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Abstract

Robotic pancreatic surgery provides several advantages. Since the first report of a robotic-assisted distal
pancreatectomy in 2001, total pancreatectomies, pancreatic tumor enucleations, pancreaticoduodenectomy,
central pancreatectomy and Appleby procedures have been performed, indicating a promising future. The
aim of this article is to describe our experience of robotic pancreatic surgery including technical aspects for
pancreaticoduodenectomy and distal pancreatectomy. The current literature on feasibility, safety and early
postoperative outcomes will be discussed.
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INTRODUCTION

Morbidity and mortality associated with pancreatic surgery has decreased over the last decades because
of advances in anesthesia, critical care and other aspects of perioperative management. Improvement in
surgical technique and instrumentation as well as centralization of care to high-volume pancreatic surgery

centers has significantly contributed to improvement in postoperative short- and long-term outcomes'".
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The robotic platform provides significant dexterity-related advantages, enabling pancreatic procedures
to be performed with surgeon- and patient-related benefits. Complex demanding procedures such as
pancreaticoduodenectomies (PDs) involving dissection of the hepatoduodenal ligament and resection of
the pancreatic head, uncinate process and duodenum, followed by a complex reconstruction with delicate
anastomoses become technically feasible using a minimally invasive approach™. Adjuncts such as built-in
fluorescence imaging FireFly'" and TilePro " picture overlay while performing intraoperative ultrasound
add to operative safety and efficiency. At our high-volume center, we have performed more than 180
robotic PDs since 2012 and over 200 distal pancreatectomies with splenectomy (DPS) since 2008. We have
found lower complication rates for robotic PD along with no differences in total costs when compared with

the open PD, but more importantly, robotic PD may offer improved oncologic outcomes™”

When starting a robotic program for pancreatic surgery, a dedicated team with prior experience in open
as well as minimally invasive pancreatic surgery and, first and foremost, a structured training is the key to
success”. During the early stages of the learning curve, proficiency in DPS should be achieved'”. However,
learning curves can be considerably diminished by appropriate training, proficient mentorship and an
experienced multidisciplinary team"”.

The aim of this article is to describe the technical aspects of robotic PD and DPS. Our own expertise as well
as the current literature on feasibility, safety and early postoperative outcomes will be discussed.

TECHNIQUE OF ROBOTIC PANCREATIC SURGERY (XI™ SYSTEM)

Patient selection

Patient selection plays a crucial role during the early learning curve for successful robotic pancreatic
surgery. Patients with a very high or very low body mass index (BMI > 40 kg/m’; BMI < 17 kg/m”), petite
body habitus and relevant comorbidities, elderly frail patients and those with multiple previous abdominal
surgeries should be evaluated thoroughly". Patients with chronic pancreatitis, neuroendocrine tumors,
cystic neoplasms, ampullary cancers and distal cholangiocarcinomas may be considered as ideal PD
candidates for surgeons with juvenile robotic experience. Tumor entity, location and extent are important
factors in determining whether a robotic approach is beneficial for the patient. Borderline resectable
pancreatic tumors may require concomitant vascular or multi visceral resection demand for robotic
expertise as well as master skills and should be avoided during the learning curve. A recent NSQIP
database study comparing early postoperative outcomes for patients undergoing laparoscopic or robotic
PD reported higher overall complications and conversion rates for the robotic approach if the procedure is

combined with vascular or multivisceral resection’”

Equipment and preoperative measures

As for robotic pancreas procedures using the Xi system, we recommend the use of PrograspTM forceps,
fenestrated bipolar and mono-polar scissors as well. The robotic vessel sealer ™ is the key device in
facilitating dissection while achieving adequate hemostasis. Fortunately, a new sealing device with a more
delicate articulating tip and shorter seal time is soon to be launched (SynchroSeal™). Locking robotic
plastic clips (Hemolok ™', Weck™) are used prior to the division of larger vessels. Pancreatic transection
may be achieved with the help of the robotic stapler. Cutting or non-cutting needle drivers may be used
for reconstruction according to surgeon’s preference. A commonly used suture for our robotic pancreatic
procedures is 4-0 or 5-0 Monocryl [Table 1].

Most surgical departments have designated robotic operating suites. Placement of the robotic cart,
console(s), and audio/video towers in relation to the patient, scrub team and anesthesia is set up according
to the surgeon’s preferences ahead of surgery. The patient table is placed at 45 degrees to the anesthesia
team. Both arms are abducted, and the patient is positioned supine with slight flexion and slight reverse
Trendelenburg. The robot cart docks from the right of the patient table.
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Table 1. Equipment for robotic pancreatic procedures

Items Details (number)

Robotic system Da Vinci™ Xi

Robotic instruments 30-degree camera
Prograsp™

Fenestrated Bipolar

Mono-polar scissors

Large and diamond needle drivers
Bipolar vessel sealing device
Large clip applier

Robotic bulldog clamps
Ultrasound probe

Ports 12 mm assistant trocars
(4) 8 mm robotic trocars
Basic laparoscopic tray Veress needle

