Received: 28 March 2020

Revised: 22 May 2020

Accepted: 25 May 2020

DOI: 10.1002/ags3.12366

REVIEW ARTICLE

-j"; ) AG Surg Annals ofG;n(mcn[crulogic;;f:f_’yci\‘ Wl L EY

Current statement and safe implementation of minimally
invasive surgery in the pancreas

Hiromitsu Hayashi

Department of Gastroenterological Surgery,
Graduate School of Life Sciences, Kumamoto
University, Kumamoto, Japan

Correspondence

Hideo Baba, Department of
Gastroenterological Surgery, Graduate
School of Life Sciences, Kumamoto
University, 1-1-1 Honjo, Chuo-ku, Kumamoto
860-8556, Japan.

Email: hdobaba@kumamoto-u.ac.jp

1 | INTRODUCTION

| Hideo Baba

Abstract

Minimally invasive pancreatic resection has become very popular in modern pancre-
atic surgery. Evidence of the benefits of a minimally invasive approach is accumu-
lating thanks to prospective and randomized controlled studies. Minimally invasive
surgery provides advantages to the surgeon due to the high definition of the surgical
field and the freedom of fine movement of the robot, but should be considered only
in selected patients and in high-volume centers. Minimally invasive distal pancrea-
tectomy for benign and low-grade malignant tumors has established a secure posi-
tion over open distal pancreatectomy, since it is associated with a shorter hospital
stay, reduced blood loss, and equivalent complication rates. Minimally invasive distal
pancreatectomy for pancreatic ductal adenocarcinoma appears to be a feasible, safe,
and oncologically equivalent technique in experienced hands. On the other hand,
the feasibility and safety of minimally invasive pancreaticoduodenectomy are still
controversial compared with open pancreaticoduodenectomy. The choice of either
technique among open, laparoscopic, and robotic approaches depends on surgeons'
experience and hospital resources with a focus on patient safety. Further studies are
needed to prove the perioperative and oncological advantages of minimally invasive
surgery compared to open surgery in the pancreas. Here, we review the current sta-

tus of minimally invasive pancreatic surgery and its safe implementation.
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case of robotic distal pancreatectomy (RDP) was reported in 2002.%
Nowadays, laparoscopic and robotic approaches are becoming pop-

Minimally invasive pancreatic resection (MIPR) has become very
popular even in pancreatic surgery. Laparoscopic pancreatoduo-
denectomy (LPD) and laparoscopic distal pancreatectomy (LDP)
were introduced in 1994 and 1996, respectively.? Robotic surgical
systems had also already been established 20 years ago, and the first

ular in MIPR, and the Miami international evidence-based guidelines
on MIPR were announced in 2020.% In the guidelines, minimally
invasive distal pancreatectomy (MIDP) for benign and low-grade
malignant tumors established a secure position over open distal
pancreatectomy (ODP), since the former is associated with a shorter
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hospital stay, reduced blood loss, and equivalent complication rates.
Both laparoscopic and robotic DP can be safe and feasible options.
MIDP for pancreatic ductal adenocarcinoma (PDAC) appears to be a
feasible, safe, and oncologically equivalent technique in experienced
hands. On the other hand, the feasibility and safety of minimally in-
vasive pancreaticoduodenectomy (MIPD) is still controversial com-
pared with open pancreaticoduodenectomy (OPD). The choice of
either technique among open, laparoscopic, and robotic approaches
should be based on surgeons’ experience and hospital resources
with a view to patient safety. Thanks to the accumulation of pro-
spective and randomized controlled trials (RCTs), evidence of the
benefits of MIPR is steadily increasing. Here, we review the current
status of MIPR and its safe implementation.

2 | MINIMALLY INVASIVE DISTAL
PANCREATECTOMY (MIDP)

Distal pancreatectomy has traditionally been performed using an
open approach. In the past decade, the minimally invasive approach
using laparoscopic surgery or robot-assisted surgery has become
increasingly popular.>® Pooled data of observational studies, gen-
erally from single, high-volume expert centers, have suggested that
MIDP is associated with a shorter length of hospital stay compared
with ODP.”® Despite this potential benefit, MIDP is only used in
about one-third of patients, according to a recent analysis of the
National Surgical Quality Improvement Program (NSQIP) database.”
In Japan, a multicenter prospective registration study including 1197
LDPs revealed that postoperative morbidity and 90-day mortality
rates after LDP were 17% and 0.3%, respectively.10 Thus, LDPs are
performed safely in Japan, especially in experienced institutions.
The first multicenter, patient-blinded, randomized controlled trial
(LEOPARD study) demonstrated enhanced functional recovery after
MIDP compared with ODP.** MIDP also reduced operative blood
loss, delayed gastric emptying, hospital stay, and adverse effect on
postoperative quality of life.!t Additionally, MIDP (excluding the ro-
botic approach) has been reported to be at least as cost-effective as
ODP.*? Cosmesis and quality of life were similar in MIDP and OPD
1 year after surgery.'?

