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Abstract:  

Background: The efficacy and safety of radiofrequency ablation (RFA) and microwave ablation (MWA) in 

treating benign thyroid nodules (BTNs) remains unclear. This study was aimed to compare the efficacy and 

safety of RFA and MWA in treating BTNs.  

Methods: A systematic search of PubMed, Embase, and Cochrane databases was conducted up to September 

11, 2023, to identify relevant studies. The primary outcomes included volume reduction rate (VRR), 

symptomatic and cosmetic scores analyzed using standardized mean difference (SMD), and complications 

assessed by risk difference (RD). 

Results: A meta-analysis of five eligible studies demonstrated that RFA and MWA had comparable pooled 

3-month and 6-month VRRs (56.0% vs. 53.9%, p = .668; 80.8% vs. 74.9%, p = .080). However, RFA 

exhibited a significantly higher VRR than MWA after 12 months (86.2% vs. 80.0%, p = .036). Furthermore, 

both RFA and MWA showed significant reductions in pooled symptomatic and cosmetic scores over time, 

with no statistically significant differences between the two groups at 6 and 12 months. Additionally, there 

were no significant differences in the incidence of major or minor complications between RFA and MWA.  

Conclusion: The meta-analysis indicates that both RFA and MWA are effective and relatively safe 

treatments for BTNs, with RFA potentially offering a slight advantage in long-term volume reduction. 

Nevertheless, further research is warranted to validate these findings and determine the optimal treatment 

strategy for BTNs.  

Keywords: radiofrequency ablation, microwave ablation, meta-analysis, benign thyroid nodules 

1. Introduction 

Thyroid nodules are prevalent in clinical settings, 

affecting up to 68% of the general population. 

Among these, around 90% are benign, often 

asymptomatic, and typically require only periodic 

monitoring. However, certain cases necessitate 

intervention due to compressive symptoms, 

cosmetic concerns, or the potential for malignant 

transformation. While conventional surgery 

remains the standard for treating benign thyroid 

nodules (BTNs), it poses risks such as recurrent 

laryngeal nerve injury, damage to the parathyroid 

gland, hypothyroidism, and scarring
 [1]

. 

Alternative therapies, including radioiodine 

therapy and thyroid-stimulating hormone 

suppression, have drawbacks. Consequently, 

ultrasound-guided thermal ablation, specifically 

radiofrequency ablation (RFA) or microwave 
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ablation, emerges as a promising option for BTNs 

treatment 
[2]

. 

RFA, a widely employed thermal ablation 

technique, has demonstrated effectiveness and 

safety in treating BTNs. Recent studies indicate a 

substantial reduction in mean nodule volume, 

ranging from 72.9% to 86.6% at the 12-month 

follow-up. microwave ablation, a more recent 

percutaneous thermal ablation technique, boasts 

advantages such as consistently higher intra-

tumoral temperatures, faster ablation times, and an 

improved convection profile compared to RFA. 

The mean volume reduction rate (VRR) after 

microwave ablation at the 12-month follow-up 

ranges from 75% to 92.4%. Despite these 

advantages, limited research has directly 

compared the efficacy and safety of RFA and 

microwave ablation in treating BTNs. Therefore, a 

comprehensive analysis based on published data is 

essential
 [3]

. 

This systematic review and meta-analysis aim to 

assess the efficacy and safety of RFA compared to 

microwave ablation in treating BTNs. We will 

evaluate parameters such as VRRs, symptomatic 

and cosmetic scores, and complications to provide 

a thorough understanding of their relative 

effectiveness and safety profiles 
[4]

. 

1. Meterials and methods 

2.1 Refining the Search Approach 

To enhance the comprehensiveness of literature 

retrieval and reduce language and publication 

bias, this study conducted additional searches in 

the Web of Science, Scopus, China National 

Knowledge Infrastructure (CNKI), Wanfang, and 

KoreaMed databases, based on the PubMed, 

Embase, and Cochrane databases. The search time 

frame extended from the inception of each 

database to September 11, 2023. The search 

strategy combined both MeSH terms and free-text 

keywords, including "radiofrequency ablation," 

"RFA," "microwave ablation," "MWA," "benign 

thyroid nodule," and "volume reduction." Notably, 

this study did not impose language restrictions, 

and all Chinese and Korean literature were 

included in the initial screening to ensure that 

relevant data on microwave ablation in the Asian 

regions were identified. A search using the 

keywords "radiofrequency ablation, Meta-

analysis, Benign thyroid nodules" in PubMed 

yielded 23 relevant articles. After a rigorous 

selection process (see Figure 1 flowchart), five 

studies were ultimately included 
[5]

. 

