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INTRODUCTION

The incidence of papillary thyroid carcinoma (PTC) has 
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Objective: Although thermal ablation is effective in treating low-risk papillary thyroid microcarcinomas (PTMCs), comparison 
of treatment outcomes between thermal ablation and surgery has not yet been systematically evaluated. This study aimed to 
compare the efficacy and safety of thermal ablation and surgery for the treatment of low-risk PTMCs.
Materials and Methods: Ovid-MEDLINE and EMBASE databases were searched for studies reporting comparisons of treatment 
results between thermal ablation and surgery for patients with low-risk PTMC published up to April 6, 2020. The analysis 
evaluated the efficacy (local tumor recurrence, occurrence of new tumor, metastasis, and rescue surgery) and safety 
(complication rate) of thermal ablation and surgery.
Results: This systematic review included four studies with a total of 339 PTMCs in 339 patients who underwent thermal 
ablation and 320 PTMCs in 314 patients who underwent surgery. There was no local tumor recurrence or distant metastasis 
in either group. There was no significant difference in the pooled proportion of lymph node metastasis (2.6% with thermal 
ablation vs. 3.3% with surgery, p = 0.65), occurrence of new tumors (1.4% with thermal ablation vs. 1.3% with surgery, p = 
0.85), or rescue surgery (2.6% with thermal ablation vs. 1.6% with surgery, p = 0.62). However, the pooled complication 
rate was significantly higher in the surgery group than in the ablation group (3.3% with thermal ablation vs. 7.8% with 
surgery, p = 0.03).
Conclusion: Both thermal ablation and surgery are effective and safe options for the management of low-risk PTMCs, with 
thermal ablation achieving a lower complication rate. Therefore, thermal ablation may be considered as an alternative 
treatment option for low-risk PTMC in patients who refuse surgery and active surveillance or are ineligible for surgery.
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recently increased markedly. This is primarily due to the 
incidental detection of small PTCs and/or early ultrasound 
(US) screening [1,2]. Papillary thyroid microcarcinoma 
(PTMC), defined as a PTC ≤ 1.0 cm in size, has a very 
favorable prognosis, with a disease-specific mortality rate 
of < 1% [3]. Despite the indolent nature of PTMC, surgery 
has been the mainstream treatment [4]. However, this has 
several drawbacks, such as risks of vocal cord paralysis, 
hypothyroidism, and hypoparathyroidism. Therefore, 
the 2015 American Thyroid Association (ATA) guidelines 
recommended active surveillance (AS) as an alternative 
first-line option for the management of low-risk PTMCs 
because it reduces unnecessary surgery while showing 
favorable outcomes [4,5]. However, there is a risk of tumor 
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size enlargement, local tumor recurrence, and distant 
and lymph node (LN) metastasis, and there are ongoing 
discussions to date about patient anxiety and patient 
resistance to AS [6,7]. 

Accumulating evidence suggests that thermal ablation 
techniques, including radiofrequency ablation (RFA), 
microwave ablation (MWA), and laser ablation (LA), are 
effective and safe treatment modalities for benign thyroid 
nodules [8-11] and recurrent thyroid cancers [12-15]. 
Several recent clinical trials have evaluated the thermal 
ablation of low-risk PTMCs [11,16-19]. Although these 
studies reported that thermal ablation is an effective and 
safe option for treating low-risk PTMCs, thermal ablation 
is not recommended for primary thyroid cancer according 
to the ATA guidelines [4]. Thermal ablation has not been 
established as a treatment tool for low-risk PTMCs; however, 
the 2017 Korean RFA guidelines and Italian opinion 
statement presented the potential therapeutic role of RFA 
in primary thyroid cancer in selected patients who refuse or 
are ineligible for surgery [20,21]. Conversely, few studies 
have compared the efficacy and safety of surgery and 
thermal ablation [22-26]. Therefore, in this study, we aimed 
to evaluate and compare the efficacy and safety of thermal 
ablation and surgery for the treatment of low-risk PTMCs by 
performing a systematic review and meta-analysis.

MATERIALS AND METHODS

This systematic review and meta-analysis was performed 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) guidelines [27]. The 
need for informed consent was waived due to the study 
being a systematic review and meta-analysis.

Literature Search 
A search of MEDLINE and EMBASE databases was 

performed to find original literature reporting a comparison 
of treatment results between thermal ablation and surgery 
in patients with low-risk PTMCs. The following search 
terms were used: ((surgery) OR (surgical) OR (operation) 
OR (ablation)) AND ((papillary thyroid microcarcinoma) OR 
(thyroid micropapillary carcinoma) OR (papillary thyroid 
micro-carcinoma)) AND ((comparative) OR (comparison) 
OR (versus)). No beginning search date was set, with the 
search for literature published until April 6, 2020. The 
search was limited to English-language publications. The 
bibliographies of the relevant articles were searched to 

identify any other appropriate articles. 

