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Abstract

Laparoscopic pancreatectomy has evolved from resection of benign lesions to the treatment of malignant lesions
without compromising patient safety and oncologic principles. Driven by the technical shortcomings of laparoscopic
surgery, robotic pancreatectomy is the latest development in this evolution. Presently, there are limited but
increasing amount of data comparing the outcomes of the various approaches for pancreatectomy: robotic versus
laparoscopic and open pancreatectomy. Most studies to date are single large institutional retrospective case series
or case-control studies reporting on the safety and feasibility of robotic pancreatectomies but most fail to address
key issues like cost-benefit ratio and selection biases. Hence, presently, there is only low level evidence from
retrospective studies supporting the use of robotic pancreatectomy. These studies have demonstrated that robotic
pancreatectomy is safe and feasible with outcomes at least comparable to conventional laparoscopy and open
surgery. There is some evidence suggesting that robotic surgery may decrease the learning curve and conversion
rate in minimally invasive pancreatic surgery. Further research is needed to evaluate and compare the effectiveness

of robotic pancreatectomy with conventional laparoscopy and open surgery.
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Introduction

Laparoscopic pancreatic resection remains one of the newer
developments in pancreatic surgery although it was first reported 2
decades ago in 1994 by Cushieri [1]. Following the introduction of
robotic abdominal surgery, the first series of 13 robotic pancreatic
resections was published by Giulianotti et al. [2]. Laparoscopic
pancreatic resections were initially performed for benign lesions
requiring left-sided pancreatosplenectomies. However as experience,
surgical techniques and equipment improved; its indications have been
expanded to malignant neoplasms and more technically demanding
procedures such pancreaticoduodenectomies and spleen-preserving
pancreatectomies. Despite the advantages associated with laparoscopic
surgery such as decreased pain, diminished blood loss, decreased
hospital stay and improved cosmesis [3]; the jury is still out there with
regards to the definite role and cost-benefit ratio of laparoscopy for
complex surgical procedures such as pancreatectomies. Presently, the
role of robotic pancreatic surgery remains even more poorly defined as
there is limited evidence available in the current literature
demonstrating its clinical utility.

As custodians of our patients’ health, questions will always arise
when new technology or innovation enters our clinical practice. One
key question would be: Does it really benefit our patients and improve
outcomes? The technology from which the robotic surgical platform
arose from military research and research for space exploration.
Currently, the DaVinci® surgical system by Intuitive Surgical® is the
dominant system. It consists of a three or four-armed bedside robot
which is operated by a surgeon who sits at a console [4,5]. In theory,
robotic surgery should retain the benefits of laparoscopic techniques

with regard to smaller incisions, shorter hospitalization periods, less
physiological stress induced by surgery and quicker patient recovery.
Additionally, there are several potential technical advantages of robotic
surgery over conventional laparoscopy [6]. This includes a high
definition 3-dimensional (3D) view, tremor filtration, motion scaling,
improved surgeon ergonomics and significant increased range of
motion due to an internal articulated EndoWrist [7,8]. These features
are obviously attractive to pancreatic surgeons due to the intricate
nature and the complexity of pancreatic resections. However, this new
platform has also raised concerns among surgeons on the lack of tactile
feedback, higher costs and longer surgical time as compared to
conventional laparoscopy or open surgery [9].

To objectively examine the evidence for robotic pancreatectomy,
one should ideally review the different forms of resections separately,
namely distal pancreatectomy (DP) with and without splenic
preservation, pancreatoduodenectomy (PD) and others procedures
such as central pancreatectomy (CP) and total pancreatectomy (TP).
To date, there have been several relatively large surgical series which
may shed some light on this issue [10-13].

