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1 | INTRODUCTION

Abstract

Background: To conduct a meta-analysis to compare the safety and efficacy
of transoral endoscopic thyroidectomy vestibular approach (TOETVA) with
conventional open thyroidectomy (COT).

Methods: MEDLINE, EMBASE, Science Citation Index Expanded, and the
Cochrane Central Register of Controlled Trials in the Cochrane Library from
January 2007 to March 2020 were searched to identify studies comparing
TOETVA and COT.

Results: Six eligible nonrandomized studies involving 1151 patients were
included. Meta-analysis results revealed that TOETVA group had a signifi-
cantly longer operative time (weighted mean difference [WMD], 66.09; 95%
confidence interval [CI], 35.22-96.96; P < .0001) and larger amount of drainage
(WMD, 98; 95% CI, 20.14-175.86; P = .01). There were no significant differ-
ences in terms of postoperative outcomes.

Conclusion: TOETVA appears to be as feasible and safe as the COT for the
treatment of patients with benign thyroid nodules and selected differential thy-
roid carcinomas.
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of natural orifice transluminal endoscopic surgery
(NOTES) and development of endoscopic instruments,

Conventional open thyroidectomy (COT) has tradition-
ally been accepted as the standard surgery for some
thyroid diseases. Due to the noticeable scar on the
anterior neck caused by COT and increasingly cosmetic
requirements,"* especially in women, a variety of endo-
scopic thyroidectomy (ET) approaches have been devel-
oped, such as subclavian,® areola,* breast,’ atxillalry,6
axillo-breast,” and dorsal approach.® However, concerns
were also raised as these approaches may associate with
an extensive flap dissection, scar hyperplasia at the
incision sites, and difficulties in dissecting the lower
part of central lymph node.>'° Along with the emergence

transoral endoscopic thyroidectomy vestibular approach
(TOETVA) has been rapidly developed for patients with
benign thyroid nodules and selected differential thyroid
carcinomas."! TOETVA is considered as a minimally
invasive surgery with no cutaneous scar and shorter tis-
sue dissection.”"*!

Recently, increasing evidence has investigated the
safety and feasibility of the TOETVA with a paucity of
comparative studies.”'* Although a few studies have
directly compared TOETVA and COT,**° it has failed to
reach a consensus whether TOETVA is safe and feasible
for thyroid lesions because of small number of sample
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size and assessment at a single institution. Up to the pre-
sent, no meta-analysis has systematically reviewed the
differences between TOETVA and COT. We therefore
sought to conduct a meta-analysis to compare the
intraoperative outcomes and postoperative complications
of patients undergoing TOETVA and COT.

2 | PATIENTS AND METHODS

2.1 | Systematic literature search

A systematic literature search of EMBASE, MEDLINE,
the Cochrane Central Register of Controlled Trials in the
Cochrane Library and Science Citation Index Expanded
between January 2007 and March 2020 was performed
for comparing TOETVA and COT. Medical subject head-
ings and key words were as follows: “endoscopy” and
“transoral endoscopic” and “vestibular” and “thyroidec-
tomy” or “thyroid surgery.” Only human studies publi-
shed in English language with full-text descriptions were
considered in the analysis. Relevant studies were also
identified from the reference lists of the previous articles
and reviews. Final inclusion of articles was determined
by consensus from two independent reviewers, when this
failed, a third author was adjudicated.

2.2 | Inclusion and exclusion criteria

Two reviewers independently scanned and identified the
search findings for eligible studies. Inclusion criteria for
eligibility were as follows: (a) studies reported in English
language; (b) clear documentation of comparison
between the TOETVA and COT; (c) studies that reported
on at least one of the outcomes mentioned below;
(d) multiple studies were published by the same institu-
tion and/or authors, either the higher quality study or
the most recent publication was included. Studies were
excluded from the analysis based on the following:
(a) abstracts, reviews, case reports, letters, editorials,
expert opinions; (b) studies without control groups;
(c) absence of clearly reported outcomes of interest.