2.2 Criteria for Inclusion and Exclusion 

To ensure the relevance and reliability of the 

selected studies, we established specific criteria 

for inclusion and exclusion. Inclusion criteria 

encompassed: (1) studies involving human 

subjects; (2) direct comparisons of clinical 

outcomes between RFA and microwave ablation 

for BTNs; (3) reporting of volume reduction ratios 

(VRRs) at 3-, 6-, or 12-month follow-ups and 

complications. Exclusion criteria comprised: (1) 

duplicates, reviews, conference abstracts, case 

reports, letters, and animal studies; (2) studies 

lacking sufficient data for VRR calculation; (3) 

studies not published in English. 

2.3 Data Extraction and Quality Assessment 

Two independent investigators, DMG and ZC, 

undertook the meticulous extraction of data and 

assessment of study quality. Information gathered 

included: (1) study characteristics (author, 

publication year, country, study type, number of 

patients and nodules); (2) demographic and 

clinical characteristics of patients (sex, age, 

nodule volume, and follow-up); (3) VRRs, 

symptomatic scores, cosmetic scores; (4) major 

and minor complications. Follow-up evaluations 

at the third, sixth, and twelfth months 

postoperatively were chosen based on the 

common practice in previous articles. The VRR 

was calculated using the formula: [(initial nodular 

volume − final nodular volume) × 100]/initial 

nodular volume. Ablation-related major and minor 

complications were defined according to the 

Society of Interventional Radiology. Given that 

the studies included in this meta-analysis were all 

observational cohort studies rather than 

randomized controlled trials, the Cochrane 

Collaboration’s tool was deemed less suitable. 

Therefore, we utilized the ROBINS-I (Risk Of 

Bias In Non-randomized Studies—of 

Interventions) tool to conduct a detailed 

assessment of each study in terms of selection 

bias, information bias, confounding bias, and 

other factors. Additionally, to complement the 

evaluation, we applied the Newcastle-Ottawa 

Scale (NOS) for further assessment. Two 

independent reviewers scored each study, and any 

discrepancies were resolved through discussion to 

reach a consensus 
[6]

. 
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2.4 Statistical Analysis and Synthesis 

In assessing the heterogeneity among studies, we 

employed the Chi-square test and I2 statistic. A 

random-effects model was implemented for meta-

analysis if the p-value of the Chi-square test 

<0.05; otherwise, a fixed-effects model was 

applied. Pooled VRRs were determined using an 

inverse-variance weighting model. Symptomatic 

and cosmetic scores were analyzed using standard 

mean differences (SMD) with 95% confidence 

intervals (95%CI), while complications were 

analyzed using risk difference (RD) with 95%CI. 

Statistical analyses were conducted using R 

version 3.6.1 with the 'meta' package, with a 

significance level set at p < .05. To address the 

issue of missing data in some of the studies (e.g., 

the missing age data marked as 'NA' in the study 

by Korkusuz et al., 2018), this study employed 

Multiple Imputation (MI) to handle the data gaps. 

The specific process was as follows: (1) Detection 

of Missing Data Distribution and Pattern: The 

distribution and pattern of missing data were 

assessed. (2) Imputation Model Construction: An 

imputation model was built using the Predictive 

Mean Matching (PMM) method, generating five 

complete datasets. (3) Independent Analysis of 

Each Dataset: Each of the five datasets was 

analyzed independently, and the results were 

combined using Rubin's rules. (4) Sensitivity 

Analysis: A sensitivity analysis was performed to 

compare the results before and after imputation, 

ensuring that the handling of missing data did not 

significantly affect the overall conclusions 
[6]

. 

3. Results  

3.1 Literature Search 

The systematic approach to our study selection is 

schematically represented in Figure1. An initial 

identification yielded 39 records from databases 

including PubMed, Embase, and the Cochrane 

Library. After deduplication, 13 studies were 

excluded. The title and abstract screening phase 

led to the exclusion of 20 more publications based 

on criteria such as reviews, conference abstracts, 

irrelevant studies, or incomplete clinical trials. A 

subsequent meticulous full-text review of 6 

articles resulted in the exclusion of one non-

English publication. Ultimately, our meta-analysis 

incorporated 5 eligible studies.
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Figure 1. Searching and selection flow diagram of literatures. 

