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ABSTRACT

Robotic procedures have been implemented and become an important development in pan-
creatic surgery with an increasing acceptance worldwide. Nearly all types of pancreatic sur-
gery have been performed robotically and especially standardized resections such as distal
pancreatectomy and partial pancreatico-duodenectomy have gained importance despite a
potentially long learning curve and increased procedure costs.

The present review outlines the past and current developments in robotic pancreatic surgery
and summarizes the available literature and evidence on the respective procedures.
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BACKGROUND

Since the 1980s minimally-invasive surgery (MIS) has been introduced in
various surgical disciplines, starting with gynecological operations and extending
to other fields including visceral surgery to a greater extent in the 1990s (1).

After acceptance of “small” procedures like appendectomy or cholecys-
tectomy, indications were extended and more complex procedures adopted
this technique. The first MIS partial pancreatico-duodenectomy (PD)
was performed in 1994 (2) demonstrating that this was feasible in highly
specialized centers, however, no wide-spread acceptance occurred.

With certain latency and with utilization of the — now standardized — MIS
approaches, robotic surgery became a field of research and growing interest.
The first robotic procedures included neurosurgery, as the advantages of highly
precise movements and preparation made this kind of surgery a suitable field of
application (3).

After its establishment as a small start-up joint-venture between academic
institutions and industry as well as the US army, in 1995 the company Intuitive
Surgical© was founded and introduced the DaVinci® system as a robotic
platform in 1999, receiving FDA approval for MIS procedures in 2000 and for MIS
prostatectomy in 2001 — the most commonly performed robotic procedure
today. Currently, Intuitive Surgical© has achieved a nearly exclusive worldwide
monopolistic market position and the DaVinci® system is by far the most
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commonly used device, since 2014 in the “Xi” version
as the latest upgrade.

In 1997 the first robotic cholecystectomy was
performed by Jacques Himpens in Belgium, in 1998 the
first coronary heart procedure by Matthias Mohr in
Leipzig, Germany (4). The first colorectal robotic
procedures were performed in 2002 including a right
colectomy and a sigmoid resection, both for benign
indications (5). Parallel to this, upper Gl procedures
were started, including Heller’s myotomy in 2001, and
esopgageal resections in 2002-2004 (6-9). Regarding
pancreatic surgery, distal pancreatectomies and
enucleations were performed as early as 2001 (10).
Giulianotti reported the first robotic PD in 2001 as well
(11), however, due to the complex reconstruction, very
few surgeons tried to adopt this operation in the
following years before larger patient series were
published, mainly from the Pittsburgh center (12).

The timeline for all of these robotic procedures
reflects a general phenomenon when new technologies
are introduced in daily practice, i.e. starting such
procedures in patients with benign diseases before
extending to malignant indications. A problematic
aspect in this context is the fact that the implementa-
tion of new procedures precedes the generation of
evidence despite a potentially widespread adoption by
a period of ten to fifteen years. A recent example for
this problem is the implementation of MIS hysterectomy
for early-stage cervical cancer in the US (13). Since the
mid-2000s, MIS hysterectomy has been performed
increasingly and has been regarded as the standard of
care despite the lack of high-evidence studies on its
surgical and especially oncological feasibility. As late as
2018 the first large randomized controlled trial (RCT)
has addressed this and shown unfavorable oncological
outcomes with a significant impairment of long-term
survival for patients undergoing MIS hysterectomy vs.
open hysterectomy (14). This underlines that the
general adoption of any new procedure may never
been done uncritically and that an early evaluation in
high-quality studies is crucial not to harm patients. For
any type of robotic surgery, there are mainly observa-
tional studies to date, yet, a large number of RCTs
are planned or already recruiting that aim at the
comparison of robotic vs. conventions MIS or open
procedures (15). Consequently, more data on the
safety and oncological feasibility are awaited within the
next three to five years. The present review summarizes
the currently available data on robotic procedures in
pancreatic surgery.
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Distal pancreatectomy

A standard distal pancreatectomy (DP) is an
operation with a relatively low complexity due to the
lack of a reconstructive phase and most centers have
experience with conventional laparoscopic DP. DP is
considered as a suitable procedure when a robotic
program is launched and can preferably be performed
patients with benign (i.e. cystic) or small and clearly
resectable malignant lesions in the beginning of a
center’s experience. When proceeding to complex DP
procedures (i.e. including portal vein or additional
organ resection), this is certainly possible in experienced
hands, however, it should always be critically evaluated if
MIS DP actually may offer a benefit compared to an
open approach for the respective patients.

