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Abstract

BACKGROUND

Laparoscopy has been widely used in general surgical procedures, but total
laparoscopic pancreaticoduodenectomy (TLPD) is still a complex and challenging
surgery that is only performed in a small number of patients at a few large
academic medical centers. Although the safety and feasibility of TLPD have been
established, few studies have compared it with open pancreaticoduodenectomy
(OPD) with regard to perioperative and oncological outcomes. Therefore, we
carried out a meta-analysis to evaluate whether TLPD is superior to OPD.

AIM
To compare the treatment outcomes of TLPD and OPD in order to assess the
safety and feasibility of TLPD.

METHODS

We conducted a systematic search of studies comparing TLPD with OPD that
were published in the PubMed, EMBASE, and Cochrane Library databases
through December 31, 2018. The studies comparing TLPD and OPD with at least
one of the outcomes we were interested in and with more than 10 cases in each
group were included in this analysis. The Newcastle-Ottawa scale was used to
assess the quality of the nonrandomized controlled trials and the Jadad scale was
used to assess the randomized controlled trials. Intraoperative data,
postoperative complications, and oncologic outcomes were evaluated. The meta-
analysis was performed using Review Manager Software version 5.3. Random or
fixed-effects meta-analyses were undertaken to measure the pooled estimates.

RESULTS
A total of 4790 articles were initially identified for our study. After screening,
4762 articles were excluded and 28 studies representing 39771 patients (3543
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undergoing TLPD and 36228 undergoing OPD) were eventually included.
Patients who underwent TLPD had less intraoperative blood loss [weighted
mean difference (WMD) = -260.08 mL, 95% confidence interval (CI): (-336.02, -
184.14) mL, P < 0.00001], a lower blood transfusion rate [odds ratio (OR) = 0.51,
95%ClI: 0.36-0.72, P = 0.0001], a lower perioperative overall morbidity (OR = 0.82,
95%ClI: 0.73-0.92, P = 0.0008), a lower wound infection rate (OR = 0.48, 95%Cl:
0.34-0.67, P < 0.0001), a lower pneumonia rate (OR = 0.72, 95%CI: 0.60-0.85, P =
0.0002), a shorter duration of intensive care unit (ICU) stay [WMD =-0.28 d,
95%CI (-2.88, -1.29) d, P < 0.00001] and a shorter length of hospital stay [WMD = -
3.05d, 95%ClI (-3.93, -2.17), P < 0.00001], a lower rate of discharge to a new facility
(OR = 0.55, 95%ClI: 0.39-0.78, P = 0.0008), and a lower 30-d readmission rate (OR =
0.81, 95%CI: 0.68-0.95, P = 0.10) than those who underwent OPD. In addition, the
TLPD group had a higher RO rate (OR = 1.28, 95%CI: 1.13-1.44, P = 0.0001) and
more lymph nodes harvested (WMD = 1.32, 95%CI: 0.57-2.06, P = 0.0005) than the
OPD group. However, the patients who underwent TLPD experienced a
significantly longer operative time (WMD = 77.92 min, 95%CI: 40.89-114.95, P <
0.0001) and had a smaller tumor size than those who underwent OPD [WMD = -
0.32 cm, 95%Cl: (-0.58, -0.07) cm, P = 0.01]. There were no significant differences
between the two groups in the major morbidity, postoperative pancreatic fistula,
delayed gastric emptying, postpancreatectomy hemorrhage, bile leak,
gastroenteric anastomosis fistula, intra-abdominal abscess, bowel obstruction,
fluid collection, reoperation, ICU admission, or 30-d and 90-d mortality rates. For
malignant tumors, the 1-, 2-, 3-, 4- and 5-year overall survival rates were not
significantly different between the two groups.

CONCLUSION

This meta-analysis indicates that TLPD is safe and feasible, and may be a
desirable alternative to OPD, although a longer operative time is needed and only
smaller tumors can be treated.

Key words: Total laparoscopic pancreaticoduodenectomy; Open
pancreaticoduodenectomy; Safety; Feasibility; Meta-analysis

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This is a meta-analysis with the largest number of cases so far comparing total
laparoscopic pancreaticoduodenectomy (TLPD) and open pancreaticoduodenectomy
(OPD). In recent years, the reports or comparisions between TLPD and OPD are
increasing, but most of them have a very small number of cases included, and the quality
and reliability are limited. In this meta-analysis, we reviewed the published literature on
this topic until now with the largest number of cases, thus the conclusion is much more
reliable. In addition, our study analyzed the effects of laparoscopic skills not only on
intraoperative parameters and postoperative complications, but also on oncological
outcomes to ensure its safety and feasibility.
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INTRODUCTION

Laparoscopic techniques have been widely applied in general surgical procedures and
have been proved to be beneficial for some selected patients in terms of postoperative
recovery and a shorter hospital stay!?l. However, since the first laparoscopic
pancreaticoduodenectomy was introduced by Gagner et all”! in 1994, total laparoscopic
pancreaticoduodenectomy (TLPD) is still not universally performed and remains a
formidable challenging and highly specialized procedure owing to the retroperitoneal
surgical location, difficult dissection near the great vessels, critical intracorporeal
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anastomoses, and its high postoperative morbidity or mortality rates!*’l. In recent
years, with the innovations in laparoscopic techniques and instruments, and the
accumulation of surgical experiencel, TLPD has been gradually performed at some
major medical centers in properly selected patients and has gained popularity among
general surgeonsl’®l. Even so, controversies regarding its perioperative and
oncological safety still exist. Although a large number of studies have been performed
to evaluate the feasibility and safety of TLPD recently” ', all these studies are
retrospective analyses including a small number of cases, and there has been no large
case-control studies or randomized controlled trials (RCTs).

The purpose of our study was to critically evaluate whether TLPD is superior to the
open procedure. For this reason, we carried out a meta-analysis of TLPD vs open
pancreaticoduodenectomy (OPD) to compare the intraoperative outcomes,
postoperative complications, postoperative recovery, oncological safety, and overall
survival (OS).

MATERIALS AND METHODS

Our study complied with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines!'”, and protocol can be accessed at the International
Prospective Register of Systematic Reviews (registration number: CRD42019126173).
Manuscripts comparing intraoperative, postoperative, and oncological outcomes and
OS of patients with malignancies treated by TLPD or OPD were identified in medical
databases.

Literature search

We conducted a comprehensive literature search of studies published in the PubMed,
EMBASE and Cochrane Library databases until December 31, 2018. Only full-text
literature published in the English language was included and considered. The
studies we identified were restricted to research performed in humans. The
prespecified search terms were divided into two categories: The “laparoscopic” terms
(“laparoscope” OR “laparoscopic” OR “laparoscopy” OR “minimally invasive” OR
“laparoscopy-assisted”) and the “pancreaticoduodenectomy” terms (“pancreatoduo-
denectomy” OR “pancreaticoduodenectomy” OR “pancreaticoduodenectomies” OR
“pancreatoduodenectomies” OR “pancreatoduodenal resection” OR
“duodenopancreatectomy” OR “duodenopancreatectomies” OR “Whipple” OR
“pancreatic resection”). References from the articles we acquired were also searched
manually to identify additional literature.

Study selection

TLPD was defined as the resection of the pancreatic head, bile duct, and duodenum
and reconstruction of the digestive tract performed completely intracorporeally by
laparoscopy. Hybrid procedures, laparoscopic-assisted procedures, or robotic-assisted
procedures were not included in this study.

Inclusion criteria: All published nonrandomized and randomized studies comparing
TLPD and OPD with at least one of the outcomes we were interested in were included
in this analysis. Moreover, the literature we incorporated into our study included full
texts with a total number of TLPDs greater than 10. In addition, if several studies were
from the same institution, the most recently published study or the one with the
largest sample was selected for our analysis.

Exclusion criteria: Studies unrelated to our topic, those that did not include the
outcomes we were interested in, those involving patients who underwent other types
of pancreaticoduodenectomy (not TLPD or OPD), and those in which less than 10
TLPDs were performed were excluded from our analysis. In addition, other types of
articles, such as case reports, reviews, meta-analyses, abstracts, and letters, were also
excluded.

Study quality

The Newcastle-Ottawa scale (NOS)!"’! was used to assess the quality of the
nonrandomized controlled trials we included in this meta-analysis. This scale includes
three items: the selection of patients, the assessment of outcomes, and the
comparability of the groups. The range of the NOS score is 0-9 stars and studies
receiving more than six stars are regarded as high quality studies. The RCTs included
in our study were assessed with the Jadad scale!"! which has a maximum possible
score of 5. The RCTs with a score of more than two were regarded as high quality
studies. Two authors (Hua Zhang and Xiang Lan) independently assessed the quality

Jaishidengs WJG | https://www.wjgnet.com 5713 October 7,2019 | Volume 25 | Issue 37 |



Zhang H et al. Laparoscopic vs open pancreaticoduodenectomy

of the studies we included, a consensus was reached with the help of another author
(Bing Peng) to resolve any disagreements between the two authors.

Data extraction

Two authors (Hua Zhang and Xiang Lan) independently extracted the data from the
manuscripts included in the analysis. If they had any disagreements, another author
(Bing Peng) was asked for help to resolve the disagreements until a consensus was
reached. Data on the following were extracted: first author, publication year, country
of the author, type of study, characteristics of the study population, NOS score,
intraoperative outcomes (operative time, estimated blood loss, and transfusion rate),
postoperative events (overall morbidity, severe complications rate, postoperative
pancreatic fistula (POPF) rate, bile leak, delayed gastric emptying (DGE),
postpancreatectomy hemorrhage (PPH), postoperative intra-peritoneal abscess,
wound infection, intensive care unit (ICU) stay, length of hospital stay (LOS),
readmission rate, reoperative rate, and perioperative mortality), oncological outcomes
(tumor size, number of lymph nodes harvested, and RO resection), and prognostic
variables (1-, 2-, 3-, 4-, and 5-year OS rates). The definitions and classification of
postoperative complications complied with the International Study Group of
Pancreatic Surgery and the Clavien-Dindo classification!'>'"l.

