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ABSTRACT

Purpose: To evaluate percutaneous laser ablation in treating benign thyroid
nodules, we conducted a meta-analysis based on summarizing existing researches.

Materials and Methods: A literature search for clinical trial was performed
in PubMed, Cochrane Library and Excerpt Medica Database. The qualities of
included studies were evaluated. We calculated the indexes with mean difference.
Heterogeneity and publication bias were tested and explored. We performed subgroup
analyses and sensitivity analysis further.

Results: A total of 19 researches and 2137 patients were included in this meta-
analysis. The pooled estimates of nodule volume were statistically significant after
percutaneous laser ablation for 1 month, 3 month, 6month, 12month, 24month
and 36month(P < 0.05). The pooled estimate of thyroid-stimulating hormone
was statistically significant after percutaneous laser ablation for 1 and 12 month
(P = 0.008 and P = 0.03). The pooled estimate of free triiodothyronine was no
statistically significant after percutaneous laser ablation for all follow-up intervals.
The pooled estimate of free tetraiodothyronin was statistically significant after
percutaneous laser ablationl month (P = 0.004). The pooled estimate of thyroglobulin
was statistically significant after percutaneous laser ablation 24 month (P = 0.04).
The heterogeneity was found and the source of heterogeneity was explored in nodule
volume for 6 and 12 month. No publication bias was found.

Conclusions: This meta-analysis demonstrated that percutaneous laser ablation
was safe and useful in shrinking benign thyroid nodules volume, improving thyroid
function, relieving symptoms of pressure and esthetic, especial for hyper-vascular
benign thyroid nodules. Larger number of high-quality prospective studies still needs
to be performed.

INTRODUCTION

Thyroid nodules (TNs) are frequently seen in adults
with a prevalence of approximately 20% to 76% in the
general population [1-2]. Although TNs are mostly benign,
there exists a possibility for malignant transformation [3].
Benign TNs may be treated due to secondary issues such
as dyspnea and hoarseness associated with the location of
the nodules, or cosmetic concerns of patients [4]. Surgery
is the standard therapy for treatment of TN, but it requires
general anesthesia and may lead to scar formation and may

not be an option for all patients, depending on other health
conditions [5]. Alternative non-invasive treatments such as
levothyroxine therapy and radioiodine therapy have been
proposed for older individuals or those with high surgical
risk; however, these treatments can also cause iatrogenic
hypothyroidism or hyperthyroidism [6, 7]. Therefore,
invasive image-guided ablation therapies including ethanol
ablation, radiofrequency ablation (RFA) and laser ablation
(LA) have been used and proven clinically effective [§-10].

Ethanol ablation is used to shrink the volume of
cystic TNs; however, the complications of ethanol seepage
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and subsequent injury to the adjacent tissue limit its
clinical utility [11, 12]. RFA is a thermal ablation technique
that has been investigated in patients with benign TNs.
Previous meta-analyses of RFA and several other studies
have demonstrated that RFA can improve outcomes and
prognosis of benign TNs [7, 12—-14]. Moreover, recently
published studies have suggested that RFA can be
recommended as a first-line therapy [15]. However, the
potential adverse effects of RFA cannot be ignored and
include pain, hematoma formation and fever. Guidelines
suggest that RFA is not currently recommended as a first-
line therapy for benign TNs [2]. The clinical utility of RFA
for the treatment of benign TNs remains controversial.
Interstitial laser photocoagulation (LP) or percutaneous
laser ablation (PLA) are other thermal ablation techniques
that are alternative treatments for individuals with benign
TNs and high surgical risk [16, 17]. However, the existing
studies report varied results. Guidelines suggest that only
experienced doctors should conduct LP [2].

Systematic review and meta-analysis are widely
accepted for summarizing current evidence-based research
to update treatment guidelines. To our knowledge, no one
has conducted a meta-analysis regarding the use of LP to
treat benign TNs. We performed a systematic review and
meta-analysis to assess the clinical value of LP or PLA
in the treatment of benign TNs, recording information
regarding observed indices including the volume of
nodules and levels of thyroid-stimulating hormone (TSH),
free triiodothyronine (fT3), free tetraiodothyronine (T4)
and thyroglobulin (Tg).