Inclusion Criteria
Studies satisfying the following criteria were included: 

1) studies on patients with low-risk PTMCs and 2) studies 
comparing treatment results between thermal ablation and 
surgery.

Exclusion Criteria
Studies or subsets of studies were excluded if any of the 

following criteria were met: 1) case reports or case series 
including < 20 patients; 2) letters, editorials, conference 
abstracts, consensus statements, guidelines, and review 
articles; 3) articles not focusing on the specified topic; 4) 
articles with, or with suspicion of, overlapping populations; 
5) articles not containing treatment results for both thermal 
ablation and surgery; and 6) articles without reference 
standards based on histopathological tests.

Two radiologists, with 6 and 7 years of experience in 
thyroid imaging, respectively, independently performed the 
literature search and selection. 

Data Extraction
The following data were extracted using standardized 

forms according to the PRISMA guidelines [27]: 1) 
characteristics of the article, including main author, 
year of publication, duration of patient recruitment, 
institution, country of origin, study design (prospective or 
retrospective), enrollment criteria (summary of inclusion 
and exclusion) for treatment, comparison arm (surgery vs. 
specific form of thermal ablation), number of patients, 
mean patient age, and male to female ratio according to the 
treatment methods; 2) details of the surgery and thermal 
ablation including the maximum diameter and mean volume 
of the index tumor before treatment, surgical method 
(lobectomy only, lobectomy with central neck dissection 
[CND], total thyroidectomy only, and total thyroidectomy 
with CND), the methods of ablation (MWA, LA, and RFA), 
and devices used, needle tip, and mean power output; 
3) results of ablation and details of follow-up, including 
mean follow-up duration, rates of local tumor recurrence 
(recurrence of treated tumor), rates of appearance of 
new cancer separate from the index tumor (detection 
of new tumor other than the treated one), rates of LN 
metastasis, rates of distant metastasis, rates of patients 
who underwent delayed surgery during follow-up after 
initial treatment, number of treatment sessions, volume 
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reduction rates {VRRs; VRR during follow-up was calculated 
as ([initial nodular volume - final nodular volume] x 100)/
initial nodular volume}, and rates of tumor disappearance 
in patients undergoing thermal ablation; and 4) details 
of the complications associated with treatment were 
reclassified by the authors using the reporting standards 
of the Society of Interventional Radiology [28]. Major 
complications were defined as adverse events associated 
with substantial morbidity or disability, increased level 
of care, hospital admission, or substantial prolongation 
of hospital stay. Other complications were considered 
minor, while unintended consequences that did not 
require therapy or medical treatment, as well as undesired 
consequences of the procedure, were defined as side effects, 
according to previous studies [29,30]. Voice change and 
hypoparathyroidism were considered major complications 
if they had a duration of > 1 month, but were considered 
minor complications if they had a duration of < 1 month. 
If the duration was not available, they were considered 
major complications. However, occurrences immediately 
following ablation, including transient voice change, 
minimal or asymptomatic hematoma, bleeding, parenchymal 
edema, and tolerable mild pain or discomfort not requiring 
medication, were regarded as neither complications nor side 
effects. 

Quality Assessment
Two authors independently performed data extraction 

and quality assessment using the risk of bias for 
nonrandomized studies (RoBANS) tool for non-randomized 
controlled trials [31].

Data Synthesis and Analyses
The primary outcomes of the current systematic review 

and meta-analysis were the pooled proportions of local 
tumor recurrence, metastasis, and complications. Pooled 
proportions were calculated using an inverse-variance 
weighting model [32]. A random-effects meta-analysis of 
proportions was used to calculate the overall proportions. 
Study heterogeneity was evaluated using the Higgins 
inconsistency index (I2), with substantial heterogeneity 
indicated by an I2 value > 50% [33]. In addition, meta-
regression analysis was performed to compare the 
proportion of local tumor recurrence, metastasis, and 
complications between the two treatment methods (surgery 
vs. ablation). All statistical analyses were conducted by one 
author (with 2 years of experience in conducting systematic 

reviews and meta-analysis), using the “meta” package in R 
version 3.6.1 (http://www.r-project.org/).

RESULTS

Literature Search
The article selection process is illustrated in Figure 1. 