Statistical analysis

The study was conducted according to the recommendations of the Cochrane
Collaboration!"”l. All statistical analyses in this study were performed with the
software Review Manager version 5.3. I? values were preferred for the quantification
of statistical inconsistency, which was defined as the percentage of variation between
studies due to heterogeneity, with values greater than 50% deemed to indicate
significant heterogeneity. Continuous variables in this analysis were evaluated using
the inverse variance statistical method, and the weighted mean difference (WMD) was
also calculated. Dichotomous variables in this study were analyzed by the Mantel-
Haenszel statistical method using the odds ratio (OR) as the summary statistic. Both
statistical methods are reported with 95% confidence intervals (Cls). A random-effects
model was used to present the results of heterogeneous data in the presence of low or
moderate statistical inconsistency (I 2 50%), and a fix-effects model was used in the
presence of high statistical inconsistency (I* < 50%). Forest plots were constructed, and
a P-value < 0.05 and a 95%CI that did not include the value 1 were considered
statistically significant. Funnel plots were also constructed to detect and evaluate the
publication bias.

RESULTS

A total of 4790 potential studies were initially identified from the medical databases
initially. After excluding duplicates, 3791 articles remained. Subsequently, we
reviewed the titles to identify literature that was not relevant to our topic, and these
articles were excluded from our study. We scanned the abstracts or full texts of the
remaining literature for our study, and eventually, 28 eligible articlesl*?-!"2-#]
(including 2 RCTs, 20 retrospective studies and 6 matched case-control studies) met
the inclusion criteria and were selected. The selection strategy is presented as a
flowchart in Figure 1. The 28 selected articles with a total of 39771 patients (3543
undergoing TLPD and 36228 undergoing OPD) were from seven countries worldwide
(2 United Kingdom, 16 United States, 2 France, 2 Korea, 3 China, 2 India, and 1 Spain).
Each of the included studies included more than one variable we were interested in
and compared the two groups. The NOS and the Jadad scales were used to assess the
quality of the included studies and the quality scores ranged from 7-9 in retrospective
studies and 3 in RCTs. The characteristics of the included studies are summarized in
Table 1. Additionally, patients who underwent conversion to other types of surgeries
in each study were included in the TLPD group.

The results of the meta-analysis with regard to the variables we were interested in,
for instance, the intraoperative parameters, postoperative complications, oncological
outcomes, and OS rate, are reported in detail and summarized in Tables 2-4. Forest
plots of the comparisons we interested are shown in Figure 2.

Intraoperative parameters
The intraoperative parameters we were interested in included the operative time,
estimated blood loss (EBL), and blood transfusion rate.

Elevenl!02023-20525557.40411 of 28 studies reported data regarding the operative time,
however, two studies”™*! showed no significant differences between the two groups.
The remaining studies demonstrated a longer operative time in the TLPD group than
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Table 1 Characteristics of 28 included studies.

Sample size Quali
Conver- ¢
First author Year Country Study design sionn ISGPF ISGPS Clavien-Dindo Sy
TLPD OPD (%) cor-
es
Zimmerman 2018 USA Retrospective analysis 280 6336 78 (27.86) NR NR NR 7°
Tran 2016 USA Retrospective analysis 681 14893 NR NR NR NR 7°
Tee 2015 USA Retrospective analysis 113 225 NR YES YES YES 8"
Tan 2015 China Retrospective analysis 30 30 NR YES YES NR 9°
Stauffer 2017 USA Retrospective analysis 58 193 NR YES YES YES 8
Song 2015 Korea Matched case-control 97 198 NR YES YES YES 8’
study
Sharpe 2015 USA Retrospective analysis 384 4037 NR NR NR NR 7°
Senthilna- 2015 India Retrospective analysis 45 118 NR NR NR NR 8
than
Poves 2018  Spain RCT 32 29 8(25.00) YES YES YES 4b
Palanivelu 2017 India RCT 32 32 1(3.13) YES YES YES 3b
Meng 2018 China Retrospective analysis 58 58 NR YES YES NES] 9°
Lee 2018 Korea Matched case-control 31 31 NR NR NR NR 9°
study
Khaled 2018 UK Matched case-control 15 15 1(6.67) YES YES YES 9°
study
Kantor 2017 USA Retrospective analysis 828 7385 NR NR NR NR 7
Hakeem 2014 UK Matched case-control 12 12 NR NR NR YES 9°
study
Gerber 2017 USA Retrospective analysis 52 50 NR NR NR NR 8
Dokmak 2015 France  Matched case-control 46 46 3(6.52) YES YES YES 9°
study
Delitto 2016 USA Retrospective analysis 52 50 NR YES NES) YES 8
Croome 2014 USA Retrospective analysis 108 214 7(648)  YES NES) YES 8
Conrad 2017 USA Retrospective analysis 40 25 9(22.50) YES NES! NES] 8’
Chopinet 2018  France Retrospective analysis 65 290 NR YES YES YES 8
Chen 2018 China Retrospective analysis 47 55 NR YES YES YES 8’
Chapman 2018 USA Retrospective analysis 22 25 0 (0) YES YES YES 8
Chapman 2018 USA Retrospective analysis 248 1520 74 (29.84) NR NR NR 7°
Asbun 2012 USA Retrospective analysis 59 215 9(15.00) YES NES) NR 8’
Zureikat 2011 USA Matched case-control 14 14 2(14.29) YES NR YES 9°
study
Mesleh 2013 USA Retrospective analysis 75 48 10 (13.33) YES YES YES 8’
Speicher 2014 USA Retrospective analysis 25 84 NR YES NR NR 8

“Newcastle-Ottawa scale;

PJadad scale. TLPD: Total laparoscopic pancreaticoduodenectomy; OPD: Open pancreaticoduodenectomy; ISGPF: International Study Group of Pancreatic
Fistula; ISGPS: International Study Group on Pancreatic Surgery; Clavien-Dindo: The Clavien-Dindo Classification of Surgical Complications; RCT:
Randomized controlled trial; NR: Not reported.

in the OPD group. Our study showed that the application of the laparoscopic
technique may be associated with a significantly longer operative time (WMD = 77.92
min, 95%CI: 40.89-114.95 min, P < 0.0001) (Figure 2A).

The EBL was presented in ten studies!'?0>-2¢°2%557411 including 1936 cases (612
undergoing TLPD and 1324 undergoing OPD); except for the studies by Zureikat et
al"’ and Song et alt”’], which showed no significant difference, the others indicated that
the TLPD was associated with less blood loss. Our study also revealed that there was
a significant reduction in blood loss in the TLPD group (WMD = -260.08 mL, 95%ClI: (-
336.02, -184.14) mL, P < 0.00001) (Figure 2B).

The blood transfusion rate was reported in 12 studiesl!"""20*-27223394.21 including
22034 patients (1577 undergoing TLPD and 20457 undergoing OPD); five of twelve
studies (Conrad et all'", Delitto et al*!, Dokmak et al*’], Meng et al and Zureikat et
al"l) reported no significant difference between the two groups in terms of the
transfusion rate, but the other studies showed a significantly lower rate in the TLPD
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2 of additional records
4788 of records identified identified through other
through database searching sources

| |
|

3791 of records after duplicates removedj

[477 of records screened ]—>[3314 of records excludedj

l Records excluded with reasons n = 447

30 of full-text articles Case report 7 = 56
assessed for eligibility Reviews or meta-analysis 7 = 33
No comparision 7 = 96

Not TLPD vs OPD n = 157
Others 7 = 105

qualitative synthesis

|

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

Lzs of studies included in

Figure 1 The PRISMA flowchart of the literature review.

group. The pooled analysis of all included studies showed a statistically significant
decrease in transfusion rate in the TLPD group (OR = 0.51, 95%CI: 0.36-0.72, P =
0.0001) (Figure 2C).

Postoperative complications

The variables we were interested in and compared for postoperative complications
were the overall morbidity, major morbidity (Clavien-Dindo grade III-V), POPF, bile
leak, DGE, PPH, gastroenteric anastomosis fistula, wound infection, intra-abdominal
abscess, bowel obstruction, fluid collection, pneumonia, cardiac event, reoperation
rate, ICU admission, ICU stay, diet start time, LOS, rate of discharge to a new facility,
readmission rate, and mortality. The results are presented in Table 2.

The overall morbidity was reported in 12 articles!'"!»2>21357.39241 including 23533
patients. Only Tran et al*”! found a higher morbidity in the OPD group. The remaining
11 studies did not show any significant difference between the two groups. Our meta-
analysis of all the satisfactory studies indicated that the rate of overall postoperative
complications in the TLPD group was significantly lower than that in the OPD group
(OR =0.82, 95%ClI: 0.73-0.92, P = 0.0008) (Figure 2D). Sixteen studiesl!!!20:2-27,2955-57,541]
reported the major complication rate (Clavien-Dindo classification > III), and most of
them reported the same conclusion that the incidence was comparable in the two
groups, but two of the studies obtained a completely different result; Poves et al*!
found that the rate was higher in the OPD group, whereas Chopinet et al”*! obtained a
higher rate in the TLPD group. The pooled analysis revealed that the incidence
between the two groups did not have any statistically significant differences (OR =
0.88, 95%ClI: 0.70-1.10, P = 0.25).

POPF is a common complication after PD. Seventeen!"
studies demonstrated the occurrence of POPF, and most of the studies did not find
any differences between the two groups. The remaining three studies arrived at a
different result. Two”*"! of the three studies showed that TLPD could significantly
reduce the incidence of POPF, but Chopinet et al*! found that TLPD was associated
with an increased POPF rate. Our study also revealed that TLPD did not significantly
decrease or increase the incidence of POPF (OR = 0.95, 95%CI: 0.79-1.15, P = 0.62)
(Figure 2E). In terms of clinically significant pancreatic fistula [grade B/ C according to
the definition of the International Study Group of Pancreatic Fistula (ISGPF)], 18
studies!'*?"##213*41l reported an incidence rate. The analysis of all the included cases
indicated that the use of total laparoscopic techniques did not significantly affect the
incidence of the clinically significant pancreatic fistula (OR = 0.96, 95%ClI: 0.76-1.22, P
= 0.75), which is similar to the results of the included studies.