RESULTS

Literature search

Originally, a total of 121 records were found (63 in
PubMed, 56 in Embase and 2 in The Cochrane Library).
Then, we narrowed the scope of the records after browsing
the titles. After perusing the abstract and full text of the
remaining records, we excluded 2 animal studies, 2 of
studies recurrent thyroid nodules, 2 systematic reviews
and meta-analyses, and 4 studies with insufficient data
(Figure 1). We ultimately selected 19 studies for this meta-
analysis [25-43].

Data extraction and quality assessment

The extracted data contained information including
the author, publication year, country, study design, number
of patients, patients’ age, TN characteristics, laser energy
and times, observed indices, and follow-up interval
(Supplementary Table 1). Many of the included studies
were performed in Denmark or Italy, followed by Turkey
and Egypt. Four prospective studies, six retrospective
studies and nine NG studies were included. Almost all
TNs in the included studies were benign thyroid nodules.

The observed indices were nodule volume, TSH, T3, T4
and Tg, as well as TPOAb, TgAb, anti-TPOAD and anti-
TPO. The follow-up intervals were 1 to 48 months.

The risk of bias using the Cochrane Collaboration’s
tool was performed to assess the quality of the included
studies. It contains seven bias metrics including
random sequence generation (selection bias), allocation
concealment (selection bias), blinding of participants
and personnel (performance bias), blinding of outcome
assessment (detection bias), incomplete outcome data
(attrition bias), selective reporting (reporting bias),
and other bias. The investigators as low risk, unclear
risk or high risk, represented as green, yellow and red
colors, respectively, evaluated bias. The summary and
graphs of the risk of bias were constructed based on the
investigators’ judgments about each risk of bias item for
each included study and represented as percentages across
all the included studies (Figures 2, 3).

Data analysis
Observed index and heterogeneity test

The included studies compared the changes in
nodule volume in 1, 3, 6, 12, 24 and 36 months after
PLA treatment compared to baseline (Figure 4A—4F).
The changes in nodule volume after PLA treatment were
statistically significant for all intervals (1 month, MD 95%
CI : 4.96 [1.38,8.53], P = 0.007; 3 month, MD 95% CI :
4.87[2.49,7.25], P < 0.007; 6 months, MD 95% CI : 7.71
[6.12,9.26], P < 0.00001; 12 months, MD 95% CI : 9.12
[4.17,14.08], P = 0.0003; 24 months, MD 95% CI : 10
[7.30,12.69], P < 0.00001; 36 months, MD 95% CI : 9.56
[6.82,12.31], P < 0.00001). This indicates that PLA reduced
the size of benign TNs effectively. For heterogeneity
assessment, the I value for nodule volume for 1, 3, 6, 12,
24 and 36 months was 0%, 56%, 57%, 98%, 0% and 0%,
respectively. This indicates that no heterogeneity existed in
nodule volume change at 1, 24 and 36 months, moderate
heterogeneity existed in nodule volume change at 3 and
6 months, and significant heterogeneity existed in nodule
volume change at 12 months. The source of heterogeneity at
6 and 12 months post-PLA treatment was further explored
using subgroup analysis.

We compared the changes in TSH levels at 1,
3, 6, 12, 24 and 36 months after PLA treatment with
baseline values. The TSH level after PLA was statistically
significant for 1 and 12 months (Figure 5A, 5B) (1 month,
MD 95% CI: -0.05 [-0.09, —0.01], P = 0.008; 12 months,
MD 95% CI: —0.25 [-0.47, —0.03], P = 0.03) and was not
statistically significant for 3, 6, 24, 36 months (3 months,
MD 95% CI: —0.31 [-0.77,0.15], P = 0.19; 6 months, MD
95% CI: 0.29 [-0.18,0.75], P = 0.22; 24 months, MD 95%
CI: 0.01 [-0.16,0.17], P = 0.94; 36 months, MD 95% CI :
0.02 [—0.14,0.19], P = 0.78). This indicates that increased
serum TSH levels were present in patients with benign
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TNs after treatment with PLA at 1 and 12 months. For
heterogeneity assessment, the 1? value for TSH level at
1 and 12 months post—PLA treatment was 0% and 71%,
respectively. This indicates that no heterogeneity existed
in TSH levels at 1 month and moderate heterogeneity
existed in TSH levels at 12 months. However, the number
of included studies that reported TSH levels at 12 months
was less than 10 studies [19, 20]; therefore, the source of
heterogeneity for this value was not explored further.
Compared with baseline levels, the change in
T3 levels after treatment with PLA was not statistically
significant (1 month, MD 95% CI: 0.19 [—0.24,0.63],
P = 0.38; 3 months, MD 95% CI: 0.34 [-0.25,0.92],

P =0.26; 6 months, MD 95% CI: —0.27 [-0.61,0.08], P =
0.14; 12 months, MD 95% CI: 0.25 [-0.08,0.59], P = 0.13;
24 months, MD 95% CI: 0.04 [-0.22,0.30], P = 0.77;
36 months, MD 95% CI: 0.06 [—0.04,0.16], P = 0.21). This
indicates that PL A had no effect on the serum T3 levels in
patients with benign TNs. Heterogeneity assessment was
not performed as there was no statistical significance in T3
levels post-PLA treatment.