The adoption of the laparoscopic approach for DP especially when
performed with a splenectomy has become more widely accepted
compared to PD or CP. This is because it is a relatively technically less
demanding procedure as it does not require any reconstruction or
anastomosis. Ever since the first reported robotic DP; several
institutions have published their experience and outcomes with robotic
DP [9,14]. Currently, there is limited evidence comparing open DP
and/or laparoscopic DP vs. robotic DP. To date, there are only 5
retrospective and 1 prospective comparative studies published in the
literature [9,15-20] (Table 1). Some potential benefits of the robotic
approach over conventional laparoscopic DP which have been
reported include a higher rate of splenic preservation (vessel
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preserving) and a lower conversion rate [10,15,21]. The increased rate
of splenic vessel preservation after DP has been attributed to the
improved dexterity and precision of the robotic arms when working in
tight spaces [10,15,21]. However, despite its many theoretical technical
advantages, robotic DP remains a complex procedure associated with a
significant learning curve. In a recent study of 100 consecutive robotic
DP, the learning curve of robotic DP with regards to operation time
was reported to be optimized at about 40 cases [22]. This relatively
long learning curve for a relatively rare surgical procedure poses a
major obstacle to the widespread adoption of robotic DP world-wide.
However, it is highly likely that the learning curve could potentially be

shortened in future adopters with increasing familiarity with the
platform and standardization of surgical techniques [22]. The
Memorial Sloan Kettering Cancer Center recently published their 14
year experience of over 800 DP comparing open, laparoscopic and
robotic DP and found that robotic and laparoscopic DP were
comparable with respect to most perioperative outcomes, with no clear
advantage of one approach over the other [9]. Today, DP remains a
surgical procedure associated with a high morbidity rate especially
from postoperative pancreatic fistula regardless of the surgical
approach [23].

Mean Conver | Spleen RO Pancreati | Length of
Author c operati | EBL sion preservat . Morbidity | Mortality ! 9 Cost
ountry | Approach N N : resection, | o c fistula| stay
(Year) ve time | (ml) rate, ion rate o (%) (%) (%) (days) (USD)
(min) %) | (%) ° ’ v
Open 32 245" 279 N.A 14" 100 18 0 18 8" $16059
Waters et
al.pe] | USA
'C-apa“’s”p' 28 | 222" |e67 1 28" 82 33 0 11 6 $12986
Robotic 17 298" 681 12 65" 100 18 0 0 4 $10588
[<137r]19 etal.| o oa 'gapamsmp' 25 | 258" |- NR 64" NR 16 0 NR 7.1 $3861
Robotic 20 348" - NR 95" NR 10 0 NR 7.3 $8304
Daouadiet| ;g Laparoscopl | o4 | 372" 150 | 16" | 18 64 64 11 41 7.1 NR
al. [18] c
Robotic 30 293" 150 0 7 100 66 0 46 6.1 NR
Lai et al. EO”Q Laparoscopi | 47 | 475" | 282 NR 412 NR 412 0 353 14.2 NR
[19] ong, ¢
China
Robotic 9 242" 104 NR 66.7 NR 55.6 0 44 .4 8 NR
Open 637 185 596" N.A 14 88 40 0.6 12 7 NR
Lee et al.
9] USA
'gapamsmp' 131 | 193" | 262" | 41(31) | 22 100 32 0 8 5 NR
Robotic 37 213* 193* 14(38) | 8 100 32 0 8 5 NR
'C'apamscor" 21 | 195 BT 0% | 4.7 19 NR 714 0 57.1 7 1500"
Butturini et| taly
al. [20] BT
Robotic 22 265 13[,/ 4.5 27.3 NR 68.2 0 50 7 3000
0
Abbreviations: EBL: Estimated blood loss; “p < 0.05; NR: Not reported; BT: Blood Transfusion (Intraoperative); #: Euros; NA: Not Applicable

Table 1: Summary of studies comparing Robotic distal pancreatectomies vs. Open and/or Laparoscopic distal pancreatectomies