In our study, 130021224273255573940451 of the 28 studies reported the rate of DGE, and

),11,20,23,24,26,27,29,31-33,3

37,39,40,43]
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Table 2 Meta-analysis of intraoperative and perioperative results

Sample size Heterogeneit 95%Cl of

Outcome  No. of P g y Overall

finterest studi Model ffect si overall P-value
of interest studies TLPD OPD P P efftect size effect
Operative 11 642 1129 < 0.00001 99% R WMD =77.92 40.89,114.95 <0.0001
time
EBL 10 612 1324 < 0.00001 98% R WMD = - -336.02, - < 0.00001

260.08 184.14

Transfusion 12 1254 15964 0.003 60% R OR =0.51 0.36,0.72 0.0001
rate
Overall 12 1407 22126 0.10 37% F OR =0.82 0.73,0.92 0.0008
morbidity
Major 16 886 1704 0.05 41% F OR =0.88 0.70,1.10 0.25
morbidity
POPF 17 954 7629 0.42 3% F OR =0.95 0.79,1.15 0.62
POPF (grade 18 942 1821 047 0 F OR =0.96 0.76,1.22 0.75
B/Q)
DGE 13 890 7452 0.98 0 F OR =0.99 0.78,1.24 0.90
DGE (grade 7 479 994 0.60 0 F OR =0.63 0.45, 0.88 0.006
B/C)
PPH 13 771 7363 0.74 0 F OR=1.12 0.89,1.42 0.34
PPH (grade 7 454 966 0.91 0 F OR =1.02 0.65, 1.60 0.95
B/C)
Bile leak 8 289 522 0.96 0 F OR=1.11 0.57,2.16 0.76
Gastroente- 4 201 423 0.77 0 F OR =0.62 0.16, 2.40 0.49
ric
anastomosis
fistula
Wound 10 612 7033 0.38 7% F OR = 0.48 0.34,0.67 < 0.0001
infection
Intra- 6 455 6676 0.32 14% F OR =097 0.71,1.31 0.82
abdominal
abscess
Bowel 2 73 73 0.33 0 F OR =1.00 0.14,7.31 1.00
obstruction
Fluid 3 142 367 0.20 37% F OR =1.50 0.90, 2.48 0.12
collection
Pneumonia 13 1489 22399 0.99 0 F OR =0.72 0.60, 0.85 0.0002
Cardiac 6 1200 21877 0.75 0 F OR =1.04 0.82,1.32 0.75
event
Reoperation 14 881 7616 0.40 5% E OR=1.10 0.83,1.47 0.51
ICU 2 171 283 0.40 0 F OR =0.90 0.53,1.54 0.71
admission
ICU stay 2 65 227 0.62 0 F WMD = -2.08 -2.88,-1.29 < 0.00001
Diet Start 3 175 284 <0.0001 90% R WMD =-175 -3.38,-0.12 0.04
Time
LOS 10 1544 11922 <0.00001 78% R WMD =-3.06 -3.93,-2.17 < 0.00001
Discharge to 4 498 6826 0.74 0 F OR = 0.55 0.39,0.78 0.0008
anew
facility
30-d 10 2006 19786 0.30 15% F OR =0.81 0.68, 0.95 0.010
readmission
90-d 4 136 279 0.70 0 F OR =1.07 0.62,1.84 0.81
readmission
30-d 18 2870 35337 0.70 0 F OR =1.00 0.81,1.24 1.00
mortality
90-d 11 1273 9159 0.77 0 F OR =0.77 0.58,1.01 0.06
mortality

EBL: Estimated blood loss; Major morbidity: Clavien-Dindo classification > III; POPF: Postoperative pancreatic fistula; DGE: Delayed gastric emptying;
PPH: Postpancreatectomy hemorrhage; LOS: Length of hospital stay; ICU: Intensive care unit; WMD: Weighted mean difference; OR: Odds ratio; CI:
Confidence interval; F: Fixed-effects model; R: Random-effects model; TLPD: Total laparoscopic pancreaticoduodenectomy; OPD: Open
pancreaticoduodenectomy.
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A TLPD OPD Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95%CI 1V, random, 95%CI
Asbun 2012 541 88 53 401 108 215 0.093  140.00 [112.26, 167.74] ——
Chen 2018 410 68 47 245 70 55  0.093  165.00 [138.16, 191.84] —_—
Chopinet 2018 429 10 65 328 14 65 0.098 101.00 [96.82, 105.18] -
Croome 2014 3794 935 108 3876  91.8 214 0.095 -8.20 [-29.70, 13.30] —_
Delitto 2016 361 7 52 360 9 50 0.098 1.00 [-2.14, 4.14]
Lee 2018 426.8 98.58 31 355.03 100 31 0.083 71.77 [22.34, 121.20] _—
Palanivelu 2017 359 14 32 320 13 32 0.098 39.00 [32.38, 45.62] -
Song 2015 480.4 116.4 97 351.9 83.3 198 0.093  128.50[102.59, 154.41] —_—
Tan 2015 513.17 56.13 30 371.67 85.53 30 0.089 141.50[104.89, 178.11] —_—
Tee 2015 3645 110.6 113 359.8 90 225 0.094 4.70 [-18.84, 28.24] ——
Zureikat 2011 456  109.5 14 3725 1175 14  0.065 83.50 [-0.63, 167.63] —
Total (95%CI) 642 1129 100% <
Heterogeneity: Tau? = 3643.23; Chi’ = 1648.60, df = 10 (P < 0.00001); 7* = 99% : ! ! .

-100 -50 0 50 100

Test for overall effect: 2 = 4.12 (P < 0.0001)

Favours [TLPD]

Favours [OPD]

TLPD OPD Mean difference Mean difference
Study or subgroup Mean SD  Total Mean SD  Total Weight 1V, random, 95%CI 1V, random, 95%CI
Asbun 2012 195 136 53 1032 1151 215 0.085 -837.00 [-995.15, -678.85]
Tee 2015 344.7 346.5 113 868.8 1118.2 225 0.085 -524.10 [-683.57, -364.63] —_—
Croome 2014 492.4 5193 108 866.7 733.7 214 0.093 -374.30 [-513.06, -235.54] ——
Lee 2018 47742 374.8 31 800 531.35 31 0.061 -322.58 [-551.48, -93.68]
Delitto 2016 260 36 52 518 54 50 0.134 -258.00 [-275.88, -240.12] -
Chen 2018 210 46 47 420 50 55 0.13¢4 -210.00 [-228.64, -191.36] .
Palanivelu 2017 250 22 32 401 46 32 0.134 -151.00 [-168.67, -133.33] b
Zureikat 2011 300 225 14 400 750 14 0.027  -100.00 [-510.16, 310.16]
Chopinet 2018 373 49 65 431 52 290 0.135 -58.00 [-71.33, -44.67] o
Song 2015 592 376 97 555 462 198 0.110 37.00 [-61.69, 135.69] T
Total (95%CI) 612 1324 100%  -260.08 [-336.02, -184.14] <

Heterogeneity: Tau” = 11080.67; Chi’ = 482.29, df = 9 (P < 0.00001); 7> = 98%

-1000

-500

1 |
500 1000

0

Test for overall effect: 2 = 6.71 (P < 0.00001) Favours [TLPD] Favours [OPD]
C Experimental Control Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI

Dokmak 2015 5 46 4 46 0.80% 1.28 [0.32, 5.11]

Meng 2018 11 58 9 58 1.60% 1.27 [0.48, 3.35]

Delitto 2016 4 52 4 50 0.80% 0.96 [0.23, 4.06] _—

Conrad 2017 14 40 10 25 1.80% 0.81[0.29, 2.26] ———

Tran 2016 137 681 3727 14893 57.30% 0.75[0.62, 0.91] ——

Zureikat 2011 4 14 5 14 0.80% 0.72 [0.15, 3.54]

Croome 2014 21 108 71 214 8.40% 0.49 [0.28, 0.85] -

Stauffer 2017 15 58 90 193 6.80% 0.40 [0.21, 0.77]

Tee 2015 26 113 110 225 12.50% 0.31[0.19, 0.52]

Lee 2018 9 31 18 31 2.80% 0.30 [0.10, 0.85]

Asbun 2012 9 53 59 215 6.40% 0.29 [0.13, 0.62]