The change in T4 levels after PLA treatment was
statistically significant at 1 month (MD 95% CI: —0.21
[-0.03, —0.09], P = 0.004) when compared with baseline
(Figure 6) and not statistically significant for the remaining
intervals (3 months, MD 95% CI: 0.06 [—0.30,0.4],

121 of records identified
through database searching

0 additional records identified
through other sources

PubMed:n=63
Embase:n=56

The Cochrane Library:n=2

I
!

82 of records after duplicates
removed

1

82 of records
screened

1

29 of full-text
articles assessed

53 of records
excluded

for eligibility

1

19 of studies
included in
quantitative
synthesis
(meta-analysis)

10 of full-text articles excluded, with reasons:

Insufficient data:n=4
Animal studies:n=2
Recurrent thyroid nodules:n=2

Systematic review.n=2

Figure 1: Flowchart shows flow of information through the different phases of systematic review toward a meta-

analysis.
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P = 0.75; 6 months, MD 95% CI : —0.27 [-0.61,0.08],
P =0.14; 12 months, MD 95% CI : 0.34 [-0.18,0.87], P =
0.20; 24 months, MD 95% CI : 0.29 [-0.38,0.96], P = 0.40;
36 months, MD 95% CI: 0.38 [-0.36,1.12], P = 0.31). This
indicates that PLA was able to reduce serum T4 levels in
patients with benign TNs at 1 month post-PLA treatment.
For heterogeneity assessment, the I* value for serum T4
levels at 1 month was 44%. This indicates that moderate
heterogeneity exists in serum T4 levels at 1 month post-
PLA treatment. The source of heterogeneity in serum T4
levels at 1 month was not explored further as the number of
included studies that reported this observed index was less
than 10 studies [20, 21].

The change in Tg levels between baseline and post-
PLA treatment was also assessed. The change in Tg after PLA
treatment was statistically significant at 24 months (Figure 7)
(MD 95% CI : 12.30 [0.56,24.03], P = 0.04) and not
statistically significant for the remaining intervals (1 month,
MD 95% CI : —34.05[-87.37,19.28], P = 0.21; 3 months, MD
95% CI : —8.9 [-58.36,40.56], P = 0.72; 6 months, MD 95%
CI:0.06 [-10.45,10.58], P = 0.99; 12 months, MD 95% CI:
—14.03 [-30.34,2.38], P = 0.09; 36 months, MD 95% CI :
1.72[-39.98,43.41], P = 0.94). For heterogeneity assessment,
the I? value for Tg at 24 months was 0%, and therefore, no
source of heterogeneity was explored.

Meta-regression analysis and subgroup analysis

Subgroup analysis was performed to explore the
source of heterogeneity rather than meta-regression
analysis due to the use of RevManManger 5.3, which
cannot perform such analysis. Based on the heterogeneity
test previously described, the source of heterogeneity for
nodule volume after PLA treatment at 6 and 12 months
was conducted (Table 1).

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection hias)
Incomplete outcome data (attrition hias)

Selective reporting (reporting bias)

Other bias

In the subgroup analysis for nodule volume after
PLA treatment at 6 months, the I? values for Asia/Africa,
Europe and the total for both continents were 0%, 46%
and 39%, respectively, indicating that continent was a
source of heterogeneity. The I? values for prospective
studies, retrospective studies and the total for both types
of study were 0%, 39% and 65%, respectively, indicating
that design was a source of heterogeneity. The 1? values
for functional TNs, non-functional TNs and the total for
both types of TNs were 28%, 67% and 51%, respectively,
indicating that nodule type was a source of heterogeneity.
The I? values for energy levels less than 1000J, between
1000J and 2000J, between 2000J and 3000J, more than
3000J and the total for all energy levels were 0%, 54%,
10%, 0% and 58%, respectively, indicating that energy
level was a source of heterogeneity.

