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Abstract: Pancreatic surgery represents one of the most challenging fields in general surgery. Its
complexity is related to the severity of the disease and the technical skills required for surgical
approach. Given this, most pancreatic resections are performed through classic open surgery.
Minimally invasive approaches are gradually gaining widespread popularity also in this specific
setting, as for distal resections and enucleations. The robotic platform, due to its 3-dimensional
vision and articulated movements, represents the natural progress of laparoscopic surgery
overcoming the technical defaults and opening up the possibility to perform major pancreatic
resections as pancreaticoduodenectomies. This review focuses on the impact of robotic platform
in pancreatic surgery in terms of surgical and oncological outcome.

Keywords: robotic surgery, pancreatic neoplasms, minimally invasive surgical procedures,
pancreatectomy, pancreaticoduodenectomy

Introduction

Pancreatic surgery represents a complex and difficult chapter of general surgery due
to anatomical features as retroperitoneal location and major vessel proximity. For
these reasons, classic open approach has been widely advocated as the best technique
considering oncological outcomes. Despite the fact that laparoscopic surgery has
gradually become the gold standard for several surgical procedures, its reliability
and feasibility in pancreatic resections is still a matter of debate; however, minimally
invasive approaches are gradually gaining more visibility and importance.

The first pancreatic laparoscopic resection was performed in 1994 by Gagner and
Cuschieri, both laparoscopic pancreaticoduodenectomy (LPD)' and laparoscopic dis-
tal pancreatectomy (LDP).? Since then, LPD has not acquired popularity because of
the high level of technical skills required both for resection and anastomosis and the
uncertain results in terms of oncological radicality, in particular, for retroperitoneal
lamina. Conversely, due to the absence of anastomosis and the less complex resection,
LDP has been widely established as a gold standard treatment for benign distal lesions
and a good option for malignant ones despite the initial concerns about oncological
outcomes such as surgical margins and lymph node retrieval >

Robotic surgery is the latest development in the field of minimally invasive surgery.
Introduced in 1990s by military researches,’ this new technology was initially applied
for pancreatic resections by Giulianotti et al®* who published the first series of 13 robotic
pancreatic resections in 2003. In the same year, Melvin et al® described the first case of
robotic distal pancreatectomy (RDP). Among all the different platforms designed for
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surgical purposes, only one system is widely accepted: Da
Vinci Surgical System® (Intuitive Surgical, Sunnyvale, CA,
USA). The system consists of three fundamental elements:
the surgeon’s console (in which the surgeon is seated, with a
3-dimensional (3D) visor and a master console for manipulat-
ing the instruments), a patient-side cart (with four articulated
arms that reproduce hand movements in the surgical field),
and a vision-control system. Robotic surgery enhances the
advantages of laparoscopic surgery, such as smaller incisions,
lesser blood loss, shorter length of stay, and faster recovery.
The robotic platform, compared to laparoscopy, improves
the hand—eye coordination, has a better vision due to the full
high definition 3D vision, reduces the natural tremors with no
fulcrum effect, uses seven (out of three) degrees of freedom
of the instruments (Endowrist technology®, Sunnyvale, CA,
USA), and last but not the least, gains in ergonomics consid-
ering more comfortable sitting for the surgeon.

The aim of this review is to discuss the impact of the
robotic platform on pancreatic surgery in terms of surgical
and oncological outcomes.

Robotic pancreaticoduodenectomy

Indications

Pancreaticoduodenectomy (PD) is the surgical treatment
of periampullary, duodenal, and pancreatic head lesions.
The earliest series'®!" of Robotic pancreaticoduodenectomy
(RPD) included patients with benign or low-grade malignant
lesions, in the absence of local invasion of major vessels.
Current major series describe an increasing number of robotic
resections for malignant disease.

PD is still considered a very challenging and complex
procedure considering the resection time, as very delicate
manipulation of the uncinate process, portal vein, and mes-
enteric vessels is required both for pancreatic and biliary
anastomosis. Given the above, minimally invasive approaches
were rarely advocated for pancreatic surgery. In 2012, only
seven centers worldwide had published their experience

Table | Outcomes of robotic pancreaticoduodenectomy

with LPD of 30 or more patients.'> The same authors who
described the first LPD concluded that despite its feasibil-
ity, LPD would not improve the postoperative outcomes or
decrease the admission time.!® For these reasons, robotic
platforms were expected to be very useful in promoting
minimally invasive approaches to pancreatic surgeons such as
it happened to minimally invasive prostatectomies becoming
the gold standard treatment. As a matter of fact, since the first
small series of RPD,® the number of patients has been slowly
increasing, although the know-how is still a prerogative of
very skilled surgeons; just one series published recently
reported 200 cases. !