The currently available evidence regarding robotic
DP comprises mainly monocentric and retrospective
series with a focus on perioperative outcomes, but data
on oncological efficacy are sparse. Two meta-analyses
published in 2016 and 2019 have summarized these
studies (16,17). Including nine (six retrospective and
three prospective) monocentric studies in 2016,
Memeo et al. came to the conclusion that perioperative
outcomes were similar between conventional MIS DP
and robotic DP (16). The authors discussed this as a
potential learning curve effect as centers included
patients during their initial robotic experiences. This
conclusion implies the expectance of the authors that
robotic DP should offer advantages over conventional
DP which could be underestimated due to a non-
optimal performance during the learning curve. The
more recent meta-analysis by Nui et al. conducted a
three-arm comparison (open vs. conventional MIS vs.
robotic DP) and included 16 retrospective series as well
as one prospective study (17). It found no statistically
significant differences between conventional MIS and
robotic DP regarding blood loss and perioperative
morbidity. With a longer operation time for robotic DP,
there was a significantly higher rate of spleen preserva-
tion when intended compared to conventional MIS DP
and a reduced overall rate of morbidity for the robotic
procedures. A detailed look at the studies included in
the mentioned meta-analyses shows that these are
mostly retrospective series with only small numbers of
patients which compared either conventional MIS vs.
robotic DP (17-24), robotic vs. open DP (25, 26) or all of
the three procedures (29-32). In summary, robotic DP
had a longer operation time compared to both other
approaches without relevant differences in peri-
operative morbidity, however, robotic DP was
associated with increased costs. When compared to
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open DP both, conventional MIS as well as robotic DP,
were characterized by commonly assumed advantages
of minimally-invasive surgery, namely reduced blood
loss, faster recovery of the patients and shorter
hospital stay. As a special aspect, some studies only
focused on the topic of spleen preservation and the
potential advantage of a robotic approach over conven-
tional MIS in this respect (33-35). The results
remain unclear as the hypothetic advantage of the
telemanipulator use (more precise preparation, better
view) were observed and discussed in these three
studies (33-35), whereas a prospective non-randomized
trial by Butturini et al. failed to confirm this (19). One
registry-based US study investigated the oncological
long-term results of conventional MIS vs. robotic DP
(36). Comparing 99 robotic vs. 605 conventional MIS
DPs with a median follow-up time of 25 months
resulted in similar outcomes.

Partial pancreatico-duodenectomy

Partial pancreatico-duodenectomy (PD) is the most
challenging procedure regarding robotic pancreas
surgery. Although the robotic technology with the
possibilities of three-dimensional instrument move-
ment and high-definition view facilitates MIS
technique, tissue handling and manipulation during
resection as well as reconstruction requires a high level
of expertise. Especially during the learning curve,
increased morbidity may occur and high conversion
rates are possible. Currently, there are no RCTs on the
outcomes of PD compared to open or conventional MIS
PD. A number of mono-and multicenter observational
studies show promising results with regard to
morbidity, mortality and oncological results (37-41).
The largest published comparative series from the US
includes eight centers and 211 post learning-curve
robotic vs. 817 open PD (37). The study showed that in
clinical practice neither a high BMI nor a history of
previous abdominal surgery represent contraindica-
tions to choose a robotic approach resulting in an
overall conversion rate of 4.7%. Furthermore, the
robotic technique was used for challenging pancreatic
anastomoses (soft tissue, small duct) without a trend to
convert to an open procedure in this situation.
Interestingly, the authors observed for malignant
indications, that surgeons tended to prefer an open
approach as 55% of open vs. 33% of robotic PDs were
performed for cancerous lesions. This may well be
explained by basic concerns regarding radicality of the
robotic procedures, however, results remain unclear in
this respect. The proportion of R1 resections was
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higher for the robotic group (50% vs. 33%) whereas the
number of retrieved lymph nodes favored the robotic
resection (n=27.5 vs. n=19 harvested lymph nodes)
without results on long-term outcomes. Perioperative
outcomes were comparable, especially clinically
relevant POPF (robotic 13.8% vs. open 9.0%). With a
similar length of hospital stay (eight days), robotic
patients were readmitted more frequently (31%
robotic PD vs. 24% open PD). These results show that
robotic PD is feasible in specialized institutions and
short-term results are comparable with open PD. A
definitive evaluation especially regarding long-term
oncological outcomes is not possible from these data.
A recent systematic review (38) includes 11 non
randomized studies comparing robotic and open PD.
The number of robotic procedures in the underlying
studies varies between n=8 - 211 whereas n=8 - 817
open procedures are compared resulting in n=514
robotic vs. n=1263 open PD. These results show
significant differences in operation time (robotically
+1.5h) and blood loss (robotically -200ml) with similar
transfusion rate. Looking at the subgroup of oncological
patients, in this pooled data analysis, robotic PD
showed a lower rate of R1 resections with a similar
number of retrieved lymph nodes. The data favor
robotic PD in terms of lower overall morbidity
(especially surgical site infections) and faster post-
operative mobilization of the patients. However, faster
mobilization does not turn into shorter length of
hospital stay. This parameter — one of the potentially
most important advantages of all MIS procedures — is
given with 7 - 16 days for robotic vs. 8 - 25 days for open
PD. Considering the low methodological quality of the
included studies these results have to be considered
with caution as only retro- or prospective observational
studies have been included and a certain bias of under-
reporting events especially during the learning curve of
a new procedure is inherent.