Chopinet 2018 3 65 66 290 Not estimable

Total (95%CI) 1254 15964 100.00% 0.62 [0.54, 0.73] <

Total events 255 4137 | | | |

Heterogeneity: Chi* = 22.96, df = 10 (P = 0.01); I* = 56% 0.2 0.5 1 2 5

Test for overall effect: Z = 6.04 (P < 0.00001) Favours [TLPD] Favours [OPD]
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D Experimental Control 0Odds ratio Odds ratio
Study or subgroup  Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI
Chen 2018 10 47 15 55  1.80% 0.72 [0.29, 1.80] R E——
Chopinet 2018 53 65 199 290  2.20% 2.02 [1.03, 3.96]
Conrad 2017 38 40 23 25 0.20% 1.65 [0.22, 12.54]
Dokmak 2015 34 46 27 46  1.10% 1.99 [0.83, 4.82] —
Khaled 2018 6 15 10 15 1.00% 0.33 [0.08, 1.48]
Palanivelu 2017 8 32 10 32 1.20% 0.73 [0.25, 2.19]
Poves 2018 22 32 21 29 1.10% 0.84 [0.28, 2.53]
Song 2015 26 97 54 198 4.20% 0.98 [0.56, 1.69]
Stauffer 2017 31 58 129 193 4.50% 0.57 [0.31, 1.03] |
Tran 2016 268 681 6851 14893 58.80% 0.76 [0.65, 0.89] -
Zimmerman 2018 154 280 3809 6336 23.50% 0.81 [0.64, 1.03]
-
Zureikat 2011 9 14 6 14 0.30% 2.40 [0.52, 10.99]
Total (95%CI) 1407 22126 100.00% 0.82 [0.73, 0.92] L 2
Total events 659 11154
Heterogeneity: Chiz = 17.34, df= 11 (P = 0.10); 2= 37% ! ! ! ! ! !
Test for overall effect: Z = 3.34 (P = 0.0008) 01 02 0.5 1 2 5 10
Favours [TLPD] Favours [OPD]
E . . .
Experimental Control 0Odds ratio Odds ratio
Study or subgroup  Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI
Asbun 2012 7 53 29 215 4.40% 0.98 [0.40, 2.37]
Chen 2018 6 47 8 55 2.80% 0.86 [0.28, 2.68]
Chopinet 2018 17 57 62 290 6.20% 1.56 [0.83, 2.94] -4
Conrad 2017 12 40 10 25 3.80% 0.64 [0.23, 1.83] [ E—
Delitto 2016 9 52 18 50 6.60% 0.37 [0.15, 0.94] —_——
Dokmak 2015 22 46 19 46 4.30% 1.30 [0.57, 2.97] _
Hakeem 2014 2 12 1 12 0.40% 2.20 [0.17, 28.14]
Khaled 2018 3 15 4 15 1.40% 0.69 [0.12, 3.79]
Lee 2018 4 31 1 31 0.40% 4.44 [0.47, 42.26]
Meng 2018 32 58 34 58 6.70% 0.87 [0.42, 1.81] —_—
Palanivelu 2017 5 32 6 32 2.20% 0.80 [0.22, 2.95]
Poves 2018 10 32 9 29 2.80% 1.01 [0.34, 2.99]
Song 2015 29 97 86 198 17.30% 0.56 [0.33, 0.93] -
Stauffer 2017 6 58 20 193 3.60% 1.00 [0.38, 2.62] —
Tan 2015 10 30 6 30 1.70% 2.00 [0.62, 6.46]
Zimmerman 2018 53 280 1121 6336 33.60% 1.09 [0.80, 1.47] —-—
Zureikat 2011 5 14 6 14 1.70% 0.74 [0.16, 3.39]
Total (95%CI) 954 7629 100.00% 0.95 [0.79, 1.15]
Total events 232 1440 7
Heterogeneity: Chiz = 16.49, df= 16 (P = 0.42); 2= 3% ! ! ! !
0.05 0.2 1 5 20

Test for overall effect: Z= 0.50 (P = 0.62) Favours [TLPD] Favours [OPD]

F Experimental Control Odds ratio Odds ratio

_Study or subgroup  Events  Total  Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI

Asbun 2012 6 53 32 215 7.50% 0.73 [0.29, 1.85]

Chapman, B. C 2018 6 22 8 25 3.60% 0.80 [0.23, 2.81]

Chen 2018 2 47 2 55 1.20% 1.18 [0.16, 8.70]

Chopinet 2018 6 65 26 290 5.80% 1.03 [0.41, 2.62] —_—

Dokmak 2015 8 46 7 46 3.90% 1.17 [0.39, 3.55]

Lee 2018 3 31 4 31 2.40% 0.72 [0.15, 3.54]

Meng 2018 9 58 9 58 5.10% 1.00 [0.37, 2.73]

Mesleh 2013 10 75 4 48 2.80% 1.69 [0.50, 5.74]

Palanivelu 2017 5 32 7 32 4.00% 0.66 [0.19, 2.36]

Song 2015 3 93 7 93 4.50% 0.41 [0.10, 1.64]

Stauffer 2017 10 58 28 193 7.20% 1.23 [0.56, 2.71] —_—t

Tan 2015 2 30 3 30 1.90% 0.64 [0.10, 4.15]

Zimmerman 2018 49 280 1073 6336 50.10% 1.04 [0.76, 1.43]

Total (95%CI) 890 7452 100.00% 0.99 [0.78, 1.24]

Total events 119 1210 I | | 1 1 I
Heterogeneity: Chi2 = 4.08, df = 12 (P= 0.98); 12 = 0% 0.1 0.2 0.5 1 2 5 10

Test for overall effect: Z= 0.12 (P = 0.90) Favours [TLPD]  Favours [OPD]
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G

Experimental Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CIL M-H, fixed, 95%CI
Asbun 2012 5 53 21 215 8.30% 0.96 [0.35, 2.68]
Chapman 2018 5 22 6 25 4.80% 0.93 [0.24, 3.61]
Croome 2014 10 108 39 214 26.10% 0.46 [0.22, 0.96] — -
Poves 2018 3 32 7 29 7.30% 0.33 [0.08, 1.40]
Song 2015 1 93 2 93 2.20% 0.49 [0.04, 5.55]
Stauffer 2017 6 58 16 193 7.30% 1.28 [0.48, 3.43]
Tee 2015 27 113 79 225 44.10% 0.58 [0.35, 0.97] ——
Total (95%CI) 479 994  100.00% 0.63 [0.45, 0.88] L 2
Total events 57 170 ‘ ‘ . .
Heterogeneity: Chi2 = 4.59, df = 6 (P = 0.60); 12 = 0% 0.02 0.1 1 10 50
Test for overall effect: Z= 2.72 (P = 0.006) Favours [TLPD] Favours [OPD]
H Experimental Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CIL M-H, fixed, 95%CI
Chapman 2018 2 22 2 25 10.40% 1.15 [0.15, 8.93] -~
Chopinet 2018 4 57 15 290 28.00% 1.38 [0.44, 4.33] e
Dokmak 2015 2 46 2 46 11.70% 1.00 [0.13, 7.42] —_—
Hakeem 2014 1 12 1 12 5.60% 1.00 [0.06, 18.08]
Meng 2018 2 58 2 58 11.80% 1.00 [0.14, 7.35] e
Palanivelu 2017 3 32 2 32 11.10% 1.55 [0.24, 9.97] —_—
Poves 2018 1 32 3 29 18.60% 0.28 [0.03, 2.85] S
Tan 2015 1 30 0 30 2.90% 3.10 [0.12, 79.23]
Total (95%CI) 289 522 100.00% 1.11 [0.57, 2.16] ?
Total events 16 27 | L L 1
Heterogeneity: Chi2 = 2.03, df = 7 (P = 0.96); 12 = 0% 0.005 0.1 1 10 200
Test for overall effect: Z= 0.31 (P = 0.76) Favours [TLPD] Favours [OPD]
I Experimental Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CIL M-H, fixed, 95%CI
Asbun 2012 5 53 12 215 3.40% 1.76 [0.59, 5.24] —_—
Chen 2018 1 47 2 55 1.40% 0.58 [0.05, 6.56]
Chopinet 2018 13 57 48 290 9.70% 1.49 [0.75, 2.98] ————
Delitto 2016 5 52 3 50 2.20% 1.67 [0.38, 7.38] —
Dokmak 2015 11 46 3 46 1.80% 4.50 [1.17, 17.42]
Hakeem 2014 1 12 0 12 0.40% 3.26 [0.12, 88.35]
Khaled 2018 1 15 1 15 0.70% 1.00 [0.06, 17.62]
Lee 2018 3 31 4 31 2.90% 0.72 [0.15, 3.54] N
Meng 2018 5 58 5 58 3.60% 1.00 [0.27, 3.66] ——
Palanivelu 2017 3 32 4 32 2.90% 0.72 [0.15, 3.53] S
Stauffer 2017 4 58 8 193 2.70% 1.71 [0.50, 5.91] —_—
Tan 2015 1 30 1 30 0.80% 1.00 [0.06, 16.76]
Zimmerman 2018 52 280 1229 6336  67.40% 0.95 [0.70, 1.29]
Total (95%CI) 771 7363 100.00% 1.12 [0.89, 1.42]
Total events 105 1320
Heterogeneity: Chiz = 8.56, df = 12 (P= 0.74); 2 = 0% 0‘005 0[ n n 1'0 20(‘)
Test for overall effect: Z= 0.95 (P = 0.34) Favours [TLPD] Favours [OPD]
J Experimental Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI
Asbun 2012 6 53 45 215 13.40% 0.48[0.19, 1.20] — -t
Chapman 2018 2 22 7 25  5.10% 0.26 [0.05, 1.40] —
Chen 2018 0 47 2 55 1.90% 0.23[0.01, 4.81]
Delitto 2016 8 52 17 50 12.50% 0.35[0.14, 0.92] e —
Hakeem 2014 2 12 2 12 1.40% 1.00[0.12, 8.56]
Lee 2018 6 31 3 31 2.10% 2.24[0.51,9.91] ]
Palanivelu 2017 4 32 8 32 6.00% 0.43[0.11, 1.60] S
Speicher 2017 9 25 29 84 7.20% 1.07[0.42,2.71] s —
Stauffer 2017 5 58 30 193  10.80% 0.51[0.19, 1.39] —_——
Zimmerman 2018 9 280 568 6336 39.60% 0.34[0.17,0.66] —-
Total (95%CI) 612 7033 100.00%  0.48 [0.34, 0.67] <
Total events 51 711
ity: Chi2 = = = - [2=79 ! ! ! !
Heterogeneity: Chi 9.67, df=9 (P=0.38); 12=7% 0.01 o1 1 10 100

