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Abstract
Background:Minimally invasive pancreaticoduodenectomy (MIPD) remains one of the most challenging abdominal procedures.
Safety and feasibility remain controversial when comparing MIPD with open pancreaticoduodenectomy (OPD). The aim of this
systematic review and meta-analysis was to evaluate the feasibility and safety of MIPD versus OPD.

Methods: A systematic review of the literature was performed to identify studies comparing MIPD and OPD. Postoperative
complications, intraoperative outcomes and oncologic data, and postoperative recovery were compared.

Results: There were 27 studies that matched the selection criteria. Totally 1306 cases of MIPD and 5603 cases of OPD were
included. MIPD was associated with a reduction in postoperative hemorrhage (odds ratio [OR] 1.60; 95% confidence interval [CI]
1.03–2.49; P= .04) and wound infection (OR 0.44, 95% CI 0.30–0.66, P< .0001). MIPD was also associated with less estimated
blood loss (mean difference [MD] �300.14 mL, 95% CI �400.11 to �200.17 mL, P< .00001), a lower transfusion rate (OR 0.46,
95% CI 0.35–0.61; P< .00001) and a shorter length of hospital stay (MD�2.95 d, 95%CI�3.91 to�2.00 d, P< .00001) than OPD.
Meanwhile, theMIPD group had a higher R0 resection rate (OR 1.45, 95%CI 1.18–1.78,P= .0003) andmore lymph nodes harvested
(MD 1.34, 95% CI 0.14–2.53, P= .03). However, the minimally invasive approach proved to have much longer operative time (MD
71.00minutes; 95% CI 27.01–115.00minutes; P= .002) than OPD. Finally, there were no significant differences between the 2
procedures in postoperative pancreatic fistula (P= .30), delayed gastric emptying (P= .07), bile leakage (P= .98), mortality (P= .88),
tumor size (P= .15), vascular resection (P= .68), or reoperation rate (P= .11).

Conclusions: Our results suggest that MIPD is currently safe, feasible, and worthwhile. Future large-volume, well-designed
randomized controlled trials (RCT) with extensive follow-up are awaited to further clarify this role.

Abbreviations: CI = confidence interval, DGE = delayed gastric emptying, EBL = estimated blood loss, ISGPF = International
Study Group on Pancreatic Fistula, MD = mean difference, MIPD = minimally invasive pancreaticoduodenectomy, OPD = open
pancreaticoduodenectomy, OR = odds ratio, POPF = postoperative pancreatic fistula, RCT = randomized controlled trial.
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1. Introduction
During the past decade, laparoscopic surgery has played a
prominent role in the general surgical field. Currently, it may
be true that most surgical procedures could be performed using
the laparoscopic approach. This approach also has unique
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advantages in selected patients in terms of shortened hospital stay,
fewer postoperative morbidities, and enhanced recovery.[1,2] For
pancreatic surgery, pancreaticoduodenectomy (PD) is now
considered to be the most widely employed surgical procedure
for the treatment of pancreatic head and periampullary tumors.[3]
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PD is recognized as challenging for surgeons due to the complex
intra-abdominal dissection and reconstruction of the alimentary
tract, as well as risky for patients due to consistent perioperative
morbidity and mortality. In 1935, Whipple was the first to finish
the pancreaticoduodenectomy for the patient with carcinoma of
the ampulla of Vater,[4] which has since been widely used with
continuous development. In 1994, Gagner and Pomp[5] published
the first article introducing the laparoscopic PD. Although PD
requires complex techniques and a long learning curve, it probably
brought less trauma for patients compared with open PD (OPD).
Nearly 10 years later, Giulianotti performed the first PD in a
robotic manner in 2003.[6] The robotic surgical system, a recently
emerging technology, covers the intrinsic shortages of laparoscopy,
including lack of tactile sensation, instrument crowding, 2-
dimensional imaging, and restricted instrument movement inside
the abdominal cavity. Here, we combined laparoscopic PD and
robotic PD as minimally invasive pancreaticoduodenectomy
(MIPD). Many famous pancreatic institutions around the world
have already conducted MIPD, and expert surgeons have
evaluated the minimally invasive PD and open PD in terms of
safety and efficiency.[7–10] However, these reports have all been
based on single-institution experiences with a lack of randomized
controlled trials (RCT). Compared with other published meta-
analyses, our study included all of the literature on this issuewhich
had been published to date, and included commonly used English
databases and Chinese databases. Our study is the most
comprehensive. In addition, former meta-analyses showed differ-
ent conclusions in certain outcomes. Therefore, given the large
amount of published evidence and conflicting results, the aim of
this study was to systematically review and meta-analyze the
studies that have comparedMIPDwithOPD,which could provide
high-quality data for clinical practice.
2. Method