On the other hand, the clinical application of MIDP for PDAC
is still controversial. Radical (RO) resection and enough lymph node
retrieval are important for PDAC. The DIPLOMA trial “Minimally
Invasive vs Open Distal Pancreatectomy for Ductal Adenocarcinoma:
a Pan-European Propensity Score Matched Study” investigated
1212 patients with DP from 34 centers in 11 countries.”® Its main
outcomes were radical (RO) resection, lymph node retrieval, and sur-
vival. Of 356 (29%) MIDP patients, the conversion rate was 19% (65
of 356 cases), and the reasons were bleeding (26%), tumor advance-
ment (23%), vascular involvement (26%), insufficient overview (6%),
technical reason (5%), and unknown (12%). After matching (MIDP
and ODP each with 340 cases) using age, sex, body mass index,
American Society of Anesthesiologists physical status, previous ab-

dominal surgery, neoadjuvant therapy, year of surgery, tumor size,

involvement of other organs, and tumor location, MIDP showed
less blood loss and shorter hospital stay compared to ODP, whereas
Clavien-Dindo grade 23 complications and 90-day mortality were
comparable for MIDP and ODP. Although the RO resection rate was
significantly higher in MIDP, Gerota's fascia resection was less fre-
quent and lymph node retrieval was lower after MIDP compared to
ODP. Median survival time in a propensity score-matched cohort was
comparable for MIDP and ODP (29 and 31 months, respectively).*®

To compare oncologic outcomes between MIDP (laparoscopic or
robot-assisted) and ODP in patients with PDAC, another systematic
review screened 1760 studies and then included 21 studies with
11 246 patients.* In this review, although overall survival, RO resec-
tion rate, and use of adjuvant chemotherapy were comparable for
MIDP and ODP, the retrieved lymph node was significantly lower in
MIDP. Additionally, patients undergoing MIDP were more likely to
have smaller tumors, less perineural invasion, and less lymphovascu-
lar invasion, reflecting earlier stage disease as a result of treatment
allocation bias. The systematic review!* concluded that MIDP for
PDAC was associated with comparable survival, RO resection, and
use of adjuvant chemotherapy, but a lower lymph node retrieval as
compared to ODP. To overcome the issue of Gerota's fascia resec-
tion and lymph node retrieval during MIDP, the laparoscopic radical
antegrade modular pancreatosplenectomy procedure for left side
PDAC may be applicable.'®> MIDP has spread internationally, and the
oncological outcomes are mainly elucidated by prospective, obser-
vational series.*®1¢72% Due to the absence of RCTs, the oncologic
efficacy of MIDP for PDAC remains unclear. In the current status,
MIDP for PDAC provides equivalent results in terms of lymph node
retrieval and positive margin status and comparable survival com-
pared to ODP (Table 1). A further RCT to confirm the oncological
safety of MIDP for PDAC is needed.

The recently developed robotic surgical system has overcome
the limitations of laparoscopic technology by providing an isometric
3D view and a high level of flexibility for manipulation. Robotic ap-
proaches for MIDP have been increasingly applied throughout the
world. In Japan, robotic application for MIDP is covered by health
insurance from April 2020. Although studies addressing the robotic
benefits of MIDP are still few, it has been reported that robotic DP
is as feasible and as safe as the laparoscopic and the conventional
open approaches.?"?? Daouadi et al?! evaluated the clinical data of
124 patients who underwent RDP (n = 30) or LPD (n = 94) between
2004 and 2011, and reported that RDP had a lower conversion rate,
less blood loss, and shorter operating time compared to LDP. Chen
et al?? evaluated the surgical outcomes in 80 MIDPs scheduled for
spleen preservation (47 RDP and 33 LDP) and 39 MIDPs with sple-
nectomy (22 RDP and 17 LDP). They reported that RDP was ben-
eficial for the spleen-preserving patients in the following aspects:
less blood loss, less transfusion frequency, shorter operative time,
overall spleen preserving rates, and shorter postoperative hospital
stay compared to LDP. On the other hand, in patients who scheduled
MIDP with splenectomy for malignant tumors, RDP had no advan-
tages over LDP including oncologic outcomes such as lymph node

retrieval, RO resection rate, and use of adjuvant chemotherapy.??
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TABLE 1 Oncologic outcomes of minimally invasive pancreatic surgery for pancreatic ductal adenocarcinoma