2.3 | Outcomes of interest

Intraoperative and postoperative outcomes were evalu-
ated to compare TOETVA and COT. Operative time and
blood loss were the main intraoperative outcomes. Post-
operative outcomes included transient recurrent laryn-
geal nerve (RLN) palsy, permanent RLN palsy, transient
hypocalcaemia, permanent hypocalcaemia, number of

retrieved central lymph node, number of metastatic cen-
tral lymph nodes, postoperative hospital stay, hematoma,
and wound infection.

2.4 | Data extraction and quality
assessment

Two independent reviewers extracted the data from eligi-
ble studies using standardized forms. Data extracted from
the selected study included: population characteristics,
operative details, and postoperative outcomes. The qual-
ity of each study was evaluated using the Newcastle-
Ottawa Scale with some modifications. Studies were
considered as higher quality if the quality achieves six or
more stars.”!

2.5 | Statistical analysis

Meta-analysis was carried out using Review Manager
software, version 5.0 (The Cochrane Collaboration,
Oxford, UK). Continuous variables were performed with
weighted mean difference (WMD) with corresponding
95% confidence interval (CI), whereas categorical vari-
ables were analyzed using odds ratio (OR) with
corresponding 95% CI. Medians were converted to
means using a previously described methodology.*
Pooled outcome measures were calculated using fixed or
random effects model, depending on the heterogeneity.
Heterogeneity was assessed using chi-square test, with a
P value of <.1 indicating significant; I* values were esti-
mated for the extent of heterogeneity. ** If the test
yielded an I? value of >50%, the random effects analysis
was performed. In addition, sensitivity analyses were
conducted by excluding individual studies from the data
set to analyze their relative effect on the overall pooled
estimates.

3 | RESULTS

3.1 | Study characteristics

There were 187 articles relevant to the search strategy.
Fourteen articles were selected for further investigation.
Of these, seven studies were further excluded by a close
scrutiny, due to the only comparison with other opera-
tion approach, two studies had been published by the
same institute and had overlapping patient populations.
One study published recently was included. Therefore,
six studies'>*° matched the inclusion criteria and were
included. All these studies were nonrandomized
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FIGURE 1 Flow diagram
depicting study selection
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controlled trials. A flow chart for selection of articles was
shown in Figure 1.

The six articles published between 2017 and 2020
involved a total of 1151 patients: 478 in the TOETVA
group and 673 patients in the COT group. The number of
patients in the included studies varied from 40 to 432.
Three studies were carried out in China, two in Thailand,
and one in Mexico. The general characteristics and qual-
ity assessments of the studies included in the meta-
analysis are summarized in Tables 1 and 2.

3.2 | Intraoperative outcomes

All the results of the analyses are summarized in Table 3.
All studies explicitly provided information on operative
time. Meta-analysis showed that TOETVA group was
associated with a significant increase in the operative
time (WMD, 66.09; 95% CI, 35.22-96.96; P < .0001)
(Figure 2A). Five studies revealed no statistically signifi-
cant difference in the blood loss between the two groups
(WMD, 0.93; 95% CI, —1.54 to 3.39; P = .46) (Figure 2B).

3.3 | Postoperative outcomes

Two studies reported on amount of drainage between the
two groups and showed a larger amount of drainage in
the TOETVA group (WMD, 98; 95% CI, 20.14-175.86;

P =.01) (Figure 2C). Three studies revealed no significant
difference in the number of retrieved central lymph node
between the two groups (OR: 0.29; 95% CI: —1.35 to 1.93,
P = .73) (Figure 2D). Furthermore, analysis of the pooled
data from two studies revealed that the two groups did
not differ significantly in the number of metastatic cen-
tral lymph nodes (OR: 0.32; 95% CI: —0.00 to 0.65,
P = .05) (Figure 2E).

