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INTRODUCTION

Thyroid nodules manifest as palpable masses in the 
thyroid gland located in the cervical region and represent 
a prevalent type of thyroid pathology that manifests in 
both sexes [1], The global prevalence of thyroid nodules 
varies according to the diagnostic method employed [1]. 
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Objective: The current body of evidence lacks clarity regarding the comparative efficacy and safety of radiofrequency ablation 
(RFA) and microwave ablation (MWA) as minimally invasive treatments for benign thyroid nodules. The primary objective of 
this study is to clarify these concerns.
Materials and Methods: A comprehensive search was conducted using the Cochrane Library, Scopus, Europe PMC, and Medline 
databases until October 10th, 2023, using a combination of relevant keywords. This study incorporated literature that 
compared RFA and MWA for benign thyroid nodules. The primary outcome was the volume reduction ratio (VRR) from baseline 
to follow-up. Secondary outcomes were symptom score, cosmetic score, ablation time, major complications rate, hemorrhage, 
hoarseness, skin burn, cough, and sympathetic nerve injury. We used Risk of Bias in Non-randomized Studies - of Interventions 
(ROBINS-I) tool to assess the risk of bias in the included studies. We employed random effects models to analyze the 
standardized mean difference (SMD) and odds ratio for the presentation of outcomes.
Results: Nine studies with 2707 nodules were included. The results of our meta-analysis indicated similar efficacy between 
RFA and MWA in terms of VRR during the 1 (SMD 0.06; 95% confidence interval [CI]: -0.13 to 0.26; P = 0.52) and 3 (SMD 0.11; 
95% CI: -0.03 to 0.25; P = 0.12) months of follow-up. VRR was significantly higher in RFA than in MWA at the 6 (SMD 0.25; 
95% CI: 0.06–0.43; P = 0.008) and 12 month of follow-up (SMD 0.38; 95% CI: 0.17 to 0.59; P < 0.001). There were no 
significant differences between RFA and MWA in symptom scores, cosmetic scores, or the incidence of complications, including 
hemorrhage, hoarseness, skin burn, cough, and sympathetic nerve injury.
Conclusion: RFA showed a higher VRR than MWA at 6 and 12-month follow-ups, with a comparable safety profile.
Keywords: Thyroid; Oncology; Endocrinology; Minimal-invasive; Ablation

Specifically, the estimates indicate that the frequency 
ranges are 2%–6% when diagnosed through palpation, 
19%–35% when diagnosed using ultrasound, and 8%–65% 
when diagnosed through autopsy [1]. The majority of 
thyroid nodules are non-malignant, with approximately 
10%–15% exhibiting malignancy or are commonly referred 
to as cancer [1]. According to the most recent guidelines 
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MATERIALS AND METHODS

Eligibility Criteria
The PROSPERO international database was used to register 

the study protocol (registration number: CRD42023469336). 
The studies included in this review were chosen based 
on their adherence to the following inclusion criteria 
formulated using the PICOS framework: 

1) Population: adults clinically diagnosed with benign 
thyroid nodules. 

2) Intervention: ultrasound-guided RFA as an intervention 
for benign thyroid nodules.

3) Control: received ultrasound-guided MWA for the 
management of benign thyroid nodules.

4) Outcome: data on 
- Primary outcome = volume reduction ratio (VRR) at 1-, 

3-, 6-, and 12- month follow-ups. 
- Secondary outcome = symptom and cosmetic scores 

during the 1-, 3-, 6, and 12-month of follow-ups; duration 
of ablation; major complication rate; hemorrhage/
hematoma; hoarseness/voice change; skin burn; cough; and 
sympathetic nerve injury.

5) Study design: randomized or non-randomized clinical 
trials, prospective or retrospective cohorts, and case-control 
studies. 

Additionally, we eliminated papers that met the following 
criteria: 1) the study cohort consisted of pediatric patients, 
2) the individuals included in the study were diagnosed 
with a malignant thyroid nodule, 3) investigations aimed 
to compare the effectiveness of RFA or MWA with surgical 
intervention, LA, or no treatment at all, 4) studies that 
lacked a comparison group, 5) non-primary investigations, 
and 6) research articles that were not accessible in their 
entirety or studies that did not undergo the process of 
publication. We wrote this article from the beginning to the 
end according to the guidelines published in the PRISMA 
statement [9,10].

