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Safety of radiofrequency ablation of benign thyroid nodules and recurrent
thyroid cancers: a systematic review and meta-analysis

Sae Rom Chunga�, Chong Hyun Suhb�, Jung Hwan Baeka , Hye Sun Parka, Young Jun Choia and
Jeong Hyun Leea

aDepartment of Radiology and Research Institute of Radiology, University of Ulsan College of Medicine, Asan Medical Center, Seoul,
Republic of Korea; bDepartment of Radiology, Namwon Medical Center, Namwon-si, Republic of Korea

ABSTRACT
Objective: We performed a systematic review and meta-analysis to evaluate the safety of radiofre-
quency ablation (RFA) for the treatment of benign thyroid nodules and recurrent thyroid cancers.
Materials and methods: Ovid-MEDLINE, EMBASE, and Library of Cochrane databases were searched
up to 12 July 2016 for studies on the safety of RFA for treating benign thyroid nodules or recurrent
thyroid cancers. Pooled proportions of overall and major complications were assessed using random-
effects modelling. Heterogeneity among studies was determined using the v2 statistic for the pooled
estimates and the inconsistency index I2.
Results: A total of 24 eligible studies were included, giving a sample size of 2421 patients and 2786
thyroid nodules. 41 major complications and 48 minor complications of RFA were reported, giving a
pooled proportion of 2.38% for overall RFA complications [95% confidence interval (CI): 1.42%–3.34%]
and 1.35% for major RFA complications (95% CI: 0.89%–1.81%). There were no heterogeneities in either
overall or major complications (I2¼ 1.24%–21.79%). On subgroup analysis, the overall and major com-
plication rates were significantly higher for malignant thyroid nodules than for benign thyroid nodules
(p¼ 0.0011 and 0.0038, respectively).
Conclusions: RFA was found to be safe for the treatment of benign thyroid nodules and recurrent thy-
roid cancers.
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Introduction

Radiofrequency ablation (RFA) is a promising treatment
modality for various tumours, particularly liver cancer [1–4].
For thyroid diseases, ultrasound-guided RFA has shown good
results for benign thyroid nodules [5–10], including autono-
mously functioning thyroid nodules [11–13]. For benign thy-
roid nodules, RFA effectively ameliorates symptoms and
cosmetic problems by reducing the thyroid nodule volume
by 84.8% [5,12,14,15]. Recent case series suggest that ultra-
sound-guided RFA as an alternative treatment for recurrent
thyroid carcinoma in patients who are at a high risk of com-
plications from surgery or who refuse to undergo repeated
surgeries [16–21]. According to a recent meta-analysis of
ultrasound-guided RFA treatment for locally recurrent thyroid
cancer, the therapeutic success is 100%, with a serum thyro-
globulin reduction of 71.6% [16]. The revised American
Thyroid Association guideline suggests ultrasound-guided
RFA as a useful alternative to surgical resection of metastatic
thyroid cancer [22].

Although RFA has been shown to be an excellent treat-
ment modality for benign thyroid nodules and recurrent thy-
roid cancers, several RFA-associated complications have been
reported, including voice change, skin burns, haematoma

formation, and transient hyperthyroidism [5,14,19,20,23–27].
After a Korean group published a large population multicen-
ter study of complications of thyroid RFA in 2012 [24], many
studies on thyroid RFA have been published. Although the
types and incidence rates of complications have been
assessed, previous studies were limited by their retrospective
designs, small numbers of patients, and lack of systematic
evaluation. Therefore, it is an opportune time to collect cur-
rent data regarding the use of RFA for treating thyroid
disease.

To the best of our knowledge, our present systematic
review and meta-analysis is the first study to assess the
safety of RFA for the treatment of thyroid nodules. We evalu-
ate the types and incidence rates of complications associated
with RFA for the treatment of benign thyroid nodules and
recurrent thyroid cancers and compare the results with those
of other treatment options for thyroid nodules.

Materials and methods

Literature search strategy

A computerised search of the MEDLINE, EMBASE, and Library
of Cochrane databases was performed to identify relevant
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original literature on complications of RFA for the treatment
of benign thyroid nodules or recurrent thyroid cancers. The
following search terms were used: (thyroid nodule OR thyroid
cancer OR thyroid carcinoma OR thyroid malignancy) AND
(radiofrequency ablation OR radio-frequency ablation OR RF
ablation OR RFA). Our search was limited to studies pub-
lished in English up to 12 July 2016. To identify other suit-
able articles, the bibliographies of the articles were screened.

