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Abstract

BACKGROUND

Previous studies had shown endoscopic retrograde appendicitis therapy (ERAT)
is an effective treatment for acute appendicitis. However, different studies
reported conflicting outcomes regarding the effectiveness of ERAT in comparison
with laparoscopic appendectomy (LA).

AIM
To compare the effectiveness of ERAT with LA.

METHODS

Randomized controlled trials (RCTs) and retrospective studies of ERAT for acute
uncomplicated appendicitis were searched in PubMed, Cochrane Library, Web of
Science, Embase database, China National Knowledge Infrastructure (CNKI), the
WanFang Database, and Chinese Scientific Journals Database (VIP) from the
establishment date to March 1 2021. Heterogeneity was assessed using the I-
squared statistic. Pooled odds ratios (OR), weighted mean difference (WMD), and
standard mean difference (SMD), with 95% confidence intervals (CI) were
calculated through either fixed-effects or random-effects model. Sensitivity
analysis was also performed. Publication bias was tested by Egger's test, and
Begg’s test. The quality of included RCT were evaluated by the Jadad scale, while
Newcastle-Ottawa scale is adopted for assessing the methodological quality of
case-control studies. All statistical analysis was performed using Stata 15.1
statistical software. All statistical analysis was performed using Stata 15.1
statistical software. This study is registered with PROSPERO, CRD42021243955.

RESULTS

After screening, 10 RCTs and 2 case-control studies were included in the current
systematic review. Firstly, the length of hospitalizations [WMD = -1.15, 95%ClI: -
1.99, -0.31; P = 0.007] was shorter than LA group. Secondly, the level of post-
operative CRP [WMD = -10.06, 95%ClI: (-17.39, -2.73); P = 0.007], TNF-o. [WMD = -
7.70, 95%CI: (-8.47, -6.93); P < 0.001], and IL-6 Levels [WMD = -9.78, 95%ClI: (-
10.69, -8.88); P < 0.001; P < 0.001] in ERAT group was significantly lower than LA
group. Thirdly, ERAT group had a lower incidence of intestinal obstruction than
LA group. [OR =0.19, 95%CI: (0.05, 0.79); P = 0.020]. Moreover, the quality of 10
RCTs were low with 0-3 Jadad scores, while the methodological quality of two
case-control studies were fair with a score of 2 (each).

CONCLUSION

Compared with LA, ERAT reduces operation time, the level of postoperative
inflammation, and results in fewer complications and shorter recovery time, with
preserving the appendix and its immune and biological functions.

Key Words: Endoscopic retrograde appendicitis therapy; Acute appendicitis; Meta
analysis; Laparoscopic appendectomy; Randomized controlled study

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Acute appendicitis is one of the common surgical emergencies all over the
world, with a mean cost of about $9000 per procedure. It is recognized that the conven-
tional treatment of acute appendicitis was laparoscopic appendectomy (LA), while an
increasing number of surgical complications, include bleeding, adhesive intestinal
obstruction, infection of the incision, and intestinal fistula, have been reported.
Therefore, we conducted a meta-analysis to compare the effectiveness of endoscopic
retrograde appendicitis therapy (ERAT) with standard treatment. After screening, 12
studies were included in the current systematic review and we found that, compared
with LA, ERAT reduces operation time, the level of postoperative inflammation, and
results in fewer complications and shorter recovery time, with preserving the appendix
and its immune and biological functions.

10209 November 26,2021 | Volume9 | Issue33 |


http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/

Wang Y et al. ERAT for appendicitis

Jaishideng®

Citation: Wang Y, Sun CY, Liu J, Chen Y, Bhan C, Tuason JPW, Misra S, Huang YT, Ma SD,
Cheng XY, Zhou Q, Gu WC, Wu DD, Chen X. Is endoscopic retrograde appendicitis therapy a
better modality for acute uncomplicated appendicitis? A systematic review and meta-analysis.
World J Clin Cases 2021; 9(33): 10208-10221

URL: https://www.wjgnet.com/2307-8960/full/v9/i33/10208.htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i33.10208

INTRODUCTION

Acute appendicitis is one of the common surgical emergencies all over the world, with
a mean cost of about $9000 per procedure[l,2]. Appendicitis is one of the most
frequent specific underlying causes in patients presenting to emergency departments
with abdominal pain[3,4]. The majority (approximately 70%-80%) of acute appendicitis
cases are of uncomplicated nature[5,6]. It is reported that the incidence of appendicitis
is rising, which is about 1 per 1,000 in the America[7,8]. At present, the etiology of
acute appendicitis is still unknown. Common etiological factors, including luminal
obstruction from appendiceal fecalith, stool, lymphoid hyperplasia, and neoplasm
result in about half of the cases, with stool and appendiceal fecalith as more common
causes|[9].