Search Strategy and Study Selection
A comprehensive literature review was conducted, 

specifically focusing on papers written in English. The 
search encompassed a time frame up to October 10th, 
2023, and was undertaken across four prominent worldwide 
databases: Medline, Scopus, Europe PMC, and the Cochrane 
Library. The search terms utilized for the literature review 
were as follows: “(radiofrequency ablation OR RF ablation 
OR RFA) AND (microwave ablation OR MWA) AND (benign 

issued in 2023 by the European Thyroid Association (ETA), it 
is generally unnecessary to pursue additional interventions 
for asymptomatic benign thyroid nodules [2]. However, it 
is recommended to conduct ultrasonography evaluations 
every 3–5 years if the nodule size exceeds 10 mm [2]. 
In cases of malignancy, a fine-needle aspiration biopsy 
(FNAB) should be performed [2]. Nevertheless, in specific 
cases where individuals display symptoms of compression, 
have cosmetic issues, or are concerned about potential 
malignancies, interventional therapy may provide aid [3]. 
Surgical intervention is an effective approach for managing 
thyroid nodules; however, it is often accompanied by a range 
of potential complications, including hemorrhage, infection, 
and impairment of the recurrent laryngeal nerve [3].

To enhance safety and decrease invasiveness, many 
minimally invasive interventional modalities have been 
developed for treating thyroid nodules [4,5]. These 
include ethanol ablation (EA), microwave ablation (MWA), 
radiofrequency ablation (RFA), and laser ablations (LA) [4,5]. 
In a meta-analysis conducted in 2023, data from 16 studies 
were synthesized to compare RFA and MWA during surgery 
in patients with benign thyroid nodules [6]. The findings of 
this study indicated that both RFA and MWA demonstrated 
superior efficacy and safety outcomes compared with 
conventional surgical interventions [6]. Therefore, it is 
quite probable that these two minimally invasive treatments 
can be offered to patients who decline or are unable to 
undergo surgery [6]. However, the current body of evidence 
regarding the comparative superiority of MWA and RFA in the 
treatment of benign thyroid nodules remains inconclusive. 

A previous meta-analysis conducted by He et al. [7] 
did not compare RFA and MWA in the treatment of benign 
thyroid nodules. Instead, this study focused on comparing 
RFA with placebo or EA. Concurrently, another meta-analysis 
by Guo et al. [8] did not provide sufficient evidence 
regarding the direct comparison between RFA and MWA, 
as they conducted subgroup analyses for RFA and MWA 
and presented the standardized mean difference (SMD) 
separately: one for RFA and one for MWA. Hence, there are 
gaps in the existing literature pertaining to the comparative 
superiority of these two approaches while ensuring the 
preservation of the safety profile in the management of 
benign thyroid nodules. The objective of this study was to 
evaluate the efficacy and safety of RFA compared to those 
of MWA for the management of benign thyroid nodules.
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thyroid nodule OR non-malignant thyroid nodule OR non-
cancerous thyroid nodule OR low-risk thyroid nodule).” 
Supplementary Material provides additional information 
regarding the search approach employed for each database. 
The papers retrieved from the database were screened based 
on their titles and abstracts. Two authors independently 
conducted this screening and duplicate articles were 
promptly removed. Any primary research study that was 
referenced in review articles, systematic reviews, or meta-
analyses but was not found during the initial search was 
considered for inclusion in the study, provided that it 
satisfied the eligibility requirements. Subsequently, the two 
aforementioned authors comprehensively assessed the full-
text articles in their entirety. In the event of discord during 
the article selection process, a discussion was solicited to 
reconcile the disagreement.

Data Extraction
Data extraction was independently conducted by two 

authors. The extracted data were presented as follows: 
information on the first author of the study, year of 
publication, study design, country where the study was 
conducted, duration of the study, details about the tools 
used for RFA and MWA, sample size in each study arm, 
average age of the participants, sex distribution, initial 
volume of the thyroid nodule, and outcome of interest. 
Discrepancies during data extraction were resolved through 
discussion.

Risk of Bias Assessment
The primary objective of this study was to evaluate 

interventions for a specific disease. Therefore, to assess 
the risk of bias in each study included in our analysis, we 
employed the Risk of Bias in Non-randomized Studies - of 
Interventions (ROBINS-I) tool [11]. This evaluation was 
performed independently by two authors. In the event of 
a discrepancy during the risk of bias assessment process, 
discussion was solicited to reconcile the disagreement. 
The ROBINS-I tool encompasses seven distinct evaluation 
domains: confounder mitigation efforts, participant 
selection, intervention selection, intervention adherence, 
handling of missing data, outcome assessment, and 
selection of reported outcomes [11]. The authors’ 
evaluations were categorized as having a “low risk,” 
”moderate risk,” or ”serious risk” of bias [11]. 