Test for overall effect: Z=4.31 (P< 0.0001)
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K Experimental Control Odds ratio Odds ratio
Study or subgroup  Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI
Asbun 2012 7 53 34 215 3.50% 0.81 [0.34, 1.94] —
Chen 2018 1 47 1 55 0.30% 1.17 [0.07, 19.30]
Chopinet 2018 7 65 29 290 2.90% 1.09 [0.45, 2.60] s s—
Dokmak 2015 5 46 4 46 1.10% 1.28 [0.32, 5.11] -_—
Hakeem 2014 3 12 3 12 0.70% 1.00 [0.16, 6.35]
Khaled 2018 1 15 2 15 0.60% 0.46 [0.04, 5.75]
Lee 2018 0 31 0 31 Not estimable
Meng 2018 6 58 7 58 1.90% 0.84 [0.26, 2.67] I E—
Stauffer 2017 5 58 27 193 3.40% 0.58 [0.21, 1.58] D
Tan 2015 3 30 5 30 1.40% 0.56 [0.12, 2.57] —
Tee 2015 14 113 33 225 5.80% 0.82 [0.42, 1.61] S
Tran 2016 108 681 3250 14893 71.90% 0.68 [0.55, 0.83] -
Zimmerman 2018 10 280 270 6336 6.60% 0.83 [0.44, 1.58] I
Total (95%CI) 1489 22399 100.00% 0.72 [0.60, 0.85] .
Total events 170 3665
Heterogeneity: Chiz = 3.01, df = 11 (P= 0.99); 2 = 0% L L L L
Test for overall effect: Z= 3.77 (P = 0.0002) 0.01 0.1 1 10 100
Favours [TLPD] Favours [OPD]
L TLPD OPD Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95%CI 1V, random, 95%CI
Asbun 2012 1.1 22 53 3 6.7 215 54.80% -1.90 [-2.97, -0.83] ——
Hakeem 2014 1.4 0.6 12 3.7 2 12 45.20% -2.30 [-3.48, -1.12] ——
Total (95%C1) 65 227 100.00%  -2.08 [-2.88, -1.29] <>
ity: Chiz = 0.24, df = =0.62); 2 =0% ‘ ‘ : I
et e e 25 p ooy 10 s 0 5 10
Favours [TLPD] Favours [OPD]
M TLPD OPD Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95%CI 1V, random, 95%CI
Asbun 2012 8 3.2 53 124 8.5 215 12.60% -4.40 [-5.83, -2.97] _
Chen 2018 13 4 47 18 5.5 55 10.30% -5.00 [-6.85, -3.15] —_—
Delitto 2016 9 0.7 52 11.9 1.1 50 18.30% -2.90 [-3.26, -2.54] -
Hakeem 2014 149 6.6 12 149 5.7 12 2.70% 0.00 [-4.93, 4.93]
Kantor 2017 10.2 8.5 828 11.8 9.3 7385 17.30% -1.60 [-2.22, -0.98] -
Lee 2018 14.74 5.4 31 23.81 11.63 31  3.20% -9.07 [-13.58, -4.56] -
Sharpe 2015 10 8 384 12 9.7 4037 16.00% -2.00 [-2.85, -1.15] -
Song 2015 143 7.8 93 19.2 8.8 93  7.90% -4.90 [-7.29, -2.51] —_—
Tan 2015 9.97 3.74 30 11.87 4.72 30 8.80% -1.90 [-4.05, 0.25] -
Zureikat 2011 8 85 14 85 3 14 2.90% -0.50 [-5.22, 4.22] —
Total (95%CI) 1544 11922 100.00%  -3.05 [-3.93, -2.17] <
Heterogeneity: Tau2 = 1.07; Chi2 = 40.75, df = 9 (P < 0.00001); 2 =78% L ! ! L
Test for overall effect: Z= 6.80 (P < 0.00001) 'lgav Ours'[STLPD] 0 Favouri [opo]m
N Experimental Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI
Asbun 2012 3 53 22 215 810%  0.53[0.15, 1.83]
Gerber 2017 5 52 13 50 11.80% 0.30 [0.10, 0.93]
Tee 2015 10 113 31 225 18.50% 0.61 [0.29, 1.29] — -
Zimmerman 2018 22 280 806 6336 61.70%  0.59 [0.38, 0.91] —-
Total (95%CI) 498 6826 100.00% 0.55 [0.39, 0.78] -
Total events 40 872 1 I I !
Heterogeneity: Chiz = 1.24, df = 3 (P = 0.74); 2 =0% 0.05 0.2 1 5 20
Test for overall effect: Z= 3.35 (P = 0.0008) Favours [TLPD]  Favours [OPD]
o Experimental Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight ~ M-H, fixed, 95%CI M-H, fixed, 95%CI
Chapman, B. C 2018 14 174 199 1520 11.10% 0.58 [0.33, 1.02] 1
Dokmak 2015 4 46 4 46 1.10% 1.00 [0.23, 4.26]
Kantor 2017 56 828 674 7385 37.50% 0.72 [0.54, 0.96] ——
Lee 2018 2 31 1 31 0.30% 2.07 [0.18, 24.07]
Poves 2018 7 32 4 29 1.00% 1.75 [0.45, 6.74]
Sharpe 2015 21 384 350 4037 17.00% 0.61 [0.39, 0.96] —_—
Song 2015 5 93 3 93 0.80% 1.70 [0.40, 7.35]
Speicher 2017 7 25 33 84 3.20% 0.60 [0.23, 1.60] _—
Tee 2015 19 113 37 225 6.10% 1.03 [0.56, 1.88] —_—
Zimmerman 2018 50 280 1060 6336 21.80% 1.08 [0.79, 1.48] —f—
Total (95%CI) 2006 19786 100.00% 0.81 [0.68, 0.95] ’
Total events 185 2365
Heterogeneity: Chiz = 10.63, df= 9 (P=0.30); 12 = 15% 0.05 0.2 1 5 20
Test for overall effect: Z= 2.58 (P = 0.010) Favours [TLPD] Favours [OPD]
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P TLPD OPD Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%CI 1V, random, 95%CI

Zureikat 2011 22 11 12 3.6 1.1 12 5.60%  -1.40 [-2.28, -0.52]

Delitto 2016 2.5 0.1 52 3.1 0.2 50 16.50%  -0.60 [-0.66, -0.54] o

Chen 2018 2.5 1.5 47 3 1.8 55 8.20% -0.50 [-1.14, 0.14] e

Asbun 2012 2.74 1.6 39 3.14 1.5 141 9.30% -0.40 [-0.96, 0.16] E—

Palanivelu 2017 3.3 0.7 32 3.6 1.9 32 7.40% -0.30 [-1.00, 0.40] e —

Song 2015 3.1 1.4 97 34 2.1 198 11.80% -0.30 [-0.70, 0.10] D

Sharpe 2015 3.2 1.3 384 3.3 24 4037 15.70% -0.10 [-0.25, 0.05] -

Croome 2014 3.3 1 108 3.3 1.3 214 14.30% 0.00 [-0.26, 0.26] -

Lee 2018 336 2.14 31 3.33 233 31 4.00% 0.03 [-1.08, 1.14]

Hakeem 2014 1.98 1.03 12 1.92 0.73 12 7.30% 0.06 [-0.65, 0.77] _—

Total (95%CI) 814 4782 100.00%  -0.32 [-0.58, -0.07] ’

Heterogeneity: Tauz = 0.10; Chi2 = 60.70, df = 9 (P < 0.00001); 2 = 85% | 1 I 1

Test for overall effect: Z= 2.47 (P = 0.01) -2 -1 0 1 2

Favours [TLPD] Favours [OPD]

Q TLPD OPD Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD  Total Weight IV, random, 95%Cl 1V, random, 95%CL

Asbun 2012 23.44 101 39 16.84 10.6 141 3.30% 6.60 [2.98, 10.22]

Chen 2018 20 5 47 19 6 55 6.80% 1.00 [-1.13, 3.13] e

Croome 2014 214 8.1 108 20.1 7.5 214 8.00% 1.30 [-0.53, 3.13] _-—

Delitto 2016 23 1.2 52 208 1.2 50 14.70% 2.20 [1.73, 2.67] -

Hakeem 2014 20.7 6.3 12 185 103 12 1.10% 2.20 [-4.63, 9.03] —_—

Kantor 2017 18.1 9.5 828 17.1 9.6 7385 13.80% 1.00 [0.32, 1.68] -

Palanivelu 2017 18.9 1 32 17 1.4 32 14.10% 1.90 [1.30, 2.50] -

Senthilnathan 2015 18.6 3.5 45 18 3.4 118 11.10% 0.60 [-0.59, 1.79] -

Sharpe 2015 18 9.7 384 16 9.6 4037 12.10% 2.00 [0.99, 3.01] —_

Song 2015 15 10 11 16.2 9.6 261 1.40% -1.20 [-7.22, 4.82] —

Tan 2015 8.67 1.71 30 9.58 221 30 12.10% -0.91 [-1.91, 0.09] ——

Zureikat 2011 18.5 6.2 12 19.1 8.3 12 1.50% -0.60 [-6.46, 5.26]

Total (95%CI) 1600 12347 100.00% 1.32 [0.57, 2.06] L 2

Heterogeneity: Tauz = 0.92; Chiz = 46.88, df = 11 (P< 0.00001); 12 = 77% 10 N 0 S 10

Test for overall effect: Z= 3.47 (P = 0.0005) Favours [TLPD] Favours [OPD]
R Experimental Control Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI

Asbun 2012 37 39 117 141 0.60% 3.79 [0.86, 16.82] 4 :

Chapman, B. C 2018 136 174 1109 1520 10.60% 1.33 [0.91, 1.93] -

Chen 2018 47 47 55 55 Not estimable

Conrad 2017 35 40 21 25 0.70% 1.33 [0.32, 5.53] ——

Croome 2014 84 108 164 214 5.20% 1.07 [0.61, 1.86] —_—

Delitto 2016 47 52 37 50 0.80% 3.30 [1.08, 10.10]

Dokmak 2015 9 15 7 14 0.60% 1.50 [0.34, 6.53] B —

Hakeem 2014 9 12 8 12 0.40% 1.50 [0.25, 8.84] —

Kantor 2017 651 828 5623 7385 51.70% 1.15 [0.97, 1.37] | |

Khaled 2018 13 15 11 15 0.30% 2.36 [0.36, 15.45] —

Meng 2018 58 58 55 58 0.10% 7.38 [0.37, 146.12]

Palanivelu 2017 31 32 30 32 0.20% 2.07 [0.18, 24.01]

Poves 2018 19 32 15 29 1.40% 1.36 [0.49, 3.76] I —

Senthilnathan 2015 41 45 108 118 1.10% 0.95 [0.28, 3.20] I E—

Sharpe 2015 309 384 2998 4037 21.70% 1.43 [1.10, 1.86] ---

Song 2015 19 22 427 483 1.10% 0.83 [0.24, 2.90] I R

Speicher 2017 14 18 66 84 1.10% 0.95 [0.28, 3.26] I E—

Stauffer 2017 49 58 154 193 2.40% 1.38 [0.62, 3.05] -1

Zureikat 2011 12 12 11 12 0.10% 3.26 [0.12, 88.35]

Total (95%CI) 1991 14477 100.00% 1.28 [1.13, 1.44] \

Total events 1620 11016 : ‘ A ‘

Heterogeneity: Chi2 = 10.53, df= 17 (P=0.88); 2= 0%

Test for overall effect: Z= 3.88 (P = 0.0001) 0.005 0.1 1 10 200

Favours [TLPD] Favours [OPD]

S TLPD OPD Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD  Total Weight 1V, random, 95%CI 1V, random, 95%CI

Asbun 2012 58.6 17.1 39 641 29.2 141 7.30% -5.50 [-12.71, 1.71] -

Kantor 2017 58.9 28 828 61.1 29.7 7385 92.70%  -2.20 [-4.22, -0.18] .