2.1. Search strategy

We performed our systematic review and meta-analysis in
accordance with Preferred Reporting Items for Systematic
Reviews andMeta-Analyses (PRISMA) guidelines.[11] A compre-
hensive literature search was performed in electronic databases
includingMedline, PubMed, Embase, the ISI Web of Knowledge,
the Cochrane Collaboration Central Register of Controlled
Clinical Trials, Cochrane Systematic Reviews, CNKI, and Wan
Fang (Chinese full-text database) for reports published prior to
December 2016 without language restrictions. The following
search terms were included but were not limited to: “pancrea-
ticoduodenectomy,” “PD,” “Whipple procedure,” “laparoscop-
ic/laparoscopy,” “robotic,” “Da Vinci,” and “minimally
invasive.” References cited in the selected articles were also
assessed to identify relevant studies in case studies that were
missed during the initial database searches. The “related articles”
function was used to broaden the search, and all abstracts,
studies, and citations scanned were reviewed. If needed,
investigators and experts in the field of pancreatic surgery were
contacted to ensure that all relevant studies were identified. All
analyses were based on previous published studies; thus, no
ethical approval and patient consent are required.
2.2. Inclusion and exclusion criteria

Studies (cohort or case-control) included in our analysis were
required to: compare characteristics and perioperative outcomes
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of patients undergoing MIPD and open pancreaticoduodenec-
tomy (OPD). When authors and/or institutions overlapped
between 2 or more studies, only the most recent study was
considered. The exclusion criteria were noncomparable studies,
nonhuman studies, experimental trials, review articles, editorials,
letters, and case reports.
2.3. Outcomes of interest

All studies were abstracted for the following essential data:
patient baseline characteristics, tumor characteristics, types of
procedure (laparoscopic pancreaticoduodenectomy, robotic
pancreaticoduodenectomy, OPD), intraoperative outcomes (op-
erative time and intraoperative blood loss), postoperative
complications (pancreatic fistula, delayed gastric emptying
[DGE], wound infection, hemorrhage, and bile leakage),
extension of lymphadenectomy, R0 resection, postoperative
recovery time (length of hospital stay), reoperation rate, and
postoperative mortality.
2.4. Data extraction and quality assessment

Two authors independently screened the title and abstract of each
publication for potentially eligible studies. Then, full articles of
eligible trials were obtained for detailed evaluation. Each study
was independently assessed by 2 reviewers for inclusion or
exclusion. Data regarding the following variables were extracted
from the selected studies: first author, publication year, study
country, study design, number of patients, characteristics of the
study population, surgical procedures, postoperative manage-
ment, and intraoperative and postoperative outcomes. The
accuracy of the extracted data was further adjudicated by a third
author. Disagreements on study selection and data extraction
were resolved by team discussion.
2.5. Statistical analysis