LA is currently widely applied for the treatment of acute appendicitis. Although
patients could benefit from LA with a decreased wound infection rate, shorter hospital
stay, and better diagnostic power[10], some complications can not be ignored. Liang TJ
et al[11] investigated 864 patients who developed acute appendicitis recurrence in a
median follow-up of 6.5 years. The authors found that 258 patients were performed
LA, which accounted for about 30%. What's more, an increasing number of surgical
complications after LA , including bleeding, adhesive intestinal obstruction, infection
of the incision, appendiceal remnants, and intestinal fistula[12].

In 2012, Liu et al[13] proposed a new endoscopic minimally invasive treatment for
appendicitis, namely Endoscopic retrograde appendicitis therapy (ERAT). After
preoperative bowel preparation, the appendix was intubated through the colonoscopy
with a transparent cap at the head end, and the diagnosis of appendicitis was
confirmed by angiography under X-ray monitoring. It can also relieve the obstruction
of the appendix lumen, drain the pus, and flush the lumen to control the inflam-
mation. It also allows the placement of drainage tube into the lumen to ensure the
smooth drainage through the appendiceal orifice, reduce the risk of recurrence of
appendicitis caused by obstruction.

Previous studies had shown ERAT as an effective treatment for acute appendicitis
complicated with local perforation and/or periappendiceal abscess[14]. However,
different studies reported conflicting outcomes regarding the effectiveness of ERAT in
comparison with LA. Therefore, we conducted a meta-analysis to compare the effect-
iveness of ERAT with LA for adults.

MATERIALS AND METHODS

Preferred reporting items for systematic reviews and meta-analyses

The Preferred Reporting Items declared by the Systematic Review and Meta-Analysis
(PRISMA)[15] was utilized in the performance of this study. The databases including
PubMed, Cochrane Library, Web of Science, Embase database, China National
Knowledge Infrastructure (CNKI), the WanFang Database, and Chinese Scientific
Journals Database (VIP), were searched by using the searching terms including acute
appendicitis (acute uncomplicated appendicitis) and endoscopic retrograde
appendicitis therapy [endoscopic retrograde appendiceal radiography (ERAR),
endoscopic appendiceal irrigation (EAI), and endoscopic appendiceal stent placement
(ERSP)]. By taking the retrieval in PubMed as an example, the concrete retrieval
strategies are as follows: (acute appendicitis [Mesh Terms] OR acute appendicitis
[Title/ Abstract] OR acute uncomplicated appendicitisfMesh Terms] OR acute
uncomplicated appendicitis [Title/ Abstract]) AND (endoscopic retrograde appen-
dicitis therapy [Mesh Terms] OR endoscopic retrograde appendicitis therapy
[Title/ Abstract] OR endoscopic retrograde appendiceal radiography [Mesh Terms] OR
endoscopic appendiceal irrigation [Title/ Abstract] OR endoscopic appendiceal stent
placement [Title/ Abstract]).
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The retrieval time of each database is from the establishment of the database to
March 1, 2021. The reference of related literatures and reviews were also retrieved
manually to ensure that there was no omission, and the prospective study of ERAT on
acute appendicitis published in the literatures are statistically analyzed. The protocol
of this systematic review and meta-analysis has already prospectively registered in the
PROSPERO (International Prospective Register of Systematic Reviews) database
(reference no. CRD42021243955).

Study selection

Studies that met the following criteria were considered to be eligible for inclusion: (1)
Study design: Randomized controlled trials, retrospective studies, and prospective
studies; (2) Patients: The subjects were clinically diagnosed as acute uncomplicated
appendicitis patients; (3) Outcomes: Literatures should provide accurate compre-
hensive statistical indicators: Sample Size, length of hospitalizations, operation time,
recovery time, length of hospitalization, risk of complications; (4) Intervention and
control: Intervention was endoscopic retrograde appendicitis therapy, while control
group receiving LA; and (5) Articles published in English or Chinese. Exclusion
criteria: (1) Duplicate publications; (2) Studies without sufficient data; and (3) Care
reports, meta-analysis and reviews, study without English abstract and studies only
with abstract were also excluded.

Literature quality evaluation and data extraction

Literature screened by two reviewers independently according to the inclusion and
exclusion criteria mentioned above. Any disagreements were resolved through
discussion with a third reviewer to reach a consensus. The following data were
extracted: first author's name, the time of publication, the type of appendicitis, the
participants of the experimental and control group, interventions, and outcomes (the
bed rest time, time interval of body temperature returning to normal range, and time
interval of white blood cell count returning to normal range, ef al). Included RCT
studies were evaluated by the Jadad scale regarding quality and methodology, where
a higher score (total score of seven) suggests more rigorousness of a trial’s methodo-
logical design[16]. For both case-control and cohort studies, Newcastle-Ottawa scale
[17] is adopted for assessing the methodological quality, which provides a compre-
hensive score system with eight items.