Total (95%CI) 867 7526 100.00% -2.44 [-4.39, -0.49] ’

Heterogeneity: Chi2 = 0.75, df= 1 (P=0.39); 2 =0% _2‘0 _16 0 1‘0 2'0

Test for overall effect: Z= 2.46 (P = 0.01)

Favours [TLPD] Favours [OPD]

Figure 2 Forest plots of the meta-analysis. A: Operative time; B: Estimated blood loss; C: Transfusion rate; D: Overall morbidity; E: Postoperative pancreatic
fistula; F: Delayed gastric emptying; G: Delayed gastric emptying (grade B/C); H: Bile leak; |: Postpancreatectomy hemorrhage; J: Wound infection; K: Pneumonia; L:
Duration of intensive care unit stay; M: Length of hospital stay; N: Discharge to a new facility; O: 30-d readmission; P: Tumor size; Q: Retrieved lymph nodes; R: R0

resection; S: Time to adjuvant chemotherapy.

the results of all included studies were comparable between the two groups. Our
meta-analysis also revealed that there was no statistically significant difference
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Table 3 Meta-analysis of oncological outcomes

No. of

tudi Sample size Heterogeneity Overall 95%Clof
Outcome of interest Sl Model . overall

effect size frect value

TLPD OPD P P efiec

Tumor size 10 814 4782 <0.00001 85% R WMD = -0.32 -0.58,-0.07 0.01
RLNSs 12 1600 12347 <0.00001 77% R WMD =132 057,206 0.0005
RO rate 19 1991 14477 0.88 0 F OR=128 113,144 0.0001
Time to adjuvant 2 867 7526 0.39 0 F WMD = -2.44 -4.39,-049 0.01

chemotherapy

RFS of all malignant tumor patients

1-yr RFS 2 52 37 NA NA F OR =0.44 0.16,1.23 0.12
3-yr RFS 2 52 37 0.22 35% F OR =0.53 019,147 0.22
5-yr RFS 2 52 37 0.31 4% F OR =0.40 0.12,1.33 0.14

OS of all malignant tumor patients

1-yr OS 5 412 2206  0.007 72% R OR =0.62 033,119 0.15
2-yr OS 4 400 2194 0.03 66% R OR = 0.61 032,117 014
3-yr OS 5 412 2206 0.08 51% R OR =0.80 040,162 054
4-yr OS 4 400 2194  0.60 0 F OR=0.73 0.41,1.30 0.28
5-yr OS 6 520 2420 0.52 0 F OR=0.78 0.38,1.59 049
OS of PDAC patients

1-yr OS 3 349 1947 0.28 22% F OR =0.93 0.74,118 057
2-yr OS B) 349 1947 0.21 37% F OR =0.93 0.70,1.24 0.63
3-yr OS 3 349 1947  0.60 0 F OR = 0.86 0.56,1.34 0.52
4-yr OS 3 349 1947  0.95 0 F OR =0.97 049,192 094
5-yr OS 8 349 1947  0.27 17% F OR =0.65 0.19,223 049
OS of periampullary adenocarcinoma patients

1-yr OS 8 349 1947 0.28 22% F OR =0.93 0.74,118 057
2-yr OS 3 349 1947 0.21 37% F OR =0.93 0.70,1.24 0.63
3-yr OS 3 349 1947  0.60 0 F OR =0.86 0.56,1.34 0.52
4-yr OS 3 349 1947 095 0 F OR =0.97 049,192 094
5-yr OS 3 349 1947 0.27 17% F OR = 0.65 0.19,2.23 049
5-yr OS 6 520 2420 0.52 0 F OR=0.78 0.38,1.59 049

RLNs: Retrieved lymph nodes; RFS: Recurrence-free survival; OS: Overall survival; PDAC: Pancreatic ductal adenocarcinoma; OR: Odds Ratio; CI:
Confidence interval; F: Fixed-effects model; R: Random-effects model; NA: Not applicable; TLPD: Total laparoscopic pancreaticoduodenectomy; OPD:
Open pancreaticoduodenectomy.

between the two groups in terms of DGE (OR = 0.99, 95%CI: 0.78-1.24, P = 0.90)
(Figure 2F). However, for grades B and C DGE, the incidence was significantly
decreased in the TLPD group (OR = 0.63, 95%CI: 0.45-0.88, P = 0.006), although only
onel®™ of the seven included studies’’?>*°37%41 gbtained the same result. In addition,
we also found that the TLPD group had a shorter time to resume an oral diet [WMD =
-1.75 d, 95%CI: (-3.38, -0.12), P =0.004] (Figure 2G).

Bile leak is another common postoperative complication that is mainly associated
with the cholangiojejunostomy skills. With advancements in anastomosis, the
incidence of bile leak has decreased. In our study, eight studies!*>**"**%>%41 including
43 patients (16 undergoing TLPD and 27 undergoing OPD) developed bile leak, and
the meta-analysis revealed that the incidence in the TLPD group was comparable to
that in the OPD group (OR = 1.11, 95%ClI: 0.57-2.16, P = 0.76) (Figure 2H).

A total of 1425 patients in 13 studies!*’>>*2027271-5534041 developed PPH. Although
Chopinet et al* and Dokmak et al*”! found that the application of TLPD increased the
incidence of PPH, the overall incidence was 13.62% in the TLPD group and 17.93% in
the OPD group. Our pooled analysis of all the included studies did not demonstrate
any significant differences between the two groups (OR =1.12, 95%CI: 0.89-1.42, P =
0.34) (Figure 2I). Similarly, this analysis of included articles****>%*%*1 did not show
any statistically significant differences in terms of severe PPH (grade B/C) (OR =1.02,
95%CI: 0.65-1.60, P = 0.95).

A total of 762 patients in ten studies*"*»**%*52%3%4] developed wound infections in
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Table 4 Results of sensitivity analysis of total laparoscopic pancreaticoduodenectomy vs open pancreaticoduodenectomy

Sample size Heterogeneit 95%Cl of
Outcomes No. of P g y Overall
finterest Studies Model offectsize  Ororal Prvalue
orl TLPD OPD P P effect
Operative 10 577 1064 <0.00001 98% R WMD = 74.66 43.71,105.62 < 0.00001
time
EBL 9 547 1034 < 0.00001 95% R WMD = - -347.73, - < 0.00001
280.46 213.19
Transfusion 10 573 1071 0.15 32% F OR = 0.45 0.35, 0.58 < 0.00001
rate
Overall 9 381 607 0.31 15% F OR = 0.88 0.65,1.18 0.38
morbidity
Major 15 829 1414 0.49 0 F OR =0.75 0.59, 0.96 0.02
morbidity
POPF 15 617 1003 0.61 0 F OR =0.82 0.64,1.05 0.11
POPF (grade 17 877 1531 0.89 0 F OR = 0.86 0.66,1.11 0.24
B/C)
DGE 10 523 801 0.93 0 F OR =0.93 0.64,1.34 0.69
DGE (grade 7 479 994 0.60 0 F OR = 0.63 0.45, 0.88 0.006
B/C)
PPH 11 434 737 0.84 0 F OR =1.48 0.93, 2.36 0.10
PPH (grade 7 454 966 0.91 0 F OR =1.02 0.65, 1.60 0.95
B/C)
Bile leak 7 232 232 0.93 0 F OR =1.00 0.45,2.25 0.99
Gastroente- 3 136 133 0.54 0 F OR =0.49 0.09,2.73 0.42
ric
anastomosis
fistula
Wound 9 332 697 0.46 0 F OR =0.57 0.39, 0.84 0.005
infection
Intra- 5 175 340 0.23 29% F OR =0.74 0.39,1.38 0.34
abdominal
abscess
Bowel 2 73 73 0.33 0 F OR = 1.00 0.14,7.31 1.00
obstruction
Fluid 2 77 77 0.96 0 F OR = 0.63 0.21,1.89 0.41
collection
Pneumonia 10 463 880 0.99 0 F OR =0.79 0.54,1.15 0.21
Cardiac 4 239 648 0.48 0 F OR=1.11 0.75,1.62 0.61
event
Reoperation 12 544 990 0.46 0 E OR =0.76 0.48,1.21 0.25
ICU 2 171 283 0.40 0 F OR =0.90 0.53, 1.54 0.71
admission
ICU stay 2 65 227 0.62 0 F WMD = -2.08 -2.88,-1.29 < 0.00001
Diet start 3 175 284 <0.0001 90% R WMD =-1.75 -3.38,-0.12 0.04
time
LOS 8 332 500 0.004 67% R WMD = -3.69 -4.90, -2.48 < 0.00001
Discharge to 3 218 490 0.60 0 F OR = 0.50 0.28,0.87 0.01
a new
facility
30-d 6 340 508 0.77 0 F OR =1.04 0.68, 1.59 0.86
readmission
90-d 4 136 279 0.70 0 F OR =1.07 0.62,1.84 0.81
readmission
30-d 12 527 1271 0.76 0 F OR =1.26 0.59, 2.68 0.55
mortality
90-d 9 312 661 0.96 0 F OR = 0.60 0.31,1.17 0.14
mortality
Time to 1 39 141 NA NA F WMD =-550 -12.71,1.71 0.14
adjuvant
chemothe-
rapy
Tumor size 9 430 745 0.0002 73% R WMD =-0.36 -0.63,-0.09 0.008