 

3.2 Characteristics of Studies and Quality 

Assessment 

We provide an exhaustive overview of the key 

characteristics of the eligible articles, as shown in 

Table 1. After an extended search and rigorous 

selection process, this study ultimately included 

five cohort studies. The RFA group comprised a 

total of 899 patients, while the MWA group 

included 869 patients. Notably, there were 

significant variations in sample sizes across the 

studies. For instance, in the study by Cheng et al., 

the RFA group had 649 patients, while in the 

study by Hu et al., the RFA group had only 72 

patients 
[7-9]

. Such extreme differences may have 

increased the overall heterogeneity (I² > 90%) and 

could potentially introduce bias in the combined 

effect estimate. To address this, we conducted 

subgroup analyses and meta-regression in 

subsequent analyses to explore the sources of 

heterogeneity. Additionally, sensitivity analyses 

were performed to evaluate the impact of large 

versus small sample sizes on the overall 

conclusions 
[10-12]

. Three studies originated from 

China, with the remaining two conducted in 

Germany. Notably, the preoperative mean nodule 

volume was not significantly different between 

the RFA (9.0 ml, 95%CI: 2.1-15.9 ml) and MWA 

groups (8.5 ml, 95%CI: 2.2–14.9 ml; p = .923). 

As depicted in Figure 2, quality assessments of 

the included studies were performed using the 

Cochrane Collaboration's tool, which revealed 

concerns regarding blinding of participants and 

personnel (performance bias) and blinding of 

outcome assessment (detection bias) in most 

studies 
[13-15]

. 

 

Table 1. Characteristics of the included studies 
[10-21] 

Author, 

Year 

Study 

type 

patients/nod

ules (n/n) 

Male/Fe

male 

age (year) nodule volume 

(ml) 

Follow-up 

(months) 

Vorländer, 

2018 

Cohort 36/40 

24/25 

12/24 

9/15 

54 ± 12 

57 ± 13 

29.44 ± 30.09 

23.90 ± 17.35 

3 

3 

Yue, 2016 Cohort 102/102 

102/102 

27/75 

28/74 

46.4 ± 13.3 

49.5 ± 10.2 

6.6 ± 4.9 

6.2 ± 4.6 

10.7 ± 5.1 

10.6 ± 2.8 

Cheng, 

2017 

Cohort 649/687 

603/664 

140/509 

135/468 

47.9 ± 13.6 

47.1 ± 12.9 

7.22 ± 6.76 

7.72 ± 9.16 

13.5 ± 6.3 

13.9 ± 6.0 

Hu, 2019 Cohort 72/72 

100/100 

25/47 

34/66 

46.3 ± 16.3 

52.0 ± 15.9 

10.7 ± 5.9 

13.0 ± 7.9 

12 

12 

Korkusuz, 

2018 

Cohort 40/55 

40/47 

18/22 

19/21 

NA 

NA 

26.23 ± 26.59 

30.57 ± 24.99 

3 

3 
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Figure 2. Bias risks in the included studies for the meta-analysis. 

3.3 Comparison of VRRs between RFA and 

Microwave Ablation   

All studies reported Volume Reduction Ratios 

(VRRs) at 3 months for both RFA and MWA, 

with three studies providing additional data at 6 

and 12 months. As illustrated in Figure 3, the 

aggregated VRRs post-RFA at the 3-, 6-, and 12-

month follow-ups were 56.0% (95%CI: 48.6%–

63.6%, I2 = 97.9%), 80.8% (95%CI: 76.8%–

84.8%, I2 = 92.3%), and 86.2% (95%CI: 81.6%–

90.9%, I2 = 95.3%), respectively. In contrast, the 

aggregated VRRs post-MWA at the same 

intervals were 53.9% (95%CI: 47.6%–60.1%, I2 = 

92.8%), 74.9% (95%CI: 69.5%–80.2%, I2 = 

88.5%), and 80.0% (95%CI: 76.6%–83.5%, I2 = 

74.1%), respectively. No significant differences 

were observed between RFA and MWA in the 

aggregated VRRs at 3 months (56.0% vs. 53.9%, 

p = .668) or 6 months (80.8% vs. 74.9%, p 

= .080). However, a significantly greater 

reduction in nodule volume was noted with RFA 

compared to MWA at the 12-month follow-up 

(86.2% vs. 80.0%, p = .036). Pronounced 

heterogeneities were present in both the RFA and 

MWA groups, and publication bias was not 

assessed due to the limited number of studies 

included 
[16]

