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KEYWORDS Summary Robot-assisted distal pancreatectomy (RADP) has been developed with the aim of
Distal improving surgical quality and overcoming the limitations of laparoscopic distal pancreatec-

pancreatectomy; tomy (LDP) and open distal pancreatectomy (ODP) for pancreatic resections. A systematic
Robotics; search was performed in the PubMed, EMBASE, Cochrane Library, Web of Science, and China
Laparoscopy; Biology Medicine databases up to December 2016 for studies that compared the surgical out-
Meta-analysis comes of RADP vs. LDP or ODP for pancreatic resections. The weighted mean differences, odds

ratios and 95% confidence intervals were calculated, and the data were combined using the
random-effects model. The GRADE system was used to interpret the primary outcomes of this
meta-analysis. A total of seventeen non-randomized observational clinical studies involving
2133 patients satisfied the eligibility criteria. Compared with LDP, RADP was associated with
a longer operative time (P = 0.018), a shorter hospital length of stay (P = 0.030), and a higher
rate of spleen preservation (P = 0.022). Moreover, RADP was associated with a shorter hospital
LOS (P = 0.014) and a lower total complication rate (P = 0.034) than ODP. We found no sta-
tistically significant differences between the techniques in the mean estimated blood loss, se-
vere complication rate, incidence of total pancreatic fistulas or incidence of severe pancreatic
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fistulas. The overall quality of evidence was poor for all outcomes. This meta-analysis indicates
that RADP may be safe and comparable in terms of surgical results to LDP and ODP. Further
RCTs are needed to confirm the outcomes of this meta-analysis.

© 2018 Asian Surgical Association and Taiwan Robotic Surgery Association. Publishing services
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The development of minimally invasive approaches for
pancreatic surgery represents one of the most recent and
challenging fields in abdominal surgery' because of the
retroperitoneal location of the pancreas and its proximity
to major vasculature.?* There are three types of surgeries
that are performed for pancreatic disease. The type of
surgery (e.g., the Whipple procedure, distal pancreatec-
tomy and total pancreatectomy) a patient receives de-
pends on where the lesion is located in the pancreas.*®
Since the first laparoscopic distal pancreatectomy (LDP)
was performed in 1994,° LDP has been widely adopted for
pancreatic disease because of the shorter hospital stay,
reduced analgesic requirement, and reduced wound
infection incidence compared with open distal pancrea-
tectomy (ODP).” The advantages of the conventional lapa-
roscopic approach mainly include the minimal invasiveness
and expedited postoperative recovery, with an effective-
ness and safety profile that are comparable to those of the
open procedure.®® However, laparoscopic surgery still has
several limitations, such as limited degrees of freedom for
manipulation, 2D imaging adaptation, and a steep learning
curve.” To overcome the technical limitations of laparo-
scopic surgery, robotic surgical systems that allow for mo-
tion scaling, 3D visualization and a high degree of freedom
have been introduced.'""?

According to recent reports, robotic surgery may be a
simpler method of expanding the indications of minimally
invasive surgery compared with laparoscopic surgery for
pancreatic lesions. The literature pertaining to the robotic
approach to this procedure is increasing. However, the
adoption of minimally invasive techniques for pancreatic
surgery has lagged behind that of other surgical tech-
niques.'*' Barriers to the implementation of minimally
invasive pancreatic surgery include the retroperitoneal
location of the pancreas and its proximity to vascular
structures.” Indeed, robotic assistance has minimally
expanded the range of the feasibility of laparoscopic op-
erations, and improvements in patient outcomes that have
been proposed for many operations have not yet been
unambiguously demonstrated. Additionally, the single-
institution designs and varying systems of complication
appraisal have limited the abilities of these studies to
provide conclusive objective results. To overcome these
limitations, a meta-analysis was performed to evaluate the
relative merits of robotic surgery for pancreatic resections
compared with conventional laparoscopic and open ap-
proaches to pancreatectomy.'¢~'®

In the present study, we aimed to systematically and
objectively assess the value of RADP for pancreatic lesions.

Additionally, we adopted the Grades of Recommendation,
Assessment, Development, and Evaluation Working Group
(GRADE)" to interpret the quality of evidence for major
outcomes in this meta-analysis. GRADE has been used as a
tool with which to rate the qualities of bodies of evidence
of meta-analyses and other forms of evidence and has been
received with great enthusiasm by many national and in-
ternational organizations.

2. Materials and methods

2.1. Registration number

This systematic review has been registered in the interna-
tional prospective register of systematic reviews (PROS-
PERO #CRD 42017054195; http://www.crd.york.ac.uk/
PROSPERO/display_record.asp?ID =CRD42017054195).

2.2. Literature search

A systematic search was performed in PubMed, EMBASE, the
Cochrane Library, the Web of Science, and the China
Biology Medicine disc (CBMdisc) up to December 2016 for
studies that compared the surgical results of RADP vs. LDP
or ODP. The following search terms were used: Pancrea-
tectomy OR Pancreatectomies OR Pancreas OR Pancreas
AND Robotics OR Da Vinci Robot OR Robot assisted OR ro-
botic OR Da Vinci Robot assisted OR Telerobotics OR Remote
Operations OR Robot OR Robotics. All searches were per-
formed with combinations of the medical subject heading
terms (MeSH) and free words. The retrieval strategies were
determined by performing multiple pre-retrievals. We
included studies that compared RADP vs. LDP or ODP for
pancreatic lesions in patients of any age and gender and set
RADP as the intervention group and LDP and ODP as the
control groups according to the PICO programme.

2.3. Study selection

Studies were included if they were controlled studies of
RADP vs. LDP or ODP and reported at least one of the out-
comes. Additionally, only the most recent study was
included if the authors and/or institutions included overlap
between two or more studies. Two authors (Niu XD and Ma
SX) independently evaluated the included studies and
resolved disagreements by discussion. The third author (Yao
L) made the final decision regarding the eligibility of the
studies. The following studies were excluded: abstracts,
letters, editorials and expert opinions, reviews without
original data, case reports, studies lacking control groups,
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studies that did not provide sufficient data for the above-
mentioned techniques, studies with unclear patient out-
comes and parameters, studies with the same authors and
institutions, and studies with Newcastle—Ottawa Scale
(NOS) scores < 7.%°

2.4. Definitions

Surgeries for lesions in the middle part (body) or narrow
end (tail) of the pancreas were termed distal pancreatec-
tomies.> The following three primary intraoperative out-
comes were analysed: operative time (OT), mean
estimated blood loss (EBL), and spleen-preservation (SP)
rate. The following five primary postoperative outcomes
were analysed: hospital length of stay (LOS), total compli-
cations (TCs), severe complications (SCs), total pancreatic
fistulas (TPFs), and severe pancreatic fistulas (SPFs).
Pancreatic fistulas were defined by a drain output of any
measurable volume of fluid on or after postoperative day 3
with an amylase content >3 times the serum amylase level
and were classified according to the criteria of the Inter-
national Study Group of Pancreatic Fistula (ISGPF).?' Grade
B and C fistulas were regarded as clinical PFs, i.e., severe
pancreatic fistulas. Postoperative complications were
categorized with the Clavien-Dindo grading system (grades
I—II and IlI—-1V) for intra-abdominal surgical complications,
and complications of grade Ill or higher were regarded as
severe complications.”” Conversion was defined when a
resection was attempted via the robotic or laparoscopic
approach but required an open incision (regardless of the
incision size) to complete the resection.