Distal pancreatectomy
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Approach Tumor size (mm)  Retrieved LN RO (%) Adjuvant (%) 1-y OS (%) 3-y OS (%)
Shin et al'® 2015

LDP (n = 70) 30(0.4-8.5) 12 (1-34) 75.7 78.6 87.6 32.5(5-y OS)

ODP (n = 80) 35(0.5-14.0) 10 (1-64) 83.8 68.8 74.0 27.6 (5-y OS)
Stauffer et al'? 2016

LDP (n = 44) 36(0.5-7.5) 25.9 (5-48) 95.5 75.6 69 41

ODP (n = 28) 45 (0.2-15) 12.7 (1-45) 82.1 75 78 44
Sahakyan et al'® 2017

LDP (n = 262) 30 (0.6-9.0) 12 (1-46) 87.1 68.9 NA 47
Raoof et al?® 2018

MIDP (RDP) (n = 99) 35 (24-45) 11 (5-20) 84 60 70 46

MIDP (LDP) (n = 605) 37 (26-50) 12 (6-18) 85 59 80 43
Van Hilst et al*® 2019

Total cohort

MIDP (n = 356) 34 (25-45)° 14 (8-22)° 67 74 NA NA
ODP (n = 856) 34 (23-47)° 18 (11-28)? 60 73 NA NA

Propensity score matched cohort

MIDP (n = 340) 35 (25-45)7 14 (8-22)° 67 76 29 mo (MST)

ODP (n = 340) 30 (23-45)* 22 (14-31)* 58 73 31 mo (MST)
Pancreaticoduodenectomy
Approach Tumor size (mm) LN harvest RO (%) Adjuvant (%) 1-y OS (%) 3-y OS (%)
Croome et al®? 2014

LPD (n = 108) 33+10 21.4+8.1 77.8 76.0 25.3 mo (MST)

OPD (n = 214) 33+13 20.1+75 76.6 76.0 21.8 mo (MST)
Dokmak et al*® 2015

LPD (n = 15) 24 (15-40) 20 (8-59) 60.0 NA NA NA

OPD (n = 14) 28 (25-40) 25 (8-47) 50.0 NA NA NA
Song et al** 2015

LPD (n = 11) 28+ 6 15+10 72.7 81.8 NA 53.6 (5-y OS)

OPD (n = 261) 30+12 16.2+9.6 81.0 69.7 NA 28.8 (5-y OS)
Delitto et al*> 2016

LPD (n = 28) NA NA NA NA 20.7 mo (MST)

OPD (n = 22) NA NA NA NA 21.1 mo (MST)
Nussbaum et al*® 2016

LPD (n = 1191) 33.7 17.4 (10.0)° 79.8 77.5 NA NA

OPD (n=6776) 33.6 16.5 (9.6)° 77.9 76.8 NA NA
Stauffer et al ¥ 2017

LPD (n = 58) 25 (3-100) 27 (9-70) 84.5 75.9 66.5 43.3

OPD (n = 193) 35 (3-140) 17 (1-63) 79.8 73.5 67.5 24.3
Conrad et al *® 2017

LPD (n = 40) 25 (3-80) 18 (6-53) 87.5 61.1 82.5 50

OPD (n = 25) 30 (13-60) 17 (9-62) 84 45 76 44
Kuesters et al®? 2018

LPD (n = 62) 28 (1-75) 17 (7-28) 87.0 NA NA 20 (5-y OS)
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Pancreaticoduodenectomy

Approach Tumor size (mm) LN harvest RO (%)
OPD (n = 278) 27 (1-75) 16 (2-47) 71.0
Chen et al*® 2015
RPD (n = 19) 309 181+ 6.6 94.7
OPD (n =38) 31+10 178 +71 921
Marino et al*! 2019
RPD (n = 16) NA 26 (19-39) 93.7
OPD (n = 13) NA 21 (14-33) 76.9
Kwon et al*? 2020
Propensity score matched cohort (MIPD includes RPD and LPD)
MIPD 27.5 (mean) 18.9 (mean) 76.7
(n=73)
OPD 28.4 (mean) 21.3 (mean) 74.9
(n=219)
Shi et al*® 2020
RPD (n = 149) NA NA NA

Adjuvant (%) 1-y OS (%) 3-y OS (%)

NA NA 14 (5-y OS)
NA NA 23.0 mo (MST)
NA NA 22.0 mo (MST)
87.5 85.7 65.2

84.6 80.0 62.

