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Abstract

Purpose of Review The purpose of this review is to sum-
marize the current experience and literature on robotic
pancreatoduodenectomy and analyze its indications, sur-
gical technique, and related peri- and postoperative
outcomes.

Recent  Findings Complex hepato-pancreatico-biliary
(HPB) minimally invasive surgical procedures that were
only attainable after a long learning curve by highly skilled
laparoscopic surgeons are now robotically performed with
a shorter learning curve by dedicated HPB surgeons. Image
integration, fusion imaging, digital pathology, electronic
tutoring, automation, telepresence, and telesurgery are the
principal axis for further progress in robotic surgery.
Summary Despite growing experience in the field of pan-
creatic surgery, which has improved surgical outcomes,
pancreatoduodenectomy remains associated with high
morbidity rates. The robotic approach is a promising
alternative technique and although evidence from ran-
domized clinical trials is missing, it seems to offer many of
the benefits of minimally invasive surgery without com-
promising the oncologic outcomes achieved in open sur-
gery. In terms of peri- and postoperative outcomes, robotic
pancreatoduodenectomy (RPD) showed reduced intraop-
erative blood loss, conversion rate, and length of hospital
stay when compared to the open and laparoscopic
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approaches. Concerning the oncologic outcomes, RPD was
found to be equivalent to the open and laparoscopic
approaches. Still, a higher lymph-node harvest, lower
resection margin involvement, and higher proportion of
patients receiving adjuvant therapy were reported for RPD.
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Introduction

Minimally invasive pancreaticoduodenectomy (MIS-PD)
has been progressively adopted over the last few decades
and it is currently considered a reliable alternative to the
open approach [1]. Several reports highlighted the
improved peri- and postoperative outcomes obtained with
the MIS approach. Among them, a high consensus level
was obtained concerning the shorter length of hospital stay
(LOS), reduced wound infection rate and overall morbidity
rate, and improved cosmesis [2, 3]. Moreover, from an
oncological standpoint, the MIS approach has been proved
safe with equivalent short- and long-term outcomes when
compared to the gold standard open technique [4-6]. The
growing experience in the pancreatic surgery field has
improved surgical outcomes. However, PD remains one of
the most technically challenging operations and it’s still
associated with high morbidity rates.

Prior to the introduction of the robotic platform, Gagner
and Pomp described the first laparoscopic PD [7]. This less
invasive attempts to improve surgical outcomes did not
achieve widespread adoption due to its level of technical
sophistication and significant learning curve. After the
Food and Drug Administration (FDA) approval of the da
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Vinci Surgical System (Intuitive Surgical Inc, Sunnyvale,
CA, USA) in 2000, Giulianotti et al. performed the first
robotic Whipple in 2001. This procedure was reported
among a series of other 207 robotic operations, including
13 pancreatic procedures (8 PDs) [8]. In this large series,
the first 6 patients underwent a hybrid technique with the
dissection phase carried out laparoscopically and the
reconstructive one robotically. In the last 2 cases, a full
robotic technique was adopted. The robotic platform has
improved many of the laparoscopic technical limitations,
transforming complex and challenging open procedures
into safe and feasible MIS operations. To analyze the key
differences in outcomes after PD among the available
different approaches, few randomized control trials (RCTs)
and several retrospective propensity score-matched (PSM)
studies compared open, laparoscopic, and robotic
procedures.

This study aims to summarize the current experience
and literature on RPD and analyze its indications, surgical
technique, and related peri- and postoperative outcomes.

Indications and Relative Contraindications
to the Robotic Approach

There are no absolute contraindications for the RPD. Even
in the event of vascular involvement, the complex dissec-
tion and reconstructive phases were proved feasible in the
hands of expert surgeons [9-12]. However, an accurate
evaluation of anatomopathological characteristics such as
the body mass index (BMI), anatomical location of the
lesion, and its relation with major vascular structures are
paramount during the first phase of the learning curve.
Although the completion of the learning curve may allow
to progressively expand the indications for the MIS
approach, the boundaries of what is feasible should always
be carefully evaluated to avoid major complications.
Regardless of the surgical approach, the goal is to offer the
best and safest treatment available without compromising
the oncologic principles.

Surgical Procedure

One of the hurdles to the wider adoption of the MIS-PD is
the lack of surgical standardization. This factor has limited
the reproducibility and the acquisition of the technique by
other surgeons. To facilitate the reproducibility and a
widespread adoption of the robotic approach, we previ-
ously described a standardized step-by-step RPD technique
[13, 14]. Standardization of surgical procedures is the key
to shorten the learning curve and potentially improve the
operative outcomes. The standardized 17 steps for RPD at

the University of Illinois at Chicago (UIC) are summarized
in Table 1 [13].

