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Abstract

Owing to the operative complexity, the application of minimally invasive surgery to pancreatic procedures

has been delayed. However, with advances in technique, and since the introduction of robotic systems
in particular, pancreatic minimally invasive surgery has made much progress. Laparoscopic and robotic
technology has been widely adopted. The safety and feasibility of minimally invasive procedures for
pancreaticoduodenectomy have been confirmed in many reports. However, even with these advantages,
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laparoscopic and robotic surgery cannot completely replace laparotomy. Pancreatic surgeons need to
master these three operative methods to be able to handle complicated clinical situations.
pancreaticoduodenectomy; laparoscopic surgery; robotic surgery

Pancreaticoduodenectomy (PD) is a major surgical
procedure involving the pancreas, duodenum, common
bile duct, pylorus, and jejunum for the treatment of
neoplasms of the pancreatic head or ampullary region.
PD has always been challenging, mainly because of its
technical complexity and the difficulty associated with
extensive visceral organ dissection and reconstruction of
the digestive tract. Therefore, PD is normally performed
using an open approach. With the rapid development of
technology, some pancreatic procedures are performed
laparoscopically. The use of laparoscopy is relatively
restricted in PD because of its intrinsic technical
limitations. Distal pancreatectomy accounts for the
majority of laparoscopic pancreatic procedures. Compared
with its use in urology, gynecology, and other surgical
fields, the adaptation of laparoscopy in pancreatic surgery
has been relatively slow. In the past 20 years, robotic
surgery has rapidly advanced and has been widely adopted
in pancreatic surgery because of its unique advantages.
This surgical system with its sophisticated devices allows
surgeons to attempt more challenging robotic cases of PD.
The pancreatic surgery center of Ruijin Hospital was one

of the earliest agency to perform pancreatic operations in
China. Our center installed the da Vinci surgical system
model S in 2010. To date, we have performed nearly 200
cases of robotic PD. We installed the newest Model Si
in January 2016, and promptly began performing robotic
pancreatic surgeries with the new model.

Development history

PD was first performed in the 19th century. In the
1940s, Whipple M, Child ¥, and other pancreatic surgeons
established a standard PD procedure that is still being
used today. Near the end of the 20th century, open
PD surgery had matured. Laparoscopic technology has
been gradually adopted since its invention in the mid-
20th century. The first case of laparoscopic surgery was
a cholecystectomy, performed by Philippe Mouret ¥! in
March 1987. The robotic surgical system was invented
at the end of the 20th century and has been clinically
relevant ever since. The first case of robotic surgery was
also a cholecystectomy, performed by Himpens ™ in
1998. Since then, the use of robotic systems has spread
quickly to other surgical fields. The complexity of PD
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and limitations of laparoscopic devices impeded further
growth of laparoscopic pancreatic surgery. The robotic
surgical system provides three-dimensional imaging,
thus making the surgical field more real and vivid. The
multi-angle rotatable EndoWrist can synchronize itself
to the surgeon’s hand motion. This device can also filter
out hand tremor. These advantages have broadened the
application of robotic systems to pancreatic surgery.
Giulianotti P! first reported robotic PD in 2003, only 5
years after the first robotic cholecystectomy had been
reported.

New developments in laparoscopic PD

Laparoscopic surgery, with its good surgical outcomes,
has been accepted by the majority of patients in the past 20
years and has become the first choice for some operations.
Gagner 1 first reported laparoscopic PD in 1994. Uyama
[l first reported laparoscopic mini-laparotomy PD in
1996. With the continuous improvement in laparoscopic
techniques and instruments, laparoscopic pancreatic
surgery also advanced. Multiple pancreatic centers have
reported their use of laparoscopy in PD, including total
laparoscopic PD ) and hand-assisted laparoscopic PD
[10-11 In a review " of laparoscopic PD, Gagner noted
that 146 cases reported from 1994 to 2009 had a 46%
conversion rate, and average operative times and blood
loss of 439 min and 143 mlL, respectively. Since then,
there have been multiple reports of laparoscopic PD from
other institutions 3. Also meta-analyses comparing
open and laparoscopic PD !¢ and laparoscopic and robotic
PD["have been published by many agencies.