Inclusion criteria

Studies (or subsets of studies) investigating RFA for the treat-
ment of benign thyroid nodules or recurrent thyroid cancers
were eligible for inclusion. Studies (or subsets of studies) sat-
isfying all of the following criteria were included: (a) popula-
tion: patients underwent image-guidance RFA for treatment
of a benign thyroid nodule or recurrent thyroid cancer in the
neck; (b) benign thyroid nodule or recurrent thyroid cancer
was confirmed by ultrasound-guided fine-needle aspiration
or core needle biopsy prior to RFA; and (c) outcomes: compli-
cation rates were reported. For studies that met all of
the inclusion criteria but had insufficient outcome data,
attempts were made to contact the study authors to obtain
these data.

Exclusion criteria

The following exclusion criteria were applied: (a) review
articles, case reports, editorials, letters, comments, and con-
ference proceedings; (b) studies with overlapping patients
and data; (c) studies with no information on complications or
side effects; and (d) studies combining other therapies with
RFA (i.e. ethanol ablation [EA], radioactive iodine). Two
reviewers (S.R.C. and C.H.S.) with 4 years of experience in per-
forming systematic reviews and meta-analysis independently
selected the studies in the literature using a standardised
form. If the two reviewers could not reach consensus, the
study was reviewed by a third reviewer (J.H.B.) with 24 years
of clinical experience in performing thyroid ultrasound and
15 years of experience in performing thyroid RFA.

Data extraction

We extracted the following data from the selected studies
onto standardised data forms: (a) study characteristics:
authors, year of publication, hospital or medical school, dur-
ation of patient recruitment, sample size, and study design;
(b) patients’ demographic and clinical characteristics: mean
age, sex, thyroid function status, RF techniques (e.g. use of
transisthmic approach, moving shot technique, or hydrodis-
section; mean ablation time and number; mean RF power
and duration; type of RF electrode; gauge of RF electrode),
clinical experience of operator, nodule characteristics (size,
composition, and pathology), and (c) major and minor com-
plications. One reviewer (S.R.C.) extracted the data from the
selected studies, and two reviewers (C.H.S. and J.H.B.) verified
the accuracy of the extracted data. Complication rates were
calculated per person.

Definitions of complications

Major and minor complications were as defined by the
Society of Interventional Radiology [28,29]. A major complica-
tion was defined as one that, if left untreated, might threaten
the patient’s life, lead to substantial morbidity or disability, or
result in a lengthened hospital stay. In this study, major com-
plications included a transient or permanent voice change,
rupture of a treated nodule, hypothyroidism, brachial plexus
injury, Horner’s syndrome, shoulder weakness, and severe
Graves’ ophthalmopathy. All other complications, such as
haematoma, vomiting, skin burns, and severe pain that need
medication to relieve it, were considered minor. Side effects
were defined as untoward consequences that did not require
therapy or prescription medications; they included mild, tran-
sient postprocedural pain, heat sensation, and neck swelling
and discomfort.

Quality assessment

The methodological quality of the included studies was inde-
pendently assessed by the two study reviewers (S.R.C. and
C.H.S.) using tailored questionnaires and criteria provided by
the Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) [30].

Data synthesis

The pooled proportions of overall and major complications
were used as the main indices for this meta-analysis. We also
carried out subgroup meta-regression analysis according to
the benignity of the nodule and the origin of the study.
Meta-analytic pooling was conducted by the inverse variance
method for calculating weights. Pooled proportions and 95%
confidence intervals (CIs) were obtained by Der Simonian-
Laird random-effects modelling [31–33].

Heterogeneity among studies was determined by the v2

statistic for pooled estimates (p< 0.05, indicating significant
heterogeneity) and the inconsistency index I2 (0–40%, may
not be important; 30–60%, may represent moderate hetero-
geneity; 50–90%, may represent substantial heterogeneity;
75–100%, may represent considerable heterogeneity) [34].
Publication bias was visually assessed by funnel plots, and
statistical significance was evaluated by Egger’s test [35]. We
used R version 3.3.1 (The R Foundation for Statistical
Computing) with the “metafor” package to perform the stat-
istical analyses.