2.5. Data extraction and methodological quality
appraisal

The following information, if available, was independently
extracted by two authors (Niu XD and Ma SX) and summa-
rized for each of the included studies: 1) general informa-
tion (i.e., the first author’s surname, publication date,
district, and study design); 2) characteristics of the par-
ticipants (i.e., size, gender, age, body mass index [BMI],
tumour size, and pathological diagnosis); and 3) clinical
outcomes (i.e., operative time, EBL, SP, LOS, TCs, SCs,
TPFs, and SPFs). Because all of the included studies were
case-control studies, the quality assessment was performed
with the NOS (http://www.ohri.ca/programs/clinical_
epidemiology/oxford.asp). A score of 0—10 was assigned
to each study. In general, studies were considered to be
of high quality if they achieved a score >7.
Disagreements were resolved by discussion and
consultation with the senior investigator (Yao L).

2.6. Quality of the evidence

The five GRADE considerations (i.e., risk for bias, consis-
tency of effect, imprecision, indirectness, and publication
bias) were used to assess the qualities of the primary out-
comes. We concluded our evaluation of the quality of evi-
dence using the methods and recommendations described
in Section 8.5, Chapter 12, of the Cochrane Handbook for

Systematic Reviews of Interventions and using the GRADE-
pro software.

2.7. Statistical analysis

The meta-analysis was performed with Stata/SE 12.0 (Stata
Corp, College Station, Texas 77845, USA). A random-effects
model is recommended for medical decision-making con-
texts, especially when the events are rare. Continuous
variables were pooled using the weighted mean difference
(WMD), and dichotomous variables were pooled using the
odds ratio (OR). The WMD and OR values are reported with
the 95% confidence intervals (Cls). P values < 0.05 were
considered statistically significant. If the studies docu-
mented the outcomes as medians and ranges, the means
and standard deviations (SDs) were estimated according to
the methods described by Hozo et al”® Heterogeneity was
evaluated using the Higgins /% value, and values < 25, 25 to
50, and >50 were defined as corresponding to low, mod-
erate, and high heterogeneity, respectively.”* Potential
causes of high heterogeneity were explored by performing
sensitivity analyses. The significance of the intercept was
determined with the t-test as suggested by Egger (P < 0.050
was considered representative of statistically significant
publication bias).

3. Results

3.1. Study selection

Our combined search strategy generated 1569 studies.
After exclusion of the irrelevant articles and elimination of
duplicates, eighteen articles were considered for review.
Among them, two studies'®?> that were published by the
same team at different times were regarded as duplicate
studies, and we thus selected the latest study.' In total,
seventeen’>1%2673? articles with a total of 2133 patients
were selected according to our inclusion and exclusion
criteria. The selection process is illustrated in Fig. 1.

3.2. Study characteristics

The study characteristics of the seventeen selected articles
are displayed in Table 1. The 2133 included patients
comprised 409 RADP, 970 LDP, and 754 ODP cases. All of the
studies had retrospective and prospective designs because
randomized controlled trials on this topic are lacking.
There was only one prospective non-randomized study, and
the others were retrospective studies. The three groups
were comparable in age, BMI, gender, and malignancy rate.

3.3. Methodological quality assessment

The qualities of the included studies were satisfactory;
specifically, three studies received nine stars, seven
received seven stars, and the remaining studies received
eight stars. All the studies were of high quality according to
the NOS. Tables 2 and 3 present summaries and ratings of
the evidence qualities of the primary outcomes, which
included operative time, SP, TCs, TPFs and LOS, and
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Figure 1

indicate that the total qualities of the evidence were low
for the operative time, LOS, SP, and TPFs in the RADP vs.
ODP and LDP comparisons. Additionally, the total quality of
evidence was moderate for total complications in the RADP
vs. ODP comparison.

3.4. Evidence from primary intraoperative
outcomes

3.4.1. Operative time

Forest plots of the primary operative outcomes are pre-
sented in Figs. 2—4. All studies provided information on the
operative time in addition to five articles.’*3%3235 The
meta-analysis revealed significant heterogeneity between
RADP and LDP or ODP (/> = 90.6%; P < 0.001 and I* = 87.8%;
P < 0.001, respectively). The forest plots revealed that
robotic surgery required a significantly longer operative
time than LDP (WMD = 37.27 min, 95% Cl, 6.34 to 68.21;
P = 0.018; Fig. 2). However, the results of the meta-
analysis of the six included studies revealed that the

No relevant outcome:21
Insufficient information for
analysis:76

-

One article with duplicate data was
excluded

Flow chart of literature selection.

operative time was not different between RADP and ODP
(WMD = 32.93 min, 95% CI, —13.43 to 79.29; P = 0.164;
Fig. 2).

3.4.2. EBL

The EBL was reported in thirteen studies (Fig. 3). There was
a wide variation in the EBL for RADP and LDP, and no sig-
nificant difference was found between the groups
(WMD = —14.94 ml, 95% Cl, —125.97 to 96.10; P = 0.792).
There was high heterogeneity among the studies
(I = 86.4%; P < 0.001). The EBL in ODP was comparable to
that in RADP (WMD = —185.89 ml, 95% CI, —478.10 to
106.32; P = 0.212). There was no difference in EBL be-
tween the two groups (I = 94.1%; P < 0.001).

3.4.3.SP

Twelve studies presented SP results (Fig. 4). The meta-
analysis indicated that the SP was significantly higher for
RADP than LDP (OR = 2.16, 95% Cl, 1.12 to 4.17;
P = 0.022), with high heterogeneity ( = 53.6%;