Technique

Since the first experiences, two techniques have been
described for RPD: some groups adopt a hybrid laparoscopic/
robotic approach, while others perform the entire operation
robotically. Narula et al'* describe a hybrid laparoscopic
and robotic approach for PD, in which all the dissection is
performed laparoscopically while the robot is reserved for
anastomosis and is beneficial in improving the precision and
agility in performing sutures. Fernandes and Giulianotti,' the
pioneer group of the RPD, advocated a full robot-assisted
approach considering that “there is no role for hybrid hand-
assisted or laparoscopic/robotic approaches.”

Outcomes
The variables to consider are operative time, blood loss, con-
version rate, incidence of fistula, morbidity, mortality, length
of hospital stay, oncological outcomes, and costs (Table 1).
The most recent and largest series published to date with
200 consecutive RPD had a mean operative time of 483
minutes.!® The authors retrospectively review their database
aiming to identify the learning curve. The most significant
improvement in operative times was assessed after 80 pro-
cedures (581 minutes for the first 80 cases vs 417 minutes
for the last 120 cases; P<<0.001). They recorded a median

Source N OR time* EBL Conversion RO LN harvest Fistula Morbidity Mortality LOS
(mean) (mean) (%) (%) (mean) (%) (%) (%) (mean)

Giulianotti et al 2010'® 60 421 394 18.3 82 18 31.6 NR 33 22

Narula et al 2010 5 420 NR 375 100 16 0 0 0 9.6

Zhou et al 201 | 8 718 153 0 100 NR 25 NR 0 16.4

Lai et al 20122 20 491.5 247 5 733 10 35 50 0 13.7

Chalikonda et al 2012" 30 476 485 10 100 13.2 6.6 30 3 9.8

Boone et al 2015'° 200 483 250 6.5 92 22 17 67.5 3.3%* 9

Chen et al 2015' 60 410 400 1.7 97.8 13.6 13.3 35 1.7 20

Notes: *Time in minutes. **Analyzed in 90 days mortality whereas other authors are referring to 30 days mortality.
Abbreviations: OR, operating room; EBL, estimated blood loss; LN, lymph nodes; LOS, length of stay; NR, not recorded.
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Table 2 Outcomes of robotic distal pancreatectomy

Source N OR EBL Conversion RO LN Fistula Morbidity Mortality LOS Spleen
time* (mean) (%) (%) harvest (%) (%) (%) (mean) preservation
(mean) (mean) rate (%)

Giulianotti et al 2010 46 NR NR 6.5 NR NR 20.9 NR NR NR 50

Waters et al 2010%° 17 298 279 12 100 5 0 18 0 4 65

Kang et al 201 | 20 3487 372 NR NR NR NR 10 0 7.1 95

Lai and Tang 2015% 17 221 100 NR NR NR 41.2 47 0 11.4 52.9

Lee et al 2015% 37 213 193 38 100 12 8 60 0 15 8

Butturini et al 2015 22 265 NR 4.5 100 1.5 50 NR 0 7 27.3

Shakir et al 2015% 100 245.7 150 2 95.7 12.5 42 72 0 6 NR

Note: *Time in minutes.

Abbreviations: OR, operating room; EBL, estimated blood loss; LN, lymph nodes; LOS, length of stay; NR, not recorded.

estimated blood loss of 250 mL. Conversion to open surgery
was required for 6.5% of cases. Statistical improvements
in estimated blood loss and conversions to open surgery
occurred after 20 cases (600 vs 250 mL [P=0.002] and
35.0% vs 3.3% [P<<0.001], respectively). According to the
literature, a considerable proportion of patients (67.5%) had
complications. The incidence of pancreatic fistula decreased
after 40 cases (27.5% vs 14.4%; P=0.04). The median length
of stay was 9 days, with a 90-day readmission rate of 29.2%.
An RO resection was performed for 184 patients (92.0%),
with a median lymph node harvest of 22.