Statistical analysis

Heterogeneity test was performed with Stata 15.0 statistical software (Stata Corp.,
College Station, TX). The bed rest time, body temperature return to normal time and
white blood cells return to normal time were combined by standard mean difference
(SMD) with 95%Cl, while duration of operation, length of hospitalizations, and levels
of inflammatory factors were combined by weighted mean difference (WMD) with
95%CI. Q-test and I2-test were used to analyze the heterogeneity of the studies
included in this meta-analysis. If P > 0.100 and I*< 50%, it was considered that there
was small heterogeneity among the studies, and fixed effect model was chosen;
otherwise, random effect model was used to merge SMD with 95%CI[18]. The pooled
relative risk (RR) with 95%CI: Was performed to analyze the risk of complications.
Data of the outcomes were recorded for this meta-analysis when three or more trials
reported the same outcome. Sensitivity analyses were performed to investigate the
robustness of this meta-analysis. Meanwhile, the risk of publication bias was evaluated
by Egger’s test, Begg’s test, and funnel plots[19]. If the heterogeneity shown P < 0.100
and I*> 50%, considered that there was large heterogeneity among the studies. Egger’s
test was assessed by using Stata 15.0.

RESULTS

From the 1,013 relevant records initially identified, 696 remained after excluding
duplicates. Then 143 articles were excluded after subsequent scanning of the titles and
abstracts. Full texts of the 161 records remained were scrutinized, and 12 studies[20-31]
that met the inclusion criteria were selected in systematic review, while 8 studies[21-
24,26,28,30,31] were included in meta analysis. The flow of selecting included studies
was shown in Figure 1. The 12 included articles with 970 subjects were published
between 2016 and 2020 and included 2 case-control[27,31] studies, and 10 RCTs. More
detailed characteristics were summarized in Table 1. The Jadad scores of 10 included
studies were 0-3 scores. Meanwhile, the methodological quality of two case-control
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Table 1 Detailed characteristics of included studies in this meta analysis

Studies  Patients  Treatment Sample size .
Ref. - ; Disease Outcomes
types age Experiment Control Experiment Control
Kangetal ~ RCT 1to13 Modified ERAT Antibiotics treatment 36 47 Acute uncomplicated Length of hospital stay
[20], 2020 years old appendicitis in children
Dengetal  RCT 18-62 years ERAT Laparoscopic appendectomy 20 20 Acute appendicitis Duration of operation, Bed rest time; time interval of body temperature returning
[21], 2018 old to normal range; time interval of white blood cells count returning to normal
time range, complication
Huangetal RCT 18-65 years ERAT Laparoscopic appendectomy 78 119 Acute appendicitis Duration of operation, bed rest time, complication
[22], 2020 old
Lin et al RCT 18-70 years ERAT Laparoscopic 44 45/36 Simple appendicitis Length of hospital stay, bed rest time, time interval of body temperature
[23], 2016 old appendectomy /antibiotics returning to normal range, inflammatory factors, complication
treatment
Ma et al RCT 19-74 years ERAT Laparoscopic appendectomy 20 20 Non-complex Duration of operation, length of hospital stay, time interval of body temperature
[24], 2020 old appendicitis returning to normal range, inflammatory factors, complication
Wangetal RCT 3to13 ERAT Laparoscopic appendectomy 42 42 Acute uncomplicated Duration of operation, length of hospital stay, bed rest time, time interval of
[25], 2017 years old appendicitis in children ~ body temperature returning to normal range, complication
Pan et al RCT 19-62 years ERAT Laparoscopic appendectomy 85 36 Acute appendicitis Duration of operation, length of hospital stay, bed rest time, inflammatory
[26], 2018 old factors
Shen et al Case- NA ERAT combined with  Antibiotics treatment 42 57 Acute appendicitis Length of hospital stay
[27], 2020 control antibiotics treatment
Yeetal[28], RCT 18-70 years ERAT Laparoscopic appendectomy 57 57 Non-perforated acute Length of hospital stay, bed rest time, inflammatory factors, complication
2016 old appendicitis
Zhu et al RCT NA ERAT Antibiotics treatment 17 24 Atypical acute Complication
[29], 2018 appendicitis
Yangetal  RCT 20-60 years ERAT Laparoscopic appendectomy 85 35 Acute uncomplicated Duration of operation, bed rest time, length of hospital stay, time interval of
[30], 2016 old appendicitis body temperature returning to normal range
Lietal[31], Case- 14-73 years ERAT Laparoscopic appendectomy 21 20 Uncomplicated acute Duration of operation, length of hospital stay, bed rest time, time interval of
2016 control old appendicitis body temperature returning to normal range, time interval of white blood cells

count returning to normal time range, complication

ERAT: Endoscopic retrograde appendicitis therapy.
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studies[27,31] were fair, with a score of 2 (each). The Jadad score of included studies
were shown in Table 2 and Newcastle-Ottawa scale score was shown in Sup
plementary Table 1.
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Table 2 Detailed quality assessment of included studies using modified Jadad score