Table 1 Summary of studies included in the meta-analysis.
Study Year District Study group Study design  Size Gender(F) Age (yr) BMI Malignant (%) NOS (score)
Waters et al 2010 USA RADP VS.LDP prospective  17/18/22 65/50/55 64/59/59 NR 0/11/50 7
VS.ODP
Kang et al 2011 Korea RADP VS.LDP retrospective 20/25 60/56 44,5 + 15.9/ 24.2 +2.9/23.4+ 2.6 10/40 8
56.5 + 13.9
Daouadi et al 2013 USA RADP VS.LDP retrospective 30/94 67/65 59 + 13/59 + 16 27.9 £5.1/29.0 £ 7.1 43/15 7
Duran et al 2014 Spain RADP VS.LDP retrospective 16/18/13 44/50/53 61 + 11/58.3 £+ 10/ NR 56/44/46 7
VS.ODP 63.8 + 10
Benizriet al 2014 France RADP VS.LDP retrospective 11/23 72.7/56.5 50.1 £ 21.1/ 25.6 +5.8/26.5 + 4.7 0/13 9
52.3 + 14.7
Boggi et al 2014 ltaly RADP VS.ODP prospective  11/11 45.5/36.4 61.81(50—74)/ 24.8(18.4—35.0)/ 45.4/54.5 8
68.45(49—78) 25.0(17.9—30.8)
Butturini et al 2015 Italy RADP VS.LDP prospective  22/21 77.3/71.5 54(26—77)/55(20—71) 25.33/24.19 13.6/9.5 8
Chen et al 2015 China RADP VS.LDP retrospective 69/50 66.7/64.0 56.2 + 13.3/ 24.6 +2.8/24.6 3.0 23.2/22.0 9
56.5 + 15.0
Lai et al 2015 Hong Kong RADP VS.LDP retrospective 17/18 41.2/77.8 61.2 + 10.4/ 24.1 +2.3/25.7 £ 2.7 17.6/11.1 8
SAR, China 63.2 + 17.9
LeeS. Y 2015 USA RADP VS.LDP retrospective 37/131/637 73/56/55 58(11.1)/58(15.0)/ 28.7/28.2/28.4 11/15/39 8
VS.ODP 63(13.5)
Ryan et al 2015 USA RADP VS.LDP prospective  18/16 50/38 68(67 + 12.5)/ 28(29 £ 7.1)/ 22.2/18.8 7
58(60 + 17.0) 25(25 + 4.5)
Adam et al 2015 USA RADP VS.LDP retrospective 61/474 54/48 65 + 14/64 + 13 NR NR 8
Deng et al 2015 China RADP VS.LDP retrospective 12/22 75/72.7 46.50 + 16.08/ 25.19 + 3.47/ 8.3/13.6 7
48.50 + 14.88 23.63 + 3.94
Lee et al 2016 Hong Kong RADP VS.LDP retrospective 18/6/46 50/50 58(39—80)/54.5(23 NR 16.7/16.7/8.7 7
VS.ODP —80)/55.5(22—79)
Eckhardt et al 2016 Germany RADP VS.LDP retrospective 11/23 66/59 48.5(29—-76)/59(17 23(19.61—34.09)/ 0/6 8
—85) 26.99(19—36.4)
Goh et al 2016 Singapore RADP VS.LDP retrospective 8/31 75.0/41.9 57(21—68)/56(25—78) 27.6(21.5—30.7)/ 0/12.9 9
23.9(18.7—35.9)
Jin et al 2016 China RADP VS.ODP retrospective 31/25 64.5/52 51(40—63)/51(40—61) 23.8 +3.1/23.6 + 4.3 25.8/16 7
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Table 2 Robot-assisted compared to laparoscopy distal pancreatectomy.
Patient or population: patients with distal pancreatectomy
Intervention: robot-assisted laparoscopic distal pancreatectomy
Comparison: laparoscopic distal pancreatectomy
QOutcomes Illustrative comparative risks® (95% Cl) Relative No of Participants Quality of the Comments

Assumed risk Corresponding risk effect (studies) evidence (GRADE)
(95% ClI)
Laparoscopy Robot
Operative time The mean operative time 694 (12 studies) @®eeo
in the intervention very low™<d
groups was 37.27 higher
(6.34 to 68.21 higher)
Length of stay The mean length of stay 1286 (13 studies) @@ ©© low™*
in the intervention
groups was 1.33 lower
(2.53 to 0.13 lower)
Spleen-preservation 335 per 1000 568 per 1000 (361—678) OR 2.61 612 (11 studies) @ ® o6 low™
rate (1.12—4.17)
Overall pancreatic 289 per 1000 287 per 1000 (214—374) OR 0.99 687 (11 studies) ®0 00 low
fistula (0.67—1.47)
Overall 498 per 1000 517 per 1000 (423—609) OR 1.08 656 (12 studies) @ ®© S low™
complications (0.74—1.57)

Cl: Confidence interval; OR: Odds ratio; GRADE Working Group grades of evidence.
High quality: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect,

but there is a possibility that it is a substantially different.

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the

effect.

Very low quality: We are very uncertain about the estimate We have very little confidence in the effect estimate: The true effect is

likely to be substantially different from the estimate of effect.

2 The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk
(and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its

95% Cl).
b Risk of bias was unclear or high in the study/studies.
¢ Heterogeneity >50.

9 The confidence intervals were wide (overlapped clinically significant effects and no effect.

P < 0.017). Conversely, pooled analysis revealed no dif-
ference in SP between RADP and ODP (OR = 2.51, 95% ClI,
0.73 to 8.63; P = 0.145).

3.5. Evidence from primary postoperative
outcomes

3.5.1. Total complications

Forest plots of the primary postoperative outcomes are
presented in Figs. 5—9. The short-term postoperative total
complications were recorded in all but three studies that
provided incomplete data.®?®?° The incidence of total
postoperative complications was similar after RADP and LDP
(OR = 1.08, 95% Cl, 0.74 to 1.57; P = 0.686), without
heterogeneity among studies (> = 0%; P = 0.922); how-
ever, the TC rate was significantly lower after RADP than
after ODP (OR = 0.55, 95% CI, 0.32 to 0.96; P = 0.034;
Fig. 5). There was low heterogeneity between RADP and
ODP (> = 8.9%; P = 0.356).

3.5.2. Severe complications

SCs were recorded in nine studies. There was low hetero-
geneity for SCs, and the combined results (* = 38.5%;
P = 0.135 and I* = 38.8%; P = 0.162, respectively) in a
fixed-effects model revealed no difference between RADP
and LDP (OR = 1.39, 95% Cl, 0.68 to 2.83; P = 0.366).
Moreover, there was no statistically significant difference
between RADP and ODP (OR = 0.91, 95% ClI, 0.33 to 2.48;
P = 0.853; Fig. 6).

3.5.3. Total pancreatic fistula

Twelve studies reported the incidence of TPFs. There was
no difference in the incidence of TPFs between RADP and
LDP (OR = 0.99, 95% ClI, 0.67 to 1.47: P = 0.962), with no
heterogeneity among studies (/> = 0%; P = 0.982). None of
the five included studies revealed any significant difference
in the pancreatic fistula rates of RADP and ODP, and the
meta-analysis yielded a similar result (OR = 0.60, 95% ClI,
0.29 to 1.24; P = 0.168), without heterogeneity among
studies (> = 0%; P = 0.843, Fig. 7).
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Table 3  Robot-assisted compared to open distal pancreatectomy.

Patient or population: patients with distal pancreatectomy

Intervention: robot-assisted laparoscopic distal pancreatectomy

Comparison: open distal pancreatectomy

QOutcomes Illustrative comparative risks® (95% Cl)  Relative No of Participants Quality of the Comments
Assumed risk Corresponding risk effect (studies) evidence
(95% Cl) (GRADE)
Open Robotic
Operative time The mean operative time in 884 (6 studies) D006 low™

the intervention groups was
32.93 higher (13.43 lower to
79.29 higher)
Length of stay The mean length of stay in 884 (6 studies) ®®00 low™
the intervention groups was
4.66 lower (8.38—0.93

lower)
Spleen-preservation 136 per 1000 283 per 1000 (103—576) OR 2.51 828 (5 studies) ®D00 low™
rate (0.73—-8.63)
Overall pancreatic 145 per 1000 93 per 1000 (47—174) OR 0.60 862 (5 studies) ®®00 low
fistula (0.29—1.24)
Overall 684 per 1000 544 per 1000 (409—675) OR 0.55 855 (5 studies) e8®0
complications (0.32—0.96) moderate”

Cl: Confidence interval; OR: Odds ratio; GRADE Working Group grades of evidence.