80.8 84.9 44.7 (5-y OS)
59.8 79.4 26.7 (5-y OS)
NA 28.4 mo (MST) 25.9 (5-y OS)

Abbreviations: 1-y OS, 1-year survival rate; 3-y OS, 3-year survival rate; 5-y OS, 5-year survival rate; IQR, interquartile range; LN, lymph node; mo,
months; MST, median survival time; NA, not available; RO, margin negative resection.

Median (IQR) was used.
bIQR range.

Lai and Tang23 reported that RDP required a longer operative time
than LDP, but there were no marked differences in blood loss,
spleen-preservation rate, postoperative hospital stay, or overall
morbidity rate between the two groups. In a comparison of surgi-
cal outcomes among three types of DPs (RDP in 21, LDP in 25, and
ODP in 43 cases) for benign and malignant diseases, operative time
was longest in RDP (ODP < LDP < RDP) and blood loss was lowest
in RDP (RDP < LDP < ODP).?* The rate of patients with Clavien-
Dindo 2 grade Il was lowest in RDP (RDP < LDP < ODP) and length
of hospital stay was also shortest in RDP (RDP < LDP < ODP). Thus,

RDP can provide less invasiveness in certain aspects.

3 | MINIMALLY INVASIVE
PANCREATODUODENECTOMY (MIPD)

Minimally invasive pancreatoduodenectomy (MIPD) is a challenging
surgery because of its technical difficulty. The greatest difference
between MIDP and MIPD is the presence in MIPD of anastomotic re-
construction such as cholangiojejunostomy, pancreatojejunostomy,
and gastrojejunostomy. The laparoscopic procedure is unsuitable for
the reconstruction process of LPD because of the difficulty in adjust-
ing the axis of the forceps to adequate suturing lines of pancreatic or
biliary reconstruction.'® Immature reconstruction substantially leads
to postoperative complication such as clinically relevant pancreatic
fistula/anastomotic leakage, resulting in prolonged hospital stay and
even surgery-related mortality. These situations also apply to OPD.

According to the Miami international evidence-based guidelines,

insufficient data exist to recommend MIPD over OPD.* LPD has
been associated with less delayed gastric emptying, decreased blood
loss and shorter hospital stay compared to OPD, without increas-
ing overall costs.”?>2¢ Lai and Tang?® comprehensively reviewed the
LPDs and reported equivalent outcomes with respect to periopera-
tive morbidity and mortality rates compared to OPDs, although the
laparoscopic approach tended to have a longer operation time and
less blood loss. These results may be difficult to generalize to other
centers, because all these procedures were performed by experi-
enced laparoscopic surgeons. Lai and Tang?® concluded that LPD
was feasible and safe in well-selected patients in experienced hands.