In contrast to laparoscopic DP, the adoption of laparoscopic PD has
been limited. From 2005-2010, it was estimated that more than a
quarter of DP were performed laparoscopically in North America [24].
In contrast, unlike the ubiquitous adoption of laparoscopic DP,
laparoscopic PD had a much slower adoption rate most likely due to its
steeper learning curve. Laparoscopic PD was first reported by Garner
and Pomp in 1994 [9]. In 2012, it was reported that only 7 centers had
an experience of more than 30 patients who had undergone
laparoscopic PD, with very few surgeons in the world acquiring a
significant experience with the procedure [25,26]. Interestingly, the
adoption of robotic PD in comparison with laparoscopic PD has
increased at a relatively more rapid rate compared to the frequency of
adoption of robotic DP versus laparoscopic DP. In 2001, Giulianotti et

al. first reported robotic PD in an initial series of 8 patients with a
morbidity rate of 37.5%. More recently, investigators from the
University of Pittsburgh published the largest series of robotic
pancreatic resections to-date, which included 132 PD [2,14]. Although
it is impossible to determine the exact reasons behind this observation;
it is not implausible to postulate that a major reason could be due to
the enabling effect of the robotic system over conventional laparoscopy
for surgeons resulting in a gentler learning curve for complex
pancreatic operations. Most surgeons would agree that the robot is
superior with regards to performing laparoscopic maneuvers such as
precise suturing and fine dissection which is essential when
performing a PD. The morbidity of PD is largely associated with the
incidence of pancreatic fistula and the assistance of the robot may
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potentially improve the precision and dexterity when performing the
pancreato-enteric reconstruction, although this have yet to be proven
[15]. A recent meta- analysis comparing open and robotic
pancreatectomy favored the latter approach with a risk difference of
12% in both re-operation and morbidity rate. However, a major
limitation of this meta-analysis was that the study population was
heterogeneous and included PD, DP as well as CP cohorts [11].
Another 2 systematic reviews on robotic pancreatectomies were
published in 2013. Nigri et al. analyzed 8 studies that compared
minimally invasive surgery (MIS) (n = 204) vs open PD (n = 419), they
concluded that there were no significant differences in complications

such as pancreatic fistula, delayed gastric emptying, wound infection,
reoperation and mortality rates and found that the MIS approach was
associated with a greater lymph node harvest with better margins but
with longer operating times. However, the authors combined both
laparoscopic and robotic approaches as a single MIS group and did not
compare between the 2 groups [12]. The other systematic review by
Cirocchi et al. which focussed solely on robotic PD included 13 studies
with 207 patients, they reported an average R1 resection rate of 9% and
concluded that for highly selected patients, robotic PD is feasible with
similar morbidity and mortality compared to open or purely
laparoscopic approaches [13] (Table 2).

Author Countr | Approach | N | Age Mean EBL | Conversion | RO Harvested | Morbidity | Mortality | Pancreatic | Length
(Year) y (Years) | operative rate, n (%) resection o o ) o
time (min) (ml) lymph (%) (%) fistula (%) | of stay
nodes, (days)
mean (n)
Buchs USA Open 39 | 56" 559" 827" | NA 81.5 1" 48.7 2.6 20.5 14.6
[33]
Robotic 44
Zhou [34] | China Open 8 57 420" 210" | N.A 83.3 NR 75 0 37.5 24.3"
Robotic 8 |65 718" 153" | N.A 100 NR 25 125 50 16.4"
Chalikond | USA Open 30 | 61 366.4" 775 N.A 87" 11.8 43 0 7(Grade B) | 13.26"
a[359
Robotic 30 | 62 476.2" 485.8 | 3(12) 100" 13.2 30 4 7(Grade 9.79"
B/C)
Lai et al.| Hong Open 67 | 62.1 264.9" 774.8 | N.A 64.1 10 49.3 3 17.9 25.8"
[19] Kong )
Robotic 20 | 66.4 4915 247" | 5 73.3 10 50 0 35 13.7
Hammil et| China Open 69 | 55 398 450 N.A NR NR 23 1.4 NR 7
al. [36 §
Robotic 8 | 625 648 256 1(11) NR NR 25 0 NR 14
Walsh [37 | USA Open 25 | 62 364" 840 N.A 73 NR 44 0 NR 14
1
Robotic 25 | 63 488" 537 | 3(12) 100 NR 32 4 NR 10
Abbreviations: EBL: Estimated blood loss; “statistically significant, p < 0.05; NA: Not Applicable; § Published ab NR stracts. : Possible overlap of patient cohorts; NR:
Not reported