Ref. Randomization Concealment of allocation Double blinding Description of withdrawals and dropouts Total score
Kang et al[1], 2018 2 0 0 1 3
Deng et al[2], 2018 0 0 0 1 1
Huang et al[3], 2020 2 0 0 0 0
Lin et al[4], 2016 0 0 0 0 0
Ma et al[5], 2020 1 0 0 0 1
Wang et al[6], 2017 2 0 0 0 2
Pan et al[7], 2018 2 0 0 0 2
Wu et al[9], 2019 0 0 0 1 1
Ye et al[10], 2016 0 0 0 1 1
Zhang et al[11],2017 1 0 0 0 1
Zhu et al[12],2018 2 0 0 1 3
Yang et al[13], 2016 2 0 0 0 2

Records identified through database searching (/7 = 1695): -

Pubmed: 1056; Cochrane: 324; Web of science: 156; Additional records
Embase: 159 identified through other
CNKI: 302; WanFang Database: 216; VIP: 135 sources (17 = 5)

Identification

J

Records after publicates
removed (1 = 696)

()]

Y

3]

S5 Records screened (n = Records excluded (7
@ 317) = 143)

Full-text articles assessed
for eligibility (n = 173) Full-text articles excluded, with
reasons (n = 161)

No sufficient data: 69
Abstracts: 10

Review or meta-analyses: 7
Studies included in qualitative Letter to editor: 6

synthesis (n = 12) Case report: 4

Eligibility

b=l
[}
o
=
o
c
—

Studies included in qualitative
synthesis (meta analysis) (17 = 8)

Figure 1 Flow diagram representing the selection of studies.

Bed rest time

Eight records reported the bed rest time in ERAT group and LA group. The bed rest
time in ERAT group was shorter than LA group [WMD = -3.68, 95%ClI: (-4.78, -2.58); P
< 0.001], with high heterogeneity [Q = 736.21, P heterogeneity < 0.001, I* = 99.0%].
Shown in Figure 2.

Time interval of body temperature returning to normal range

The time interval of body temperature returning to normal range in ERAT group was
shorter than LA group based on 6 included studies. [SMD = -0.43, 95%CI: (-1.58, 0.73);
P = 0.481] with high heterogeneity [Q = 113.64, P heterogeneity < 0.001, I* = 95.6%].
Shown in Figure 3.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V. Random, 95% CI IV, Random, 95% CI
Benmu Lin 2016 236 1.26 44 912 1.44 45 1248% -6.76[-7.32,-6.20] -
Ganlin Deng 2018 325 1.58 20 477 1.82 20 11.8%  -1.52[2.58 -0.46] -
Guangfu Wang 2017 1.03 0.3 42 249 042 42 129%  -1.46[1.62,-1.30]
Guijiang Yang 2016 1 02 35 25 06 35 129%  -1.50[1.71,-1.29]
Hongwei Pan 2018 234 044 35 467 067 36 128%  -2.33[2.589 -2.07] -
Yingehao Li 2016 o1 02 21 26 04 200 128% -250[2.74 -2.26) -
ing e 2016 245 1.4 a7 931 1.86 87 124%  -6.86[-7.47 -6.259] -
Zhiliang Huang 2020 1014 287 T8 1683 313 M8 121% -6.69[7.49 -5.88] -
Total (95% CI) 332 374 100.0% -3.68[-4.78,-2.58] -
Heterogeneity: Tau®= 2.44; Chi*= 736.21, df= 7 (P = 0.00001); = 89% P + : k .

Test for overall effect Z=6.57 (p = 0.00001)

Figure 2 Forest plot of bed rest time.

Favours [experimental] Favours [control]

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup _ Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Benmmu Lin 2016 144 046 44 158 038 45 17.4% -0.33 [-0.74, 0.09]
Ganlin Dengy 2018 13 038 20 208 054 20 16.6% -1.64 [2.36,-0.91] ——
Guangfu'Wang 2017 1.25 037 42 201 041 42 17.2% -1.93 [2.45,-1.41] -
Guijiang Yang 2016 12 04 35 2 06 35 17.2% -1.55[2.08,-1.01] -
Yingchao Li 2016 13 05 2 2 07 20 16.8% -113[1.80,-0.47] -
Zhuangfu Ma 2020 389 045 20 201 033 20 14.8% 4,67 [3.43, 5.91] —
Total (95% CI) 182 182 100.0% 0.43[-1.58, 0.73]
Heterogeneity: Tau®= 1.96; Chi*= 109.08, df= 5 (P = 0.00001); F= 95% =_1 5 5 : 5 10:

Testfor overall effect Z=0.72 (P=0.47)

Favours [experimental] Favours [control]

Figure 3 Forest plot of time interval of body temperature returning to normal range.
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Time interval of white blood cell count returning to normal range

Based on 2 included studies, the time interval of leukocyte count returning to normal
range in patients receiving ERAT group was shorter than that in LA group [SMD = -
1.11, 95%CI: (-1.58, -0.63); P < 0.001] with low heterogeneity [Q = 0.24, P heterogeneity
=0.630, I* = 0.00%]. See Figure 4.