Three RCTs comparing LPD and OPD have been published.?’%°
Two single-center RCTs reported a shorter hospital stay in LPD.?%2?
On the other hand, a recent report from the Dutch Pancreatic
Cancer Group (DPCG) has shown a risk of severe complications
including postoperative death especially during the introduction
of LPD compared to OPD.? This report astonished pancreatic sur-
geons. The protocol of the LEOPARD 2 study (NTR5689) was pub-
lished as a multicenter, patient-blinded, randomized controlled phase
2/3 trial.?” Safety outcomes focused on the first part (phase 2 trial)
including the initial 40 patients (20 LPDs and 20 OPDs). The safety
monitoring board then assessed whether it would be safe to proceed
to a phase 3 trial comparing time to functional recovery as a primary
endpoint. Although the trial proceeded to phase 3, the safety moni-
toring board advised its early termination after randomization of 105
patients, of whom 99 underwent surgery (50 LPDs and 49 OPDs)
(73% of the planned sample size), because of a high 90-day complica-
tion-related mortality of 10% in patients with LPD compared to 2%
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in OPD. The trial was very well planned and conducted by the four
participating hospitals. Patient volume had to be at least 20 PDs an-
nually. Every surgeon had to complete dedicated training programs
for LDP (LAELAPS-1)°° and LPD (LAELAPS-2).2! In addition, all par-
ticipating surgeons had experience of 50 or more advanced laparo-
scopic gastrointestinal procedures and 50 or more PDs (either LPD
or OPD), and had performed at least 20 LPDs before trial participa-
tion. Nevertheless, five patients died within 90 days postoperatively
during 8 months, although the mortality rates in the two groups (LPD
and OPD) were not statistically different (P = .20). Finally, this multi-
center RCT was stopped prematurely because of safety concerns as
a result of higher 90-day mortality in the LPD group.?’ In this trial,
the major complication (Clavien-Dindo 2 grade Ill) rate was compara-
ble between LPD and OPD. Many studies suggest that MIPD should
be limited to experienced surgeons in high-volume centers because
of the long learning curve and the difficulty of the procedure. LPD
requires advanced skills in both pancreatic and laparoscopic surgery
and there have been concerns as to the safety of its implementation.
Thus, this approach has been safe and feasible when performed by
experienced surgeons in high-volume centers. Currently, no clear
advantages of LPD compared with OPD have been demonstrated
by RCTs, and LPD is still hard to generalize to untrained surgeons.
From pooled data in observational studies,®>*% MIPD for PDAC
provides comparable oncologic outcomes to OPD, as in MIDP
(Table 1). Both MIPD and OPD are valid approaches for selected pa-
tients with PDAC. However, there are no comparative data about
the indication for PDAC after neoadjuvant chemotherapy or requir-
ing vascular resection. Robotic systems address many obstacles in
LPD and may permit complex surgery to be performed with the same
techniques as open surgery. Several steps of LPD may be improved
by a robotic approach, including dissection of the pancreas from
major vasculatures, lymph node dissection, dissection and resection
of the uncinate process, and reconstruction of anastomoses. Several
meta-analyses have compared surgical outcomes between RPD and
OPD.*%% |n these meta-analyses, RPD had a significantly longer
operation time and less blood loss compared to OPD, whereas pan-
creatic fistula and mortality were not significantly different between
the two groups.***® The occurrence of clinically relevant pancre-
atic fistula (Grade B/C defined by the International Study Group of
Pancreatic Fistula) in RPD was between 6.9% and 31.3%,*! and
the superiority of RPD to OPD in clinically relevant pancreatic fis-
tula is still controversial. Klompmaker et al*® have reported a sig-
nificantly higher incidence of clinically relevant pancreatic fistula in
MIPD (LPD and RPD) compared to OPD by a pan-European propen-
sity score-matched analysis (23% and 13%, respectively). In a retro-
spective observational study using the NSQIP database, Zimmerman
et al°2 compared the short surgical outcomes among OPD (n = 6336,
92.8%), LPD (n = 280, 4.1%), and RPD (n = 211, 3.1%), and they con-
cluded that LPD was independently associated with less morbidity
after controlling for differences among the three groups. Studies of
the oncologic efficacy of RPD haveyielded equivalentresultsin terms
of lymph node retrieval and positive margin status by meta-analysis

including various pancreatic pathologies.**~*¢ The oncologic benefit
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on PDAC derived from RPD remains uncertain, because of insuffi-
cient pooled data.*®=*® According to limited cohort studies,**~*° the
survival outcomes in PDAC are comparable between RPD and OPD
(Table 1). In addition, there is no evidence of superiority between
RPD and LPD. Although RPD may overcome some of the technical
difficulties in LDP, its feasibility and safety need to be verified by the
accumulation of clinical data.

4 | LEARNING CURVE ANALYSIS AND
HOSPITAL VOLUME

Education is one of the most important issues especially for MIPR,
because pancreatic surgery is technically difficult even in an open
operation, and there are few opportunities for training due to the
rarity of the indicated lesions. In 2014, the DPCG initiated the na-
tionwide Longitudinal Assessment and Realization of Laparoscopic
Pancreatic Surgery (LAELAPS) program to safely implement mini-
mally invasive pancreatic surgery,30 The LAELAPS-1 program (LDP
training) resulted in a seven-fold increase in the use of LDP in the
Netherlands and was followed by decreased conversion rates (from
38% to 8%) and hospital stay (from 9 to 7 days).’° Thereafter, the
DPCG initiated the multicenter LAELAPS-2 program (LPD train-
ing),%* which aimed to safely introduce LPD in a multicenter set-
ting and to prospectively assess surgical outcomes. The DPCG have
started the LAELAPS-3 program on RPD. The standardization of op-
erative procedures of MIPR contributes to shorter operative times
and may enable pancreatic surgeons to bring out their full potential
during the operations.