No significant differences were observed between the
two operative methods in terms of transient RLN palsy
(OR, 1.01; 95% CI, 0.52-1.93; P = .98) (Figure 2F), perma-
nent RLN palsy (OR, 3.04; 95% CI, 0.12-75.69; P = .50),
transient hypocalcaemia (OR, 0.96; 95% CI, 0.56-1.65;
P = .89) (Figure 2G), permanent hypocalcaemia (OR,
0.32; 95% CI, 0.01-8.26; P = .49), hematoma (OR, 7.93;
95% CI, 0.97-65.12; P = .05) (Figure 2H), wound infection
(OR, 3.15; 95% CI, 0.12-82.16; P = .49), and postoperative
hospital stay (WMD, 0.02; 95% CI, —0.50 to 0.54; P = .94).

3.4 | Sensitivity and subgroup analyses

Sensitivity analyses were carried out by excluding each
individual study from each outcome measure. These
exclusions did not change the overall results of cumula-
tive analyses. Subgroup analyses were conducted
according to high-quality studies and studies only includ-
ing patients with papillary thyroid carcinoma. The results
of the analyses were consistent with the previous
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TABLE 2 Newcastle-Ottawa
scoring system for nonrandomized

References

15
comparative studies Anuwong et al

Bian et al*®
Pérez-Soto et al'’

Wang et al

3
2
3
'8 2
Sun et al*® 3
Kasemsiri et al*® 3

Selection star

Comparability star Outcome star Total star

6
4
4
6
7
6

\SHE SEEN S el e

2
2
1
2
2
1

Note: Comparability variables include age, gender, type of procedure, tumor size, multiplicity,

and pathological diagnosis.

TABLE 3 Meta-analysis of the subgroups for studies comparing TOETVA and COT

Outcomes No. of studies No. of patients OR/WMD 95% CI Pvalue P (%)

High-quality studies
Operative time(min) 4 1051 57.80 22.27,93.33 .001 98
Blood loss (mL) 3 662 1.38 —1.46, 4.23 .34 0
Transient RLN palsy 4 1051 0.89 0.45,1.76 74 0
Permanent RLN palsy 2 592 3.04 0.12, 75.69 .50 -
Tansient hypocalcemia 2 592 1.05 0.58, 1.88 .88 0
No. of retrieved central lymph node 2 549 -0.17 -3.04, 2.70 91 86
No. of metastatic central lymph nodes 2 549 0.32 —0.00, 0.65 .05 0
Amount of drainage 2 549 98.00 20.14, 175.86 .01 99

Studies only including PTC
Operative time (min) 3 609 90.44 76.21, 104.67 <.00001 78
Blood loss (mL) 2 220 1.56 —1.25, 4.38 .28 0
Transient RLN palsy 3 609 0.75 0.26, 2.15 .59 0
No. of retrieved central lymph node 3 609 0.29 —1.35,1.93 .73 73
No. of metastatic central lymph nodes 2 549 0.32 —0.00, 0.65 .05 0
Amount of drainage 2 549 98 20.14, 175.86 .01 99

Abbreviations: CI, confidence intervals; COT, conventional open thyroidectomy; OR, odds ratios; PTC, papillary thyroid carcinoma;
RLN, recurrent laryngeal nerve; TOETVA, transoral endoscopic thyroidectomy vestibular approach; WMD, weighted mean differences.

outcomes when all studies were considered. These results
are illustrated in Table 3.

3.5 | Publication bias

The funnel plot of the studies based on the transient RLN
palsy is shown in Figure 3. A somewhat asymmetric dis-
tribution around the vertical axis indicates moderate pub-
lication bias. However, the result needs to be interpreted
with caution, due to the limited numbers of the included
studies.