Duration of operation

Seven studies reported the duration of ERAT in comparison to LA. There was no
difference regarding duration of operation between ERAT group and LA group
[WMD = -13.90, 95%ClI: (-29.56, 1.76); P = 0.08] with high heterogeneity [Q = 227.42, P
heterogeneity < 0.001, I = 97.4%)]. Shown in Figure 5.

Length of hospitalizations

Based on 8 included studies, the length of hospitalizations in ERAT group was shorter
than LA group. [WMD =-1.15, 95%ClI: (-1.99, -0.31); P = 0.007] with high heterogeneity
[Q = 289.85, P heterogeneity < 0.001, I> = 97.6%]. Shown in Figure 6.

Levels of inflammatory factors

C-reactive protein (CRP): Based on 3 included studies[24,26,28], there was no
difference of pre-operative CRP levels between ERAT group and LA group [WMD = -
0.28, 95%ClI: (-1.14, 0.58); P = 0.53] with high heterogeneity [Q = 7.21, P heterogeneity =
0.03, I* = 72.0%]. However, the level of post-operative CRP in ERAT group was
significantly lower than that in LA group. [WMD = -10.06, 95%ClI: (-17.39, -2.73); P =
0.007] with high heterogeneity [Q = 109.28, P heterogeneity < 0.001, I = 98.0%). Shown
in Table 3.

Tumor necrosis factor-a (TNF-a): Based on 2 included studies[24,26], there was no
difference of pre-operative levels of TNF-a between ERAT group and LA group
[WMD = -0.21, 95%CI: (-1.32, 0.90); P = 0.71] with low heterogeneity [Q = 0.17, P
heterogeneity = 0.68, I* = 0.00%]. However, the level of TNF-o in ERAT group was
significantly lower than LA group after operating. [WMD = -7.70, 95%CI: (-8.47, -6.93);
P < 0.001] with high heterogeneity [Q = 138.67, P heterogeneity < 0.001, I* = 99.0%).
Shown in Table 3.
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Table 3 Pooled results of inflammatory factors and complications

. Heterogenei
Outcomes Categories Number of records  OR/WMD and 95%CI P . geneity P, value
with groups (F)

Inflammatory factors
C-reactive protein (pre) 3 -0.28, [-1.14, 0.58] 0.53 72% 0.03
C-reactive protein (post) 3 -10.06, [-17.39, -2.73] 0.007 98.0% <0.001
Tumor necrosis factor-a (pre) 2 -0.21, [-1.32, 0.90] 0.71 0.0% 0.68
Tumor necrosis factor-a (post) 2 7.70, [-8.47, -6.93] <0.001 99.0% <0.001
Interleukin 6 (pre) 3 -0.11, [-1.04, 0.82] 0.81 6.0% 0.34
Interleukin 6 (post) 3 -9.78, [-10.69, -8.88] <0.001 99.0% <0.001

Complications
Intestinal obstruction 4 0.19, [0.05, 0.79] 0.020 0.0% 0.95
Abdominal infection 2 0.10, [0.01, 0.83] 0.030 0.0% 0.44
Urinary tract infection 3 0.27, [0.04, 1.65] 0.160 0.0% 0.97
Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Ganlin Deng 2018 1.94 087 20 265 048 20 509% -0.99 [-1.65,-0.33] —i—
Yingchao Li 2016 2 049 21 4 21 20 491% -1.22 [-1.90,-0.55] ——
Total (95% CI) M 40 100.0% -1.11[-1.58, -0.63] S
Heterogeneity: Chi*=0.24, df=1 (P = 0.63); F= 0% ) RS ! } t

Testfor overall effect 2= 4.60 (P = 0.00001)

Figure 4 Forest plot of time interval of white blood cell count returning to normal range.