Depending on the surgical outcomes (mainly in the operative
time and blood loss) that were used to assess the learning curve,
10-20 cases have been proposed to be required to reach profi-
ciency in LDP>37%9 (Table 2). For LPD, the surgeons in the three
RCTs were required to have had experience of LPD, such as 25
LPD = in the PLOT trial, 20 LPD = in the PADULAP trial, and 20
LPD 2 in the LEOPARD trial, prior to participation in the trials.?”">
In the LPD learning curve, related improvement in surgical out-
comes of the operative time and blood loss was seen after 30-50

58,61-65

cases (Table 2). For robot-assisted pancreatic resections

(RDP and RPD), 20-40 cases have been proposed as being needed
to overcome the learning curve as an initial progress*0:43:66-67
(Table 2). From these learning curve analyses, an experienced
surgeon may be defined as a surgeon who has experienced 20
cases in LDP and 30 cases in LPD. On the other hand, among 41
videos of LPD procedures in the LEOPARD-2 trial, 22% received
a technical summary score below average even after every sur-
geon completed a training program for LPD. Van Hilst et al®’ dis-
cussed differences between the LEOPARD-2 trial and the PLOT
and PADULAP trials.?®2? PLOT and PADULAP were single-center
trials, whereas four centers participated in the LEOPARD-2 trial.
The center in the PLOT trail had previously done over 150 LPDs,
and all the procedures were performed by either of the two senior

surgeons, who had sufficient experience of OPD and LPD (over
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TABLE 2 Required cases to attain proficiency in minimally invasive pancreatic surgery

Operative time Blood loss
Laparoscopic distal pancreatectomy

De Rooji et al® (N =111) No curve

Malleo et al®> (N = 100) No curve

Ricci et al®® (N = 32) 17

Braga etal®” (N = 30) 10

Barrie et al’® (N = 25) 10
Laparoscopic pancreaticoduodenectomy

Nagakawa et al®? (N = 150) 30

Lu et al®® (N = 120) 30

Kim et al®* (N = 100) 34

Wang et al®® (N = 57) 11

Speicher et al®® (N = 56) 10
Robot-assisted distal pancreatectomy

Klompmaker et al®” (N = 90) 31

Shyr et al®® (N = 70) 37
Robot-assisted pancreaticoduodenectomy

Shi et al*® (N = 450) 100, 250

Boone et al®” (N = 200) 80, 140

Shyr et al®® (N = 61) 20

Chen et al*® (N = 60) 40

Pancreatic Grade
Hospital stay Complication fistula B/C?
No curve 30 30 30
No curve No curve No curve No curve
NA No curve No curve No curve
No curve No curve No curve No curve
6 No curve NA NA
30 NA No curve No curve
30 No curve No curve No curve
NA 34 34 34
11 No curve No curve No curve
50 NA NA NA
NA NA NA NA
37 37 No curve 37
100, 250 100 No curve 100
20 No curve No curve 40
20 No curve No curve No curve
40 NA No curve NA

Note: No curve means that there is no significant improvement (no learning curve).

Abbreviation: NA, not available.

2According to International Study Group of Pancreatic Fistula.

25 OPDs and 25 LPDs).?? In the PADULAP trial, the single expert
surgeon, who had done 20 LPDs before the start of the trial, per-
formed LPDs, but also had extensive experience in laparoscopic
gastric bypass surgery with hand-sewn anastomosis (more than

250 procedures).28

The necessity for comprehensive and contin-
uous surgical training to achieve patient safety is clear. In Japan,
the endoscopic surgical skill qualification system (ESSQS) was es-
tablished by the Japan Society for Endoscopic Surgery to main-
tain and improve the quality of laparoscopic surgery. To become a
qualified surgeon as judged by the ESSQS, applicants should have
performed 20 advanced laparoscopic gastrointestinal surgeries (or
50 simple laparoscopic gastrointestinal surgeries such as chole-
cystectomy) as the chief surgeon. Additionally, they must submit
a list of patients on whom they have performed surgery (including
complications) and an unedited video showing the relevant sur-
gical procedure, which are assessed by two judges. Qualification
or educational training systems such as the nationwide LAELAPS
program and Japanese ESSQS are useful to maintain and improve
the quality of surgical techniques and to standardize minimally in-
vasive pancreatic surgery.