This meta-analysis was performed in accordance with recom-
mendations from the Cochrane Collaboration andMeta-analysis
of Observational Studies in Epidemiology (MOOSE) guide-
lines.[12,13] For baseline characteristics, we applied the chi-
squared test for categorical variables and Student t test for
continuous variables. The mean and standard deviation (SD) of
the continuous variables were estimated using the median, range,
and number of patients.[14]P values <.05 were considered
statistically significant. Dichotomous variables were analyzed
using odds ratio (OR). Each study was weighted by means of
sample size and was reported with 95% confidence intervals (CI).
With respect to the outcomes, data from the original articles were
extracted and analyzed using Review Manager 5.1 software
(Cochrane Collaboration). The I2 index was used as an indicator
of between-study heterogeneity. I2 values ranged from 0% to
100% (I2=0–25%, no heterogeneity; I2=25–50%, moderate
heterogeneity; I2=50–75%, high heterogeneity; I2=75–100%,
extreme heterogeneity).[15,16] In this case, the fixed-effects model
was adopted mostly[17]; otherwise, the random-effects model was
used.[18] Publication bias was assessed using funnel plots, and the
tests developed by Egger and Begg, which calculate funnel plot
asymmetry on the natural logarithm scale of the OR based on
linear regression, were used to assess asymmetry of the funnel
plots. Statistical significance was considered when the P value
was <.05.[19,20]



Figure 1. A PRISMA flow diagram depicting the selection process.
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3. Results

3.1. Description of included trials in the meta-analysis

The searches in PubMed, Embase, Medline, the Cochrane
Library and Chinese databases identified 756 abstracts published
before December 2016. After excluding duplicates, 598 articles
remained. After screening titles and abstracts, 540 articles were
excluded for irrelevancy. Of the remaining 58 articles, 12 articles
were reviews or case reports, 4 were editorials or letters, 2 had
duplicate data, 3 articles contained data that was not extractable,
8 articles did not include a comparison of the surgical process and
2 articles contained another type of pancreatectomy. Finally, 27
studies matched the inclusion criteria and were suitable for meta-
analysis.[7–10,21–43] A total of 6909 patients were included: 1306
patients in the MIPD group and 5603 patients in the OPD group.
A PRISMA flow diagram depicting the selection process is shown
in Figure 1. General study characteristics are detailed in Table 1.
There were no RCTs identified. Expect for one descriptive study
by Spheicher,[25] all of the studies found were retrospective
reviews that compared consecutive cases of minimally invasive
PD with either consecutive or matched open procedures
performed during the same time period in same center. The
International Study Group of Pancreatic Surgery (ISGPS)
definitions of postoperative pancreatic fistula (POPF) and DGE
were used in the studies. A drain output of any measurable
volume of fluid on or after postoperative day 3 with an amylase
content >3 times the serum amylase activity was regarded as
pancreatic fistula.[44] DGE was defined as the need for
maintenance of the nasogastric tube for 3 days or the inability
to tolerate a solid diet by the seventh postoperative day.[45] Two
reviewers achieved perfect consensus in applying the eligibility
criteria. For nonrandomized studies, the Newcastle-Ottawa
quality assessment tool was employed to assess the study quality
and the risk of publication bias. Newcastle-Ottawa Scale scores
were >6 in 27 studies, indicating that all of the included articles
were of high quality.[46]

3.2. Primary outcomes evaluation

The primary outcomes for this meta-analysis included POPF rate,
wound infection, DGE rate, postoperative hemorrhage, mortali-
ty, and bile leakage.

3.3. Postoperative pancreatic fistula

All studies except those by Wei,[27] Sharpe,[30] and Zhou[41]

reported the incidence of POPF. The result of the meta-analysis
including 2432 patients indicated that there was no significant
difference in POPF rate between theMIPD and OPD groups (OR
0.89, 95% CI 0.71–1.11; P= .30, I2=0%) (Fig. 2).

3.4. Wound infection

Pooling data from 13 studies including 1354 patients proved that
patients who underwent a minimally invasive approach suffered
fewer wound infections comparedwith theOPD group (OR 0.44,
95% CI 0.30–0.66, P< .0001, I2=0%) (Fig. 3).