Favours [experimental]

Favours [control]

Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean _ SD Total Mean _ SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Ganlin Deng 2018 50.24 1766 20 69.03 2161 20 137% -18.84 [31.07,-6.61]
Guangfu'Wang 2017 48.41 1153 42 69.31 1538 42 147% -20.90 [26.71,-15.08] —
Guijiang Yang 2016 489 156 35 692 267 35 141% -20.30[-30.54,-10.06] —_—
Hongwei Pan 2018 88.41 1061 35 6814 852 36 148%  20.27 [15.79, 24.75] —_
Yingchao Li 2016 497 182 21 6809 250 20 13.4% -10.20[32.06, -5.44] —_—
Zhiliang Huang 2020 29.03 2606 78 4535 92 119 146% -16.32[2233,-10.31] —
Zhuangfu Ma 2020 4521 B21 20 6245 923 20 147% -23.24[28.12,-19.36) —
Total (95% CI) 251 292 100.0%  -13.90 [-29.56, 1.76] R —
Heterogeneity, Tau®= 426.72; ChiF= 227.42, df= 6 (P = 0.00001); F= 87% e = 0 * p

Testfor overall effect: Z=1.74 (P=0.08)

Figure 5 Forest plot of duration of operation.

Favours [experimental] Favours [control]
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Interleukin 6 (IL-6): Based on 3 included studies[24,26,28], no difference of pre-
operative levels of IL-6 was found between ERAT group and LA group [WMD = -0.11,
95%ClI: (-1.04, 0.82); P = 0.81] with low heterogeneity [Q = 2.13, P heterogeneity = 0.34,
I?=6.0%]. However, the level of IL-6 in ERAT group was significantly lower than LA
group, post-operatively. [WMD = -9.78, 95%ClI: (-10.69, -8.88); P < 0.001] with high
heterogeneity [Q = 163.52, P heterogeneity < 0.001, I* = 99.0%). Shown in Table 3.

Complications

Intestinal obstruction: Four studies[22,24,28,31] reported the intestinal obstruction
after operation. The pooled result shown that ERAT group had a lower incidence of
intestinal obstruction than LA group. [OR = 0.19, 95%CI: (0.05, 0.79); P = 0.020] with
low heterogeneity [Q = 0.34, P heterogeneity = 0.95, I = 0.00%]. Shown in Table 3.

Abdominal infection: Two studies[24,31] reported the abdominal infection after
10215
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Benmu Lin 2016 331 054 44 349 068 45 133% -0.28[-0.54,-0.02] -
Guangfu YWang 2017 385 112 42 546 115 42 129% -1.96[2.45 -1.47)] -
Guijiang Yang 2016 3.2 1.5 34 6.4 1.8 3E 121%  -3.20[-3.88,-2.42) -
Hongwei Pan 2018 305 049 35 588 076 36 132%  -283[3.13,-2.53)] -
Yingchao Li 2016 3.3 16 21 48 2 20 1089% -1.50[261,-0.39] e —
Ying Ye 2016 282 087 A7 389 089 a7 13.2% -1.07 [-1.39,-0.74] -
Zhiliang Huang 2020 1.45 0.501 78 198 0854 119 134% -053[0.72-0.34] -
Zhuangfu Ma 2020 581 221 20 334 082 20 11.2% 2.47[1.44, 3.50] -
Total (95% ClI) 332 374 100.0% -1.15[-1.99,-0.31] el
Heterogeneity; Tau®= 1.36; Chi*= 289.85, df= 7 (£ = 0.00001); F= 95% 4 2 7 2 4
Testfor overall effect Z=2.69 (p=0.007) Favours [experimental] Favours [control]

Figure 6 Forest plot of length of hospitalizations.

Jaishideng®

operation. The pooled result found that ERAT group had a lower incidence of
abdominal infection than LA group [OR = 0.10, 95%ClI: (0.01, 0.83); P = 0.350] with low
heterogeneity [Q = 0.60, P heterogeneity = 0.44, I*= 0.00%]. Shown in Table 3.

Urinary tract infection (UTI): The pooled result of 3 studies[25,28,31] reporting post-
operative UTI did not find statistically significant difference between ERAT group and
LA group [OR = 0.27, 95%CI: (0.04, 1.65); P = 0.160] with low heterogeneity [Q = 0.07, P
heterogeneity = 0.97, I = 0.00%]. Shown in Table 3.

Sensitivity analysis

Furtherly, sensitivity analysis was performed to investigate the robustness of this
meta-analysis. The results of sensitivity analysis shown that one study had a
significant influence on the result of duration of operation[26], one study had a
significant influence on the result of time interval of body temperature returning to the
normal range[23], one study had a significant influence on the result of CRP (post-
operative)[26], no study had a significant influence on the result of TNF (pre-
operative) and one study had a significant influence on the result of IL-6 (pre-
operative) [28].

Bias analysis

No obvious publication bias was depicted by the funnel plot (Supplementary Figure 1)
and result from Egger’s test (t = -0.06, P = 0.954) and Begg’s test (Z = 0.30, P = 0.764)
indicated no evidence of publication bias with regard to the duration of the operation.
All outcomes of bias analysis were shown in Table 4.