Results

Literature search

Our study selection process is illustrated in Figure 1. The lit-
erature search of the Ovid-MEDLINE, EMBASE, and Library of
Cochrane databases generated 174 initial articles, 21 of which
were eliminated after removal of duplicates. Of the remaining
153 articles, we excluded 112 after reviewing the titles and
abstracts: 69 articles that were not in the field of interest;

INTERNATIONAL JOURNAL OF HYPERTHERMIA 921



30 review articles; 9 letters, editorials, or conference abstracts;
3 case reports; and 1 guideline. The full texts of the remain-
ing 41 articles were retrieved. An additional search of the
bibliographies of these articles identified no further eligible
studies. Of these 41 articles, 17 were further excluded after a
review of the full text: 12 studies with partially overlapping
patient cohorts [6,7,36–45], 4 studies with combined RFA/EA
therapy [46–49], and 1 study that was not in the field of
interest [50]. In the case of patient overlap, we included the
study with the larger number of patients. Finally, 24 eligible
studies, with a total sample size of 2421 patients and 2786
thyroid nodules, were included in our systematic review and
meta-analysis [5,8,11,12,14,15,17–19,21,23–27,51–58].

Characteristics of the included studies

The characteristics of the 24 included studies are detailed in
Table 1. The 24 original articles included 12 retrospective
studies [5,11,14,17–20,24,26,27,55,57], 9 prospective studies
[8,12,13,15,23,25,52,53,56], and 3 studies with unclear study
design [21,51,58]. The QUADAS-2 quality of the included
studies was moderate overall, and all of the studies satisfied
at least four of the seven items (Figure 2). All included stud-
ies had clear descriptions of the RF technique and equip-
ment. Nine studies had a high risk of bias in patient selection
because of the retrospective nature of the studies
[5,11,14,17,24,26,27,55,57], and three studies had an unclear
risk of bias [21,51,58]. The time period between imaging and
the reference standard was mentioned in all studies, and
details of the complications were clearly described in all
studies.

There were more case series from Asian countries (n¼ 14;
South Korea 10, China 4) than from non-Asian countries

(n¼ 10; Italy 6, Turkey 2, Germany 1, United States 1).
The mean patient age was 49.1 years (range: 19–72.5 years).
There were 16 studies of RFA for benign thyroid nodules,
which included 2540 nodules in 2245 patients [5,8,11–15,
23–25,51,53,55–58], and 8 studies of recurrent thyroid cancer,
which included 246 nodules in 176 patients [17–21,26,27,52].
The 2540 benign thyroid nodules included 118 hot nodules
on thyroid scan. The mean volume of the treated nodules
was 10.3ml (range: 0.05–27.7ml). The RFA electrodes used in
the studies were an expandable needle in three studies (four
hooks in two studies and nine hooks in one study) and a
straight-type internally cooled electrode in 21 studies with
0.5- to 2-cm active tips. Of the 24 studies, 20 used a moving
shot technique [59]. The mean number of RFA sessions was
less than 1.5 in 91.7% of the studies (22 of 24 studies), and
the mean duration of RFA was 7.3min (range: 2.7–12.6min).
The experience of the RFA operator was noted in 10 studies
by various descriptions (2–18 years of experience, 10–3000
cases, and well-trained operator in 1 study).

Pooled proportions of overall and major RFA
complications

Eighty-nine complications of RFA were reported among 2786
thyroid nodules in 2421 patients. The overall complication
rate was 2.38% (95% CI: 1.42%–3.34%; I2¼ 21.79%) (Table 2,
Figure 3(A)). In the funnel plots and Egger’s test, a significant
publication bias was noted for overall RFA complications
(p< 0.0001) (Figure 4(A)). The rate of major complications
was 1.35% (95% CI: 0.89%–1.81%; I2¼ 1.24%) (Figure 3(B)).
A significant publication bias was also noted for major com-
plications (p¼ 0.0049) (Figure 4(B)). There were no heteroge-
neities in either overall or major complications.

Figure 1. Study flow diagram.
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Major complications
Forty-one major complications were reported, including voice
change, nodule rupture, permanent hypothyroidism, and bra-
chial plexus injury. Thirty-one patients had a transient voice
change [5,14,19,20,23–27]; 12 patients complained of a voice
change immediately after or during the RFA, and 25 patients
recovered within 2–3months. Four patients (three with recur-
rent cancers and one with a benign nodule) had a perman-
ent voice change [17,18,20,25]. Thus, the overall incidence of
voice change (transient or permanent) after RFA was 1.44%
(35/2421). The incidence of voice change was higher in
patients with recurrent thyroid cancers (7.95%, 14/176) than
in patients with benign thyroid nodules (0.94%, 21/2245).