3.5. Delayed gastric emptying

Eighteen studies including 2027 patients reported the incidence
of DGE in minimally invasive and open groups, which
remained nonsignificantly different (OR, 0.76; 95% CI 0.56–
1.02; P= .07, I2=0%).
3

3.6. Postoperative hemorrhage

Ten trials (1395 participants) provided data for the meta-analysis
on this endpoint. TheMIPD group showed a lower postoperative
hemorrhage rate compared with the OPD group (OR 1.60, 95%
CI 1.03–2.49; P= .04, I2=0%) (Fig. 4).

3.7. Mortality

Sixteen trials (5951 participants) provided data for the meta-
analysis on this endpoint with no significant difference between
the MIPD and OPD groups (OR 1.03, 95% CI 0.71–1.49;
P= .88, I2=0%).

http://www.md-journal.com


Table 1

The general characteristic of the included studies.

Patients Age Gender

Study Year Country Design Surgical approach MIPD OPD MIPD OPD MIPD OPD Criteria of PF

Cho 2009 Japan Retrospective LA-O 15 15 64±10 68±9 9\6 8\7 ISGPF
Ito 2009 Japan Retrospective LT-O 5 10 69.2±15.1 68.0±12.1 3\2 6\4 ISGPF
Buchs 2011 USA Retrospective RT-O 44 39 63±14.5 56±15.8 22\22 14\25 ISGPF
Zhou 2011 China Retrospective RT-O 8 8 64.4±9.1 59.4±9.4 3\5 4\4 ISGPF
Zureikat 2011 USA Retrospective LT-O 14 14 69.8±10.2 67.4±11.0 11\3 7\7 ISGPF
Asbun 2012 USA Retrospective LT-O 53 215 62.9±14.14 67.3±11.53 29\24 95\120 ISGPF
Chalikonda 2012 USA Retrospective RA-O 30 30 62.6±6.8 61.1±7.8 16\14 16\14 ISGPF
Kuroki 2012 Japan Retrospective LA-O 20 31 71.2±8.8 73.5±7.3 11\9 21\10 ISGPF
Lai 2012 China Retrospective RA-O 20 67 66.4±11.9 62.1±11.2 12\8 29\38 NA
Li 2013 China Retrospective LT-O 20 47 57±11 58±10 12\8 32\15 NA
Mesleh 2013 USA Retrospective LT-O 75 48 NA NA 43\32 23\25 ISGPF
Bao 2014 USA Retrospective RA-O 28 28 68.0±11.2 67.7±12.5 13/25 13/25 ISGPF
Croom 2014 USA Retrospective LT-O 108 214 66.6±9.6 65.4±10.9 51/57 131/83 ISGPF
Hakeem 2014 UK Retrospective LT-O 12 12 67.0±10.2 66.3±10.3 8\4 8\4 ISGPF
Langan 2014 USA Retrospective LA-O 28 25 64 65 13\12 17\11 ISGPF
Wang 2014 Canada Retrospective LA-O 13 20 69 67 11\2 13\7 ISGPF
Speicher 2014 USA Retrospective LT-O 25 84 61 64 9\16 36\48 ISGPF
Wei 2014 China Retrospective LT-O 11 29 61.5±10.6 56.2±7.3 6\5 16\13 ISGPF
Ling 2014 China Retrospective LA-O 44 45 50.5±15.2 54.8±13.8 NA NA ISGPF
Dokmak 2014 USA Retrospective LT-O 46 46 60 63 26\20 28\18 ISGPF
Chen 2015 China Retrospective RL-O 60 120 53.6±13.5 53.8±14.3 34\26 65\55 ISGPF
Song 2015 Korea Matched case-control LT-O 93 93 49.6±13.4 50.1±13 47\46 47\46 ISGPF
Sharpe 2015 USA Retrospective LT-O 384 4037 65.6±10.4 66.1±10.8 NA NA ISGPF
Baker 2015 USA Retrospective RA-O 22 49 63 63 NA NA ISGPF
Mendoza 2015 Korea Retrospective LA-O 18 34 63.7±10.9 68.4±7.6 10\8 21\13 ISGPF
Daniel 2016 USA Retrospective LT-O 52 50 65.3±1.7 68.6±1.4 34\18 28\22 ISGPF
Stauffer 2016 USA Retrospective LT-O 58 193 69.9 68.9 32\26 96\97 ISGPF