Statistical Analysis
Continuous variable outcomes were computed using the 

inverse variance formula to derive the SMD with a 95% 
confidence interval (CI). The outcomes of the dichotomous 
variables were computed using the Mantel–Haenszel 
formula to derive the odds ratio (OR) and its corresponding 
95% CI. The diverse participant characteristics and follow-
up durations necessitated the consideration of a substantial 
amount of variability. To address this issue, random 
effects models were employed. The I2 statistic was used 
to quantify the heterogeneity among the studies, where 
values exceeding 50% indicated a substantial or noteworthy 
level of heterogeneity [12]. The data, originally expressed 
as medians and interquartile ranges or medians and 
minimum-to-maximum ranges, were transformed into means 
and standard deviations for meta-analysis pooling. This 
conversion was performed using the formula developed by 
Wan et al. [13]. This study employed a restricted maximum 
likelihood random effects method to conduct a meta-
regression analysis. This analysis aimed to examine the 
relationship between pre-determined variables, including 
sample size, study design, study quality, age, sex, and initial 
nodule volume, and the primary outcome. If the number of 
papers included in the meta-analysis exceeded ten, a funnel 
plot was used to evaluate the presence of publication bias. 
All analyses were conducted using Review Manager 5.4, a 
software tool developed by the Cochrane Collaboration.

RESULTS

Study Selection and Characteristics
In total, 459 studies were retrieved from the four 

databases used in the literature search. After eliminating 
all instances of duplication and subsequently evaluating 
publications based on their titles and abstracts, 421 
articles were deemed irrelevant and excluded from further 
analysis. This resulted in the final selection of 38 articles 
for further examination. Of the 38 articles subjected to 
a comprehensive assessment of their full texts, 29 did 
not satisfy the pre-determined eligibility criteria. These 
articles were then excluded from our analysis based 
on the following specific details: 14 articles lacked a 
comparison group, 5 articles were identified as review 
articles, 5 articles conducted a comparison between RFA or 
MWA and conventional surgery, 3 articles utilized LA as the 
comparison group, and 2 articles included patients who 
did not have any intervention as the basis for comparison. 
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Finally, nine papers that satisfied the pre-determined 
criteria for inclusion were identified [14-22]. Consequently, 
these publications were selected for analysis, as shown 
in Figure 1. Of the nine publications under consideration, 
seven were retrospective studies and only two were 
prospective studies. China contributed four papers, Turkey 
contributed three, and Germany contributed two. The 
follow-up duration ranged from 1 to 12 months. Additional 
information regarding the attributes of the participants and 
the methodology employed for RFA and MWA is listed in 
Table 1.

Quality of Study Assessment
The risk of bias in the included studies was assessed 

using the ROBINS-I technique. Of the total number of 
studies, only four were found to have a “low risk” of bias 
across all seven assessment domains. Two studies possessed 
a “serious risk” of bias in the selection of the participants’ 
domains. This was attributed to the differences in the 
baseline characteristics of the participants in the two 
groups. No subsequent measures were taken to account for 

this difference, thereby increasing the likelihood of bias. 
Three studies exhibited a “serious risk” of bias in both the 
confounder domain and the selection of participants. 
Table 2 presents a comprehensive overview of the risk of 
bias assessment conducted using the ROBINS-I method for 
each study included in the analysis.

Primary Outcome (VRR)
The findings of a meta-analysis incorporating data from 

nine studies indicate that, overall, the use of RFA was 
associated with higher reduction in the VRR of benign 
thyroid nodules when compared with the use of MWA (SMD 
0.19; 95% CI: 0.11 to 0.28; P < 0.001; I2 = 67%) (Fig. 2). 