Reishidenge WJG | https://www.wjgnet.com 5724 October 7,2019 | Volume 25 | Issue 37 |



Zhang H et al. Laparoscopic vs open pancreaticoduodenectomy

RLNs 10 388 925 < 0.00001 79% R WMD =128 0.29,2.27 0.01
RO rate 16 605 1535 0.87 0 F OR =1.44 1.07,1.94 0.02
OS of PDAC

1-yr OS 2 65 427 0.49 0 F OR = 0.65 0.37,1.13 0.12
2-yr OS 2 65 427 0.74 0 F OR = 0.54 0.27,1.07 0.08
3-yr OS 2 65 427 0.37 0 I8 OR =0.98 0.46,2.10 0.96
4-yr OS 2 65 427 0.82 0 F OR =1.04 0.43,2.52 0.93
5-yr OS 2 65 427 0.27 17% E OR =0.65 0.19,2.23 0.49

OS of periampullary adenocarcinoma patients

1-yr OS 2 23 234 0.004 88% R OR =0.85 0.01, 107.31 0.95
3-yr OS 2 25 234 0.01 84% R OR =0.90 0.01, 86.00 0.96
5-yr OS 2 23 234 0.26 20% F OR =157 0.43,5.73 0.49

NA: Not applicable; EBL: Estimated blood loss; Major morbidity: Clavien-Dindo classification > III; RLNs: Retrieved lymph nodes; POPF: Postoperative
pancreatic fistula; DGE: Delayed gastric emptying; PPH: Postpancreatectomy hemorrhage; LOS: Length of hospital stay; ICU: Intensive care unit; RFS:
Recurrence-free survival; OS: Overall survival; PDAC: Pancreatic ductal adenocarcinoma; WMD: Weighted mean difference; OR: Odds ratio; CI:
Confidence interval; F: Fixed-effects model; R: Random-effects model; TLPD: Total laparoscopic pancreaticoduodenectomy; OPD: Open
pancreaticoduodenectomy.

our study, and the overall incidence was 8.33% in the TLPD group and 10.11% in the
OPD group. The results of our analysis showed that the frequency of wound
infections in the TLPD group was significantly lower than that in the OPD group (OR
=0.48, 95%Cl: 0.34-0.67, P < 0.0001) (Figure 2J).

Pneumonia is also a common complication that occurs after abdominal surgery,
especially in elderly patients. In our study, only Tran et al*! demonstrated a lower
incidence of pneumonia in the TLPD group, while the others”>2+2231-55-4.51 did not
show any significant difference between the two groups. Our analysis of the involved
studies revealed a lower incidence of pneumonia in the TLPD group (OR = 0.72,
95%ClI: 0.60-0.85, P = 0.0002) (Figure 2K).

The ICU admission rate was reported in two studiest™*! involving 71 patients (25
TLPDs and 46 OPDs), and the rate did not show any significant difference between
the two groups (OR = 0.90, 95%CI: 0.53-1.54, P = 0.71). However, in terms of the
duration of ICU stay, we observed that the TLPD group had a significantly shorter
ICU stay than the OPD group [WMD = -0.28d, 95%CI: (-2.88, -1.29) d, P < 0.00001]
(Figure 2L) through analysis of these two studies 1.

Our meta-analysis of the included studiesl”'**0»2¢°0225.41 showed that the LOS was
significantly shorter in the TLPD group [WMD = -3.05 d, 95%CI: (-3.93, -2.17) d, P <
0.00001] (Figure 2M), and it also revealed that patients who underwent TLPD were
less frequently discharged to a new facility*"*** (OR = 0.55, 95%ClI: 0.39-0.78, P =
0.0008) (Figure 2N).

The 30- and 90-d mortality rates after surgery were reported in 181%1022-26:2%-35,573640-43]
110020-22.27,29,50,5536555 studies, and none of these studies revealed any statistically
significant differences between the two groups (OR = 1.00, 95%CI: 0.81-1.24, P = 1.00;
OR =0.77,95%CI: 0.58-1.01, P = 0.06).

A total of 14 articles!'?202+271-3035294L8] reported the reoperation rate; the overall
reoperation rate was 7.95% in the TLPD group and 6.43% in the OPD group. The
pooled analysis did not show any significant differences (OR =1.10, 95%CI: 0.83-1.47,
P =0.51).

The 30-d readmission rate was observed in ten studies!®?!>7203230-384151 " and the
readmission rate in the TLPD group was significantly lower than that in the OPD
group (9.22% vs 11.95%) (OR = 0.81, 95%CI: 0.68-0.95, P = 0.010) (Figure 20).
However, for the 90-d readmission rate”****], there was no significant differences
between the two groups (OR =1.07, 95%CI: 0.62-1.84, P = 0.81).

For other outcomes with low incidences, such as gastroenteric anastomosis
fistulal**?7.5%2¢1 (OR = 0.62, 95%CI: 0.16-2.40, P = 0.49), intra-abdominal
abscess?>2#34041 (OR = 0.97, 95%CI: 0.71-1.31, P = 0.82), bowel obstruction®*! (OR =
1.00, 95%CI: 0.14-7.31, P = 1.00), fluid collection®*** (OR = 1.50, 95%CI: 0.90-2.48, P =
0.12), and cardiac events***-#1 (OR = 1.04, 95%CI: 0.82-1.32, P = 0.75), we did not
find any significant differences between the two groups.

Oncological outcomes of malignancies

The oncological outcomes we focused on were the tumor size, the number of lymph
nodes harvested, the RO resection rate, and the OS rate. The results are presented in
Table 3. The meta-analysis of tumor size reported in the articles!”%22%2526:29,32:35,57]
demonstrated that the tumor size in the TLPD group was usually smaller than that in
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the OPD group, and the differences between the two groups were statistically
significant [WMD = -0.32 cm, 95%ClI: (-0.58, -0.07) cm, P = 0.01] (Figure 2P).

Twelve studiesl**!02023:2262:02537.401 reported the number of lymph nodes harvested,
and our analysis of all the included studies demonstrated that the patients in the
TLPD group had significantly more lymph nodes harvested than those in the OPD
group (WMD = 1.32, 95%ClI: 0.57-2.06, P = 0.0005) (Figure 20).

Regarding RO resection in patients with malignant tumors, 19
articlesl"-112021,23,25-27,29-51,5555%) were included, and only Sharpe et al! and Delitto et al*!
showed significant differences. The analysis of the included studies showed that the
TLPD group had a significantly higher RO resection rate than the OPD group (OR =
1.28, 95%ClI: 1.13-1.44, P = 0.0001) (Figure 2R).

In our study, we also found that the TLPD group had a shorter mean time to start
their adjuvant therapies than the OPD group™™! [WMD = -2.44 d, 95%ClI: (-4.39, -0.49)
d, P = 0.01] (Figure 2S). The OS was another factor we were interested in when
treating patients with malignant tumors. In our study, the 1-yearl'*** ! (OR = 0.62,
95%ClI: 0.33-1.19, P = 0.15), 2-year!""*"*7*1 (OR = 0.61, 95%CI: 0.32-1.17, P = 0.14), 3-
year!' 2271 (OR = 0.80, 95%CI: 0.40-1.62, P = 0.54), 4-year!""*"’*1 (OR = 0.73, 95%ClI:
0.41-1.30, P = 0.28), and 5-year("*'»»*>1 (OR = 0.78, 95%CI: 0.38-1.59, P = 0.49) OS
rates of the included studies were not significantly longer in the TLPD group. In
addition, for patients with malignant tumors with the same origin as pancreatic ductal
adenocarcinoma or periampullary adenocarcinoma, the application of TLPD did not
affect the OS.

Sensitivity analysis

Considering the high heterogeneity between the two groups, we performed a
sensitivity analysis to evaluate the quality of the results we obtained. A total of 22
studiesl*!01120222-2051-411 were enrolled in the sensitivity analysis and six"*'*%*>] were
excluded because their patients were from more than one institution. The results are
presented in Table 4. The results of the items we were interested in were mostly
consistent with those of the former analysis except for three, namely, the overall
morbidity, pneumonia, and 30-d readmission rates, which were significantly lower in
the TLPD group than in the OPD group in the former analysis, but became
comparable (OR = 0.88, 95%CI: 0.65-1.18, P = 0.38; OR = 0.79, 95%CI: 0.54-1.15, P =
0.21; OR = 1.04, 95%CI: 0.68-1.59, P = 0.86). The incidence of major morbidity was
comparable between the two groups in the prior analysis, but in the subsequent
analysis, it was significantly lower in the TLPD group than in the OPD group (OR =
0.75, 95%ClI: 0.59-0.96, P = 0.02).

DISCUSSION

Laparoscopic techniques are minimally invasive procedures that have been applied in
a wide variety of general surgical procedures, including some pancreatic
operations"””, and the techniques have proven to be more advantageous in terms of
shortened LOS, reduced operative blood loss, decreased incidence of postoperative
complications, and enhanced postoperative recovery!-*-/l. However, with regard to
pancreaticoduodenectomy, this procedure has only been performed at some major
medical centers. In the last decade, with the continuous advancements in
instrumentation and innovations in procedures!*”, TLPD has been increasingly
accepted and performed by general surgeons worldwide, but this challenging
procedure is still in its early stages, and whether TLPD is superior to or comparable to
OPD has remained unknown until now. To our knowledge, several systematic
reviews or meta-analyses comparing minimally invasive pancreaticoduodenectomy
(MIPD) and OPD have been published*" , but none of them have compared TLPD
and OPD specifically; hence, we performed this meta-analysis with the largest
available dataset from the published literature.