ISGPF = International Study Group on Pancreatic Fistula, LAPD= laparoscopic-assisted pancreaticoduodenectomy, LTPD= laparoscopic total pancreaticoduodenectomy, MIPD=minimally invasive
pancreaticoduodenectomy, NA=data not available, OPD = open pancreaticoduodenectomy, RAPD= robotic-assisted pancreaticoduodenectomy, RTPD= robotic total pancreaticoduodenectomy.
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3.8. Bile leakage

Due to incomplete data, we extracted data about bile leakage in
only 9 studies. The result of the meta-analysis indicated no
evidence of a difference between theMIPD and OPD groups (OR
0.99, 95% CI 0.51–1.93; P= .98, I2=0%).
Figure 2. Forest plot and meta-analysis of pan
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3.9. Secondary outcomes evaluation

The secondary outcomes included operative time, intraopera-
tive estimated blood loss (EBL), the transfusion rate, the
length of hospital stay (LOS), and the reoperation rate.
As for oncological outcomes, lymph nodes harvested,
creatic fistula, comparing MIPD with OPD.



Figure 3. Forest plot and meta-analysis of wound infection, comparing MIPD with OPD.

Figure 4. Forest plot and meta-analysis of postoperative hemorrhage, comparing MIPD with OPD.

Wang et al. Medicine (2017) 96:50 www.md-journal.com
R0 resection, tumor size, and vascular resection were
evaluated.

3.10. Operative time

Twenty-four trials containing 2235 participants provided data for
this analysis. When a random-effects model was used, operative
Figure 5. Forest plot and meta-analysis of op

5

time was significantly longer for MIPD (MD 71.00minutes, 95%
CI 27.01–115.00minutes; P= .002, I2=96%) (Fig. 5).

3.11. Estimated blood loss

Twenty-three of the included studies reported the EBL for both
procedures. The result of the meta-analysis indicated that
eration time, comparing MIPD with OPD.

http://www.md-journal.com


Figure 6. Forest plot and meta-analysis of EBL, comparing MIPD with OPD.
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minimally invasive surgery was associated with a reduction in
intraoperative blood loss (MD�300.14 mL, 95%CI�400.11 to
�200.17 mL; P< .00001, I2=94%) (Fig. 6).

3.12. Transfusion rate

Transfusion rate, available in 13 studies, manifested that the
minimally invasive approach significantlyminimized the transfusion
rate (OR 0.46, 95% CI 0.35–0.61; P< .00001, I2=4%) (Fig. 7).

3.13. Length of hospital stay

The length of hospital stay was mentioned in all included studies
except Kuroki.[35] The meta-analysis showed that those under-
going MIPD demonstrated a shorter LOS than those undergoing
OPD, and the difference was statistically significant (MD �2.95
days, 95% CI �3.91 to �2.00 days, P< .00001, I2=79%)
(Fig. 8).

3.14. Lymph nodes harvested and R0 resection

Ten included studies reported retrieved lymph nodes and the
result of the meta-analysis showed that patients who underwent
MIPD had more lymph nodes harvested than those who
underwent OPD, and the difference was statistically significant
(MD 1.34, 95% CI 0.14–2.53, P= .03, I2=66%) (Fig. 9).
Figure 7. Forest plot and meta-analysis of tra
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Fourteen studies including 5787 patients reported R0 resection in
both groups, and the result of the meta-analysis demonstrated
that the MIPD group had a higher R0 resection rate compared
with the OPD group (OR 1.45, 95% CI 1.81–1.78, P= .0003,
I2=0%) (Fig. 10).