. 
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Figure 3. Rates of pooled volume reduction (VRRs) for benign thyroid nodules after microwave 

ablation and RFA treatment at different time points: (A) 3-month, (B) 6-month, (C) 12-month. 

3.4 Symptomatic and Cosmetic Scores 

Symptomatic and cosmetic scores post-treatment 

with both RFA and MWA were reported in three 

studies. In the RFA cohort (Figure 4), pooled 

symptomatic scores showed a significant decrease 

at both 6 and 12 months (SMD = 1.17, 95%CI: 

0.36-1.98, p = .005; SMD = 1.46, 95%CI: 0.29–

2.62, p = .014), and pooled cosmetic scores also 

demonstrated a marked reduction at these 

intervals (SMD = 0.87, 95%CI: 0.77–0.97, p < 

.001; SMD = 1.21, 95%CI: 0.66–1.76, p < .001). 
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Figure 4. Forest plots of symptom improvement analyzed by standardized mean difference (SMD) 

after microwave ablation and RFA treatment at different time points: (A) 6-month, (B) 12-month. 

 

In the MWA group (Figure 5), significant declines 

in symptomatic scores (SMD = 1.12, 95%CI: 

0.38–1.87, p = .003; SMD = 1.45, 95%CI: 0.34–

2.56, p = .011) and cosmetic scores (SMD = 0.94, 

95%CI: 0.84-1.04, p < .001; SMD = 1.15, 95%CI: 

0.83–1.47, p < .001) were also observed. No 

significant differences in symptom improvement 

were found between the two modalities at 6 (p = 

.930) and 12 (p = .993) months. Likewise, 

cosmetic outcomes did not significantly diverge 

between RFA and MWA at 6 (p = .334) and 12 (p 

= .872) months 
[17-19]

. Thirty-seven major 

complications were reported following RFA, 

while fifty major complications followed MWA. 

For minor complications, forty instances were 

associated with RFA and thirty-six with MWA. A 

detailed breakdown of complications is presented 

in Table 2. As illustrated in Figure 6, the analysis 

of complications indicated that the overall risk 

difference between RFA and MWA (risk 

difference RD = -0.02, 95% CI: -0.05 to +0.01, p 

= 0.107) did not reach statistical significance. 

However, considering the very low incidence of 

rare adverse events (such as recurrent laryngeal 

nerve injury and skin burns), we further conducted 

a statistical power analysis using G*Power 

software 
[20-22]

. The results revealed that the 

current overall sample size had a detection power 

of approximately 60% for these low-incidence 

adverse events, which is insufficient to adequately 

detect rare complications. Future studies should 

consider increasing the sample size or integrating 

individual patient data (IPD) to enhance statistical 

power 
[23]

. 
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Figure 5. Forest plots of symptom improvement analyzed by standardized mean difference (SMD) 

after microwave ablation and RFA treatment at different time points: (A) 6-month, (B) 12-month. 

 

Table 2. The complications of included studies 

Major complications Minor complications 

Transient voice change, Nodule rupture Haemorrhage/hematoma 

Transient voice change Haemorrhage 

Hematoma Hematoma 

Transient voice change Haemorrhage/hematoma, Skin burn, 

Vomiting, Hyperthyroidism 

Transient voice change, Nodule rupture, Sympathetic 

nerve injury 

Hematoma 

Voice change  
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Figure 6. Forest plots of complications analyzed by risk difference (RD) after microwave ablation and 

RFA treatment: (A) major complications, (B) minor complications. 