Subgroup analysis, stratified by the duration of follow-up, 
revealed variations in VRR contingent upon the timing of 
the follow-up assessment (Fig. 2). There was no statistically 
significant difference observed in the VRR between RFA and 
MWA between the 1 (SMD 0.06; 95% CI: -0.13 to 0.26; P = 
0.52; I2 = 55%) and 3 months of follow-up (SMD 0.11; 95% 
CI: -0.03 to 0.25; P = 0.12; I2 = 54%). However, beginning 
in the 6 months of follow-up, notable distinctions emerged, 

  Records identified through database searching (n = 459)
     - Europe PMC (n = 303)
     - Scopus (n = 82)
     - Medline (n = 70)
     - Cochrane Library (n = 4)

  Full-text articles excluded, with reasons (n = 29)
     - No control group (n = 14)
     - Review articles (n = 5)
     - Surgery as comparison (n = 5)
     - Laser as comparison (n = 3)
     - No treatment as comparison (n = 2)
     - Cochrane Library (n = 4)

Records screened (n = 459)

Studies included in qualitative synthesis (n = 9)

Studies included in quantitative synthesis 
(meta-analysis) (n = 9)

Full-text articles assessed for eligibility (n = 38)

Records excluded on the basis of title and abstract 
and duplicates removed (n = 421)

Fig. 1. PRISMA diagram depicting the detailed selection process of studies for the systematic review and meta-analysis. 
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indicating that RFA was linked to a much higher VRR than 
MWA (SMD 0.25; 95% CI: 0.06–0.43; P = 0.008; I2 = 72%). 
Similarly, throughout the 12 month of follow-up, there was 
an increasing disparity in favor of RFA (SMD 0.38; 95% CI: 
0.17–0.59; P < 0.001; I2 = 78%). 

Secondary Outcome

Ablation Time
There were three studies which reported the ablation times 

of RFA and MWA for benign thyroid nodules [15,18,21]. 
Overall meta-analysis from these studies showed that RFA was 
associated with shorter time needed for ablation of benign 
thyroid nodule when compared to MWA (SMD -0.33; 95% CI: 
-0.52 to -0.13; P < 0.001; I2 = 65%) (Supplementary Fig. 1). 

Symptoms Score
A meta-analysis of four studies [15,16,20,22] revealed 

no statistically significant differences in symptom scores 
between RFA and MWA treatments for benign thyroid 
nodules (Fig. 3). This observation holds true over several 
time intervals, including the 1 (SMD -0.07; 95% CI: -0.33 to 
0.20; P = 0.62; I2 = 0%), 3 (SMD -0.08; 95% CI: -0.18 to 
0.02; P = 0.14; I2 = 0%), 6 (SMD -0.05; 95% CI: -0.17 to 
0.07; P = 0.43; I2 = 16%), and 12 months of post-treatment 
follow-up (SMD -0.05; 95% CI: -0.15 to 0.05; P = 0.33; I2 = 
0%) (Fig. 3).

Cosmetic Score
A meta-analysis of five studies [15-17,20,22] revealed 

no statistically significant difference in cosmetic scores 
between RFA and MWA treatments for benign thyroid 
nodules (Supplementary Fig. 2). This observation holds true 
over several time intervals, including the 1 (SMD 0.38; 95% 
CI: -0.50 to 1.26; P = 0.40; I2 = 93%), 3 (SMD -0.08; 95% 
CI: -0.18 to 0.02; P = 0.12; I2 = 0%), 6 (SMD -0.05; 95% 
CI: -0.15 to 0.04; P = 0.29; I2 = 0%), 12 months of post-
treatment follow-up (SMD -0.07; 95% CI: -0.17 to 0.03; P = 
0.17; I2 = 0%) (Supplementary Fig. 2).

Major Complications Rate
A cumulative count of eight studies was documented, 

each reporting major complication rates [14-16,18-22]. The 
findings from the aforementioned eight studies indicate that 
no statistically significant difference was observed between 
RFA and MWA in relation to the rate of major complications 
(OR 0.87; 95% CI: 0.63–1.20; P = 0.41; I2 = 0%) (Table 3).
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Hemorrhage or Hematoma
A cumulative count of six studies was documented, 

each reporting the incidence of hemorrhage or hematoma 
[14-16,18-20]. The findings from the aforementioned six 
studies indicate that no statistically significant difference 
was observed between RFA and MWA in relation to the 
hemorrhage or hematoma incidence (OR 1.41; 95% CI: 
0.81–2.47; P = 0.22; I2 = 0%) (Table 3).

Hoarseness or Voice Change
An overall meta-analysis of 5 studies [15,16,18,20,22] 

involving benign thyroid nodule patients showed no 
significant difference in the hoarseness or voice change rate 
between RFA and MWA (OR 0.73; 95% CI: 0.47–1.14; P = 
0.17; I2 = 0%) (Table 3).