3.15. Tumor size and vascular resection

The tumor size wasmentioned in 12 studies and themeta-analysis
showed there was no significant statistical difference between
MIPD andOPD (MD�0.25, 95%CI�0.58 to 0.09, P= .15, I2=
93%). For the vascular resection mentioned in only 5 studies, the
meta-analysis also showed no significant difference (OR 0.93,
95% CI 0.65–1.33, P= .68, I2=0%).
3.16. Reoperation

Fourteen studies involving 6012 patients who mentioned
reoperation rate showed no significant difference between MIPD
andOPD groups (OR 0.73, 95%CI 0.50–1.08, P= .11, I2=0%).
3.17. Results of subgroup meta-analysis from high-volume
centers

The literature included in our meta-analysis came from different
centers with different sample sizes, which caused center bias. We
nsfusion rate, comparing MIPD with OPD.



Figure 8. Forest plot and meta-analysis of length of hospital days.

Figure 9. Forest plot and meta-analysis of lymph node harvested, comparing MIPD with OPD.

Figure 10. Forest plot and meta-analysis of R0 resection, comparing MIPD with OPD.

Wang et al. Medicine (2017) 96:50 www.md-journal.com
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selected the literature from high-volume centers, which included
>50 patients in the OPD group. The primary and secondary
outcomes were similar to the overall meta-analysis. The results of
the subgroup meta-analysis indicated a similar conclusion. The
results indicated that MIPD was associated with a reduction in
wound infection (OR 0.45, 95% CI 0.25–0.84, P= .01), less EBL
(MD �351.09, 95% CI �602.61 to �99.57, P= .006), a lower
transfusion rate (OR 0.5, 95% CI 0.35–0.73, P= .0002), a
shorter LOS (MD�2.47 days, 95% CI�2.70 to�2.24, P= .03),
a higher R0 resection rate (MD 1.42, 95% CI 1.15–1.76,
P= .001), and more lymph nodes harvested (MD 2.09, 95% CI
1.16–3.02, P< .00001). However, MIPD has a much longer
operative time (MD 96.95minutes, 95% CI 22.66–171.24,
P= .01). Finally, there were no significant differences between the
2 procedures in POPF (P= .55), DGE (P= .02), postoperative
hemorrhage (P= .17), bile leakage (P= .21), mortality (P= .16),
tumor size (P= .20), vascular resection (P= .31), or reoperation
rate (P= .27).
3.18. Assessment of methodologic quality and bias

There were no RCTs for inclusion in this study; therefore, the
Cochrane Collaboration’s tool for assessing risk of bias could not
be applied. The studies included in our meta-analysis represent
the experience of a single center or a single surgeon. They also
correspond to the initial experience with a minimally invasive
technique and do not consider the learning curve.
3.19. Sensitivity analysis and publication bias

Sensitivity analysis was conducted by eliminating each study
included in the meta-analysis individually. However, there were
no statistically significant changes about conclusions. Funnel
plots were used to evaluate the publication bias, and the results
indicated that there was no evident bias (Fig. 11).

4. Discussion

The development of minimally invasive techniques represents one
of the most important advances in surgery during recent decades.
Compared with open surgery, use of minimally invasive
approach in colectomy, distal pancreatectomy, and hepatectomy
procedures permitted reductions in blood loss and transfusion
rates.[47] Laparoscopic distal pancreatectomy has gained rapid
acceptance, especially because of the low rate of intraoperative
Figure 11. Funnel plot of complications in included studies, showing no
publication bias.
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complications, short operative duration, and low morbidity.
Efforts to extend the minimal access approach to more complex
procedures have reached pancreaticoduodenectomy. With the
development of computer science and technology, Giulianotti[6]

performed the first robotic Whipple procedure in 2003, and then
the robotic surgical system was introduced into the field of
pancreatic surgery. As a new technique, MIPD for pancreatic
surgery is still controversial, and information regarding the
comparison of using minimally invasive procedures over
conventional OPD is rare. Therefore, a deliberate evaluation
and meta-analysis using the latest data of published studies was
made to compare the outcomes of MIPD and OPD. Although
some centers have already conducted similar meta-analyses, our
meta-analysis contains the latest and most comprehensive
literature.
The results of this meta-analysis suggest advantages of MIPD

