias was
detected in our meta-analysis as following: nodule volume
reduction at 6 months and at the last follow-up month after RFA

and symptom score (6 months: t=2.97, P=0.011; last follow-up
month: #=2.59, P=0.018; and symptom score: t=2.85, P=
0.013) (Table 3).

4. Discussion

Nodular thyroid disease is a common finding in endocrine clinical
practice, discovered by ultrasound (US) in up to 50% of the

Subgroup analysis of the outcomes before and after RFA.

Heterogeneity test Publication bias

Subgroup Number of studies SMD (95%Cl) Z score P Q 72 P (%) P t Pt
Nodule volume
1 mo 9 0.83 (0.47-1.19) 4.54 <0.001 85.18 0.2441 90.6 <0.001 1.94 0.093
3 mo 7 1.31 (0.76-1.85) 4.67 <0.001 108.26 0.4639 94.5 <0.001 2.18 0.081
6 mo 15 1.25 (0.90-1.59) 7.03 <0.001 143.77 0.3842 90.3 <0.001 2.97 0.011
12 mo 6 416 (2.25-6.07) 4.27 <0.001 392.4 5.425 98.7 <0.001 2.62 0.059
Last month 20 1.73 (1.27-2.18) 7.43 <0.001 445.6 0.9636 95.7 <0.001 2.59 0.018
Cold nodule 10 2.02 (1.10-2.93) 4.32 <0.001 219.71 2.0411 95.9 <0.001 2.02 0.078
Hot nodule 5 2.05 (0.88-3.21) 3.44 0.001 11712 1.6533 96.6 <0.001 1.53 0.223
Largest diameter 7 1.43 (0.97-1.90) 6.06 <0.001 52.26 0.3179 88.5 <0.001 0.24 0.82
Symptom score 16 3.11 (2.28-3.94) 7.32 <0.001 457.58 2.6343 96.7 <0.001 2.85 0.013
Cosmetic score 12 2.77 (2.18-3.36) 9.17 <0.001 98.07 0.9174 88.8 <0.001 1.37 0.201
TSH 8 —0.44 (-0.86-0.02) 2.03 0.042 31.10 0.2758 77.5 <0.001 0.41 0.694
T3 4 0.33 (0.06-0.60) 2.43 0.015 6.73 NA 55.4 0.081 —3.51 0.072
T4 7 0.46 (-0.29-1.22) 1.20 0.230 82.30 0.9547 92.7 <0.001 1.26 0.263
Vascularity 2 1.78 (0.31-3.25) 2.38 0.017 2212 1.071 95.5 <0.001 NA NA

SMD test was quantified by Z score. Cl = confidence interval, fT4 = free thyroxine, NA = not available, RFA = radiofrequency ablation, SMD = standardized mean difference, T3 = triiodothyronine, TSH =

thyrotropin.

“In SMD test, P< 0.05 indicates a significant SMD value. Heterogeneity was quantified by Q, 2, and £ statistics. Q value represents random error; 7> value represents the difference between studies; 7 value

represents the percentage of interstudy difference in the overall heterogeneity.

7 If there was no statistical difference about heterogeneity (P > 0.05 and P < 50%), the assumption of homogeneity was deemed valid and then a fixed-effect model was applied. Otherwise, a random-effects

model would be used.
*In Egger test, P < 0.05 indicates a publication bias while P >0.05 means no publication bias.
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Figure 2. Volume changes of benign TNs before and 1 month (A), 3 months (B), 6 months (C), and 12 months (D) after RFA treatment. Compared with preoperative
TN volume, the postoperative volume shows the decreased response at 1, 3, 6, and 12 months after RFA treatment. Cl = confidence interval, RFA = radiofrequency

ablation, SMD = standardized mean difference, TN = thyroid nodule.

general population, with increased prevalence in women and in
the elderly. The data of our analysis indicated a decrease in
nodule volume, largest diameter, symptom score, cosmetic score,
T3 level, and vascular scale, an unchanged T4, and an increased
TSH level after RFA; although some complications of RFA
including pain, voice changes, hematoma, and skin burns were
reported, RFA yet remains as an effective treatment for patients
with benign TNs.