Subgroup analysis for nodule volume after PLA
treatment at 12 months was performed only for continent
and energy level due to a lack of prospective studies and
only a single functional TN reported. The I* values of Asia/
Africa, Europe and the total for both continents were 0%,
99% and 98%, respectively, indicating that continent was
a source of heterogeneity. The I? values of energy levels
less than 1000J, between 1000J and 2000J, between 2000J
and 3000J, more than 3000J and the total for all energy
levels were 70%, 98%, 39%, 15% and 95%, respectively,
indicating that energy level was a source of heterogeneity.

Sensitivity analysis and publication bias

Sensitivity analysis was performed to consider the
stability of the results. We found no significant changes
with removing any one study. To assess for publication
bias, funnel plots and Egger’s linear regression were
conducted and no publication bias was found.

25% 50% 75%  100%

oT

%

. Low risk of hias

D Unclear risk of bias

Bl High risk of bias

Figure 3: Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages across

all included studies.
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Figure 4: (A-F) Volume changes of benign TNs before, 1,3 ,6, 12, 24 and 36month after PLA treatment, respectively. PLA= Percutaneous

Laser Ablation, CI = confidence interval, TN = thyroid nodule.
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DISCUSSION

This meta-analysis demonstrates that PLA has
significant clinical value in the treatment of benign TNs
for reducing nodule volume after 1, 3, 6, 12, 24 and 36
months. PLA is an effective technique for improving
thyroid function, including increasing serum TSH levels
and reducing serum T4 and Tg levels at 1 and 12 months
post-treatment. Subgroup analyses revealed that continent,
study design, types of TNs and energy levels were
significant factors for research assessing the usefulness
of PLA in the treatment of TNs. Type of TNs and energy
levels were the most significant factors in assessing the
effectiveness of PLA in treating TNs.

In principle, PLA can lead to irreversible cell damage
and the formation of thermal coagulation necrosis with

high temperatures through directly transmitting laser
light into the target tissue via flexible fibers [44, 45]. The
clinical effectiveness of PLA in reducing the TN volume
was evaluated by performing ex vivo and in vivo studies in
animals [46, 47] as well as numerous clinical studies [25—
43]; however, previous research had the drawback of uniform
follow-up intervals. In this meta-analysis, we summarize
previous outcomes and demonstrate short and long term
efficacy in decreasing the size of TNs with PLA treatment at
1, 3, 6, 12, 24 and 36 months post-treatment reported in terms
of statistics (P < 0.05). Based on the summarized outcomes at
6 and 12 months, we found heterogeneity among the results.
Therefore, subgroup analyses were conducted to explore the
source of heterogeneity and try to explain it. Continent, study
design, nodule type and energy level were identified as the
sources of heterogeneity at 6 months post-PLA treatment.
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. 2  ARiE= - - A= I t t t J
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Figure 5: (A-B) TSH changes of benign TNS before, 1, 3month after PLA treatment, respectively. PLA= Percutaneous Laser Ablation,

CI = confidence interval, TN = thyroid nodule.
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Figure 6: T4 changes of benign TNS before and 1 month after PLA treatment. PLA= Percutaneous Laser Ablation, CI =

confidence interval, TN = thyroid nodule.
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Figure 7: Tg changes of benign TNS before and 1 month after PLA treatment. PLA = Percutaneous Laser Ablation, CI =

confidence interval, TN = thyroid nodule.
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Table 1: Subgroup analyses percutaneous laser ablation in treating benign thyroid nodules in 6

and 12 month

Subgroup Studies MD (95% CI) Tau? Chi? I? P
Nation
6 month
Asian-Africa 3 8.48 [5.68, 11.27] 0 0.11 0 0.95
European 11 6.43 [5.56, 7.31] 2.69 22.42 46% 0.03
12 month
Asian-Africa 3 8.94 [6.15,11.72] 0 0.06 0 0.97
European 11 2.23[1.95, 2.50] 76.4 930.28 99% <0.0001
Design
6 month
prospective 4 5.28 [4.24, 6.32] 0 3.74 0 0.44
retrospective 6 9.40 [7.86, 10.93] 34 11.46 39% 0.12
Nodule type
6 month
functional 3 6.22 [4.90, 7.54] 4.73 2.78 28% 0.25
non-functional 11 7.07 [5.99, 8.16] 7.17 33.63 61% 0.001
Energy
6 month
less 1000J 3 7.46 [5.53,9.39] 0 2.41 0 0.66
between1000J and 2000J 2 15.16 [10.50, 19.83] 14.7 2.19 54% 0.14
between 2000J and 3000 5 4.74 [3.11, 6.38] 0.45 4.45 10% 0.35
more than 3000J 4 9.85[7.48, 12.22] 0 1.76 0 0.62
12 month
less than 1000J 2 9.66 [7.72, 11.59] 13.44 10.10 70% 0.02
between 1000J and 2000J 4 15.25[14.18, 16.33] 87.86 154.33 98% <0.0001
between 2000J and 3000 3 5.19 [3.67, 6.72] 4 331 39% 0.19
more than3000J 3 10.67 [8.28, 13.06] 0.79 2.34 15% 0.31