4 | DISCUSSION

ET is currently considered as an alternative to the COT
for thyroid diseases. TOETVA, as a new endoscopic
approach, not only caters for the higher esthetic require-
ment of women, but also provides easy access to the bilat-
eral thyroid and central compartment.! Since the
successful report of TOETVA by Nakajo et al** and Wang
et al* in 2013, the benefits afforded by TOETVA, such as
cutaneous scar-free and minimally invasive surgery,'
have led to its increased application in thyroid surgery.
Five published systematic reviews**>°have investigated
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(A) TOETVA coT Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Anuwong 2018 1008 387 216 794 321 216 17.4%  21.40[14.59,28.21] =
Bian 2018 161.25 3063 30 659.25 1289 30 17.1% 102.00(90.08,113.91) -
Kasemsiri 2020 1238 263 32 841 355 38 169%  38.70([25.19,54.21) -
Pe’rez-Soto 2018 2167 625 20 1539 4925 20 14.3%  62.80([27.93,987.67] =
Sun 2020 14761 413 100 67.85 21.88 288 17.3%  79.76(71.28,88.24] -
Wang 2019 193 47 80 102 48 80 16.9% 91.00(76.12,105.88) ===
Total (5% CI) 478 673 100.0% 66.09 [35.22, 96.96] -

Heterogeneity: Tau®= 1412.26; Chi*= 212.98, df= 5 (P < 0.00001); = 98%
Test for overall effect: Z= 4.20 (P < 0.0001)

-100-50 0 50 100
Favours TOETVA Favours COT

(B TOETVA coT Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Anuwong 2018 369 324 216 376 231 216 21.6% -0.70 [-6.01, 4.61)

Bian 2018 25 98 30 25 98 30 247% 0.00 [-4.96, 4.96]
Kasemsiri 2020 239 46.2 32 242 29 38 1.8% -0.30[18.77,18.17]
Pe’rez-Soto 2019 3825 389 20 101.8 1266 20 0.2% -63.55[-121.59,-551] ¥
Wang 2019 18.65 13.31 80 1634 819 80 51.8% 2.31[1.11,5.73]
Total (95% Cl) 378 384 100.0% 0.93 [-1.54, 3.39]

Heterogeneity: Chi*= 5.88, df= 4 (P = 0.21); = 32%
Test for overall effect: Z= 0.74 (P = 0.46)

2010 0 10 20
Favours TOETVA Favours COT

(C) TOETVA cot Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD _Total Weight IV, Random, 95% ClI IV, Random, 95% ClI
Sun 2020 175.75 5421 100 117.44 4618 289 50.0% 58.31 [46.43,70.19) =
Wang 2019 18885 527 80 51.09 23.73 80 50.0% 137.76([125.10,150.42) =
Total (95% Cl) 180 369 100.0%  98.00 [20.14, 175.86] e G-
Heterogeneity: Tau®= 3116.89; Chi*= 80.39, df= 1 (P < 0.00001); = 99% At ———+
Test for overall effect: Z= 2.47 (P = 0.01) FavourLOIPEg?VAO Fasgu:socom
(D TOETVA coT Mean Difference Mean Difference
Studyor Subgroup _Mean SD Total Mean SD Total Weight I, Random, 95% CI IV, Random, 95% Cl
Bian 2018 65 34 30 55 32 30 31.3% 1.00 [-0.67, 2.67)
Sun 2020 7 408 100 683 3.71 289 40.6% 1.17[0.26, 2.08)
Wang 2019 824 488 80 10.01 7.38 80 28.1% -1.77[-3.71,0.17)
Total (95% Cl) 210 399 100.0% 0.29 [-1.35, 1.93]

Heterogeneity: Tau*= 1.51; Chi*= 7.39, df= 2 (P = 0.02); F=73%
Test for overall effect: Z=0.35 (P =0.73)

20 -10 0 10 20
Favours TOETVA Favours COT

(E) TOETVA COoT Mean Difference Mean Difference
Study or Subgroup _Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Sun 2020 112 162 100 0.82 1.63 289 77.6% 0.30(-0.07,067)
Wang 2019 148 242 80 1.08 199 80 22.4% 0.40[0.29,1.09
Total (95% Cl) 180 369 100.0% 0.32[-0.00, 0.65]
0