All other series are limited by a small number of patients:
only two included more than 50 patients'®'” and only five
studies compared the results of RPD to open pancreati-
coduodenectomy (OPD).!72! None of the aforementioned
studies are prospective randomized trials. Several studies
demonstrate a reduction in blood loss and length of hospital
stay in LPD compared to OPD. Morbidity rate ranges between
0% and 75%, including 0%-35% incidence of pancreatic
fistula; mortality is between 0% and 4.5%, similar to the
open approach. In a meta-analysis, RPD has been shown to
be effective in reducing the morbidity (12%).%

Comparison of results among all the series showed that
there are many biases due to different postoperative proto-
cols in terms of pain management, diet advancement, drain
management, and criteria for discharge; moreover, there are
considerable differences in surgeons’ learning curves. In
addition, biases can arise from patient selection: patients with
a more advanced radiology stage or with specific intrinsic
characteristic such as high BMI are often excluded from a
robotic approach.

Considering the fact that the main indications for PD
are periampullary and pancreatic head cancers, oncological
outcome represents the key point to be considered. Given this
mandatory criterion, obvious selection biases are represented
by the indication of open approach for obese patients or large

tumors and robotic platform for thin patients or small peri-
ampullary neoplasms. RPD series obtained a RO resection
in 73.3%-100% of cases.!%1#1617.1921 The gystematic review
by Cirocchi et al® included 13 case series with an average
R1 resection rate of 9%. Another systematic review reported
a greater lymph node harvest with any minimally invasive
approach compared to open PD,** while a recent meta-
analysis that included data from six series showed a higher
rate of RO resections in the robotic group.? Nevertheless, the
median number of lymph nodes harvested in some series!”!**°
was not adequate according to the current guidelines.

Costs are one of the most debated aspects of RDP, which
include acquisition and maintenance costs. Only two papers
compare the average costs of RPD versus OPD, show-
ing an excess of €6,200 and 7,644 USD with the robotic
approach.'72

Even though these results are encouraging, it is important
to observe that they are obtained by only a few very skilled
minimally invasive surgeons and cannot be considered a
standard of care even in high-volume pancreatic centers.
Given the above considerations, in experienced centers in
which the results of standard PD are excellent, it may be hard
to justify the increased operative time, efforts, and resource
utilization for RPD.

Robotic distal pancreatectomy

Outcomes after RDP are outlined in Table 2. Distal pan-
createctomy (DP) is the most common minimally invasive
pancreatic resection because of the absence of anastomosis.
Nowadays, minimally invasive DP is considered safe and
feasible and several studies have shown several advantages
of the technique compared to open surgery: shorter hospital
stay, less transfusion rate, decreased complications, and faster
recovery, in addition to cost-effectiveness. The favorable
oncological outcome has been extensively established.?’?
Despite the large cohort of studies, the National Surgical
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Quality Improvement Program data for 2005-2010 suggest
that only 27% of DP cases were performed laparoscopically
in the USA.? Today, in most cases, traditional laparoscopic
technique is preferred to the robotic approach, mostly for
cost-effectiveness reasons. However, in the last decade, RDP
has probably improved the learning curve, conceived as an
introductory step to other more complex robotic resections.
One again, these studies confirm the safety and feasibility
Of RDP 16,30-35

Indications

DP is indicated in case of lesions of the pancreatic body—tail.
Selection criteria of the patients include: evaluation of BMI
and history of previous laparotomy and cardiopulmonary
comorbidity. A high BMI does not represent a contraindi-
cation for RDP, but visceral fat can increase the difficulty.
Expected advantages of minimally invasive approaches in
patients with high BMI include faster access to peritoneal
cavity, less postoperative pain, faster recovery, and reduced
incidence of incisional hernias. Some authors argue that
patients with cardiac and pulmonary comorbidities are ideal
candidates for RDP, because they could benefit from faster
recovery, but major series mostly include patients with BMI
<30 kg/m? and without severe comorbidities. Furthermore,
randomized trials do not consider this aspect as a criterion for
comparison between robotic and other approaches. Besides,
tumor characteristics need to be taken under consideration for
selecting patients as candidates for RDP. In case of malignant,
bulky, and locally advanced tumors and/or tumors proximal
to the neck, indication for minimally invasive approaches is
questionable: referring the patient to an experienced center
is mandatory. Perhaps the robotic platform, more than lap-
aroscopic setting, can potentially extend the indications, once
an adequate learning curve is acquired.