Although robotic assistance during MIPD may contribute to
overcoming several aspects of technical difficulty in LPD, RPD
also requires enough time and experience to reach proficiency.

There are still a limited number of learning curve analyses in RPD

and RDP.4043:66-68 From these observational studies, experience
with at least 20-40 robot-assisted pancreatic surgeries is required
for the initial advance in the techniques. In a learning curve anal-
ysis from 450 cases of RPD by three operators at the Shanghai

I3 commented that there

Ruijin Hospital during 8 years, Shi et a
was a steady improvement during phase | (cases 1-100), a “pla-
teau” in phase Il (cases 100-250), and a further improvement in
phase Il (after experience of 250 cases) in operative outcomes
such as operative time and blood loss. Four of five cases with con-
version to laparotomy were found in phase | (80%). Additionally,
the incidence of pancreatic leakage in the last 350 cases (phase Il
and Ill) was reported to be significantly lower than that in the first
100 cases (phase 1) (15.1% and 30.0%, respectively).*® Shi et al*®
recommended that surgeons could perform more difficult cases
and expand the indications for RPD after 250 experiences. Boone
et al®® also reported two inflexion points in operative time at case
80 and case 140 from their experience with 200 RPDs. Thus, from
these learning curve analyses, operative time and blood loss, es-
pecially, in RPDs could be improved again after a stable phase, but
this was not the case for complications. Regarding the oncolog-

ical outcome in RPD, Boone et al®®

reported that the number of
lymph node retrievals was significantly improved after 80 cases.
Although the RO resection rate also showed improvement with

experience, it did not reach statistical significance during the 200



HAYASHI ano BABA

RPDs.%8 Furthermore, Shi et al*® have reported that the number of
lymph node retrievals was greatly improved after 100 cases during
450 RPDs. However, it is still unclear whether or not a learning
curve in robot-assisted pancreatic surgery contributes to survival
outcomes. To attain the level of an expert surgeon including on-
cological aspects, the far advanced experience of more than 100
RPDs may be requested, beyond the initial progress in surgical
technique acquired by performing 20-40 RPDs.

Hospital procedural volume has been reported to be import-
ant to decrease postoperative complications.”%’* Adam et al”®
reported that increasing hospital procedural volume of LPD was
associated with improved surgical outcomes in up to 22 cases
per year. A decreased complication rate was seen in high-volume
centers performing >20 MIPD/year’® or >20 total PD/year.”* To
minimize the morbidity and mortality in the early stage of the
learning curve, a new complicated technique should be intro-
duced in high-volume centers in the first instance. National clin-
ical databases (NCDs) for patients with cancer or patients who
have had surgery have been established in the United States and
in several nations in the European Union and East Asia. Also in
Japan, a NCD was established in 2010 by the Japanese Society of
Gastrointestinal Surgery, and data entry began in 2011. Detailed
information including preoperative co-morbidity, postoperative
complications, and 30- and 90-day mortality is required in the
major surgeries including pancreatic resection. Furthermore, pre-
operative registration to NCD is essential for LPD and robot-as-
sisted pancreatic surgery to monitor their safety. Such databases
aim to establish an understanding of the national standard of clin-
ical care and the trends in clinical treatment. Furthermore, they
can lead to continuous improvement of surgical techniques and
quality of care in the country, and allow easy comparisons of sur-
gical outcomes between countries throughout the world.

5 | CONCLUSIONS

Minimally invasive pancreatic resection has spread internation-
ally and has yielded less invasiveness in certain aspects. MIDP for
benign and low-grade malignant tumors has established a secure
position over ODP in its reduced invasiveness, although the long-
term oncological outcome of MIDP for PDAC needs to be evalu-
ated by well-conducted RCTs. The feasibility and safety of MIPD
is still controversial compared with OPD. MIPD should be limited
to experienced surgeons in high-volume centers because of the
long learning curve and the difficulty of the procedure. The devel-
opment of educational systems, the centralization of high-volume
centers, and nationwide registration systems may accelerate the
safe spread of MIPR. To achieve a true MIPR, pancreatic surgeons
are required to undergo comprehensive and continuous surgical
training.
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