The initial systematic literature search identified 334 
articles. After duplicates were removed, 255 articles were 
screened for eligibility. Of these, 250 were excluded after 
the abstracts were reviewed. The full texts of the remaining 
five articles were reviewed, and one article was excluded 
because of a partially overlapping patient cohort [26]. 
Finally, four eligible articles were included in the analysis 
[22-25].

Characteristics of the Included Studies
Table 1 shows the detailed characteristics of the four 

studies and the types of ablation used. A total of 314 
patients were included in the surgery group and 339 
patients in the ablation group. All four studies had a 
retrospective design. The criteria for treatment were 
generally similar across the studies, including low-risk PTMC 
diagnosed by cytology or biopsy, absence of LN or distant 
metastasis, and absence of visible gross extrathyroidal 
extension on US. Three of the studies enrolled patients 
with solitary PTMC [22,24,25], while one study did not 
present information about the number of tumors in enrolled 
patients [23]. Surgery or ablation was selected according 
to the patient’s general condition, wishes, or other reasons 
[22-25]. As regards the ablation method, two studies used 
MWA [22,23], one study used LA [25], and one study used 
RFA [24]. The eligible studies included patient numbers 
ranging from 45 to 143 in the surgery group and from 36 
to 168 in the ablation group. All studies included patients 
with single PTMCs by US; however, in one study, several 
patients were revealed to have multiple tumors after surgery 
[24]. The mean ages of the included patients ranged from 
41.6 to 49.2 years in the surgery group and from 41.5 to 
47.4 years in the ablation group. All studies included more 
female than male [22-25].

Characteristics of the Surgery and Ablation Methods
The detailed characteristics of the surgery and ablation 

methods are presented in Table 2. In three studies, all of 
the patients subjected to surgery underwent lobectomy 
with CND [22,23,25]. In one study, 19 of the 80 patients 
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subjected to surgery underwent lobectomy without CND, 
39 underwent lobectomy with CND, 8 underwent total 
thyroidectomy without CND, and 14 underwent total 
thyroidectomy with CND [24]. All patients treated with 
ablation underwent only one treatment session [22-25]. 
The maximal diameter of the index tumor ranged from 5 to 
8.1 mm in the surgery group and from 4.7 to 8.9 mm in the 
ablation group [23-25]. The mean volume ranged from 41.6 
to 132.7 mm3 in the surgery group [24,25] and from 43.2 to 
175.9 mm3 in the ablation group [22,24,25].

 
Comparison of the Results of Surgery and Ablation

The results of surgery and ablation are presented in 
Table 3. Except for one study [23], the mean follow-up 
duration after treatment was over 2 years in both surgery 
and ablation groups, ranging from 27.5 to 63.6 months 
in the surgery group and from 25.1 to 64.2 months in 
the ablation group. The mean follow-up period was 35.8 
months for the surgery group and 35.6 months for the 
ablation group. In three studies [22,24,25], no local tumor 
recurrence or distant metastasis was observed during 
follow-up after surgery or ablation. A new tumor separate 
from the treated primary tumor developed in 1.3% and 1.4% 

of patients in the surgery and ablation groups, respectively. 
LN metastasis developed in 3.3% and 2.6% of the surgery 
and ablation groups, respectively. In the surgery group, 
1.6% underwent rescue surgery: two patients with a new 
tumor [22,25] and one patient with LN metastasis [22]. 
In the ablation group, 2.6% underwent delayed surgery: 
three patients with LN metastasis [22,25] and one patient 
with a new tumor in the contralateral lobe [25]. There was 
no significant difference between surgery and ablation 
in the proportion of patients with local tumor recurrence 
(p = 0.98), new tumor separate from the primary tumor 
(p = 0.85), LN metastasis (p = 0.65), distant metastasis 
(p = 0.90), or rescue surgery (p = 0.62). Only the pooled 
proportion of distant metastasis after thermal ablation 
showed substantial heterogeneity (I2 = 58.8%).

Comparison of Complications Following Surgery and 
Ablation

The complications following surgery and ablation are 
presented in Tables 4 and 5, respectively. Complications 
occurred in 7.8% and 3.3% of patients who underwent 
surgery and ablation, respectively. All of the complications 
that occurred were major complications, and the frequency 
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of overall and major complications was significantly higher 
in the surgery group than in the ablation group (p = 0.03). 
Complications included hoarseness in 4.3% of patients in 
the surgery group and 3.3% of patients in the ablation 
group, and hypoparathyroidism and wound infection in 
3.2% and 1% of patients in the surgery group, respectively, 
with neither of the latter two complications occurring in 
the ablation group. Among the patients who developed 
hoarseness, the symptom was permanent in three patients 
in the surgery group (1.5%) [22,24] and in one patient in 
the ablation group (0.8%) [22]. Figure 2 shows the forest 
plots of pooled proportions of new tumors separate from 
the treated primary tumor, LN metastasis, and complications 
after surgery and thermal ablation, respectively.