Four patients were diagnosed with nodule rupture after
RFA (0.17%, 4/2421), including one patient with rupture and
abscess formation [14,24]. The nodule ruptures occurred 7,
22, 30, and 50 days after treatment. Two patients recovered
after conservative treatment and one patient recovered after
antibiotic treatment; the one patient with abscess formation
underwent lobectomy. Permanent hypothyroidism occurred
in one patient [24]. One case of hypothyroidism was
detected 6months after RFA with a complaint of gradual
neck bulging. Before and after RFA, this patient’s serum con-
centration of antithyroid peroxidase antibody was more than
1000 IU/ml. One patient had a brachial plexus injury [24]. She
complained of numbness and decreased sensation in the
fourth and fifth fingers of her left hand and gradually recov-
ered during the next 2months.

Minor complications
Forty-eight minor complications were reported, including
pain, haematoma, vomiting, skin burns, and transient thyroi-
ditis. Sixteen patients complained of pain during or after RFA
treatment [5,12,25,26,52]. Six patients did not complete the
treatment because of severe pain, and the remainder
required additional treatment to reduce pain after RFA.
Fifteen patients had haematomas, which were located in the
perithyroidal, subcapsular, and intranodular areas [24]. Most
haematomas disappeared completely within 1 or 2weeks.
Nine patients had vomiting after RFA [24]. Treatment with
antiemetics resulted in improvement within 1–2 days. Various
degrees of skin burns occurred in seven patients
[23,24,52,55]; six patients had a first-degree burn and one
had a second-degree burn. All patients with burns recovered
within 1month. One patient had painless thyroiditis with
thyrotoxicosis 3months after the procedure, which resolved
spontaneously within 30 days [5].

Subgroup analyses
The summary of subgroup analyses for the primary outcomes
is presented in Table 3. For malignant nodules, the overall
complication rate was 10.98% (95% CI: 4.82%–17.15%), which
was significantly higher than the rate of 2.11% for benign
nodules (95% CI: 1.15%–3.06%) (p¼ 0.0011). The rate of
major complications of 6.71% (95% CI: 3.05%–10.36%) for
malignant nodules was also significantly higher than the rate
of 1.27% (95% CI: 0.81%–1.73%, p¼ 0.0038) for benignTa
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nodules. There were no significant differences between stud-
ies conducted in Asian and non-Asian countries in the rates
of overall complications (p¼ 0.7286) or major complications
(p¼ 0.5856).

Discussion

In the present meta-analysis, the overall complication rate of
RFA was 2.38% (95% CI: 1.42%–3.34%), and the rate of major
complications was 1.35% (95% CI: 0.89%–1.81%). No patients
had any life-threatening RFA-related complications. Only five
patients (0.21%, 5/2421) had sequelae after treatment com-
plications: one with thyroid lobectomy due to nodule rupture
with abscess formation and four with permanent vocal cord
palsy. Considering these results, we suggest that RFA is a
safe modality for the treatment of benign thyroid nodules
and recurrent thyroid cancers.

In the subgroup analysis, the rate of complications after
RFA was significantly higher for malignant thyroid nodules
than for benign thyroid nodules. This may be due to the
absence of a safety area around recurrent tumours, whereas
benign thyroid nodules are usually surrounded by normal
thyroid parenchyma. Other possible variables affecting the
complication rate of RFA are the origin of the study, the
operator’s experience, the duration or number of RFA ses-
sion, and the type of equipment. In the subgroup analysis,
there were no significant differences in complication rates
between Asian and non-Asian studies. Information about the
operator’s experience was available for 11 of the 24 studies,
but the descriptions were too variable to permit comparisons

among studies. All included studies used linear electrodes
except three studies (four-hook electrode in two studies and
nine-hook electrode in one study), and the majority of stud-
ies (22 of 24 studies) reported that the mean number of RFA
sessions was less than 1.5. Thus, the type of equipment and
mean the numbers of RFA sessions are unlikely to signifi-
cantly affect the complication rate. Information on the mean
duration of RFA was available for 12 of the 24 studies the
mean duration was 7.8min (range: 2.7–12.6min).