This meta-analysis, based on 2 RCTs and 26 retrospective comparative studies of
TLPD and OPD, preliminarily confirmed the feasibility and potential advantages of
TLPD; among 39771 patients, including 3543 in the TLPD group and the remaining
36228 in the OPD group, there were no significant differences between the two groups
in terms of the major morbidity, mortality, reoperation, and 90-d readmission rates,
TLPD was associated with less EBL, lower blood transfusion rate, lower incidence of
overall postoperative complications, shorter length of ICU stay and LOS, more
harvested lymph nodes, and higher RO resection rate than OPD. However, TLPD was
associated with a longer operative time and a smaller tumor size.

The longer duration of surgery is the main disadvantage of TLPD and is always one
of the reasons why some surgeons doubt its feasibility. This may be attributed to the

Jaishidengs WJG | https://www.wjgnet.com 5726 October 7,2019 | Volume 25 | Issue 37 |



Zhang H et al. Laparoscopic vs open pancreaticoduodenectomy

complexity and difficulty of this laparoscopic procedure. Our analysis of the included
studies also demonstrated that the operative time was significantly longer in the
TLPD group than in the OPD group (P < 0.0001), as other studies have
reported 7+, However, Dokmak[®***?l indicated that the operative time may
decrease with the learning curve. Some studies in other fields have reported that
longer operative time is harmful to postoperative recoveryl™, but this result was not
clear with this procedure. Additionally, the tumor size in our analysis was
significantly smaller in the TLPD group (P = 0.01). The larger the tumor size is, the
much closer the tumor can be to the great vessels, and thus the more difficult the
tumor is to dissect; therefore, as most of surgeons had just started to perform this
procedure and had limited experience, they preferred to select patients with smaller
tumors to reduce the degree of difficulty; as a consequence, the results need more
studies to further evaluate.

We found that the EBL and intraoperative blood transfusion rate were significantly
decreased in the TLPD group (P < 0.00001, P = 0.0001) in our meta-analysis, which
may be associated with the suitable selection of patients, the utilization of some
instruments for hemostasis, and the improved or magnified visualization offered by
the laparoscopic techniques, which enhances the view of the structures surrounding
the operative region and guarantees a precise resection along the appropriate
planel>*1.

Pancreaticoduodenectomy is always associated with high postoperative morbidity,
and this is another main factor that prevents some surgeons from performing TLPD.
In our study, we found that the TLPD group had a higher overall morbidity, but the
major morbidity did not show any significant differences between the two groups (P
= 0.25). Considering that a variety of factors may have influenced the results, such as
preoperative comorbidities and selection bias, additional studies are needed to verify
the outcomes.

POPF and DGE are considered to be the two most common and severe
complications of PD, especially POPF, which is a life-threatening complication, and
the occurence of these complications may affect postoperative recovery and
mortalityll. Our pooled analysis indicated there was no difference in the incidence of
the overall occurrence of POPF (P = 0.62) or clinically significant pancreatic fistula (P
= 0.75) in the TLPD group. Similarly, our meta-analysis did not show any significant
differences in DGE without heterogeneity, however, for severe DGE (Grade B/C),
TLPD was associated with a significantly lower incidence (P = 0.006). Although the
definitions of POPF in all the included studies complied with the ISGPF definition,
and the application of a laparoscopic technique could enhance the precise resection to
decrease its incidence in the TLPD group, some other factors may also have
influenced its incidence, such as the pancreatic texture, diameter of pancreatic
ductl*?], and reconstruction techniques for the alimentary tract, which were not
documented in the included literature. Consequently, our study preliminarily
confirmed that TLPD is not inferior to OPD in terms of decreasing the incidences of
POPF and DGE, despite some drawbacks.

In addition, we observed that the wound infection rate in the TLPD group was
significantly lower than that in the OPD group (P < 0.0001), which may be attributed
to the smaller incision. However, considering that other factors, such as the diagnostic
criteria for wound infection and the application of antibiotics during the perioperative
period, were not recorded in the literature, the results may be still controversial and
require more high-quality and adequately designed trials to evaluate.

Shortening the LOS is a major advantage of MIPD. Our meta-analysis showed that
TLPD was associated with a shorter LOS and ICU stay (P < 0.00001, P < 0.00001),
which was also confirmed in the sensitivity analysis (P < 0.00001, P < 0.00001). The
shortened length of stay indirectly demonstrates the quick recovery expected after
TLPD, illustrates the decreased cost of the whole treatment process, and shows the
shortened time to start adjuvant chemotherapy for patients with malignant
tumors”***1. Additionally, our pooled analysis also indicated that the reoperation
rate, readmission rate, and mortality rate in the TLPD group were comparable to
those in the OPD group, which may prove the safety and feasibility of TLPD from
another point of view.

In patients undergoing PD for malignant tumors, oncological safety is the main
priority. In our pooled analysis, we found that the RO resection rate in the TLPD
group was significantly higher than that in the OPD group, which was also observed
in the sensitivity analysis. With respect to the number of lymph nodes retrieved, our
meta-analysis and sensitivity analysis of the included studies indicated that the TLPD
could obtain significantly more lymph nodes (P = 0.0005, P = 0.01). Therefore, we
suggest that TLPD is comparable to OPD or may be better than OPD in terms of
oncological outcomes. Furthermore, the OS in our study showed no significant
difference in our pooled analysis and sensitivity analysis. However, considering that
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whether the patients received adjuvant chemotherapy, which is associated with long-
term oncological outcomes, was not documented in the literature, the results we
obtained are not reliable, and more highly qualified long-term studies should be
carried out to answer this question.

Study strengths and limitations

The strengths of our study lie in the following aspects. One is that our meta-analysis
presents a detailed comparison between TLPD and OPD, and, to our knowledge, this
is the first meta-analysis of these two specific surgical procedures. Furthermore, the
large sample size is another strength, because we included all the available data from
published studies, thus increasing the reliability of our study. Additionally, data
extraction was performed independently by two authors to reduce errors and ensure
the authenticity of our results. Nevertheless, there are some limitations in our meta-
analysis that must be taken into consideration.

First, most of the studies we included were retrospective, and only two were RCTs,
thus, the quality of the studies was restricted and some potential bias associated with
the outcomes may have affected the results we calculated. Therefore, further cohort
studies, case-control studies, or RCTs with large numbers of patients are essential to
confirm the results.

Second, although most of the characteristics of the patients included in the
comparative studies were documented, some others, such as the comorbidities,
preoperative treatments, such as endoscopic nasobiliary drainage and percutaneous
transhepatic cholangiodrainage, discharge criteria, and treatment with chemotherapy
after surgery, were not recorded or adjusted for in the studies, which may have
influenced the outcomes and OS. Furthermore, some studies we included had a small
number of patients, which may indicate that the surgeons were in the initial stages or
still in the learning curve and had limited skills and experiences. These factors may
also have affected the perioperative and postoperative outcomes. Therefore, further
studies with well-matched patients and well-adjusted confounders are needed.

Third, the comparison of the cost and the OS rate was reported in few studies with
limited cases, and more high-quality studies are needed to prove the authenticity in
the future. Therefore, we suggest that TLPD is comparable to OPD or may be better
than OPD in terms of reducing blood loss, decreasing the blood transfusion and
wound infection rates, shortening the length of ICU stay and LOS, increasing the
number of lymph nodes harvested and the RO resection rate, and improving the
oncological outcomes, despite having a longer operative time and being used for
smaller tumors. However, considering the bias in our study and the complexity of the
procedure, we suggested that this procedure be performed at high-volume medical
centers by teams who are experienced with pancreatic surgeries and laparoscopic
techniques. In addition, we recommend that patients with small lesions distant from
the major vessels undergo TLPD during the initial period. To eliminate the influence
of bias, further studies with well-matched patients or RCTs should be performed to
evaluate the efficacy and advantages of TLPD.

ARTICLE HIGHLIGHTS

Research background

Total laparoscopic pancreaticoduodenectomy (TLPD) has been performed and grew in
popularity among the general surgeons in some major medical centers worldwide. Studies about
its safety and feasibility have been reported, but considering the research characteristics and
study size, controversies regarding its perioperative and oncological safey still exist.

Research motivation
We hope to offer higher quality and more relible evidence in the selection of clinical treatment
options for patients with pancreatic head or periampullary lesions.

Research objectives
To help identify which operation method is suitable and beneficial for patients with pancreatic
head or periampullary lesions.

Research methods

A systematic search was conducted in PubMed, EMBASE and Cochrane Library databases for
studies concerning TLPD and open pancreaticoduodenectomy (OPD) for patients with
pancreatic head or periampullary lesions. We followed the Preferred Reporting Items for
Systematic Reviews and the PRISMA agreement, and and protocol can be accessed at the
International Prospective Register of Systematic Reviews (registration number:
CRD42019126173). The meta-analysis was performed using Review Manager Software version
5.3, and the quality was assessed using the Newcastle-Ottawa scale for the nonrandomized
controlled trials and the Jadad scale for the randomized controlled trials.
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Research results

Twenty-eight studies were eligible and selected in our analysis, including 3543 patients in the
TLPD group and 36228 patients in the OPD group. Estimated blood loss (P < 0.00001) was less,
intraoperative blood transfusion (P < 0.00001) and wound infection rate (P = 0.005) were lower,
intensive care unit stay (P < 0.00001), length of hispital stay (P < 0.00001), and diet start time (P =
0.04) were shorter, R0 resection rate was higher (P = 0.02), and more lymph nodes was harvested
(P =0.01) in the TLPD group, although the operative time was longer (P < 0.00001) and the
tumor size was smaller (P = 0.008). The overall morbidity, reoperation rate, and mortality
showed no significant difference between the TLPD group and the OPD group. Moreover, the
overall survival and recurrence-free survival afterTLPD were similar to those after OPD.

Research conclusions
The current meta-analysis showed that TLPD may be an ideal alternative option for patients
with pancreatic head or periampullary lesions and it can be beneficial for patiets.

Research perspectives
The results of the current meta-analysis may offer surgeons more reliable evidence in choosing
the surgery options for patients with pancreatic head or periampullary lesions.
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