Quality Assessment of the Studies
The quality of the included studies was assessed according 

to the RoBANS criteria, and the results are presented in 
Figure 3. All studies showed a low risk of bias in selective 
reporting, outcome evaluation, measurement of exposure, 
confounding variables, comparability of participants, and 
selection of patient group domains. However, all of the 
studies showed an unclear risk of bias in the blinding of the 
outcome assessment domain, as they did not make clear 
statements about patient/investigator blinding [22-25]. 
One study showed an unclear risk of incomplete outcome 
data because not all of the enrolled patients were followed 
up [22], whereas the other three studies showed a low risk 
of incomplete outcome data [23-25].

DISCUSSION 

The current systematic review and meta-analysis compared 
the efficacy and safety of surgery and thermal ablation for 
the treatment of low-risk PTMCs in four studies, including a 
total of 320 PTMCs in 314 patients in the surgery group and 
339 PTMCs in 339 patients in the thermal ablation group. 
There was no local tumor recurrence or distant metastasis in 
either group. The pooled proportions of LN metastasis (p = 
0.65) and patients who underwent rescue surgery (p = 0.62) 
were not significantly different between the two groups. 
However, the pooled complication rate was significantly 
higher in the surgery group than in the ablation group 
(7.8% vs. 3.3%, p = 0.03). Therefore, this meta-analysis 
demonstrated that thermal ablation is a safe treatment 
modality for low-risk PTMCs, with a similar efficacy as 
surgery. Ta
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The definition of low-risk PTMC has few discrepancies 
among guidelines. The recent Japanese guidelines for AS 
suggested that clinical T1aN0M0 PTMCs without indication 
of immediate surgery are low-risk PTMCs and candidates 
for AS [34]. Indications for immediate surgery include the 
presence of LN metastasis, aggressive subtype of PTC on 
cytology, apparent invasion into the recurrent laryngeal 
nerve or trachea, tumors adherent to the trachea or located 
near the course of the recurrent laryngeal nerve, patients 
associated with other thyroid or parathyroid disease 
requiring surgery, and age < 20 years. 

The standard treatment for PTMC is surgery, usually 
unilateral lobectomy [4]. However, because of the indolent 
nature of this tumor, the 2015 ATA guidelines recommended 
AS as an alternative first-line option for the management 
of low-risk PTMCs [4]. A recent systematic review and meta-
analysis found that AS showed a low proportion of tumor 

size enlargement and LN metastasis over a 5-year follow-up 
(pooled proportions of 5.3% and 1.6%, respectively) [35]. 
However, a large proportion (ranging from 8.7% to 32%) of 
patients underwent delayed or rescue surgery, with many 
reasons for surgery (range of proportions, 50% to 69%) 
being those other than size enlargement or LN metastasis, 
that is, a considerable proportion of the surgeries performed 
were not rescue surgery. The authors presumed that anxiety 
was one of the main reasons for delayed surgery [35]. 
Although AS has gradually become more accepted in clinical 
practice, patient anxiety remains an unresolved issue [6,7]. 

Regarding thermal ablation for PTMC, only 1.1% of 
patients in a recent systematic review and 2.6% of patients 
in our meta-analysis underwent rescue surgery after thermal 
ablation, with none of the patients undergoing delayed 
surgery because of anxiety about tumor progression. 
A previous systematic review showed that no patient 

Table 5. Comparison of Major Complications Following Surgery and Ablation

Study
Surgery Ablation

Hoarseness Hypoparathyroidism Wound Infection Hoarseness
Xu et al. [23] 2   0 1 1
Li et al. [22] 7 10 0 7
Zhou et al. [25] 2   1 0 0
Zhang et al. [24] 2   1 0 0
Pooled proportions, total (95% CI) 4.3 (2.5–7.2) 3.2 (1.1–8.9) 1.0 (0.3–3.5) 3.3 (1.7–6.2)

CI = confidence interval

Selective reporting

Incomplete outcome data

Outcome evaluation

Blinding of outcome assessments

Measurement of exposure

Confounding variables

Selection of participants

Participant comparability

Ro
BA

NS

0                      20                     40                     60                     80                    100

Risk of bias

(%)