Voice change is the most common major complication of
RFA. We identified 35 patients (35/2421, 1.45%) with voice
change. However, only four patients had a permanent voice
change. The incidence of voice change after RFA is higher for
recurrent thyroid cancers (7.95%, 14/176) than for benign
thyroid nodules (0.94%, 21/2245), possibly because of the
absence of a safety area around recurrent tumours. Voice
changes are likely due to dysfunction of the recurrent laryn-
geal nerve, which can be caused by both thermal injury and
haemorrhage [24]. Thermal injury to the recurrent laryngeal
nerve may be prevented by using the moving shot technique
and the transisthmic approach in benign nodules
[38–40,46,60]. Use of the moving shot technique, the transis-
thmic approach, and undertreatment of the danger triangle
may minimise recurrent laryngeal nerve injury. Another pos-
sible cause of voice changes in patients undergoing RFA is
vagus nerve damage [61]. The vagus nerve is located within
the carotid sheath, usually between the common carotid
artery and the internal jugular vein. However, it may also be
located adjacent to the thyroid gland, or a bulging thyroid
nodule may alter the location of the vagus nerve [61].

Table 2. Summary of the meta-analytic pooled proportions of overall and major RFA complications.

Summary estimate

Complications No. of studies No. of cases Pooled proportion (95% CI) p value for heterogeneitya I2b p value for reporting biasc

Overall 24 2786 2.38% (1.42%–3.34%) <0.001 21.79% <0.001
Major 24 2786 1.35% (0.89%–1.81%) 0.5152 1.24% 0.0049

ap value by the Cochran’s Q method to test the heterogeneity of the pooled data, with p< 0.05 indicating substantial heterogeneity.
bHiggins’ index for heterogeneity (0–40%, may not be important; 30–60%, may represent moderate heterogeneity; 50–90%, may represent substantial hetero-
geneity; 75–100%, may represent considerable heterogeneity).

cTest of publication/reporting bias by Egger’s test, with p< 0.10 indicating significant bias.

Figure 2. Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) criteria for the included studies.

INTERNATIONAL JOURNAL OF HYPERTHERMIA 925



Therefore, when performing RFA, operators should be aware
of the location of the vagus nerve and any possible varia-
tions in its route.

Laser ablation (LA) is another thermal ablation technique
used to treat thyroid lesions. A recent large retrospective
study reported that 8 of 1531 patients (0.5%) had a voice
change after LA of a benign thyroid nodule [62], which is
similar to the findings of our meta-analysis (0.94%, 21/2245).
LA was also associated with minor complications of haema-
toma in eight patients (0.5%) and skin burn in one patient
(0.1%), rates similar to those of this study (0.54% and 0.25%,
respectively) [62]. One meta-analysis of the efficacy of LA and
RFA demonstrated a significantly higher volume reduction
after RFA compared with LA (RFA: 77.8%, 95% CI: 67.7–88.0
vs. LA: 49.5%, 95% CI: 26.7–72.4), despite the smaller number
of treatment sessions [63]. Possible explanation for the super-
ior efficacy of RFA is the use of the moving-shot technique
and straight, internally cooled electrodes, which allow the

entire tumour to be treated safely and effectively [40,63].
However, this meta-analysis study limited by small number of
included studies and majority of study about LA were from
same author. Recently, Mauri et al. reported a study directly
comparing the two techniques performed by the same oper-
ator [64]. They found that RFA and LA are similarly feasible,
safe, and effective in treating benign thyroid nodules when
performed by the same equipment [64]. For the treatment of
metastatic thyroid carcinoma in the neck, only three studies
have been reported [65–67]. Of total 54 lymph nodes which
treated with LA, two cases have transient voice change.
Other major complications including permanent voice
change have not been reported.

Voice changes after EA are very rare [53,68–72]. Although
the exact incidence of voice changes after EA is unclear,
because no systematic reviews have examined this question,
it is lower than the incidence of voice changes after RFA [16].
A possible mechanism for voice changes is leakage of

Figure 3. Forest plots to show the pooled proportions of (A) overall complications and (B) major complications of radiofrequency ablation.
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ethanol outside the thyroid gland causing damage to the
recurrent laryngeal nerve [56]. Given that the therapeutic effi-
cacy of EA is not inferior to that of RFA for the treatment of
cystic or predominantly cystic thyroid nodules and that EA is
simpler and less expensive than RFA [53,56], EA could be
used as first-line treatment for cystic or predominantly cystic
thyroid nodules [42,53]. However, in predominantly solid
nodules, the treatment outcome of EA is relatively poor, with
a success rate of 38.3%, which is believed to be due to poor
diffusion of ethanol in solid tissue and early washout of etha-
nol because of the abundant vascularity of solid nodules
[73,74]. A few studies have been reported about the efficacy
and safety of EA for treatment of metastatic thyroid carcin-
oma in the neck [18,37,72,75–78]. Of seven original articles,
transient voice change was occurred in two cases [76,77].
Other major complications including permanent voice
change have not been reported. The rate of local progression
after ablation is known to be higher in EA than RFA (23.8%
vs. 0%).