DISCUSSION

Acute appendicitis, as one of the common surgical diseases, is the most common
causes of surgical acute abdomen[32]. The latest study reported that the morbidity of
acute appendicitis is as high as 6% in the population[33]. It has been found that the
appendix can secrete a variety of useful substances and hormones (such as digestive
enzymes, hormones that promote intestinal peristalsis, hormones related to growth),
and play immune function to resist various diseases[34]. In addition, as the appendix
contains a variety of intestinal microorganisms, it plays a key role in maintaining the
balance of intestinal flora[35]. At present, the treatment for acute non-complex
appendicitis includes surgery and conservative antibiotic treatment[36]. In order to
preserve the potentially important function of the appendix, a retrograde endoscopic
appendicitis treatment for acute simple appendicitis was first proposed in 2012. ERAT
has the advantages of convenient operation, small trauma, and rapid relief of pain
after the pressure of the appendix cavity is lifted[37]. In order to explore the safety of
ERAT and provide more evidence for clinical treatment, this meta-analysis was
conducted to investigate postoperative complications, length of hospitalizations,
operation time, postoperative bed rest time, and indicators of recovery. The results
showed that ERAT had shorter time intervals of white blood cell count returning to
normal range, length of hospitalizations, and bed rest time. Meanwhile, the incidence
of complications is lower, and the postoperative recovery time is faster compared with
LA.
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Table 4 Publication bias of outcomes by Egger’s test and Begg’s test

Egger’s test Begg’s test

t P Z P
Time interval of body temperature returning to normal rangetime 117 0.306 0.75 0.452
Time interval of White white blood cells count returning to normal timerange - - 0.00 1.00
Duration of operation -0.9 0.409 1.2 0.230
Length of hospitalizations (vs LA) -0.48 0.648 0.37 0.711
Length of hospitalizations (vs Anti) -1.72 0.336 0.00 1.00
CRP (pre-operative) 2.23 0.268 1.04 0.296
CRP (post-operative) -0.19 0.878 0.00 1.00
TNF-o (pre-operative) - - 0.00 1.00
TNF-o (post-operative) - - 0.00 1.00

IL-6 (pre-operative)
IL-6 (post-operative)
Intestinal obstruction
Abdominal infection
Urinary tract infection

Bed rest time

-1.27 0.425 0.00 1.00

-7.43 0.085 1.04 0.296
2.03 0.179 1.70 0.089
- - 0.00 1.00

11.87 0.053 0.00 1.00

-3.1 0.021 111 0.266

LA: Laparoscopic appendectomy.

Jaishideng®

In 2008, Mason et al[38] proposed that about 70% of patients with acute appendicitis
do not need appendectomy and can be treated conservatively. Recently, Prechal et al
[39] pointed out in a meta-analysis that appendectomy is more effective than antibiotic
treatment in the treatment of acute uncomplicated appendicitis, and that the incidence
of complications of the two treatment schemes is almost the same. Although ERAT
emerges recently as a relatively new modality of treatment, it shows unique
advantages. The latest research reported by Liu et al[18], the abdominal pain of 32
acute uncomplicated appendicitis patients resolved immediately after ERAT
operation, and the clinical success rate was 97%. Colonoscopic irrigation, as a type of
ERAT, was performed on 10 patients with acute appendicitis by Feng Jia et al[40].
Follow-up results found that there was no tenderness in the abdomen on physical
examination, and no fever and other symptoms after operation. Notably, during the
follow-up period of 1-8 mo, no complications occurred, and 9 cases had no recurrence
of appendicitis. Chen et al[41] performed ERAT on 101 patients with acute
appendicitis, the results showed that the success rate of appendiceal intubation was
96% (97/101), the success rate of treatment was 97.9% (94/96). Meanwhile, the
operation time, the temperature recovery time, the white blood cell recovery time, and
the abdominal pain relief time was shorter than the control group. What is more, no
postoperative complications were detected. In addition, regarding the complication
after ERAT, Li Yingchao et al[31] compared ERAT with LA and the results showed that
perforation occurred in 1 case (5%) in ERAT group, and complications occurred in 3
cases (15%) in LA group. After more than half a year of follow-up, 2 cases in ERAT
group were highly suspected of "chronic appendicitis" (recurrence rate 2/20, 10%),
while no recurrence of appendicitis in LA group was reported, however, during a
follow-up period of at least six months after surgery, 10 cases in LA group had
postoperative diarrhea and constipation. Conversely, the results from Deng Ganlin et
al[21] showed that the incidence of postoperative complications of the ERAT group
was lower than that of the LA group, but the difference was not statistically significant
(P > 0.05). Ma Zhuangfu et al[24] found that 1 sary intestinal obstruction occurred in
ERAT group, while 6 sary intestinal obstructions occurred in LA group. Notably, our
study shown that ERAT group had a lower incidence of intestinal obstruction than LA
group based on 7 included studies. Lin et al[23] found that no patients with UTI and
abdominal infection after ERAT, while 2 patients with UTI and 1 patient with
abdominal infection were discovered in LA group, while this comprehensive meta-
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analysis demonstrated that there was no difference between ERAT group and control
group regarding abdominal infection and UTL