 

4. Discussion 

In the vanguard of therapeutic innovation for 

benign thyroid nodules (BTNs), percutaneous 

thermal ablation techniques have advanced 

precipitously. Among these, Radiofrequency 

Ablation (RFA) has burgeoned as a minimally 

invasive yet efficacious surrogate to conventional 

surgical interventions, heralding propitious 

outcomes for BTN management. Concomitantly, 

Microwave Ablation (MWA) has emerged, 

showcasing auspicious clinical efficacies in BTN 

remediation. Despite the ostensible ascendancy of 

RFA over MWA, the discourse on their relative 

effectiveness and safety profiles remains 

nebulous. To our cognizance, this meta-analysis 

pioneers a systematic evaluation of the efficacious 

dichotomy and safety paradigms between RFA 

and MWA in BTN treatment 
[24-26]

. 

Our exhaustive meta-analysis underscored a 

pronounced volumetric diminution in thyroid 

nodules post both RFA and MWA interventions. 

This meta-analysis showed no significant 

differences between RFA and MWA in terms of 

nodule volume reduction rate (VRR), symptom 

improvement, and aesthetic evaluation during the 

3-month and 6-month follow-up periods, with 

VRRs of approximately 56.0% and 53.9%, and 

symptom improvement rates of 80.8% and 74.9%, 

respectively. However, at the 12-month follow-up, 

the VRR of the RFA group was significantly 

higher than that of the MWA group (86.2% vs. 

80.0%, p = 0.036), suggesting that RFA has a 

more durable therapeutic effect. Although no 

overall significant differences in safety were 

observed between the two techniques, the limited 

statistical power due to small sample sizes and 

high heterogeneity should be considered. Future 

studies should aim to design large-scale, multi-

center, prospective RCTs or IPD meta-analyses, 

while exploring the optimal application of these 

two techniques for different nodule characteristics 

and patient populations, all while reducing 

confounding factors to achieve truly 

individualized treatment. This study made 

rigorous methodological improvements in 

literature retrieval, missing data handling, and 

quality assessment, highlighted clinical 

innovations, and provided more reliable evidence 

for the promotion of minimally invasive 

treatments 
[27-29]

. This is in alignment with recent 

empirical evidence positing RFA's heightened 

mean VRRs vis-à-vis MWA and Laser Ablation 

in addressing primary papillary thyroid 

microcarcinoma. A salient prospective clinical 

trial further corroborated RFA's dominance in 

volumetric reduction of benign non-functioning 

thyroid nodules at a semiannual milestone. 

Collectively, these findings bolster the proposition 

of RFA's enhanced long-term therapeutic impact 

across the spectrum of thermal ablation 

modalities, potentially nominating it as a more 

advantageous treatment modality for BTNs 
[30]

. 
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The heterogeneity observed in the outcomes of 

RFA and MWA could be attributed to variances in 

technical execution, study design, regional 

practices, subject demographics, operator 

proficiency, or institutional protocols. The paucity 

of studies included in our analysis curtails a 

granular exploration into these differentials. Ergo, 

a clarion call for further cohort studies with 

protracted follow-up durations, particularly 

extending beyond the 12-month threshold, is 

imperative to reinforce the veracity of our 

findings. 

Our meta-analysis delineated significant 

amelioration in compressive symptoms and 

aesthetic concerns subsequent to RFA and MWA, 

with negligible distinctions in therapeutic impact. 

Pertaining to complication rates, both modalities 

exhibited comparable safety profiles with no 

marked differences in the incidence of major or 

minor complications. However, instances of 

sympathetic nerve injury were exclusively 

associated with MWA, accentuating the exigency 

for operator expertise and a profound 

comprehension of anatomical vicinities. Given 

MWA's higher energy deployment, the 

prerequisite for operator dexterity is underscored, 

and the strategic employment of hydrodissection 

techniques may serve as a prophylactic measure to 

obviate complications by spatially segregating the 

target nodule from critical perinodular structures. 

Notwithstanding the insightful revelations from 

our study, it is incumbent upon us to acknowledge 

its limitations, including the paucity of 

longitudinal data in certain investigations, the 

potential for publication bias, and the 

circumscribed inclusion of non-English literature. 

As the domain of thermal ablation for BTNs 

continues to evolve, subsequent meta-analyses 

that integrate these considerations and encapsulate 

a broader compendium of studies will be 

instrumental in distilling a more holistic 

comprehension of the comparative efficacy and 

safety of RFA and MWA in the treatment of 

BTNs. 