Technique

DP can be associated to splenectomy or not. Splenectomy
can be associated to the well-known overwhelming post-
splenectomy infections, which have a low (<1%) annual
incidence but high mortality (>80%).*® For these reasons,
vaccination protocol against capsulated bacteria (Strepto-
coccus pneumoniae, Haemophilus influenzae, Neisseria
meningitidis) is mandatory. Another risk to consider is post-
splenectomy thrombocytosis. Spleen-preserving DP is the
best procedure for benign lesions, in which the lower number
ofnodes retrieved is not a deal. Two techniques are described
for spleen-preserving DP: Warshaw and Kimura procedures.
The Warshaw?’ technique consists of resection of the splenic

artery and vein, considering the preservation of short gastric
vessels sufficient for the blood supply and the splenic outflow.
Kimura et al’s*® procedure, which preserves the spleen and
the vessels, represents the most frequent approach. Literature
reports a more successful spleen preservation rate for
laparoscopic technique compared to ODP.3* Moreover, some
authors have reported superiority of the robotic approach
over laparoscopy for spleen preservation,’**! but arriving at
conclusions is difficult because of the well-established vari-
ability in terms of indication and postoperative approaches,
which differ among the centers.

Outcomes

In many series, longer operative time is reported®3* for
robotic compared to laparoscopic approach; this may be
explained by the additional docking time. Moreover, lap-
aroscopic and robotic approaches are frequently compared
at a different level of the learning curve. A study from our
institute shows that the operative time in 22 RDPs was sig-
nificantly longer than that in last 21 LDPs, but when the first
22 historic laparoscopic cases were included, the difference
did not reach statistical significance.* Pittsburgh center first
reported the series with shorter operative time for robotic than
laparoscopic approach. The same institute has analyzed the
learning curve for RDP, identifying a significant decrease in
operative time after 40 procedures.*

Blood loss is significantly lower for MIDP (minimally
invasive distal pancreatectomy) compared to ODP among all
the series reported.® This result is attributed to the progress in
surgical techniques, vascular sealing devices, and mechanic
staplers that improve the safety and efficacy of minimally
invasive pancreatic resections.

The conversion rate varies from 0% to 12% in major
RDP series.* Some authors have reported a lower conversion
rate in the robotic series.*'*> Conversion to open surgery is
associated with higher blood loss and longer length of stay.*
Reasons for conversion are high BMI, adhesions, bulky and
pancreatic neck lesions, and intraoperative bleeding.

Pancreatic fistula is related to incomplete sealing of
pancreatic stump and/or leakage from incompletely closed
main pancreatic duct. Incidence ranges from 0% to 70%
among the series reported, but it is not related to the open
versus laparoscopic or robotic approach.'* Ranges are wide
due to the lack of homogeneity in pancreatic fistula definition
despite the availability of an international definition and classi-
fication currently (the International Study Group on Pancreatic
Fistula®’). Moreover, some series report the overall incidence,
while others report only clinically relevant ones. A large
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meta-analysis also demonstrated that different treatment of
the stump (stapler, suture, or nothing) is not associated with
variation of incidence of pancreatic fistula.*

Length of hospital stay is shorter after minimally invasive
DP (RDP: 4-9 days,'** LDP: 5-22 days*) compared to ODP
(6-27 days) in major series.*

Patients undergoing MIDP tend to have a smaller and
benign lesion. Oncological outcomes are still difficult to
compare between the different techniques due to lack of
significant data (RO/R1 resections and number of lymph
nodes harvested) and the high variability in the proportion
of malignant cases in different series. However, literature
reports a negative margin rate of 95.7%—100% for RDP!630-35
(similar to ODP on comparison®**3-3%). Number of lymph
nodes harvested seems to be adequate according to the cri-
teria adopted for good oncological practice.'®3%3 Long-term
results favoring oncological adequacy of minimally invasive
technique for malignancy are not still available.

RDP-related morbidity is usually high (12%-70%), even
if lower than ODP3474; even though most series do not report
severity classification, average morbidity is of low-grade
severity (eg, pleural effusion).