Perioperative Characteristics

Concerning operative time (OT), several retrospective
studies compared the robotic approach with the classic
open technique [15-23] .Baimas-George et al., with a PSM
single-institution study, showed a similar OT between
open-PD (OPD) and RPD (RPD: 392 vs. OPD: 350 min;
p = 0.10). The authors suggested that the longer RPD OT
reported by other studies might be related to the extra
setup/docking required or a lack of experience at the
beginning of the learning curve [21]. Interestingly Shi et al.
reported a shorter OT with the robotic approach (RPD:
279.7 vs OPD: 298.2 min; p = 0.02) [20]. Similarly, a
comparative analysis of open and robotic PDs performed at
our institution revealed a significantly shorter operative
time in the RPD group (RPD: 444 vs. OPD: 559 min;
p = 0.0001) [24]. However, according to a recent meta-
analysis of RCTs and PSM studies, the open technique
remains the faster approach to carry out a PD [25¢¢] In the
same meta-analysis, with higher homogeneity among the
included studies, estimated blood loss for RPD was sig-
nificantly lower than both laparoscopic PD (LPD) and OPD

Table 1 Step-by-step operative technique for RPD at the University
of Illinois at Chicago (UIC) [13]

Dissection

. Gastrocolic ligament opening

. Right colonic flexure mobilization
. Kocher maneuver

. Hilum exploration

. Right gastric artery division

. Right gastroepiploic artery division

. Duodenum division

0w 9 N L AW N~

. Cholecystectomy

9. Common bile duct transection

10. Gastroduodenal artery transection
11. First jejunal loop transection

12. Pancreatic neck transection (Fig. 1)
13. Uncinate process dissection (Fig. 2)

Reconstruction

14. Pancreatojejunostomy or pancreatogastrostomy
15. Hepaticojejunostomy
16. Pylorojejunostomy or gastrojejunostomy

17. Specimen extraction and closure
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Fig. 1 Pancreatic neck transection

by a mean difference of 112.58 (95% CI 36.95-118.20) mls
and 209.87 (95% CI 140.39—279.36) mls, respectively.

Moreover, when comparing LPD and RPD, 6 comparative
studies highlighted the augmented rate of conversion asso-
ciated with the laparoscopic approach [26-31]. Accordingly,
an European multicenter retrospective cohort study of
patients undergoing MIS-PD found that the laparoscopic
approach was a risk factor for conversion [32¢].

Postoperative Characteristics

Postoperative pancreatic fistula is one of the most common
and serious complications of PDs. Following the Interna-
tional Study Group of Pancreatic Fistula (ISGPF) defini-
tion, it is classified as biochemical leak (previously known
as grade A) or clinically relevant POPF (Cr-POPF: grade B
and C) [33]. A PSM study by Cai et al. analyzed the rate of

Cr-POPF in 865 patients undergoing OPD (405 cases,
46.8%) and RPD (460 cases, 53.2%). Despite the overall
POPF rate being comparable between groups, the robotic
approach had a lower rate of Cr-POPF (6.7% vs 15.8%,
p < 0.001) [34¢]. Other recent studies reported similar
results when comparing OPD and RPD [35-37]. The
reduced incidence of Cr-POPF might justify the lower
reoperation rate and shorter LOS associated with the
robotic approach [19, 22, 35, 36, 38]. In addition, MIS-PD
is associated with a reduced wound infection rate when
compared with OPD [25¢s, 35].

Another described advantage of the robotic approach
when compared with OPD is the lower need for transfusions
[18,19,25¢, 29, 34,38-42]. This result is related to the lower
intraoperative blood loss achieved with the MIS approach.

Delayed gastric emptying, biliary anastomotic leak,
postoperative bleeding, and mortality rates seem to be
independent outcomes not related to the adopted surgical
approach [20, 27, 29, 36, 43].

A retrospective comparison of RPD and LPD conducted
by Liu et al. found a shorter LOS (RPD: 17 vs LPD: 24 days,
p = 0.01) in the robotic group. This finding was probably
related to the shorter operative time and reduced blood loss in
the RPD group [26]. However, other PSM studies and RCTs
showed a reduced LOS with the MIS approach but no sig-
nificant differences between RPD and LPD [25¢¢].

Oncologic Outcomes

Two PSM studies that compared OPD and RPD found an
equivalent RO resection rate but a higher number of
retrieved lymph nodes with the robotic approach [19, 21].
Similar but not statistically significant results were
obtained by other analyses that compared RPD and LPD
[26, 43]. This supports the improved technical capabilities

Fig. 2 Uncinate process dissection

@ Springer



Curr Surg Rep (2022) 10:126-132

129

of the robotic system in performing complex and meticu-
lous dissections [26, 28]. A PSM analysis comparing the
oncologic outcomes of RPD vs. OPD for pancreatic ductal
adenocarcinoma showed comparable disease-free survival
and overall survival between the two approaches [6]. A
recent meta-analysis that included over 12,579 patients
found that RPD provides better histopathological outcomes
with significantly lower positive resection margins and a
higher number of harvested lymph nodes when compared
to OPD [44ee].