When stratified by nodule volume, all of the pooled results
showed significant decrease at 1, 3, 6, 12, and the last follow-up
months after ablation. This also occurred in nonfunctioning or
autonomously functioning TNs. Single or multiple TNs may
develop into autonomously functioning TNs, which can indepen-
dently induce the production of T3 and T4 without TSH stimulus,
suppressing pituitary secretion of TSH and the surrounding
normal thyroid function. A study of 236 patients with benign TNs
found that the volume of index nodules was reduced from 6.13 +
9.59 to 1.12+2.92mL after RFA.M! Another study also showed
that the TN volume decreased significantly from 9.8+8.5mL

before RFA to 0.9+ 3.3mL for 4-year follow-up,'*3! which was
similar to other studies.***%3”!" Furthermore, the subgroup
analysis of largest diameter also supported this noted change.
Maybe with even conduction of heat, RFA destroyed the
hemorrhagic lesions, directly leading to the thermal degeneration
and coagulation necrosis in the cells of the nodules. Although no
immune cells were reported in benign TNs after RFA, it showed
that 24 months after US-guided PLA of papillary thyroid
microcarcinoma, a US-guided fine needle aspiration found the
absence of malignant cells, indicating inflammatory cells, charred
debris, and fibrous tissue.*¥=5%! For this reason, we will further
explore the RFA treatment of TN in a future study.

Besides nodule volume and the largest diameter, symptom
score and cosmetic score also progressively improved after RFA.
Long-term pressure symptoms or cosmetic problems could be
relieved, thus suggesting that RFA is a promising way to deal with
benign TNs.

Interestingly, the pooled data indicated the reduced T3 level
and vascular scale, the unchanged fT4, and the increased TSH
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Figure 3. Volume changes of benign TNs before and last follow-up month after RFA treatment. Compared with preoperative TN volume, the postoperative volume
indicates the reduced response at the last follow-up month after RFA treatment among overall benign TNs (A) and hot and cold nodules (B). Cl = confidence interval,
RFA = radiofrequency ablation, SMD = standardized mean difference, TN = thyroid nodule.

level after RFA. Nonetheless, Baek et al observed that after
ablation, the serum TSH level in 1 patient improved but still
below normal serum hormone levels. This TSH level and clinical
scale were not associated with any tumor features or treatment
parameters. However, volume reduction was linked with the
nodule vascularity of initial US.**' It was reported that
serum TSH, fT4, and T3 levels did not significantly modify

from 1.0+£0.6mU/mL, 1.3+0.3ng/dL, and 152.5+18.6ng/dL
before ablation to 1.3+ 1.1 mU/mL, 1.3+0.2ng/dL, and 143.0 +
16.5ng/dL, respectively.*®! However, in a multicenter study
beyond 19.9-month follow-up, the parameters of fT4, T3, and
vascularity markedly decreased from 1.9+1.3, 179.3+102.5,
and 3.1+0.7ng/dL prior to ablation to 1.3+0.4, 133.3+£63.1,
and 0.9 +1.0ng/dL, respectively, and serum TSH level elevated
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from 0.12+0.12ulU/mL prior to ablation to 1.22+0.93 ulU/
mL.1%®! The physiological fluctuation of these indicators levels
may be due to the destruction of the TN and vascularity, and
reduced hormones such as T3 and T4, leading to accelerated
pituitary secretion of TSH.

There are limitations in our results that should be interpreted.
First, the uniformity of the results and between-study heteroge-
neity could be influenced by the heterogeneity of the inclusion
criteria such as sex, age, region, nodule numbers, and nodule size.
In this study, we included both retrospective and prospective
studies, in which study designs were different, for example,
whether diagnostic criteria, test methods, and data acquisition
would be uniform. Then we performed subgroup analysis based
on the retrospective and prospective studies, and found that the
results in limited prospective studies were not inconsistent at 6
follow-up months, for TSH and T3 level before and after RFA
treatment. Second, due to the limited sample size, potential
confounding factors could reduce the reliability of results. Third,
several indirect data transformation methods in the analysis may
have an impact on our results. Finally, the included studies were
mainly retrieved from Republic of Korea and Italy for RFA
treatment of benign TNs, which brought in the selection bias. The
possible publication bias in the subgroup could also affect the
final outcomes.

Despite these limitations, this study also displayed that RFA
might be effective for patients with benign TNs. All published
literatures relevant to our issue were retrieved and seriously
screened, and data were then extracted in duplicate through
protocols. Insufficient data were requested from the authors, and
study results were statistically pooled to offer robust estimates of
the RFA effectivity.

5. Conclusions

In summary, the pooled meta-analysis of included studies
demonstrated significant differences in nodule volume, largest
diameter, symptom score, cosmetic score, TSH, T3, fT4, and
vascularity before and after RFA for patients with benign TNs.
RFA has the advantages of improving outcomes and providing
better prognosis for patients with benign TNs. Furthermore, to
clarify the exact value, more large-scale studies would be
undertaken in the future.
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