Because of the complexity of thyroid and neck anatomy,
surgery in this region has a relatively high incidence of recur-
rent laryngeal nerve injury. The reported rate of permanent
recurrent laryngeal nerve injury after conventional total thy-
roidectomy ranges from 0% to 4%, whereas the incidence of

transient recurrent laryngeal nerve injury ranges from 0% to
16% [79]. The rate of permanent recurrent laryngeal nerve
injury is similar to that of subtotal thyroidectomy
(0.6%–2.1%) [80] and is higher after repeat surgery (0–12%)
[81,82]. Thus, voice problems seem to be more frequent after
surgery than after minimally invasive therapies. Other compli-
cations, such as hypocalcaemia and hypothyroidism, are also
common. The reported rate of permanent hypocalcaemia
ranges from 0% to 3.1%, whereas that of hypothyroidism is
as high as 75% [14,79]. Parathyroid injury during RFA has not
yet been reported, and hypothyroidism has been reported in
only one patient [24].

Rupture of the treated thyroid nodule is the second most
common major complication of RFA (0.17%, 4/2421). It may
present as sudden neck bulging and pain at the RFA site.
Ultrasound or computed tomography usually shows breakage
of the thyroid capsule with bulging of the tumour into the
anterior neck. Rupture can occur as a result of expansion of
the tumour from delayed haemorrhage or a tear in the
tumour wall or as a result of postprocedural massaging of
the neck [41]. Initial conservative management with simple
compression and antibiotics and/or analgesics may suffice.
However, drainage or surgical excision may be required if
symptoms progress [24,41].

Table 3. Subgroup analysis according to nodule characteristics and origin of the study.

Overall complications Major complications

Variable Pooled proportion (95% CI) I2a p valueb Pooled proportion (95% CI) I2a p valueb

Nodule characteristics
Malignant 10.98% (4.82%–17.15%) 77.64% 0.0011 6.71% (3.05%–10.36%) 0% 0.0038
Benign 2.11% (1.15%–3.06%) 25.13% 1.27% (0.81%–1.73%) 0%

Origin of the study
Asia 2.51% (1.31%–3.72%) 24.26% 0.7286 1.43% (0.89%–1.97%) 0.38% 0.5856
Non-Asia 2.30% (0.62%–3.98%) 0.18% 1.11% (0.13%–2.09%) 0%

aHiggins’ index for heterogeneity (0–40%, may not be important; 30–60%, may represent moderate heterogeneity; 50–90%, may represent substantial heterogen-
eity; 75–100%, may represent considerable heterogeneity).
bTest of publication/reporting bias by Egger’s test, with p< 0.10 indicating significant bias.

Figure 4. Funnel plot to assess publication bias of (A) overall complications and (B) major complications of radiofrequency ablation.
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Other possible serious complications of RFA have been
suggested, including injury to the oesophagus, trachea, and
other nerves (spinal accessory, sympathetic ganglion, and
phrenic nerves) [60,83]. Horner’s syndrome after EA has been
reported as a consequence of damage to the middle sympa-
thetic cervical ganglion from leakage of injected ethanol
[84,85]. The spinal accessory nerve or the phrenic nerve can
be damaged during ablation of metastatic lymph nodes
located in the lateral neck. To prevent these potential serious
complications, the operator should know the anatomy of the
neck and always trace the tip of the electrode during RFA
[61,86,87]. In addition, for treatment of recurrent tumours
close to the neck nerves, hydrodissection with continuous
fluid infusion has been introduced as a safe technique to
prevent thermal damage to the nerve [26,83].

This study has some limitations. First, other variables that
might affect the complication rate of RFA, such as operator
experience and mean ablation time, were not evaluated by
subgroup analysis because it was difficult to extract accurate
data for our meta-analysis. Second, although we classified
complications according to the revised American Thyroid
Association guideline, some classifications may be uncertain
because of the retrospective nature of the studies. Third, we
only included articles in English, which could result in over-
estimation or underestimation of the results. Finally, we
excluded grey literature, such as letters, case reports, confer-
ence abstracts, and unpublished data, which may have
caused a publication bias.

In conclusion, our present systematic review with meta-
analysis provides a thorough summary of the current litera-
ture on complications after RFA for benign thyroid nodules
and recurrent thyroid cancers. The results suggest that RFA
has an acceptable complication rate for the treatment of
these conditions.
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