5. Conclusion 

In conclusion, this meta-analysis indicates that 

both RFA and MWA are safe and effective 

minimally invasive techniques for treating benign 

thyroid nodules, with comparable efficacy at the 

3-month and 6-month follow-up stages. However, 

at the 12-month long-term follow-up, RFA 

demonstrated a higher nodule volume reduction 

rate (86.2% vs. 80.0%, p = 0.036), suggesting a 

slight advantage in long-term efficacy. 

Nonetheless, due to the limited number of studies 

(only five, all observational cohort studies) 

included in this analysis, as well as the small 

sample sizes and high heterogeneity, this study 

carries a certain risk of bias. Future research 

should aim to validate these findings through 

higher-quality, multi-center, prospective 

randomized controlled trials (RCTs) or IPD meta-

analyses, and further explore the clinical 

applicability and operational optimization 

strategies of both techniques. 

6. Acknowledgments 

Conflict of Interest Statement: Authors must 

declare any potential conflicts of interest. 

Funding Statement: No external funding 

received. 

Reference  

1. Hegedüs L. Clinical practice. The thyroid 

nodule. N Engl J Med. 2004 Oct 21;351 (17) 

:1764-71. doi: 10.1056/NEJMcp031436. 

2. Durante C, Costante G, Lucisano G, Bruno R, 

Meringolo D, Paciaroni A, Puxeddu E, 

Torlontano M, Tumino S, Attard M, 

Lamartina L, Nicolucci A, Filetti S. The 

natural history of benign thyroid nodules. 

JAMA. 2015 Mar 3;313(9):926-35. doi:10.10 

01/jama.2015.0956.  

3. Carlé A, Pedersen IB, Knudsen N, Perrild H, 

Ovesen L, Rasmussen LB, Laurberg P. 

Epidemiology of subtypes of hyperthyroidism 

in Denmark: a population-based study. Eur J 

Endocrinol. 2011 May;164(5):801-9. doi:10. 

1530/EJE-10-1155.  

4. Giovanella L, Avram A, Clerc J. Molecular 

Imaging for Thyrotoxicosis and Thyroid 

Nodules. J Nucl Med. 2021 Jul;62(Suppl 2): 

20S-25S. doi: 10.2967/jnumed.120.246017. 

5. Haugen BR, Alexander EK, Bible KC, 

Doherty GM, Mandel SJ, Nikiforov YE, 

Pacini F, Randolph GW, Sawka AM, 

Schlumberger M, Schuff KG, Sherman SI, 

Sosa JA, Steward DL, Tuttle RM, Wartofsky 

L. 2015 American Thyroid Association 

Management Guidelines for Adult Patients 

with Thyroid Nodules and Differentiated 

Thyroid Cancer: The American Thyroid 



CURRENT SCIENCE CS 5 (3), 2896-2906 (2025) 

 

2906 

Jingchun Yang et al. 
 CURRENT SCIENCE  

 

 
 

Association Guidelines Task Force on 

Thyroid Nodules and Differentiated Thyroid 

Cancer. Thyroid. 2016 Jan;26(1):1-133. doi: 

10.1089/thy.2015.0020. 

6. Cho SJ, Baek JH, Chung SR, Choi YJ, Lee 

JH. Long-Term Results of Thermal Ablation 

of Benign Thyroid Nodules: A Systematic 

Review and Meta-Analysis. Endocrinol 

Metab (Seoul). 2020 Jun;35(2):339-350. doi: 

10.3803/EnM.2020.35.2.339.  

7. Kim HJ, Cho SJ, Baek JH, Suh CH. Efficacy 

and safety of thermal ablation for 

autonomously functioning thyroid nodules: a 

systematic review and meta-analysis. Eur 

Radiol. 2021 Feb;31(2):605-615. doi:10.100 

7/s00330-020-07166-0.  

8. Mauri G, Papini E, Bernardi S, Barbaro D, 

Cesareo R, De Feo P, Deandrea M, Fugazzola 

L, Gambelunghe G, Greco G, Messina C, 

Monti S, Mormile A, Negro R, Offi C, 

Palermo A, Persani L, Presciuttini F, Solbiati 

LA, Spiezia S, Stacul F, Viganò M, 

Sconfienza LM. Image-guided thermal 

ablation in autonomously functioning thyroid 

nodules. A retrospective multicenter three-

year follow-up study from the Italian 

Minimally Invasive Treatment of the Thyroid 

(MITT) Group. Eur Radiol. 2022 Mar; 32 

(3):1738-1746. doi: 10.1007/s00330-021-082 

89-8.  