High quality: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect,
but there is a possibility that it is a substantially different.

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the
effect.

Very low quality: We are very uncertain about the estimate. We have very little confidence in the effect estimate: The true effect is
likely to be substantially different from the estimate of effect.

@ The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk
(and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its
95% Cl).

b Risk of bias was unclear or high in the study/studies.

¢ Heterogeneity >50.

9 The confidence intervals were wide (overlapped clinically significant effects and no effect).

RADP vs LDP RADP vs ODP

Study % Study %
[} WMD (95% Cl) Weight D WMD (95% CI) Weight
Joshua A Waters (2010) —— 7400 (3482,113.18) 841 !

: Joshua A Waters (2010) —— 64.00 (2257, 105.43) 1837
Chang Moo Kang (2011) —_— 90.50 (19.71,16129) 644 '
Mustapha Daouadi (2013) — ! 79.00(12282,-35.18) 813 Ugo Bogg (2014) _.H 131,00 (51.50,21050) 1318
Emmanuell Benizri (2014) —— 31.00 (5.85, 56.15) 9.13 ]

) i
Hipolito Duran (2014) — 65.00 (28.19, 101.81) 854 Hipolito Duran (2014) —_— -51.66 (-140.72, 37.40) 1200
Giovanni Butturini (2015) —— 36.25 (-4.48, 76.98) 832 !

! Ser Yee Lee (2015) —— 28.00(9.17,46.83) 2079
Eric C. H. Lai (2015) —— 47.80 (7.12, 88.48) 832 i
Serresles i ™3 e % Jia-Bin Jin (2016) — ! 4000 (6451,-1549) 2030
Yong Deng (2015) —— 2181 (-6.31, 49.93) 9.00 !
Carrie E. Ryan (2015) — 32.00 (-1.33, 65.33) 873 K -F. Lee (2016) — 80.75 (17.52, 143.98) 1537
Shi Chen (2015) - ! -50.00(-70.18,-29.82) 933

| Overall (\-squared = 87.8%, p = 0.000) <<> 32.93(-1343,79.29) 100.00
Brian K. P. Goh (2016) i ——— 22750 (154.22, 300.78) 6.29 !
Overall (-squared = 90.6%, p = 0.000) <> 37.27 (6.34,68.21) 100.00
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis

T T

T T
-301 0 301 211 0 1

Figure 2  Forest plot comparing operative time for RADP versus LDP and ODP.

3.5.4. Severe pancreatic fistula P = 0.864). The meta-analysis of RADP and LDP revealed
Eight studies reported the incidence of SPF. The analysis no statistically significant difference (OR = 1.36, 95% ClI,
of SPF revealed homogeneity among the studies (> = 0; 0.75 to 2.47; P = 0.309). Moreover, there was also no
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RADP vs LDP RADP vs ODP
Study % Study %
D WMD (95% CI) Weight D WMD (95% Cl) Weight
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Figure 3  Forest plot comparing the mean amount of estimated blood loss for RADP versus LDP and ODP.
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Figure 4 Forest plot comparing spleen-preservation rate for RADP versus LDP and ODP.
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Figure 5

Forest plot comparing total complications for RADP versus LDP and ODP.
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Figure 6 Forest plot comparing severe complications for RADP versus LDP and ODP.
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Figure 7 Forest plot comparing total pancreatic fistula for RADP versus LDP and ODP.
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Figure 8 Forest plot comparing severe pancreatic fistula for RADP versus LDP and ODP.

statistically significant difference between RADP and
ODP (OR = 0.53, 95% Cl, 0.23 to 1.21; P = 0.130;

Fig. 8).

3.5.5. LOS

LOS was reported in all but one study® (Fig. 9). The meta-
analysis revealed significant heterogeneity between RADP

and LDP or ODP (/> = 71.0%; P < 0.001 and I* = 82.8%;
P < 0.001, respectively). The LOS was significantly shorter

after RADP than LD
—0.13; P = 0.030).

P (WMD = —1.33 days, 95% Cl, —2.53 to
The patients who underwent RADP had

a significantly shorter hospital stay than those who under-

went ODP (WMD =

P = 0.014).

—4.66 days, 95% Cl, —8.38 to —0.93;
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Figure 9  Forest plot comparing hospital length of stay for RADP versus LDP and ODP.

3.6. Sensitivity analysis

We performed a sensitivity analysis on the primary out-
comes with high heterogeneity (i.e., operative time, EBL,
SP, and LOS) to explore their potential sources and assess
the robustness of these outcomes. After sequentially
omitting each of the included studies for each outcome,
we found that the study by Adam et al?® may have been
the source of heterogeneity for the length of hospital
stay between RADP and LDP, and the heterogeneity of
the pooled data analysis visibly decreased after the study
was excluded (I = 48.1%, P = 0.031). Similarly, the
study by Lee et al*® contributed to the high heteroge-
neity in the spleen preservation rate among RADP, LDP
and ODP. This heterogeneity was low after the study was
excluded ( = 11.9%, P = 0.334; I = 29.8%, P = 0.233,
respectively). However, potential causes of the high
heterogeneities for operative time and EBL could not be
identified.

3.7. Publication bias

Egger tests were performed to assess publication bias and
are presented in Table 4. The Egger tests did not indicate
publication bias in any of the primary outcomes, i.e.,
operative time, mean amount of EBL, SP rate, hospital LOS,
TCs, TPFs, or SPFs, with the exception of severe compli-
cations (P = 0.021).

4. Discussion

Although minimally invasive surgery improves quality of
life, assurance that this technique does not increase
morbidity and mortality is required.?* With the develop-
ment of the technique, minimally invasive surgery has
become a revolutionary application in general surgery
within the last century. According to most recent reports,
robotic surgery has advantages over laparoscopy and open

Table 4 Results of Egger test for all outcomes: RADP versus LDP and ODP.

Std_Eff t P>|t|
RADP VS. LDP RADP VS. ODP RADP VS. LDP RADP VS. ODP
oT slope —1.61 —0.24 0.140 0.820
bias 2.22 0.72 0.051 0.513
EBL slope —0.48 —0.39 0.647 0.732
bias —0.25 —0.51 0.806 0.661
LOS slope 0.32 —1.64 0.756 0.176
bias —1.53 —0.98 0.154 0.382
SP slope 1.19 —0.44 0.263 0.686
bias —0.46 0.81 0.659 0.479
TC slope 1.27 —1.24 0.234 0.304
bias -1.13 0.51 0.284 0.648
SC slope 2.62 5.10 0.047 0.015
bias -1.99 —4.42 0.103 0.021
TPF slope 0.49 0.45 0.635 0.684
bias —0.56 -1.22 0.589 0.310
SPF slope 2.58 0.71 0.049 0.606
bias —2.08 -2.81 0.092 0.217
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surgery in gastric cancer and colorectal cancer.”>*" How-
ever, the advantages of robotic surgery in colon cancer are
not clear,*” and for pancreatic resection, minimally inva-
sive surgery has long been the subject of controversy
focused on morbidity and mortality. Pancreatic resection
has been regarded as a challenging surgical procedure that
is associated with high morbidity and a mortality rate of up
to 5%. NCCN experts recommend that surgery for pancre-
atic disease should only be performed in hospitals that
perform more than 15 pancreatic surgeries each year.
Hospitals that perform many pancreatic surgeries often
produce better results.” With advances in techniques,
instrumentation, and surgical experience, minimally inva-
sive pancreatic resections are increasingly performed with
satisfactory results. Distal pancreatectomy lends itself to
an easier adoption of minimally invasive surgical techniques
than pancreaticoduodenectomy because it does not require
anastomotic reconstruction and intricate dissection. Distal
pancreatectomy has been widely applied in open surgery as
standard surgical treatment for pancreatic body and tail
lesions.