Skin Burn
An overall meta-analysis of 2 studies [15,18] involving 

benign thyroid nodule patients showed no significant 

difference in the skin burn incidence between RFA and MWA 
(OR 1.03; 95% CI: 0.22–4.94; P = 0.97; I2 = 0%) (Table 3).

Cough
A cumulative count of two studies was documented, each 

reporting the incidence of post-procedure cough [15,18]. 
The findings from the aforementioned two studies indicate 
that no statistically significant difference was observed 
between RFA and MWA in relation to the post-procedure 
cough incidence (OR 0.60; 95% CI: 0.07–4.92; P = 0.64; I2 = 
0%) (Table 3).

Sympathetic Nerve Injury
A cumulative count of three studies was documented, 

each reporting the incidence of sympathetic nerve injury 
[14,15,21]. The findings from the aforementioned two 
studies indicate that no statistically significant difference 
was observed between RFA and MWA in relation to the 
sympathetic nerve injury incidence (OR 0.47; 95% CI: 

Table 2. Risk of bias assessment for non-randomized intervention study by using ROBINS-I tool

Study D1 D2 D3 D4 D5 D6 D7 Overall

Cerit et al., 2023 [14]

Cheng et al., 2017 [15]

Hu et al., 2019 [16] 

Javadov et al., 2021 [17]

Jin et al., 2021 [18]

Korkusuz et al., 2018 [19]

Sönmez et al., 2023 [20] 

Vorländer et al., 2018 [21]

Yue et al., 2017 [22]

D1: Bias due to confounding, D2: Bias due to selection of participants, D3: Bias in classification of interventions, D4: Bias due to 
deviations from intended interventions, D5: Bias due to missing data, D6: Bias in measurement of outcomes, D7: Bias in selection of the 
reported result.
D = domain, ROBINS-I = Risk of Bias in Non-randomized Studies - of Interventions, + = low, x = serious
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0.08–2.76; P = 0.40; I2 = 0%) (Table 3).

Meta-Regression
The findings of the meta-regression analysis pertaining 

to the primary outcome measures of the VRR are presented 
in Supplementary Table 1 and Supplementary Figures 3–6. 
VRR at 1 month follow-up was significantly affected by 
participant age (beta coefficient: -0.0908; 95% CI: -0.1598 
to -0.0218; P = 0.0099) (Supplementary Fig. 3A). The VRR 
at the 6-month follow-up was significantly associated with 

sex (beta coefficient, 0.0454; 95% CI: 0.0011–0.0897; P = 
0.0447) (Supplementary Fig. 5A). VRR at the 12-month 
follow-up was significantly associated with study quality 
(beta coefficient: 0.9657; 95% CI: 0.4822–1.4493; P < 
0.001), age (beta coefficient: -0.1206; 95% CI: -0.2335 to 
-0.0077; P = 0.0363), sex (beta coefficient: 0.0478; 95% 
CI: 0.0043–0.0914; P = 0.0314), and initial nodule volume 
(beta coefficient: 0.0330; 95% CI: 0.0172–0.0487; P < 
0.001) (Supplementary Fig. 6A-D). 

Fig. 2. Forest plot demonstrating the VRR during the 1st, 3rd, 6th, 12th, and beyond 12 months of follow-up intervals between RFA and 
MWA for managing benign thyroid nodules. VRR = volume reduction ratio, RFA = radiofrequency ablation, MWA = microwave ablation, Std = 
standard, SD = standard deviation, IV = inverse variance, CI = confidence interval
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Publication Bias
Funnel plot analysis was used to assess publication bias. 

The present investigation did not assess publication bias 
because of the limited number of studies included (less 
than 10). Consequently, the evaluation of publication bias 
lacked the same level of robustness as when more than ten 
studies were available for analysis [23,24].