Extended PD has been performed in only a few c
enters worldwide to date (40,41). Principally, such
operations are possible using the robotic system
including vascular venous as well as arterial reconstruc-
tions. Due to the very limited number of patients
undergoing extended robotic PD reported so far it is not
possible to give a valid estimation about potential
advantages. In addition, it has to be considered that
considerable morbidity (up to 80%) and mortality rates
(up to 14%) may be associated with these approaches.
Consequently, the impact of robotics in extended PD
has to be considered very low at the present stage and
further studies have to be awaited to give a valid
evaluation. Similarly, there are no relevant studies on
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robotic total pancreatico-duodenectomy although this
procedure can certainly be performed as a combination
of PD and DP and potential advantages discussed for
the latter procedures may be assumed.

Enucleation and central pancreatectomy

Parenchyma-sparing pancreatic resections including
enucleation or central pancreatectomy for benign cystic
lesions or neuroendocrine tumors can be performed
robotically with a high precision due to the excellent
visualization and the possibilities of meticulous
technical preparation of the system. Depending on the
localization of the respective finding, the approach
including patient placement as well as positioning of
trocars and instruments must be directed towards the
pancreatic head or the pancreatic body according to
the approaches for PD or DP, accordingly. A precise pre-
operative localization of the target lesion is crucial as an
extensive inspection of the pancreas is difficult and
time-consuming in robotic surgery and any kind of
haptic feedback is lacking. In uncertain cases, intra-
operative ultrasound may be required to find or
confirm the lesion’s localization and show a possible
proximity to the main pancreatic duct. After clear
definition of the lesion a precise and meticulous
preparation under excellent viewing conditions is one
of the important advantages that the robotic approach
offers. Outcomes seem to be similar to open approaches
without increased morbidity, especially POPF, when the
main pancreatic duct is not approached and a distance
of the lesion of at least 2 mm is respected (42-45). A
potential advantage in terms of earlier patient
discharge without increased rates of readmission may
be achieved by robotic compared to open enucleation
(42, 43).

Other procedures

Other pancreatic procedures can basically be
performed robotically or robotically assisted; however,
such operations have been reported only anecdotally.
Especially with regard to procedures in chronic
pancreatitis — characterized by extensive inflammatory
and fibrotic tissue changes as well as potentially
pronounced porto-venous collateral flow — all types of
MIS procedures have to be handled with care due to
the challenging preparation and the increased risk of
bleeding that may be difficult to control. Few case
reports or case series have been published [i.e. for
duodenum-preserving pancreatic head resection (46,
47)] and underline the feasibility of these operations in
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experienced centers. Despite this, these indications and
procedures remain rare and high-level evidence studies
are unlikely to be expected due to the low frequency of
performance. Comparably, robotic pancreas transplan-
tation has been described (48) in a small number of
patients but the performance of this procedure is also
certainly limited to very few and highly specialized
center and will not gain widespread importance.

CONCLUSION

The introduction of robotic procedures in the last
two decades has changed all fields of surgery including
visceral and pancreatic surgery. Especially for DP which
is today mostly performed by conventional MIS
technique, the robotic approach has been introduced
by many centers due to the more convenient approach.
Robotic PD is increasingly performed but a considerable
learning curve has to be taken into account for this
complex type of surgery. Currently, several large
observational studies confirm the feasibility of both
procedures. They show that potential MIS advantages
such as earlier mobilization or shorter hospital stay may
be achieved by robotics as well. As no RCTs are
available yet a valid comparison between robotic and
open or conventional MIS procedures is not yet
possible. Larger RCTs are currently being planned or
already recruiting to create more evidence in the near
future.
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