Our study demonstrates the safety and feasibility of the
robotic approach to distal pancreatectomy. Specifically,
the results of our study show that RADP does not increase
the rate of total complications, severe complications, is
associated to higher rate of spleen preservation, reduces
hospital length of stay and decreases total complications.

This meta-analysis revealed that the operative time was
longer in patients undergoing RADP than those undergoing
LDP but did not differ between RADP and ODP. In the present
study, we found RADP to be associated with a longer oper-
ative time than LDP. This finding is consistent with those of
most other studies in the literature.**~* There are several
reasons that may account for the longer operative time
associated with RADP. First, because this study represents
most of the research regarding initial experiences with RADP,
it includes the time required to adapt to a new technology
and technique. It is likely that we are still in the learning
phase for RADP, which may be attributable to the unavoid-
able surgical learning curve,*” which, in turn, may be further
compounded by the need to dock and undock the robot.
Second, the prolonged time spent in the operative room for
the robotic procedure is attributed to the additional setup
procedures required for the robot, which include prepara-
tion and docking. The robotic setup often takes half an hour
to complete. Third, most of the studies in the present
analysis did not explicitly describe the surgeon’s level of
proficiency. It has been suggested that experienced laparo-
scopic surgeons reach a plateau in operative time after
approximately 20 operations. To our surprise, the operative
time was longer in the RADP group than in the ODP group,
although the difference was not significant, even when ac-
counting for the robot assembly and disassembly times. This
fact is most likely due to the greater manoeuvrability pro-
vided by the robot, which increases the dexterity and range
of motion,® and the shortened vascular dissection time in
pancreatic surgeries. Additionally, extra time was required
in the ODP group to open and close the abdomen, whereas
the robotic docking and closure of the trocar could be
completed in less than 30 min.

Spleen preservation is a critical measure of success in
minimally invasive distal pancreatectomy. The preservation

of the spleen, however, depends not only on technical
factors but primarily on the indication for pancreatectomy.
Appropriate indications for SP remain an open question.
Some previous studies have reported a relatively higher
morbidity rate for SP and have thus discouraged surgeons
from performing LDP with SP."®"® Moreover, the preserva-
tion of the spleen during distal pancreatectomy can have a
positive effect by increasing patients’ immune system
function and reducing the risk of postoperative bleeding.*®
Based on our data, we observed that RADP offers the pos-
sibility of improving the rate of spleen preservation during
LDP. Conversely, the pooled analysis revealed no difference
in the spleen preservation rate between RADP and ODP.
Robotic-assisted surgery is a more recent development in
minimally invasive pancreatic resections. This development
theoretically retains the advantages of laparoscopic tech-
niques in terms of smaller surgical scars and faster recovery
and adds stable articulated instruments coupled with a
magnified 3D high-definition view with increased dexterity.
These benefits may provide a greater opportunity for
spleen preservation.3>**:5° The surgeon who performed the
majority of the procedures had the impression that the
separation of the splenic vessels from the surrounding
pancreatic tissue was better facilitated by the robotic
technique because it provides a 3D, magnified visual field
and 7 degrees of freedom due to the Endowrist technology.
This impression is supported by a previous retrospective
study that noted that the vessel-preserving SP rates were
significantly higher after RA-LDP than after C-LDP.*° In
contrast, Butturini et al conducted a prospective non-
randomized study in 43 patients and demonstrated no
benefit of RA-LDP over C-LDP." This controversy can be
resolved only by conducting a large-scale, prospective
controlled trial. The size of the present study is too small to
demonstrate a possible superiority of the robotic approach
in terms of achieving a higher spleen preservation rate.
Nonetheless, we believe that the superior technical char-
acteristics of the robot, such as the augmented, high-
quality, 3D vision and the precise, Endowrist instrument
motion, are sufficient to explain the potential superiority of
the robot, which has already been established in larger
studies.>**”>" It has been hypothesized that this superior-
ity is due to the increased dexterity of the robotic arms and
the superiority of the robot in suturing in tight spaces,
which facilitates the dissection of the small arterial
branches and venous tributaries from the splenic artery and
vein.*?>? The EBL is another critical factor in the success of
minimally invasive distal pancreatectomy. The analysis
demonstrated that the mean EBL in RADP was similar to
those in LDP and ODP. Intraoperative bleeding can be
influenced by many factors, including local extension of the
tumour, tumour size, and surgical expertise.

The total postoperative complication rate for RADP was
similar to that for LDP but significantly less than that for
ODP. In the present study, the total complication rates
were similar between RADP and LDP. With respect to SCs,
there were no statistically significant differences between
RADP and the other procedures. Currently, distal pancrea-
tectomy remains associated with a high morbidity rate
regardless of the surgical approach. Similarly, these find-
ings also demonstrated the safety of robotic surgery,
especially relative to ODP. Pancreatic fistula is the most
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common abdominal complication after distal pancreatec-
tomy and remains the main postoperative complication of
pancreatic surgery.”> Regarding the rate of pancreatic fis-
tula (including TPFs and SPFs), there was also no significant
difference between the RADP, LDP and ODP groups, which is
in accordance with the findings of previous reports,
regardless of the technique used to surgery. To date, there
is no strong evidence that the surgical approach (RADP vs.
LDP vs. ODP) affects the pancreatic fistula rate.*® However,
it is uniformly accepted that the risk of fistula formation is
increased when the pancreas has a soft texture and the
pancreatic duct is small.

The most consistent finding in this meta-analysis was a
shorter hospital LOS for RADP than for LDP and ODP. The
LOS was significantly shorter by 1.33 days in patients un-
dergoing RADP than in those undergoing LDP. However, the
LOS for RADP was significantly shorter (by 4.66 days) than
that for ODP. This result was mainly attributed to two
reasons, namely, there was a higher rate of patients with
severe PF in the LDP than in the RADP group, and there
were higher rates of other complications, such as wound
dehiscence, lung embolism and postoperative ileus, in the
LDP than in the RADP group. Both factors resulted in a
longer LOS in the LDP group.*°

We found that the study heterogeneities were high for
several outcomes, and we were unable to identify the
sources for operative time and EBL. We suggest that the
heterogeneity for operative time could potentially be due
to the experience of the surgeons, the different types of
DaVinci robotic systems used and the use of a total or
hybrid robotic technique. Larger errors in blood loss mea-
surements may be associated with the difficulty of
measuring this value precisely during surgery and the fact
that it is estimated by surgeons. Additionally, it is possible
that surgeons have been reporting positive results in terms
of EBL because the system is popular in most countries and
regions and because of its high cost. Moreover, the sur-
geons’ experience and proficiency with this system may
also have contributed to the heterogeneity for EBL.