All RDP series report 0% mortality.!630-33

Only few articles analyze and compare costs, with incon-
gruent conclusions. Waters et al*” report higher intraopera-
tive costs for RDP compared to LDP and ODP, but it was
compensated by a shorter hospital stay after RDP so that the
total adjusted costs were more effective for RDP ($11,904,
$12,900, and $15,521 for RDP, LDP, and ODP, respectively).
Kang et al®! report a total cost higher for RDP than LDP
($8,304 vs $3,861). It is difficult to compare the costs of
MIDP between different health systems, but, generally speak-
ing, robotic procedure is usually considered more expensive
than conventional open and laparoscopic approaches.

In summary, robot-assisted DP is indeed feasible and
safe. Minimally invasive DP has become the operation of
choice for distal pancreatic lesions, except for bulky, locally
advanced and proximal tumors. Robotic approach seems to
be superior in achieving splenic preservation, but, except for
this indication, it is questionable whether RDP really provides
additional advantage over laparoscopic approach.

Robotic total pancreatectomy

Major indications for total pancreatectomy (TP) are tumor
involving most of or the entire gland (eg, intraductal papillary
mucinous neoplasms), in case of positivity of the pancreatic
resection margin during PD for ductal adenocarcinoma, mul-
tiple primitive (eg, neuroendocrine) or metastatic tumors (eg,

from renal cancer), and chronic pancreatitis with refractory
pain. In selected patients, laparoscopy with or without robotic
assistance proved to be advantageous, although experience with
MITP is still confined to small series or isolated reports.*-53
TP with auto-transplant of islet cells has been described in
patients with chronic pancreatitis.>**> Characteristics of TP
are the absence of risk of pancreatic fistula by definition,
delicate dissection of the uncinate/posterior margin as it is in
PD, and the difficult biliary anastomoses due to the presence
of regular bile duct size in most patients.

In a series of ten robotic total pancreatectomies (RTPs)
by Zureikat et al,>® the operative time was 560 minutes,
conversion rate 10%, complication rate (Clavien—Dindo
grade I1I-1V) 20%, and average length of hospital stay was
10 days. They reported one readmission and one reoperation.
Mortality was none.

Advantages of RTP versus open total pancreatectomy
have been described in a case-matched study by Boggi et al.*
Eleven patients underwent RTP for benign or malignant
disease and were compared to eleven patients with similar
indications but without the availability of the robotic system at
the time of scheduled surgery. They reported a 0% conversion
rate, two vascular resections in each group, a longer operative
time, but reduced blood loss in the robotic series. The length
of hospital stay was similar between the two groups, but all the
parameters evaluating recovery were advantageous for RTP.

Robotic enucleation

Pancreatic enucleation is an “extreme” parenchyma-sparing
procedure and it is indicated for benign pancreatic tumors
(eg, insulinomas, small neuroendocrine tumors, or benign
cystic lesions, not requiring lymph node sampling) or soli-
tary metastases from renal cell carcinoma. Enucleation is
characterized by the most accurate preservation of pancreatic
parenchyma, lack of anastomosis, and although it is associ-
ated with a significantly lower blood loss, pancreatic fistula
rate is significantly high. Preoperative imaging and intra-
operative ultrasound assessment are crucial prior to planning
enucleation, in order to achieve negative margins and leave
the main pancreatic duct intact.*>’

Zureikat et al*® reported ten robotic enucleations, with no
perioperative mortality and a 30% incidence of pancreatic
fistula. Mean operative time was 206 minutes, length of stay
5 days, and readmission was 30%.

Middle pancreatectomy
Middle pancreatectomy (MP) is a rare but interesting
pancreas-sparing resection, indicated in cases of benign or
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low-grade malignant tumors located in the pancreatic neck
or proximal body, where the surgical purpose is to achieve
a radical resection with preservation of full exocrine and
endocrine pancreatic functionality.® The minimally invasive
approach has not been widely described in the literature, and
there are only a few reports available on the use of robotic
platform. Results of robotic MP compared to open MP were
evaluated in a small series by Kang et al:** no differences
were observed in terms of overall complication rate, peri-
operative mortality, and length of stay; the robotic series
had a lower blood loss, but a longer operative time compared
to open. The approach described by Kang was hybrid for
three patients out of five (laparoscopic resection and robotic
reconstruction), with pancreaticogastrostomy preferred over
pancreaticojejunostomy. Giulianotti et al®' described the first
series of three totally robotic MPs. The mean operative time
was 320 minutes and the mean length of hospital stay was
9 days for patients with no complications and 27 days for
patients complicated by a grade B (according to the Interna-
tional Study Group on Pancreatic Fistula) pancreatic fistula.
Conversion and mortality rate were nil. Zureikat et al,*® in
their series of 13 robotic MPs, reported 92% incidence of
pancreatic fistula and a mean operative time of 394 minutes;
there were two cases of conversion to open surgery and one
reoperation. Length of hospital stay was 8 days. All the series
reported a 0% incidence of pancreatic or endocrine insuf-
ficiency during follow-up.*