The serum inflammatory factors of the patients between ERAT and control group
were analyzed by Pan Hongwei[26], and the results showed the serum levels of
hypersensitive CRP, IL-6, and TNF-a between ERAT group and LA group were
significantly decreased after operation compared with those before operation, and the
ERAT group was lower than the control group; The serum levels of hypersensitive
CRP, IL-6, and TNF-a in the two groups were significantly decreased after operation
compared with those before operation, and the ERAT group was lower than the
control group (P < 0.05). CRP is an acute response protein secreted by the liver, and is
also an essential inflammatory medium[42] to measure the intensity of response to
trauma. IL-1p, TNF-a, and IL-6 are common pro-inflammatory factors, and their
secretion is increased in both acute and chronic inflammation, jointly promoting
multiple pathological injury processes such as tissue destruction and edema formation
[43,44]. IL-6 is also a typical pro-inflammatory factor, produced by activated T cells
and fibroblasts, and can cooperatively activate inflammation-related signals with TNF-
a to induce cascade reaction[45] and induce the production of other pro-inflammatory
factors[46]. It is a common anti-inflammatory factor and has the effect of reducing
inflammatory cell overactivation[47]. Therefore, we conducted the pooled analysis of
these markers which shown that there was no difference in pre-operative levels of
TNF-a, IL-6, and CRP between ERAT group and LA group, while the level of TNF-o,
IL-6, and CRP in ERAT group was significantly lower than LA group after operating.
However, we acknowledge that the timing of post-ERAT measurement of inflam-
matory factors is various across included studies, which may be one of the sources of
heterogeneity.

Appendectomy has long been the most important method for the treatment of acute
appendicitis. Although LA has faster recovery, less pain, and less wound infection
compared with open surgery[48,49], there is still a certain risk of postoperative
complications, and it has been reported[50,51] that the negative resection rate of
appendix is as high as 8%-15%. Based on our meta-analysis, it is found that ERAT has
its own unique advantages of being faster, more effective, and safer, compared with
LA.

Limitation

First, the high heterogeneity across included studies was found, which could be
attributed to different severities of the patients enrolled in each study, different mean
ages of each study, different operating experience of ERAT of gastroenterologists and
endoscopists in each study, and different study designs. Second, as little study
compared LA with antibiotics treatment as well as compared adults with children, it is
difficult to perform a meta-analysis regarding these outcomes. Third, limited studies
were reported in other areas outside China.

CONCLUSION

Compared with LA treatment, ERAT reduces operation time, and results in fewer
complications and shorter recovery time, with preserving the appendix and its
immune and biological functions. However, given that only a limited number of
studies were reported and most were conducted in China, more original studies with
high quality in multi-centers from different countries and areas are still needed to
further explore this novel modality of treatment for appendectomy.

ARTICLE HIGHLIGHTS

Research background
Evidence from revious studies shown that endoscopic retrograde appendicitis therapy
(ERAT) is an effective treatment for acute appendicitis.

Research motivation
However, different studies reported conflicting outcomes regarding the effectiveness
of ERAT in comparison with laparoscopic appendectomy (LA).
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Research objectives
This meta-analysis was conducted to compare the effectiveness of ERAT with LA.

Research methods

Randomized controlled trials and retrospective studies of ERAT for acute
uncomplicated appendicitis were searched in PubMed, Cochrane Library, Web of
Science, Embase database, China National Knowledge Infrastructure (CNKI), the
WanFang Database, and Chinese Scientific Journals Database (VIP).

Research results

10 randomized controlled studies (RCTs) and 2 case-control studies were included in
the current systematic review. Firstly, the length of hospitalizations [WMD = -1.15,
95%ClI: (-1.99, -0.31); P = 0.007] was shorter than LA group. Secondly, the level of post-
operative CRP [WMD = -10.06, 95%CI: (-17.39, -2.73); P = 0.007], TNF-a [WMD = -7.70,
95%Cl: (-8.47, -6.93); P < 0.001], and IL-6 Levels [WMD = -9.78, 95%ClI: (-10.69, -8.88); P
< 0.001; P < 0.001] in ERAT group was significantly lower than LA group. Thirdly,
ERAT group had a lower incidence of intestinal obstruction than LA group. [OR =
0.19, 95%ClI: (0.05, 0.79); P = 0.020].

Research conclusions
Based on our meta-analysis, it is found that ERAT has its own unique advantages of
being more effective, safer compared with LA.

Research perspectives
As little study compared LA with antibiotics treatment, future study should focus on
comparing the effectiveness between LA and antibiotics treatment.
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