Continent and energy level were identified as the sources of
heterogeneity at 12 months post-PLA treatment.

Further epidemiological studies are indicated to
explore the significance of continent on the treatment of
TNs, including nodule reduction and functional thyroid
changes after PLA. Energy level was another source
of heterogeneity. Gambelunghe G [38] and Ritz J [44]
demonstrated that high energy levels (> 500J) had a positive
correlation with nodule volume reduction in short and long
follow-up intervals after PLA. However, they also found
that high-energy levels were associated with an increased
complication rate after PLA. Our meta-analysis indicates
that low and high energy levels all had a positive effect on
reducing nodule volume. Moreover, several studies [27, 36,
42, 49] with ultra-high energy levels (> 3000J) achieved
a reduction in benign TN size of approximately 50% with
few side effects or failures. Laser fiber delivers energy to the
target more accurately and limits energy in the target more
than RF electrodes. Through high- frequency alternating
current, RF electrodes generate heat and create a close-loop

circuit resulting in energy deposition into the patient’s body.
In terms of energy availability, PLA is more efficacious
than RFA [42] and previous research has demonstrated the
clinical significance of PLA in the treatment of metastatic
lymph nodes in the neck secondary to thyroid carcinoma
[50]. Further research on high-energy options for managing
benign TNs with varied nodule types as well as adverse
events associated with these options is indicated. Nodule
type was also regarded as a source of heterogeneity
in our meta-analysis. Previous research has reported
that the vascularity of TNs may be linked with nodule
reduction and even thyroid function and found that PLA
and RFA had better effects in treating hyper-vascular TNs
[6, 32, 36]. Consequently, vascularity of TNs may explain
why nodule type was regarded as a source of heterogeneity
and hyper-vascular TNs may be treated more successfully
than other types of TNs. In regard to nodule types, the
serum levels of TSH, T3, T4 and Tg cannot be ignored. We
found increased TSH levels, no change in T3 levels, and
reductions in T4 and Tg levels. The destruction of TNs by
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PLA leads to decrease in hormones such as T3 and/or T4,
which in turn accelerate secretion of TSH by the pituitary.
However, the reduced serum T3 level was inconsistent
with unchanged serum T4 level in this meta-analysis. Tg
level reflects thyroid mass, injury and TSH receptors [48].
The decreased nodule volume may be connected to the
decreased serum Tg levels after PLA, which has also been
shown in research on RFA [49]. The serum level may not be
the indicator after PLA and RFA expect hyper-vascular TN.

There were no major complications found, and
only a few patients had minor complications according to
the definition provided by the Society of Interventional
Radiology [51, 52] of PLA in previous research [25-43]. Due
to a lack of sufficient data, we were unable to perform further
analysis to elucidate the relationship between complications
and PLA treatment. However, previous research has not
found any significant relationship between complications and
PLA or RFA in treating TNs [4, 6, 7, 15]. Off-target effects
have, however, been reported in previous research on the
treatment of liver disease with RFA [53, 54]. Ontogenesis
is a possible off-target effect attributed to c-met/hepatocyte
growth factor axis alterations leading to a reversal in liver
regeneration after RFA [53]. Fortunately, such off-target
effects have not been reported in the treatment of TNs by
PLA or RFA. We still are unable to affirm, however, that
PLA is safer than RFA as a treatment for TNs. Further study
regarding off-target effects and similar complications related
to PLA in the treatment of TN is necessary. Several included
studies unsurprisingly demonstrated [25, 29, 37] that PLA
could reduce the volume of TNs and relieve symptoms of
pressure and improve aesthetics in both the short and long
term. Dessing H also purported [31] that a series of three
PLA treatments yielded better relief of pressure and aesthetic
symptoms than one treatment alone. Therefore, PLA was
determined to be both safe and useful in relieving symptoms
of pressure and improving aesthetics.