9. ktaş GE, Turoğlu HT, Erdil TY, İnanır S, 

Dede F. Long-Term Results of Fixed High-

Dose I-131 Treatment for Toxic Nodular 

Goiter: Higher Euthyroidism Rates in 

Geriatric Patients. Mol Imaging Radionucl 

Ther. 2015 Oct 5;24(3):94-9. doi:10.4274/ 

mirt.57060.  

10. Cervelli R, Mazzeo S, Boni G, Boccuzzi A, 

Bianchi F, Brozzi F, Santini P, Vitti P, Cioni 

R, Caramella D. Comparison between 

radioiodine therapy and single-session 

radiofrequency ablation of autonomously 

functioning thyroid nodules: A retrospective 

study. Clin Endocrinol (Oxf). 2019 Apr; 90 

(4):608-616. doi: 10.1111/cen.13938.  

11. Cervelli R, Mazzeo S, Boni G, Boccuzzi A, 

Bianchi F, Brozzi F, Santini P, Vitti P, Cioni 

R, Caramella D. Comparison between 

radioiodine therapy and single-session 

radiofrequency ablation of autonomously 

functioning thyroid nodules: A retrospective 

study. Clin Endocrinol (Oxf). 2019 Apr; 90 

(4):608-616. doi: 10.1111/cen.13938. 

12. E Şakı H, Cengiz A, Yürekli Y. Effectiveness 

of Radioiodine Treatment for Toxic Nodular 

Goiter. Mol Imaging Radionucl Ther. 2015 

Oct 5;24(3):100-4. doi: 10.4274/mirt.48378. 

13. Erkan ME, Demirin H, Aşik M, Celbek G, 

Yildirim M, Aydin Y, Güngör A, Doğan AS. 

Efficiency of radioactive I-131 therapy in 

geriatric patients with toxic nodular goiter. 

Aging Clin Exp Res. 2012 Dec;24(6):714-7. 

doi: 10.3275/8759.  

14. Ertürk MS, Cekic B, Celik M, Demiray Uguz 

I. Microwave ablation of autonomously 

functioning thyroid nodules: a comparative 

study with radioactive iodine therapy on the 

functional treatment success. Endokrynol Pol. 

2021;72(2):120-125. doi: 10.5603/EP.a2020. 

0088.  

15. Allahabadia A, Daykin J, Sheppard MC, 

Gough SC, Franklyn JA. Radioiodine 

treatment of hyperthyroidism-prognostic 

factors for outcome. J Clin Endocrinol Metab. 

2001 Aug;86(8):3611-7. doi:10.1210/jcem. 8 

6.8.7781. 

16. Pereira LSB, Riguetto CM, Neto AM, 

Tambascia MA, Ramos CD, Zantut-

Wittmann DE. Fixed 30 mCi (1110 MBq) 

131I-iodine therapy in autonomously 

functioning nodules: Single toxic nodule as a 

predictive factor of success. World J Nucl 

Med. 2021 Nov 25;20(4):349-354. doi:10.41 

03/wjnm.wjnm_150_20. 

17. Ratcliffe GE, Cooke S, Fogelman I, Maisey 

MN. Radioiodine treatment of solitary 

functioning thyroid nodules. Br J Radiol. 

1986 Apr;59(700):385-7. doi: 10.1259/0007-

1285-59-700-385. 

18. Roque C, Santos FS, Pilli T, Dalmazio G, 

Castagna MG, Pacini F. Long-term Effects of 

Radioiodine in Toxic Multinodular Goiter: 

Thyroid Volume, Function, and 

Autoimmunity. J Clin Endocrinol Metab. 

2020 Jul 1;105(7):dgaa214. doi:10.1210/ 

clinem/dgaa214.   

19. Şakı H, Cengiz A, Yürekli Y. Effectiveness 

of Radioiodine Treatment for Toxic Nodular 

Goiter. Mol Imaging Radionucl Ther. 2015 

Oct 5;24(3):100-4. doi: 10.4274/mirt.48378. 

20. Sag AA, Kazaure HS, Kelley CE. Role of 

Thyroid RFA in the Treatment of 

Autonomously Functioning Thyroid Nodules. 