DISCUSSION

The findings of our meta-analysis indicate that RFA 
exhibits similar levels of efficacy and safety as MWA when 
used for the treatment of benign thyroid nodules. Our 
findings indicate that RFA exhibits certain benefits over 
MWA in terms of a shorter ablation duration and greater VRR 

Fig. 3. Forest plot demonstrating the symptoms scores during the 1st, 3rd, 6th, 12th, and beyond 12 months of follow-up intervals 
between RFA and MWA for managing benign thyroid nodules. RFA = radiofrequency ablation, MWA = microwave ablation, Std = standard, 
SD = standard deviation, IV = inverse variance, CI = confidence interval

Table 3. Safety outcomes between RFA and MWA

Outcome Included studies
Patients (n)

Odds ratio (95% CI) P I2 (%)
RFA MWA

Major complications 8 1255 1226 0.87 (0.63–1.20) 0.41 0
Hemorrhage/hematoma 6 1117 1100 1.41 (0.81–2.47) 0.22 0
Hoarseness/voice change 5 1142 1119 0.73 (0.47–1.14) 0.17 0
Skin burn 2   938   892 1.03 (0.22–4.94) 0.97 0
Cough 2   938   892 0.60 (0.07–4.92) 0.64 0
Sympathetic nerve injury 3   722   670 0.47 (0.08–2.76) 0.40 0

Odds ratio value < 1 favors RFA.
RFA = radiofrequency ablation, MWA = microwave ablation, CI = confidence interval
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throughout the 6- and 12-month follow-up periods. This 
can be explained using the fundamental principles of RFA 
and MWA. Due to the elevated temperature in the tissue, 
typically exceeding 150°C, resulting from the application 
of MWA, carbonization can readily develop in the ablated 
lesion, even at a relatively moderate power output of 
30–50 W [25-27]. Nevertheless, the maximum temperature 
generated by RFA did not exceed 110°C, and the occurrence 
of carbonization in an RFA lesion is exceedingly uncommon 
[28]. It is crucial for the VRR elevations associated with 
tissue necrosis in ablated nodules to gradually disappear. 
The carbonized tissue in the ablated nodules proved 
resilient to dissolution [15]; therefore, the VRR of the 
ablated nodules in the RFA group showed more significant 
increments than that in the MWA group. 

Additional regression analysis revealed that age, sex, 
and initial nodule volume significantly influenced the 
associations between RFA, MWA, and VRR. Age is a 
significant factor that frequently affects the efficacy of 
medical procedures including nodule ablation [29-31]. Elderly 
individuals frequently experience frailty and multimorbidity, 
which increase the likelihood of procedural complications or 
diminish their response to medical intervention [29-31]. In 
addition to age, sex is a significant factor that is frequently 
considered while performing medical procedures [31,32]. 
Prior researches indicate that sex exerts a notable influence 
on the efficacy of RFA procedures, with male exhibiting a 
higher likelihood of success than female [32]. Additionally, 
prior research has substantiated the impact of the initial 
volume of nodules on the increase in the VRR [32,33]. 
These studies have demonstrated that RFA is more likely to 
achieve success in nodules with smaller dimensions than 
in those with larger dimensions [32,33]. Unfortunately, 
the precise mechanism by which these factors affect the 
response to RFA and MWA remains unknown and warrants 
further investigation in future studies. Nevertheless, 
no statistically significant differences were observed 
between RFA and MWA in terms of changes in symptom 
scores, cosmetic scores, and the occurrence of various 
complications such as bleeding, hoarseness, skin burns, 
post-procedure cough, and sympathetic nerve injury.

The findings of our meta-analysis align with those of 
prior meta-analysis conducted by Guo et al. [8]. The meta-
analysis conducted by Guo et al. [8] also reached the 
conclusion that both RFA and MWA exhibit comparable 
levels of effectiveness and safety when utilized for 
the treatment of benign thyroid nodules. Nevertheless, 

disparities exist between the meta-analysis conducted by 
Guo et al. [8] and the present investigation.

First, the meta-analysis conducted by Guo et al. [8] 
incorporated a limited number of studies, specifically five, 
for the purpose of analysis. In contrast, our meta-analysis 
incorporated a greater number of investigations, specifically, 
nine studies, to generate more robust and substantiated 
data.

Furthermore, of the five investigations [15,16,19,21,22] 
incorporated in the meta-analysis conducted by Guo et al. [8] 
that were also incorporated in our current meta-analysis, none 
were randomized trials. However, Guo et al. [8] continued to 
use the tool provided by the Cochrane Collaboration in RevMan 
5.3 [34], which was unsuitable for the five studies included in 
their analysis. This tool was specifically developed to evaluate 
the risk of bias in randomized controlled trials (RCTs) [34]. 
Moreover, despite the use of imprecise or inappropriate tool, 
Guo et al. [8] concluded a ‘low-risk’ of bias in the random 
sequence generation for the four studies included in their 
analysis; regardless of the fact that none of those studies 
employed randomization of participants. Three [16,21,22] 
of them had retrospective cohort designs that did not allow 
the randomization of participants. This can be considered as 
a fatal error. Hence, in the present meta-analysis, we chose 
to use a more appropriate instrument, the ROBINS-I tool 
[11], which was created to evaluate the potential for bias 
in non-randomized interventional trials.