over OPD in several aspects. First, MIPD was associated with a
reduction in postoperative hemorrhage and wound infection.
MIPDwas also associatedwith less EBL, a lower transfusion rate,
a shorter length of hospital stay, a higher R0 resection rate and
more lymph nodes harvested. In contrast, the minimally invasive
approach also had a much longer operative time. Finally, there
were no significant differences between the 2 procedures in POPF,
DGE, bile leakage, mortality, tumor size, vascular resection or
reoperation rate. In the subgroup meta-analysis, the results were
similar except that there was no difference in postoperative
hemorrhage.
In this meta-analysis, the clear shortcoming of MIPD was the

need of a long operation time, which could hinder the surgical
efficiency. The operative time was significantly higher for MIPD
than OPD, a common feature observed in other laparoscopic
procedures, which mainly depends on the surgeon’s experience
and case load.[49] There were several steps that affected the
operation time, such as the complex dissection of pancreatic
uncinate, the accurate anastomosis of alimentary canal and the
hemorrhage control from major vasculature. Considering the
factor of experience, surgeons who perform more MIPD may be
more skillful, and the outcomes from Buchs[9] are well explained,
who reported that the operative time they spent on laparoscopic
manners was lower than that for open procedure. Therefore, the
proficiency of surgeons, development of surgical equipment, and
preoperative estimation are significant factors to minimize the
operative time.[50,51]

The most severe complications of pancreaticoduodenectomy
are POPF, which have a close correlation with recovery. Our
meta-analyses of 11 studies including 2432 patients showed there
was no significant difference in POPF rate between the MIPD
group and the OPD group. POPF is a major problem after
pancreatic surgery which could cause other severe complications.
However, the texture of the pancreas and the diameter of the
main pancreatic duct were closely related to pancreatic fistula.[44]

In most cases of our analysis, authors neglect these 2 factors
which could influence the quality of the result. In accordance with
our study, the result of POPF in the former meta-analysis about
same topic also showed no significant difference.[50,52,53]

Minimally invasive approach has been proved to be related
with lower wound infection rates in abdominal surgery,[54] such
as cholecystectomy, colectomy, and gastrectomy. Our meta-
analysis of 7 studies including 755 patients proved that patients
who underwent surgery with a minimally invasive approach
suffered fewer wound infections compared with the OPD group.
As is known to all, the minimally invasive approach would limit
the contamination of the surgical site because of the minor
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abdominal incision. Although other articles failed to draw the
same conclusion, considering that information about definitions
of wound infection as well as antibiotics used in the perioperative
period were not mentioned in most studies, this question need to
be investigated by RCT studies.
Postoperative hemorrhage is one of the most common

complications in every surgical operation. In our meta-analysis,
patients with MIPD suffered fewer postoperative hemorrhages
compared with the OPD group. Perhaps patients who receive
minimally invasive surgery may be selected by surgeons, such as
patients who are not prone to bleeding or without vascular
invasion received minimally invasive surgery. However, this
finding also indicates that minimally invasive surgery can achieve
the same effect on hemorrhage control as open techniques such as
suture or ligation. In addition, our data of meta-analysis
suggested there were no differences in other complications
between 2 groups, such as DGE rate, mortality, and bile leakage.
A well-designed randomized, prospective study comparing the
open versus laparoscopic surgical approach would likely not be
practicable because of the inadequate of standardization and
intrinsic complexities of the pancreatic disease.[40]