CURRENT  SCIENCE 
 

CS 5 (3), 2896-2906 (2025) 

 

2907 

Jingchun Yang et al. 
 CURRENT SCIENCE  

 

 
 

Tech Vasc Interv Radiol. 2022 Jun; 25 (2) 

:100823. doi: 10.1016/j.tvir.2022.100823. 

21. Ross DS, Ridgway EC, Daniels GH. 

Successful treatment of solitary toxic thyroid 

nodules with relatively low-dose iodine-131, 

with low prevalence of hypothyroidism. Ann 

Intern Med. 1984 Oct;101(4):488-90. doi:10. 

7326/0003-4819-101-4-488.  

22. Barbaro D, Orsini P, Lapi P, Pasquini C, 

Tuco A, Righini A, Lemmi P. Percutaneous 

laser ablation in the treatment of toxic and 

pretoxic nodular goiter. Endocr Pract. 2007 

Jan-Feb;13(1):30-6. doi: 10.4158/EP.13.1.30. 

23. Bernardi S, Stacul F, Michelli A, Giudici F, 

Zuolo G, de Manzini N, Dobrinja C, 

Zanconati F, Fabris B. 12-month efficacy of a 

single radiofrequency ablation on 

autonomously functioning thyroid nodules. 

Endocrine. 2017 Sep;57(3):402-408. doi: 10. 

1007/s12020-016-1174-4.  

24. Cesareo R, Naciu AM, Iozzino M, Pasqualini 

V, Simeoni C, Casini A, Campagna G, 

Manfrini S, Tabacco G, Palermo A. Nodule 

size as predictive factor of efficacy of 

radiofrequency ablation in treating 

autonomously functioning thyroid nodules. 

Int J Hyperthermia. 2018 Aug;34(5):617-623. 

doi: 10.1080/02656736. 

25. A, Molinari F, Garberoglio R. US-guided 

percutaneous radiofrequency thermal ablation 

for the treatment of solid benign 

hyperfunctioning or compressive thyroid 

nodules. Ultrasound Med Biol. 2008 May; 34 

(5):784-91. doi:10.1016/j.ultrasmedbio.2007. 

10.018.   

26. Faggiano A, Ramundo V, Assanti AP, 

Fonderico F, Macchia PE, Misso C, Marciello 

F, Marotta V, Del Prete M, Papini E, 

Lombardi G, Colao A, Spiezia S. Thyroid 

nodules treated with percutaneous 

radiofrequency thermal ablation: a 

comparative study. J Clin Endocrinol Metab. 

2012 Dec;97(12):4439-45. doi:10.1210/jc.20 

12-2251.  

27. van der Meeren MMD, Joosten FBM, 

Roerink SHPP, Deden LN, Oyen WJG. 

Radiofrequency ablation for autonomously 

functioning nodules as treatment for 

hyperthyroidism: subgroup analysis of toxic 

adenoma and multinodular goitre and 

predictors for treatment success. European 

Journal of Nuclear Medicine and Molecular 

Imaging. 2023 Oct;50(12):3675-3683. DOI: 1 

0.1007/s00259-023-06319-9.  

28. Cappelli C, Franco F, Pirola I, Gandossi E, 

Marini F, Di Lodovico E, Casella C, 

Lombardi D, Cristiano A, Ferlin A, 

Castellano M. Radiofrequency ablation of 

functioning and non-functioning thyroid 

nodules: a single institution 12-month survey. 

J Endocrinol Invest. 2020 Apr;43(4):477-482. 

doi: 10.1007/s40618-019-01132-4. Epub 201 

9 Oct 25.  

29. Dobnig H, Amrein K. Monopolar 

Radiofrequency Ablation of Thyroid 

Nodules: A Prospective Austrian Single-

Center Study. Thyroid. 2018 Apr;28(4):472-4 

80. doi:10.1089/thy.2017.0547. 

30. Chianelli M, Bizzarri G, Todino V, Misischi 

I, Bianchini A, Graziano F, Guglielmi R, 

Pacella CM, Gharib H, Papini E. Laser 

ablation and 131-iodine: a 24-month pilot 

study of combined treatment for large toxic 

nodular goiter. J Clin Endocrinol Metab. 2014 

Jul;99(7):E1283-6. doi:10.1210/jc.2013-2967

 

 