Finally, it should be noted that the study conducted by 
Guo et al. [8] did not include a direct comparison between 
RFA and MWA in terms of VRR, symptoms scores, and 
cosmetic scores, but rather treated RFA and MWA as distinct 
sub-groups for analysis. They presented the data of these 
outcomes in both groups separately and, thus, whether 
the differences in these values were significant cannot be 
ascertained. [8] This approach is deemed inappropriate 
because the difference between RFA and MWA, as assessed 
by these outcomes in the form of a SMD or P-value, which 
are essential for assessing statistical significance, remains 
unobservable. Hence, the data reported by Guo et al. [8] 
were less meaningful when comparing RFA and MWA for 
benign thyroid nodules. In contrast, the present meta-
analysis conducted a direct comparison between RFA 
and MWA in terms of VRR, symptom scores, and cosmetic 
scores. This comparison was made by designating one of 
the interventions as the reference group. Therefore, it was 
possible to calculate the SMDs and their accompanying 
P-values for these outcomes.
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Although in line with a previous meta-analysis by Guo 
et al. [8], the findings of our meta-analysis contradict those 
of another meta-analysis conducted by Chorti et al. [35], 
which found no difference between RFA and MWA in terms 
of VRR. The difference in findings can be attributed to 
variations in research methodology; Chorti et al. [35] used 
a network meta-analysis, whereas our study employed a 
traditional meta-analysis approach. As this was a network 
meta-analysis, Chorti et al. [35] did not directly compare 
RFA with MWA. Indeed, RFA and MWA are operator-
dependent medical treatments, meaning that the degree 
of success or efficacy achieved is significantly affected by 
the operator’s level of experience [36,37]. If the data used 
for the comparison between RFA and MWA do not originate 
from the same study and are not performed by the same 
operator, it will inevitably influence the outcomes. In 
addition, data regarding RFA and MWA that do not originate 
from the same study will affect the different characteristics 
of the participants involved in the study, which may affect 
the outcomes. Therefore, we conducted a traditional meta-
analysis with head-to-head data to compare RFA and 
MWA to ensure the same baseline characteristics of the 
participants and same levels of operator experience for both 
procedures.

The current study has some limitations. First, it is worth 
noting that a considerable proportion of the studies included 
in the analysis exhibit a retrospective design, which may be 
susceptible to the influence of selection bias and confounding 
variables. The risk of bias assessment findings indicated 
the presence of serious bias in several studies included 
in our analysis. Consequently, it is imperative to exercise 
caution when interpreting the conclusions of our study. 
Second, a notable degree of heterogeneity was observed in 
the various outcomes of interest within this study, which 
can be attributed to differences in baseline characteristics 
among participants, variations in the techniques and 
instruments employed in RFA and MWA, and differences 
in the level of expertise among surgeons performing the 
ablation procedures. Furthermore, it is important to note 
that the sample size of each study included in this analysis 
is quite small, with less than 100 participants. Consequently, 
the generalizability of the findings of this study is limited. 
Finally, the studies included in the analysis lacked data 
regarding variations in the total cost associated with each 
ablation procedure, thereby limiting the ability to conduct 
further analysis on this aspect. Nevertheless, we argue that 
the results obtained from our extensive examination and 

meta-analysis provide useful insights into the management of 
benign thyroid nodules.

In conclusion, our comprehensive systematic review and 
meta-analysis suggests that RFA exhibits comparable levels 
of efficacy and safety compared with MWA in the treatment 
of benign thyroid nodules. Additionally, we observed a 
marginal advantage of RFA over MWA in terms of a shorter 
duration of tissue ablation and a higher alteration in VRR 
at the 6-month and 12-month follow-up intervals. Both 
minimally invasive techniques may be viable alternatives for 
managing benign thyroid nodules, particularly in individuals 
who decline or are unable to undergo surgical intervention. 
Furthermore, it is strongly recommended that precisely 
designed RCTs with substantial sample sizes be conducted in 
order to corroborate the results of our study.
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