100

100

100

100

100

100

100

75 25

High UnclearLow

Fig. 2. The quality assessment of the included studies according to the RoBANS criteria. RoBANS = risk of bias for nonrandomized 
studies
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experienced local tumor recurrence or distant metastasis 
during follow-up, while 0.4% of patients experienced LN 
metastasis and 0.2% of patients developed a new PTMC, 
which was successfully treated by additional ablation 
[36]. No life-threatening complications were reported 
after thermal ablation in the included studies. Moreover, 
none of the patients developed persistent hypothyroidism 
requiring lifelong thyroid hormone replacement. With regard 
to quality of life, thermal ablation may have an advantage 
over surgery in that it has a lower risk of persistent 
hypothyroidism and there is no scarring [37-39]. It is worth 
noting that patients who had undergone thermal ablation 
in these studies included not only those who were ineligible 
for surgery, but also those who refused it. Considering 
the high incidence of delayed or rescue surgery during 
AS and acceptable treatment results of thermal ablation, 
thermal ablation may be considered as an alternative 

to AS or immediate surgery for patients with low-risk 
PTMCs. However, thermal ablation is a surgeon-dependent 
technique and involves a potential risk of hidden malignant 
tumors and hidden LN metastasis. Therefore, as with AS, 
thermal ablation of PTMC requires strict inclusion criteria 
and a detailed pretreatment imaging work-up, including 
contrast-enhanced CT [19,40]. This should be performed 
by an expert surgeon. In addition, as thermal ablation 
for primary PTMC was recently introduced, the follow-up 
periods in the analyzed studies were shorter than those of 
surgery, and randomized controlled studies have yet to be 
performed. However, Cho et al. [41] recently reported more 
than 5-year follow-up results of RFA for low-risk PTMCs in 
84 tumors. The study showed favorable outcomes, including 
complete disappearance in 98.8% of tumors with 1.4% of 
major complications during the 72 months of the mean 
follow-up period. There was no local tumor progression, LN, 

Fig. 3. Forest plots of pooled proportions of (A) new tumor separate from treated primary tumor after surgery, (B) new tumor 
separate from treated primary tumor after thermal ablation, (C) lymph node metastasis after surgery, (D) lymph node metastasis 
after thermal ablation, (E) complication after surgery, and (F) complication after thermal ablation. CI = confidence interval

A

C

E

B

D

F
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or distant metastasis. This result is not different from that 
of previous short-term follow-up studies. More long-term 
follow-up studies and randomized controlled studies are 
necessary to bridge the evidence gaps.

In our study, almost all patients in the surgery group 
(306 of 314 patients) underwent prophylactic CND rather 
than thyroidectomy alone. According to the 2015 ATA 
guidelines, thyroidectomy without prophylactic CND is 
appropriate for patients with small (T1 or T2 stage), 
noninvasive tumors and clinically uninvolved central neck 
LNs. Moreover, a recent meta-analysis demonstrated that 
patients who underwent prophylactic CND had significantly 
higher incidence rates of several complications (transient 
recurrent laryngeal nerve injury, transient hypocalcemia, 
and permanent hypocalcemia) [42]. Therefore, the pooled 
proportion of complications in the surgery group might 
be higher than that in populations who did not undergo 
prophylactic CND. Thus, there is a limitation in the direct 
comparison between surgery and thermal ablation. 

This study had a few limitations. First, the number of 
included studies was relatively small, and three methods of 
thermal ablation were mixed in this study because thermal 
ablation for the treatment of PTMC was recently introduced. 
In addition, few studies have compared thermal ablation 
with surgery. Second, although the follow-up period in 
three of the four included studies was over 2 years, it was 
not long enough to conclusively evaluate the treatment 
outcome. Third, the criteria for ablation and surgery were 
not identical across the included studies, although all 
of the studies included patients with low-risk PTMCs. In 
addition, there were ambiguities in the criteria for selection 
of the treatment method in the included studies. In all of 
the analyzed studies, inoperable patients were treated with 
thermal ablation, but the reasons for refusing surgery are 
not clear. Finally, the included studies were concentrated 
regionally in China. Further well-designed prospective 
studies with large populations and long-term follow-up are 
needed to clarify the efficacy of thermal ablation in low-risk 
PTMCs.

In conclusion, this systematic review and meta-analysis 
showed that both thermal ablation and surgery are effective 
and safe options for the management of low-risk PTMCs, 
with thermal ablation achieving a lower complication rate. 
Therefore, in future guidelines, thermal ablation may be 
considered as an alternative treatment option for low-
risk PTMCs in patients who refuse surgery and AS or are 
ineligible for surgery.
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