The assessments of the quality of the evidence are
presented in Tables 2 and 3 and indicated that the overall
quality of the evidence was poor for the operative time,
LOS, SP, and TPFs in the RADP vs. ODP and LDP comparisons.
Moreover, the overall quality of evidence was moderate for
TCs in the RADP vs. ODP comparison. This result also sug-
gested that additional research in the future may influence
the confidence of this evaluation of the effect and likely
change the estimate. The major reason for this poor
assessment was that the studies were observational
studies, and, consequently, the risk of confounding bias was
unclear. Another factor that decreased the quality of the
evidence was the wide Cls for the outcomes of operative
time, LOS, spleen-preservation rate, and TPFs in distal
pancreatectomy.

This meta-analysis has several limitations that must be
taken into account when the results are considered. First,
the quality of the primary studies determines the quality of
the meta-analysis, and the studies included in this meta-
analysis had shortcomings in their methodologies. All of the
included studies were observational and included the like-
lihood of selection bias. It has been reported that NRCTs
can either exaggerate or underestimate the magnitude of

measured effects in an intervention study regardless of the
quality scores. However, Abrahama et al** found that meta-
analyses of well-designed NRCTs of surgical procedures are
probably as accurate as those of RCTs. Second, there was
heterogeneity between the two groups in operative time,
EBL, LOS, and SP because it was impossible to match the
patient characteristics in all studies. We applied a random-
effects model to consider the between-study variation, and
this approach may have been expected to suggest a limited
influence. Although sensitivity analysis using matched data
should reduce this bias, it cannot be eliminated. Robotic
procedures include the initial learning period, which may
have resulted in an unequal surgical quality comparison.
Most of the studies had small sample sizes, with fewer than
50 RADP procedures. Results with marginal statistical sig-
nificance should be interpreted with caution. Third, Egger’s
test yielded some results that suggested the possibility of
publication bias. This meta-analysis could not address the
problems introduced by confounding factors that may have
been inherent in the included studies. These confounders
may have biased the results either towards overestimation
or underestimation of the risk. Additionally, the primary
emphasis of this meta-analysis was to provide a short-term
outcome to elucidate the value of RADP in pancreatic
resection. The long-term efficacy of the surgical treatment
was not thoroughly discussed in some of the included trials.
Therefore, further RCTs that focus on long-term outcomes
are needed to identify potential advantages and disadvan-
tages of robotic surgery in distal pancreatectomy.

To date, there have been several meta-analyses
comparing RADP vs. LDP***>% and LDP vs. ODP, but no
study comparing RADP with LDP and ODP has been pub-
lished. Essentially, the results of our study are different
from those of other published studies that have not
compared RADP with the two other possible approaches
(robotic and open); in this aspect, our study can be
considered a novel study. Furthermore, the number of
previous studies was relatively small, and limited numbers
of patients were included. We collected 1569 articles in the
literature using a comprehensive research strategy. The
present meta-analysis included seventeen studies with a
total of 2133 patients, which resulted in a comparison of
409 patients who underwent RADP vs. 970 who underwent
LDP and 754 who underwent ODP. Finally, we decided to
perform a strategic double comparison to minimize the
possible bias because we realized that not all of the
seventeen selected articles had sufficient quality-level
data and because the overall number of patients was
relatively small. We also summarized and rated the evi-
dence qualities of the primary outcomes based on the five
GRADE considerations (i.e., risk for bias, consistency of
effect, imprecision, indirectness, and publication bias).

In summary, our meta-analysis is the most accurate and
current study present in the literature and can be consid-
ered as a foundation for subsequent investigations. Despite
the poor quality of evidence in the published studies to
date, our study revealed that RADP for pancreatic resection
is a promising new surgical technique that reduces the
duration of hospitalization and increases the SP rate
compared with LDP and reduces the TCs and duration of
hospitalization compared with ODP. However, these ad-
vantages come at the price of an increased operative time.
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Additional studies with larger sample sizes and high-quality
controlled clinical trials are needed to evaluate the bene-
fits and costs of RADP in patients undergoing distal
pancreatectomy.

Funding

This study was supported by Longyuan Youth Innovative
Talent Support Project, Gansu Province Health Industry
Research Project (grant number GWGL2013-47), and Lanz-
hou City talent Innovation and Business Project (grant
number 2016RC56).

Conflicts of interest

The authors have nothing to disclose (Xiangdong Niu, Bin
Yu, Liang Yao, Jinhui Tian, Tiankang Guo, Shixun Ma, and
Hui Cai).

Acknowledgements

The authors thank the DaVinci Surgery System Database
(DSSD, www.davincisurgerydatabase.com) and Kehu Yang
(Institution of Clinical Research and Evidence Based
Medicine, Gansu Provincial Hospital) for their help and
support with the methodology and meta-analysis process.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.asjsur.2018.08.011.

References

1. Butturini G, Damoli |, Crepaz L, et al. A prospective non-
randomised single-center study comparing laparoscopic and
robotic distal pancreatectomy. Surg Endosc. 2015;29(11):
3163—3170.

2. Vijan SS, Ahmed KA, Harmsen WS, et al. Laparoscopic vs open
distal pancreatectomy: a single-institution comparative study.
Arch Surg. 2010;145(7):616—621.

3. Benizri El, Germain A, Ayav A, et al. Short-term perioperative
outcomes after robot-assisted and laparoscopic distal pancre-
atectomy. J Robot Surg. 2014;8(2):125—132.

4. Grading of surgeon technical performance predicts post-
operative pancreatic fistula for pancreaticoduodenectomy in-
dependent of patient-related variables. Ann Surg. 2016;264(3):
482—489. https://doi.org/10.1097/SLA.0000000000001862.
Date of Publication: 01 Sep 2016.

5. NCCN Guidelines: Version 1. Panel Members Pancreatic Cancer.
National Comprehensive Cancer Network Version 1.2017; 2017.
Available at: https://www.nccn.org/professionals/physician_
gls/f_guidelines.

6. Daouadi M, Zureikat AH, Zenati MS, et al. Robot-assisted
minimally invasive distal pancreatectomy is superior to the
laparoscopic technique. Ann Surg. 2013;257(1):128—132.

7. DiNorcia J, Schrope BA, Lee MK, et al. Laparoscopic distal
pancreatectomy offers shorter hospital stays with fewer com-
plications. J Gastrointest Surg. 2010;14(11):1804—1812.

8. Venkat R, Edil BH, Schulick RD, Lidor AO, Makary MA,
Wolfgang CL, et al. Laparoscopic distal pancreatectomy is
associated with significantly less overall morbidity compared to

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

the open technique: a systematic review and meta-analysis.
Ann Surg. 2012;255(6):1048—1059.