Robotic Beger’s procedure

Zhan et al® reported four cases of robot-assisted duodenum-
preserving pancreatic resections (robotic Beger’s procedure).
Two patients had a serous cystadenoma, one had an insuli-
noma, and one had chronic pancreatitis. Pancreatic fistula rate
and average length of stay were not low (75% and 35.8 days,
respectively), although they reported a satisfactory mean
operative time (298.8 minutes) and mean operative blood
loss (425 mL).

Discussion
The pancreatic gland is a complex anatomical organ due to
its deep location and tight connections with the surround-
ing vessels, making surgical procedures often complex and
difficult. Furthermore, pancreatic cancer has increased local
invasion and distant metastasis in its early stages, adding huge
disadvantages for surgeons.

Minimally invasive approaches have radically changed
the history of pancreatic surgery during the last 2 decades,
wherein they have been extended to oncological surgery. The

laparoscopic approach limited to distal pancreatectomies
and enucleations gained wide diffusion; otherwise, laparo-
scopic resections of the head of the pancreas still represent
a perquisite of few skilled minimally invasive surgeons who
approached pancreatic surgery.

Introduction of the robotic platform in the last decade
has overcome the high level of technical skills required to
approach the pancreas; besides, robotic device has some added
advantages compared to even laparoscopy. Robot-assisted
surgery has many advantages such as smaller incisions, faster
recovery, restoration of eye—hand coordination, enhanced 3D
vision, improved movement precision, and ergonomics due
to Endowrist technology with seven degrees of freedom. Last
but not the least, robotic platform requires a faster learning
curve, considering several endpoints such as operating time,
blood loss, complications rate, and readmission rate.

Today there have been many controversies on the role
of minimally invasive surgery for pancreatic malignancies,
including the effectiveness of radical resection in terms of
extended local resection of the infiltrated pancreatic capsule,
extension of lymphadenectomy, and major vessels’ dissection
and/or resection. Further debate focuses on the questionable
real benefits for patients. However, considering the increased
operating time of robotic procedures compared to standard
open surgery, robotic-assisted pancreatic resections have
shown to be equally feasible in terms of oncological outcomes
and postoperative complications. Its remarkable benefits due
to being less invasive and causing decreased blood loss, less
surgical trauma, and faster recovery confer an important role
to the robotic platform representing the fundamental basis
for further researches.

In general, robotic surgery is often criticized for the
high costs involved. Robotic prostatectomy is the first, and
actually the only one, robotic procedure widely accepted as
the gold standard. At the dawn of this era, several groups
have shown how this procedure is not cost-effective despite
reduced morbidity and length of stay.®** Only little data are
available on robotic pancreatic surgery costs. Two groups
have reported that the higher robotic costs were offset by
a reduction in length of stay.5® Future competition in the
development of robotic technology should potentially lead
to further cost reduction.

The current level of evidence is based on comparative
studies compromised by strong bias in patient selection
and data analysis. Randomized controlled trials (RCTs) are
mandatory, but still literature is lacunar. Unfortunately, RCTs,
even multicenter ones, are difficult to conduct because of
limited availability of the robotic platform, consent issues,
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and often inadequate statistical power of the experimental
case series.

In conclusion, experienced pancreatic surgeons in
high-volume centers should continue to perform robotic
pancreatic surgery and collect prospective data (eventually
on a multi-institutional basis). Oncological outcome and
more accurate long-term data will be necessary to definitively
assess a proper role of this technology in pancreatic surgery
field. Evidences encourage the use of robotic technology, but
proper RCTs and survival analyses are still lacking.
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