New development in robotic PD

The da Vinci surgical system was introduced in 1997
by Intuitive Surgical Inc. (USA), and received the Food
and Drug Authority (FDA) operating license in 2000.
This surgical system compensated for the shortcomings
of traditional laparoscopy. Giulianotti P! reported the
first robotic PD in 2003. In this article, 8 robotic PD
procedures were performed in an average of 490 min,
with morbidity and mortality rates of 37.5% and 12.5%
respectively. Giulianotti™® performed 60 cases of robotic
PD in the USA and Italy from 2003 to 2009. Zureikat
%1 performed 30 cases of robotic PD in the USA from
2008 to 2010. As of 2012, Zureikat ® and colleagues had
performed 250 robotic pancreatic surgeries, including
132 cases of robotic PD. Choi " reported the first robotic
PD in South Korea in 2011. With cases of robotic PD
being reported frequently, the safety and feasibility of
robotic surgery has also been confirmed. Buchs ™ noted
that robotic PD offers remarkable advantages in terms
of operative time, blood loss, and number of resected
lymph nodes, compared with the results for open PD,
with no significant differences in postoperative hospital
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stay, complications, and mortality rate. Another report
by Buchs ¥ indicated that robotic PD is also safe for
elderly patients. Horiguchi ™ reported that patients
who underwent robotic PD had a shorter postoperative
hospital stay and earlier resumption of oral intake.

As of December 2011, 2,132 robotic surgical systems
have been installed worldwide, with 13 devices installed
in China. Zhou and colleagues firstyly reported 8 robotic
PD cases in China in 2009, with a mean operative time
and mean blood loss of 718 min and 153 mL, respectively.
This surgical team reported 44 robotic pancreatic
surgeries in 2011, including 16 robotic PD cases. Our
pancreatic center also published multiple reports about
the technique and experiences with robotic pancreatic
surgery 2 Few institutions have the prerequisites
to carry out robotic surgery in China. Shanghai Ruijin
Hospital and The Second Artillery General Hospital PLA
perform relatively large numbers of robotic pancreatic
operations. The results for procedures, operative time,
blood loss, complications, and mortality rate are similar
to those reported by high-volume centers worldwide.
Shanghai Ruijin Hospital has completed more than 700
robotic pancreatic surgeries since 2010. A total of 217
robotic PD cases have been performed, with a mean
operative time and mean blood loss of 332 min and 378
mL, respectively. Pancreatic fistulas occurred in 24.5%
of patients. Of these, 60% were grade A pancreatic
fistulas, and recovered without incident after drainage.
Our center conducted a prospective study *”! of surgical
outcomes comparing open and robotic PD. Results from
this study indicate that robotic PD has a longer operative
time, but less blood loss, earlier resumption of oral intake,
and shorter postoperative hospital stay than open PD
does, with no significant differences in mortality and
survival rate.

Advantages of robotic PD

The visual field in laparoscopy is 2-dimensional (2D),
while the robotic surgical system provides 3-dimensional
(3D) visualization, with up to 15x magnification. The
3D image in the console viewer allows surgeons to see
anatomical structuresin high definition and natural colors,
making the visual field more real and vivid. Surgeons can
easily distinguish small vessels to reduce bleeding. The
end of the laparoscopic instrument can only rotate along
one axis and cannot be bent. Dexterous control of the
instrument is difficult. With more complicated situations
like small operative spaces or deep mass locations, it
became problematic to smoothly continue procedures.
EndoWrist instruments equipped on 3 robotic arms can
bend and rotate to a greater degree than the human wrist.
The multi-angle rotatable EndoWrist can synchronize
itself with the surgeon’s hand motion and can filter
out hand tremor. These advantages enable more stable
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hemostasis, suturing, and other procedural steps during
the operation.

Surgical training is relatively long for laparoscopy.
Adapting from the 3D perspective of open surgery to
the 2D imaging of laparoscopic surgery can be difficult.
Robotic surgery provides 3D vision similar to that in
laparotomy. The adaptation period is decreased. Surgeons
with previous experience in laparoscopic surgery have an
even shorter learning curve. Surgeons can sit and operate
through a console system that requires minimal direct
contact with the patient, allowing taking breaks during
the operation without having to scrub again. These factors
help surgeons reduce fatigue and enable concentration
for a longer duration.

Prospects

The safety and feasibility of minimally invasive
pancreatic surgery, and robotic surgery in particular, have
been demonstrated repeatedly. The trend in pancreatic
surgery is minimally invasive procedures. However, even
with their numerous advantages, laparoscopic and robotic
surgery cannot completely replace laparotomy. Pancreatic
surgeons need to master these 3 complementary operative
methods to be able to manage complicated clinical
situations.
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