Heterogeneity. Chi*= 0.06, df=1 (P = 0.80), F= 0%

4 2 2 4

Testfor overall effect: Z=1.94 (P = 0.05) EEvBiirE TOETVA FEvolife GOT
(F) TOETVA cot Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Anuwong 2018 8 216 9 216 47.8%  1.00([0.39,2.57)
Bian 2018 0 30 0 30 Not estimable
Kasemsiri 2020 1 32 1 38 4.9% 1.19(0.07,19.89) —
Pe’rez-Soto 2019 2 20 0 20 2.4% 5.54(0.25,123.08) S
Sun 2020 1 100 3 289 85%  0.96(0.10,9.36) S
Wang 2019 5 80 7 80 36.4% 0.70(0.21,2.29) —
Total (95% Cl) 478 673 100.0% 1.01[0.52, 1.93] ’
Total events 18 20
Heterogeneity: Chi*= 1.55, df= 4 (P = 0.82); F= 0% :n p” 0=1 1=0 100’

Test for overall effect: Z= 0.02 (P = 0.98)

Favours TOETVA Favours COT

(G) TOETVA cot Odds Ratio Odds Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% C| M.H, Fixed, 95% Cl
Anuwong 2018 23 216 20 216 66.1% 1.17(0.62, 2.20) i
Pe’rez-Soto 2019 5 20 7 20 194%  0.62(0.16, 2.43) R
Wang 2019 2 80 4 80 14.4%  0.49(0.09,2.74) L
Total (95% Cl) 316 316 100.0%  0.96 [0.56, 1.65] <@
Total events 30 31
Heterogeneity: Chi*= 1.36, df= 2 (P = 0.51); I*= 0% b y p J
Test for overall effect: Z= 0.14 (P = 0.89) t:-"glourg;EOWA Favour1sUC0T1 00
( H ) TOETVA CoT Odds Ratio Odds Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% Cl M.H, Fixed, 95% Cl
Anuwong 2018 1 218 0 216 57.4%  3.01(0.12 74.40) —
Pe’rez-Soto 2019 5 20 0 20 42.6% 14.55(0.75, 283.37) L
Total (95% Cl) 236 236 100.0%  7.93[0.97,65.12] e
Total events 6 0
Heterogeneity: Chi*= 0.51, df=1 (P = 0.48); F= 0% é 0 031 1=0 105

Test for overall effect: Z=1.93 (P = 0.05)

Favours TOETVA Favours COT

FIGURE 2 A, Forest plots
displaying operative time
comparing TOETVA vs COT. B,
Forest plots displaying blood loss
comparing TOETVA vs COT. C,
Forest plots displaying amount of
drainage comparing TOETVA vs
COT. D, Forest plots displaying
number of retrieved central lymph
node comparing TOETVA vs

COT. E, Forest plots displaying
number of metastatic central lymph
nodes comparing TOETVA vs
COT. F, Forest plots displaying
transient RLN palsy comparing
TOETVA vs COT. G, Forest plots
displaying transient hypocalcaemia
comparing TOETVA vs COT. H,
Forest plots displaying hematoma
comparing TOETVA vs COT.

CI, confidence intervals; COT,
conventional open thyroidectomy;
RLN, transient recurrent laryngeal
nerve; TOETVA, transoral
endoscopic thyroidectomy
vestibular approach [Color figure
can be viewed at
wileyonlinelibrary.com]
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o SEC0SIORD A nerve injury. Of the studies included in this analysis,
2 three studies'"’
nerve injury. Concern for higher risk of wound infec-
0.5 o \

I ORI
10 100

2 - t
001 01
FIGURE 3 Funnel plot to investigate publication bias.
OR, odds ratio [Color figure can be viewed at
wileyonlinelibrary.com]

the safety and feasibility of the TOETVA for thyroid dis-
ease. These systematic reviews have reported that
TOETVA was feasible and safe for the treatment of
selected thyroid disease. However, controversy remains
about whether TOETVA is appropriate for thyroid dis-
eases, particularly for thyroid carcinoma.'® To the best of
our knowledge, this is the first comprehensive meta-
analysis aimed at comparing TOETVA vs COT for
patients with thyroid lesions.