There were some limitations in our meta-analysis.
1) There were not enough RCTs included in the selected
studies and data from some excluded studies could
not be extracted, which may induce bias and affect our
assessment of management of TNs after PLA. 2) There
was a lack of sufficient statistical data to demonstrate
whether more than one treatment of PLA was better than
just one treatment PLA in treating TNs and to demonstrate
the relationship between nodule volume and optimal
energy selection. 3) Meta-regression analysis to explore
the source of heterogeneity could not be performed due to
the use of RevManManger 5.3.

In conclusion, PLA is a promising technique to treat
benign TN, especially hyper-vascular TNs. This technique
has been shown to reduce nodule volume, improve thyroid
function, relieve symptoms of pressure, improve aesthetics
and is safer with fewer complications and expenses than
RFA. Further high-quality prospective studies regarding the
use of PLA in managing TN still need to be performed.

MATERIALS AND METHODS

This research was published according to PRISMA
guidelines [18], and neither outside ethical approval nor
patient written informed consent was necessary due to the
characteristics of systematic review and meta-analysis.
Two investigators conducted all the intermediate steps
individually, and all three investigators performed a final
review.

Search strategy

To find all relevant published studies, we identified
the following research question: what is the clinical
significance of PLA in the treatment of benign thyroid
nodules? The scope of the search was then conducted with
respect to this question.

We performed a comprehensive literature search
using PubMed, Cochrane Library and Excerpt Medica
Database up until November 30, 2016. We used the
following search terms in the field for Title/Abstract
and/or keywords: “interstitial laser photocoagulation”,
“percutaneous laser ablation”, “benign”, and “thyroid
nodules”. All the data were available from published
papers without restriction.

Study selection

The studies selected were required to meet the
following inclusion criteria: a) The original research.
b) The study participants were human. c¢) The study
compared clinical results such as TN volume, TSH, T3,
T4 and Tg both pre-operatively and post-operatively, as
well as compared these values among patients who were
treated with LA to those treated with other therapies. 4)
The study demonstrated the clinical value of percutaneous
laser ablation for benign thyroid nodules.

Data extraction and data quality assessment

Two investigators extracted information regarding
the author, nation, published year, study design, and
population characteristics, including the number of
patients, patients’ ages and characteristics of patients’
thyroid nodules, complications, instrumental parameters,
observed indices including nodule volume, TSH, T3, T4
and Tg levels, and follow-up intervals.

We assessed the quality of the included studies in
terms of risk of bias using the Cochrane Collaboration’s
tool [19].

Data analysis

RevManManger 5.3 was used to analyze the data.
We compared observed indices including nodule volume,
TSH, T3, T4 and Tg levels both before and after PLA.
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For all analyses, P < 0.05 was considered statistically
significant and indicates that the use of PLA in treating
benign TNs was effective.

Heterogeneity affects the accuracy of estimation and
was assessed by using chi-square testing and I? statistics
[20, 21]. When the P value of the chi-square test is greater
than 0.1, it indicates that no heterogeneity exists in the
included studies. When the P value of the chi-square test
is less than or equal to 0.1, the I? statistic is applied to
further assess heterogeneity. When 12 > 25%, it indicates
low heterogeneity. When 12 > 50%, it indicates moderate
heterogeneity. When I* > 75%, it indicates significant
heterogeneity.

We summarized the data using a fixed-effect
model in the case of no or non-significant heterogeneity,
otherwise, in the case of significant heterogeneity, a
random-effects model was used [22, 23]. Subgroup
analysis or meta-regression were then performed to
explore the source of heterogeneity according to the
basic characteristics of the included studies including
the continent (Asia/Africa or Europe), study design
(prospective or retrospective), type of TN (functional or
non-functional) and energy used (less than 1000J, between
1000J-20007J, between 2000J-3000J, or more than 30001J).
In addition, a sensitivity analysis was used to estimate
heterogeneity by removing the effect of the larger studies
and reevaluating the heterogeneity of the included studies.
Finally, publication bias was evaluated using funnel plots
and Egger’s linear regression [24]. When a funnel plot
is asymmetrical, interpretation of the results should be
assessed critically. Otherwise, no publication bias exists.
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