Table 2: Summary of studies comparing Open vs. Robotic pancreaticoduodenectomies

The data available for other pancreatic resections via the robotic
platform remains limited to small case series and reports. Cheng et al.
published their initial experience in 7 patients matched with 36
patients who undergone robotic and open CP respectively and
concluded that patients in the robotic group experienced faster
gastrointestinal tract recovery [27]. Similarly, Kang et al. presented a
small series of 5 robot-assisted CP and compared it to their open CP
experience. The robotic surgery group was associated with a
significantly longer operating time but decreased blood loss [28]. In
their experience of 250 robotic pancreatic resections, surgeons from
the University of Pittsburgh reported a variety of pancreatic
procedures such as 13 CPs, 5 TPs, 10 enucleations, 4 Appleby
resections and 3 Frey procedures [14]. Based on their experience which
is the largest robot pancreatectomy experience to-date, they concluded
that robotic pancreatectomy was safe and feasible. They further added
that there were no unanticipated risks inherent to this new technology
[14]. More recently, there have even been anecdotal reports of robot-

assisted pancreatic transplants with 3 cases reported in a recent study
[29].

The evidence for robotic pancreatic surgery is culminating but still
lacks robust data. Most case series and case control comparison studies
unfortunately have failed to address several main issues related to the
robotic technology. One of the most important issues is the
considerable start-up and high recurring costs associated with this new
technology. Presently, the cost-benefit ratio of robotic pancreatic
surgery has not been well-studied. Kang et al. reported that the robotic
surgery cost was almost 2.5 times that of conventional laparoscopic
surgery in Korea [17]. Presently, there is some evidence from
retrospective studies that laparoscopic DP is more cost effective than
open DP [30]. However, this does not apply to robotic pancreatectomy
at present whereby the absolute cost is almost certainly higher than
conventional laparoscopy or open surgery. Nonetheless, it is important
to note that it is almost inevitable that the cost of robotic surgery
would decrease significantly in the near future as it becomes more
widely and readily available. Furthermore, the emergence of competing
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companies and robotic systems would almost certainly result in the
lowering of costs of robotic surgery which at present is monopolized by
a single commercial firm.

A common limitation in all the studies to date reporting on robotic
pancreatectomies was that the analyses were all conducted in
retrospective patient cohorts. Hence, the reported findings were likely
to be limited by selection bias in these non-prospective, non-
randomized studies. The advantages of robotic surgery over
laparoscopy and open surgery could be due to selection bias or other
confounding factors. For example, the shorter learning curve and
decreased conversion rates observed with robotic surgery could be
confounded by the fact that more frequently than not, surgeons who
begin performing robotic pancreatectomies had already acquired a
significant amount of experience in open and conventional
laparoscopy before embarking on robotic surgery [31].

Finally, it is important to note that the introduction and adoption of
new surgical technology is a complex event and often poorly studied.
Unlike other research questions; randomized controlled trials in this
aspect are rarely feasible nor realistic due to the inability to truly blind
the subjects and investigators and due to the inherent lack of true
clinical equipoise [32]. Thus far, the majority of such innovations today
are established on the findings of large retrospective experiences. The
crux of the matter is that until the cost, accessibility and experience of
robotic surgery becomes equitable to laparoscopic surgery, defining the
exact role of robotic pancreatectomy today will continue be an ongoing
challenge for pancreatic surgeons.

Conclusion

Presently, there is only low level evidence from retrospective cases
series and case-control studies supporting the use of robotic
pancreatectomy. These studies have demonstrated that robotic
pancreatectomy is safe and feasible with outcomes at least comparable
to conventional laparoscopy and open surgery. There is some evidence
suggesting that robotic surgery may decrease the learning curve and
conversion rate in MIS pancreatic surgery. Further research is needed
to evaluate and compare the effectiveness of robotic pancreatectomy
with conventional laparoscopy and open surgery.
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