Recent evidence highlighted the importance of neoad-
juvant therapy in patients with borderline resectable pan-
creatic cancer [45]. However, for this specific kind of
lesion, few reports investigated the role of the robotic
approach. A recent retrospective analysis of the American
National Cancer Database (NCDB) compared robotic and
open PDs for pancreatic adenocarcinoma following
neoadjuvant chemotherapy. The authors reported no dif-
ferences in 90-day mortality, 30-day readmission, positive
resection margin rates, and 5-year overall survival. Inter-
estingly, the robotic approach was associated with a shorter
LOS, a higher proportion of adequate lymphadenectomy,
and a higher number of patients receiving adjuvant therapy
[46°].

Discussion

PD is one of the most complex surgical procedures and
independently from the surgical approach it is still corre-
lated with a mortality of 1.3-6.5% [47-49]. The technical
complexity and a steep learning curve required to master
the LPD undoubtedly limited its broad acceptance and
adoption. The introduction of robotic technology allowed
surgeons to perform technically demanding procedures and
overcome the intrinsic limitations of laparoscopy. With the
progressive completion of the learning curve, technical
refinements, and encouraging initial results, the adoption of
robotic technology gained undoubtedly more acceptance
[8, 50].

According to a retrospective study on the NCDB, in a
study period of 7 years (2010-2016), the number of robotic
cases performed increased from 2 to 7% for RPD and from
4 to 16% for robotic distal pancreatectomy (p < 0.05) [51].
Authors showed that surgical outcomes were not compro-
mised in the transition to robotic surgery. Moreover, with
the completion of the learning curve, there was an
increased number of retrieved lymph nodes (from 18 to 21,
p = 0.035) and a decrease in the postoperative mortality
(from 6.7 to 1.8%, p = 0.013).

Recent international guidelines for minimally invasive
pancreas resections highlighted the lack of data concerning
a possible superiority of MIS-PD over the open technique

[52¢¢]. Interestingly, some PSM studies showed an equiv-
alent RO resection rate with the robotic and open technique
but a significantly higher number of retrieved lymph nodes
with the robotic approach [19, 21, 24, 53]. These results
confirm a higher frequency of adequate lymphadenectomy
(> 12) in RPDs compared to open procedures and support
the feasibility of the robotic approach also for pancreatic
malignancies. The reduction of surgical complications is
considered one of the most important criteria to evaluate
the superiority of a specific surgical approach. Although
the surgical resection represents the main treatment for
pancreatic tumors, an associated neoadjuvant or adjuvant
therapy plays an important role in the management algo-
rithm of pancreatic malignancies. In a recent retrospective
study on the NCDB, Nassour et al. showed that the RPD
was associated with a higher number of patients being able
to receive adjuvant therapy [46°].

The Da Vinci robotic system has overcome many of the
laparoscopic technical limitations, providing a magnified
3D high-definition image with depth perception, wider
degree of movement with endo-wristed robotic instru-
ments, better ergonomics, and eliminating physiological
challenges such as hand tremors and computer filtration of
the surgeon’s movements. Accordingly, many HPB-MIS
procedures that were only attainable after a long learning
curve by highly skilled laparoscopic surgeons can now be
performed with a shorter learning curve by dedicated HPB
surgeons. This condition, applied to pancreatic complex
procedures, has created a renewed interest in MIS pan-
creatic surgery [54]. Thanks to these advantages, an
increasing number of HPB centers are developing solid
MIS robotic programs with more standardized techniques
that will facilitate the diffusion of the RPD and shorten its
learning curve. In addition to all the mentioned technical
advantages, we have to consider the development prospects
of the robotic platform linked to the growing role of arti-
ficial intelligence. The robot is in fact an informatic station.
Image integration, fusion imaging, digital pathology,
electronic tutoring, automation, telepresence, and tele-
surgery are all possible applications. The growing role of
robotics in surgery is part of a necessary direction of
development of humankind.

Conclusions

RPD has proven to be a feasible and safe treatment with
significantly reduced intraoperative blood loss, conversion
rate, and LOS when compared to the open and laparoscopic
approach. Concerning oncologic outcomes, RPD was
found to be equivalent to open and laparoscopic procedures
with the advantage of a higher number of retrieved lymph
nodes, lower resection margins involvement, and a higher

@ Springer



130

Curr Surg Rep (2022) 10:126-132

number of patients receiving adjuvant therapy. Well-con-
ducted RCTs are still required to better validate the precise
role of RPD. The potential and unlimited development of
robotic surgery is a natural and unstoppable process that
will increasingly enrich our standard of care.
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