Operative blood loss was shown in the meta-analysis to be
lower in the MIPD group. It is true that the magnified view
afforded by laparoscopy enhances the surgeon’s view of the
structures surrounding the specimen. With the help of laparo-
scopic instruments, surgeons could achieve precise dissection
along appropriate planes, especially during dissection of the
plane between the pancreatic uncinate and the superior
mesenteric vessels. This explains the reason that OPD patients
experienced much operative blood loss than MIPD patients. It
also needs to be noted that during the preoperative assessment,
those with expected bleeding were directly assigned to receive an
open PD by the surgeons.[55] Comparison of the operative blood
loss required high-quality articles with matched cases, which
could eliminate the selection bias to the greatest extent.
As for oncologic outcomes, R0 status and lymph node retrieval

can be used as indicators of the postoperative prognosis.[50] Our
meta-analysis showed that MIPD had a significantly higher R0
resection rate and more lymph nodes were harvested in theMIPD
group compared with the OPD group. The visual magnification
provided by MIPD may allow for better lymph node clear-
ance.[52] Besides, our meta-analysis showed no significant
differences in tumor size between the MIPD group and the
OPD group. It is probable that larger tumors were operated using
the open approach, and use of MIPD was prepared for patients
with smaller lesions.
Another benefit of MIPD is a shorter hospital stay, which was

proven by our data. Patients in the MIPD group had an average
hospital stay that was 2.86 days shorter than the OPD group. As
for cost-effective data, there were seldom included studies that
described it in both groups. Mesleh reported that laparoscopic
PD demonstrated an equivalent overall cost compared with OPD.
Although operating time and supply costs were higher, this was
balanced by the decreased cost of postoperative admission.[37]

There was no comparison in surgical prognosis between these 2
manipulations. Most of the studies focused on clinical treatment;
only a small proportion obtained real-time follow-up. Therefore,
we could not conduct the meta-analysis for short-term or long-
term prognosis because of the lack of prognostic data from our
original literature.
This meta-analysis has some limitations that must be taken into

account. First, there were no RCTs, and no prospective studies of
high quality that provided unbiased data for our analysis. This is,
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however, not only a limitation of our study, but an important
indication that the widespread application of these techniques is
yet to be achieved. Second, there was inevitably a selection bias in
the published literature, as the baseline characteristics of patients
and the indications for operative procedures in the 2 groups were
not equal in all studies. It is also better to compare results of
MIPD and OPD with risk stratification, but the available data
was inadequate. In addition, patient preference, surgeon referral
patterns, and evaluation of resectability could have introduced
bias into selection of the approach. Sometimes, surgeons
preferred to perform MIPD in healthy patients with fewer
comorbidities, smaller lesions, a dilated common bile duct, and
lower body mass index. Third, we applied a random-effects
model to take between-study variation into consideration.
Another major limitation lies in the possibility of publication
bias, in which centers and individual surgeons who have had
positive outcomes with MIPD are more likely to publish their
findings. For each center, studies with significant results are more
likely to get published than those with nonsignificant results.
Some great pancreatic centers conduct a high volume of
laparoscopic surgery and report their positive minimal approach
findings. On the other hand, high-volume pancreatic centers
regularly perform conventional open surgery and would report
better results for OPD, and there is no doubt that their data
would support OPD. Therefore, we performed a subgroup meta-
analysis of high-volume centers and drew a similar conclusion,
which aimed to reduce the influence of center bias. Finally, the
cost comparison of MIPD versus OPD was not assessed in all
studies. More evidence of prospective, multicenter, RCTs is
needed to further address the true role of a minimally invasive
technique in pancreatic surgery.
5. Conclusions

The findings of this meta-analysis suggest that MIPD was
associated with fewer postoperative hemorrhages, fewer wound
infections, longer operative time, less EBL, lower transfusion rate,
shorter length of hospital stay, higher R0 resection rate, andmore
lymph nodes harvested compared with OPD. The minimally
invasive approach can be a reasonable alternative to open PD
with potential advantages. A selected population of patients
treated with MIPD will show better surgical outcomes. RCTs or
prospective cohort studies, which avoid selection and experi-
mental bias and control for confounding factors, are necessary to
adequately evaluate this question before routine application can
be recommended.
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