. Kooby DA, Gillespie T, Bentrem D, et al. Left-sided pancrea-

tectomy: a multicenter comparison of laparoscopic and open
approaches. Ann Surg. 2008;248(3):438—446.

Tatooles AJ, Pappas PS, Gordon PJ, Slaughter MS. Minimally
invasive mitral valve repair using the da Vinci robotic system.
Ann Thorac Surg. 2004;77(6):1978—1982. discussion 1982—4.
Corcione F, Esposito C, Cuccurullo D. Advantages and limits of
robot-assisted laparoscopic surgery: preliminary experience.
Surg Endosc. 2005;19(1):117—119.

Giulianotti PC, Coratti A, Angelini M, et al. Robotics in general
surgery: personal experience in a large community hospital.
Arch Surg. 2003;138(7):777—784.

Giulianotti PC, Sbrana F, Bianco FM, et al. Robot-assisted
laparoscopic pancreatic surgery: single-surgeon experience.
Surg Endosc Other Interv Tech. 2010;24(7):1646—1657.
Matsunaga GS, Ahlering TE, Skarecky DW. Update on robotic
laparoscopic radical prostatectomy. Sci World J. 2006;6:
2542—-2552.

Zeh HJ, Bartlett DL, Moser AJ. Robotic-assisted Major
Pancreatic Resection. 2011:323—340.

Milone L, Daskalaki D, Wang X, Giulianotti PC. State of the art
of robotic pancreatic surgery. World J Surg. 2013;37(12):
2761-2770.

Melvin WS, Needleman BJ, Krause KR, Ellison EC. Robotic
resection of pancreatic neuroendocrine tumor. J Laparoendosc
Adv Surg Tech Part A. 2003;13(1):33—36.

The GRADE Working Group. GRADE Handbook for Grading
Quality of Evidence and Strength of Recommendations; 2014.
Available at: http://www.guidelinedevelopment.org/
handbook. Accessed March 20, 2014.

Wells GA, D O’Connell BS, Peterson J, Welch V. The Newcastle
Patent Scale (NOS) for Assessing the Quality of Nonrandomised
Studies in Meta- Analyses; 2014. Available at: http://www.
ohri.ca/programs/clinical_2014.

Bassi C, Dervenis C, Butturini G, et al. Postoperative pancre-
atic fistula: an international study group (ISGPF) definition.
Surgery. 2005;138(1):8—13.

Dindo D, Demartines N, Clavien PA. Classification of surgical
complications: a new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann Surg. 2004;240(2):
205—213.

Hozo SP, Djulbegovic B, Hozo I|. Estimating the mean and
variance from the median, range, and the size of a sample.
BMC Med Res Methodol. 2005;5:13.

Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ. 2003;327(7414):557—560.
Daouadi M, Zureikat AH, Zenati MS, et al. A standardized
operative technique for robot-assisted distal pancreatectomy:
maximizing oncologic principles. Ann Surg Oncol. 2012;19:
S157—-S158.

Adam MA, Choudhury K, Goffredo P. Minimally invasive distal
pancreatectomy for cancer: short-term oncologic outcomes in
1,733 patients. World J Surg. 2015;39(10):2564—2572.

Boggi U, Palladino S, Massimetti G, et al. Laparoscopic robot-
assisted versus open total pancreatectomy: a case-matched
study. Surg Endosc. 2015;29(6):1425—1432.

Chen S, Zhan Q, Chen JZ, et al. Robotic approach improves
spleen-preserving rate and shortens postoperative hospital
stay of laparoscopic distal pancreatectomy: a matched cohort
study. Surg Endosc Other Interv Tech. 2015;29(12):3507—3518.
Duran H, lelpo B, Caruso R, et al. Does robotic distal pancre-
atectomy surgery offer similar results as laparoscopic and open
approach? A comparative study from a single medical center.
Int J Med Robot Comput Assist Surg. 2014;10(3):280—285.
Eckhardt S, Schicker C, Maurer E, Fendrich V, Bartsch DK. Ro-
botic-assisted approach improves vessel preservation in


http://www.davincisurgerydatabase.com
https://doi.org/10.1016/j.asjsur.2018.08.011
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref1
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref1
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref1
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref1
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref1
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref2
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref2
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref2
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref2
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref3
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref3
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref3
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref3
https://doi.org/10.1097/SLA.0000000000001862
https://www.nccn.org/professionals/physician_gls/f_guidelines
https://www.nccn.org/professionals/physician_gls/f_guidelines
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref6
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref6
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref6
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref6
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref7
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref7
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref7
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref7
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref8
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref8
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref8
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref8
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref8
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref8
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref9
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref9
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref9
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref9
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref10
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref10
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref10
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref10
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref10
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref11
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref11
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref11
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref11
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref12
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref12
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref12
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref12
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref13
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref13
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref13
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref13
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref14
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref14
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref14
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref14
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref15
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref15
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref15
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref16
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref16
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref16
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref16
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref17
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref17
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref17
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref17
http://www.guidelinedevelopment.org/handbook
http://www.guidelinedevelopment.org/handbook
http://www.ohri.ca/programs/clinical_2014
http://www.ohri.ca/programs/clinical_2014
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref20
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref20
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref20
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref20
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref21
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref21
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref21
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref21
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref21
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref22
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref22
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref22
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref23
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref23
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref23
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref24
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref24
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref24
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref24
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref24
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref25
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref25
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref25
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref25
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref26
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref26
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref26
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref26
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref27
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref27
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref27
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref27
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref27
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref28
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref28
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref28
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref28
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref28
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref29
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref29

Robot-assisted laparoscopic distal pancreatectomy

45

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

spleen-preserving distal pancreatectomy. Dig Surg. 2016;33(5):
406—413.

Goh BK, Chan CY, Soh HL, et al. A comparison between robotic-
assisted laparoscopic distal pancreatectomy versus laparo-
scopic distal pancreatectomy. Int J Med Robot. 2017;13(1):
1478—1485.

Jin JB, Qin K, Li H. Robotic enucleation for benign or borderline
tumours of the pancreas: a retrospective analysis and com-
parison from a high-volume centre in Asia. World J Surg. 2016;
40(12):3009—-3020.

Kang CM, Kim DH, Lee WJ, Chi HS. Conventional laparoscopic
and robot-assisted spleen-preserving pancreatectomy: does da
Vinci have clinical advantages? (Provisional abstract). Surg
Endosc Other Interv Tech. 2011;25:2004—2009.

Lai EC, Tang CN. Robotic distal pancreatectomy versus con-
ventional laparoscopic distal pancreatectomy: a comparative
study for short-term outcomes. Front Med. 2015;9(3):356—360.
Lee KF, Fong A, Chong C, Cheung YS, Wong J, Lai Paul BS.
Minimally invasive versus open approach for distal pancrea-
tectomy: a retrospective comparative study. HPB. 2016;18:
e438.

Lee SY, Allen PJ, Sadot E, et al. Distal pancreatectomy: a single
institution’s experience in open, laparoscopic, and robotic
approaches. J Am Coll Surg. 2015;220(1):18—27.