Based on our analysis, we found operating time was
significantly longer in TOETVA group compared to COT
group, which can be explained by the additional time for
ports insertion and creation of working space.'®'®2°
Operative time in TOETVA group may decrease with the
increased endoscopic surgery training and experi-
ence.”>*' Wang et al'® demonstrated that TOETVA was
associated with equivalent central lymph node dis-
section time as compared with that of COT. Our analysis
also found that the amount of drainage in the TOETVA
group was significantly greater than that in the COT
group, which might be due to the requirement for larger
subcutaneous flaps.'® Further analysis revealed no signif-
icant difference in intraoperative blood loss and postoper-
ative hospital stay within the two groups.

With regard to the postoperative complications, our
results revealed no significant difference in the incidence
rates of transient RLN palsy, permanent RLN palsy, tran-
sient hypocalcemia, permanent hypocalcemia, and hema-
toma between the TOETVA and COT groups. This result
might be attributed to the endoscopic magnification pro-
viding a better view of the RLN and parathyroid
gland."®" In addition, intraoperative neuromonitoring
for TOETVA can help prevent RLN injury by identifying
RLN and confirming its integrity.*?

New specific complications brought by TOETVA
include increased risk of wound infection and mental

TOETVA.* However, our results reveal no significant
difference in the wound infection between the TOETVA
and COT groups, possibly due to the prophylactic use of
intravenous antibiotics and oral sterilization peri-
operatively for TOETVA.>** In terms of mental nerve
injury introduced only by transoral vestibular approach
TOETVA, Anuwong et al" reported a 1.4% transient
mental nerve injury incidence rate for TOETVA. Bian
et al'® reported 17 patients experienced transient mental
nerve injury. Pérez-Soto et al'’ reported three patients
presented transient mental nerve injury.

It is evident that that lymph node metastasis affected
oncologic outcomes and was related to a higher patient
mortality.>>*® Prophylactic ipsilateral central lymph node
dissection was recommended for all papillary thyroid car-
cinoma patients based on the current Chinese guidelines.
In our meta-analysis, three studies reported the number
of retrieved central lymph node. The pooled data of
retrieved central lymph node revealed no significant dif-
ference between TOETVA and COT group, which may
indicate that the clearance of central lymph node is com-
parable within the two groups. Of the three studies
included in this analysis, only one study'® demonstrated
that TOETVA had equivocal number of positive central
lymph nodes to COT.

The review has several limitations and hence the
results should be interpreted cautiously. First, relatively
small number of the studies with short-term follow-up
data were included in the meta-analysis. Second, all the
studies included were nonrandomized trials, which might
over/under estimate the measured effect. Third, this
study failed to analyze important outcomes including
cosmetic results and oncological outcome due to lack of
available data. Furthermore, some heterogeneity was
observed in certain outcome measures. This might be
explained by differences in patient selection, surgical pro-
cedure, and surgeons experience. Therefore, well-
designed randomized controlled trials with emphasis on
evaluating important outcomes and adequate follow-up
are required to clarify ambiguities surrounding the use of
TOETVA.

5 | CONCLUSIONS

This systematic review demonstrates that TOETVA is as
feasible and safe as the COT for the treatment of patients
with benign thyroid nodules and selected differential thy-
roid carcinomas, although TOETVA is not superior to
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conventional techniques with respect to operative time.
Further larger randomized controlled trials with longer
follow-up are still needed to confirm the clinical and
oncological effectiveness of TOETVA.
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