Ryan CE, Ross SB, Sukharamwala PB, et al. Distal pancreatec-
tomy and splenectomy: a robotic or LESS approach. JSLS. 2015;
19(1). €2014.00246.

Waters JA, Canal DF, Wiebke EA. Robotic distal pancreatectomy:
cost effective? (Provisional abstract). Surgery. 2010;148:814—823.
Deng Y, Xia AN, Zhang SX, Feng YJ, Zhang BY. Comparative
analysis of clinical short-term outcomes of Da Vinci robot-
assisted spleen-preserving distal pancreatectomy and laparo-
scopic spleen-preserving distal pancreatectomy. Int J Surg.
2015;42(9):596—599.

Hyun MH, Lee CH, Kim HJ, Tong Y, Park SS. Systematic review
and meta-analysis of robotic surgery compared with conven-
tional laparoscopic and open resections for gastric carcinoma.
Br J Surg. 2013;100(12):1566—1578.

Zong L, Seto Y, Aikou S, Takahashi T. Efficacy evaluation of
subtotal and total gastrectomies in robotic surgery for gastric
cancer compared with that in open and laparoscopic re-
sections: a meta-analysis. PLoS One. 2014;9(7):e103312.

Li X, Wang T, Yao L, et al. The safety and effectiveness of
robot-assisted versus laparoscopic TME in patients with rectal
cancer: a meta-analysis and systematic review. Medicine
(Baltimore). 2017;96(29):e7585.

Huang B, Feng L, Zhao J. Systematic review and meta-analysis
of robotic versus laparoscopic distal pancreatectomy for

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

benign and malignant pancreatic lesions. Surg Endosc. 2016;
30(9):4078—4085.

Zhou JY, Xin C, Mou YP, et al. Robotic versus laparoscopic distal
pancreatectomy: a meta-analysis of short-term outcomes.
PLoS One. 2016;11(3):e0151189.

. Gauvriilidis P, Lim C, Menahem B, Lahat E, Salloum C, Azoulay D.

Robotic versus laparoscopic distal pancreatectomy - the first
meta-analysis. HPB (Oxford). 2016;18(7):567—574.

Pendola F, Gadde R, Ripat C, et al. Distal pancreatectomy for
benign and low grade malignant tumors: short-term post-
operative outcomes of spleen preservation - a systematic re-
view and update meta-analysis. J Surg Oncol. 2017;115(2):
137—143.

Shakir M, Boone BA, Polanco PM, et al. The learning curve for
robotic distal pancreatectomy: an analysis of outcomes of the
first 100 consecutive cases at a high-volume pancreatic centre.
HPB (Oxford). 2015;17(7):580—586.

Kimura W, Yano M, Sugawara S, et al. Spleen-preserving distal
pancreatectomy with conservation of the splenic artery and
vein: techniques and its significance. J Hepatobiliary Pancreat
Sci. 2010;17(6):813—823.

Koukoutsis |, Tamijmarane A, Bellagamba R, Bramhall S,
Buckels J, Mirza D. The impact of splenectomy on outcomes
after distal and total pancreatectomy. World J Surg Oncol.
2007;5(1):61.

Lanfranco AR, Castellanos AE, Desai JP, Meyers WC. Robotic
surgery: a current perspective. Ann Surg. 2004;239(1):14-21.
Hwang HK, Kang CM, Chung YE, Kim KA, Choi SH, Lee WJ.
Robot-assisted spleen-preserving distal pancreatectomy: a
single surgeon’s experiences and proposal of clinical applica-
tion. Surg Endosc. 2013;27(3):774—781.

Strijker M, van Santvoort HC, Besselink MG, et al. Robot-
assisted pancreatic surgery: a systematic review of the liter-
ature. HPB. 2013;15(1):1—10.

Goh BK, Wong JS, Chan CY, Cheow PC, Ooi LL, Chung AY. First
experience with robotic spleen-saving, vessel-preserving distal
pancreatectomy in Singapore: a report of three consecutive
cases. Singap Med J. 2016;57(8):464—469.

Goh BK, Tan YM, Chung YF, et al. Critical appraisal of 232
consecutive distal pancreatectomies with emphasis on risk
factors, outcome, and management of the postoperative
pancreatic fistula: a 21-year experience at a single institution.
Arch Surg. 2008;143(10):956—965.

Riviere D, Gurusamy KS, Kooby DA, et al. Laparoscopic versus
open distal pancreatectomy for pancreatic cancer. Cochrane
Database Syst Rev. 2016;4, CD011391.


http://refhub.elsevier.com/S1015-9584(18)30320-8/sref29
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref29
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref29
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref30
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref30
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref30
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref30
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref30
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref31
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref31
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref31
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref31
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref31
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref32
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref32
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref32
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref32
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref32
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref33
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref33
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref33
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref33
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref34
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref34
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref34
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref34
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref35
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref35
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref35
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref35
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref36
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref36
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref36
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref37
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref37
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref37
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref38
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref38
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref38
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref38
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref38
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref38
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref39
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref39
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref39
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref39
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref39
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref40
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref40
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref40
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref40
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref41
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref41
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref41
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref41
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref42
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref42
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref42
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref42
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref42
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref43
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref43
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref43
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref44
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref44
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref44
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref44
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref45
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref45
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref45
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref45
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref45
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref45
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref46
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref46
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref46
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref46
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref46
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref47
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref47
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref47
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref47
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref47
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref48
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref48
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref48
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref48
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref49
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref49
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref49
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref50
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref50
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref50
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref50
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref50
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref51
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref51
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref51
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref51
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref52
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref52
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref52
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref52
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref52
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref53
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref53
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref53
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref53
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref53
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref53
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref54
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref54
http://refhub.elsevier.com/S1015-9584(18)30320-8/sref54

	Comparison of surgical outcomes of robot-assisted laparoscopic distal pancreatectomy versus laparoscopic and open resection ...
	1. Introduction
	2. Materials and methods
	2.1. Registration number
	2.2. Literature search
	2.3. Study selection
	2.4. Definitions
	2.5. Data extraction and methodological quality appraisal
	2.6. Quality of the evidence
	2.7. Statistical analysis

	3. Results
	3.1. Study selection
	3.2. Study characteristics
	3.3. Methodological quality assessment
	3.4. Evidence from primary intraoperative outcomes
	3.4.1. Operative time
	3.4.2. EBL
	3.4.3. SP

	3.5. Evidence from primary postoperative outcomes
	3.5.1. Total complications
	3.5.2. Severe complications
	3.5.3. Total pancreatic fistula
	3.5.4. Severe pancreatic fistula
	3.5.5. LOS

	3.6. Sensitivity analysis
	3.7. Publication bias

	4. Discussion
	Funding
	Conflicts of interest
	Acknowledgements
	Appendix A. Supplementary data
	References