Suction - irrigation
Needle drivers
Stapling devices on standby
Suture 0 Vicryl suture
4-0 V-lock
4-0 Monocryl, cut to 20/15/12 cm
5-0 Monocryl, cut to 12 cm
6-0 Monocryl, cut to 12 cm
Specimen bags Cook LapSac™ - 5 x 8, 8 x 10 (inches)
Drains 19 French Blake drain

Entry and port placement

Access is obtained by an infraumbilical incision and abdominal insufflation via a Veress needle followed
by a 12-mm bladeless trocar insertion. In patients with previous surgery, insuftlation may be obtained by
placing a Veress needle in the left subcostal region in the mid clavicular line followed by entry with a 5-mm
bladeless trocar and 5-mm laparoscope.

Using the Xi system, the 12-mm umbilical port is used as the assistant port. This may also serve as a robotic
working port (robotic stapler). The robotic ports are placed along a straight line at variable distance from
target anatomy depending on the patient’s body habitus. The robotic camera trocar is placed in the right
mid-clavicular line. Two working ports are placed on the left, with one on the right at distance of 6-8 cm
between each port [Figure 1A (DPS) and B (PD)]. When using the robotic stapler, the 12-mm robotic
trocar is inserted at the site of the assistant port followed by bringing down arm number 3.

DISTAL PANCREATECTOMY AND SPLENECTOMY

ProGrasp " and fenestrated bipolar forceps are used to enter the lesser sac. The robotic vessel sealer is
used to divide the gastrocolic and splenocolic ligament. Congenital adhesions posterior between the
stomach and pancreas or adhesions are released with the help of the vessel sealer. To facilitate and optimize
exposure, the posterior surface of the stomach is subsequently suspended to the anterior abdominal wall
with a running barbed suture [Figure 2].

Tumor location and its relation to key vascular structures are confirmed using the intraoperative ultrasound
probe. The TilePro™" picture overlay option enables simultaneous visualization of the ultrasound images
and identification of structures in the operative field.

Next, the peritoneum overlying the inferior border of the pancreas is incised using monopolar scissors.
Further dissection along the plane between the posterior aspect of the pancreas and the retroperitoneum
from medial to lateral is performed. Superior mesenteric vein (SMV) and portosplenic confluence are
identified as dissection and tunneling continues toward the superior border of the pancreas [Figure 3].
Robotic micro-clips are used to clip small venous branches draining directly from the pancreas into
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Figure 1. A: Trocar placement for robotic distal pancreatectomy; B: Trocar placement for robotic Whipple

Figure 2. Suspension of the stomach

the splenic vein. The peritoneum at the superior margin of the body of the pancreas is incised. Delicate
dissection to identify the splenic artery take off from the celiac trunk and concomitant lymphadenectomy
is performed.
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Figure 3. Tunneling between superior mesenteric vein and pancreas

Intraoperative ultrasound and also a clamping trial using bulldogs are applied to confirm doubtless
identification of the splenic artery. The artery may then be divided using locking plastic clips. The neck
of the pancreas is encircled via the created tunnel with a Dacron umbilical tape. Resection continues with
division of the pancreas using a stapling device (robotic or laparoscopic stapler through the assistant port).
The splenic vein is isolated and divided distal to the confluence applying locking plastic clips. The pancreas
is then further dissected off the retroperitoneum. The specimen is placed in the retrieval bag and removed
via the umbilical port, which may be enlarged to permit specimen extraction.

Robotic radical antegrade modular pancreatosplenectomy (robotic RAMPS) may be beneficial in selected
patients. The mode of dissection is also from medial to lateral; however, as a more radical approach, the
left renal vein is exposed and Gerota’s fascia is cleared off the left kidney. The left adrenal is resected en
bloc if the tumor breaks through the posterior plane. The dissection continues further posteriorly to the
diaphragm using the retroperitoneal muscles as the posterior border, diaphragm as the superior border,
and renal vein as the inferior border of the dissection plane. Radical lymphadenectomy including the
gastrosplenic, splenic, infrapancreatic and gastroduodenal nodes is performed. In addition, lymph nodes
along the celiac part of the aorta and superior mesenteric arteries are removed"".

ROBOTIC PANCREATICODUODENECTOMY

The falciform ligament is taken down and to be used as a vascularized pedicled flap™. To optimize surgical
exposure of the hepatoduodenal ligament, the gallbladder is sutured to the anterior abdominal wall. In
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Figure 4. Kocherization

absence of a gallbladder a Nathanson retractor is introduced. The robotic vessel sealer is used to open the
gastrocolic ligament and the distal gastric antrum as well as the proximal duodenum are dissected. The
right gastroepiploic and right gastric artery are identified and divided between locking clips. The hepatic
flexure of the colon is taken down and the duodenum Kocherized followed by the division of the proximal
duodenum using a 60-mm robotic stapler [Figure 4].

TilePro' picture overlay while performing intraoperative ultrasound is used to evaluate the vasculature
prior to division of vessels. Fluorescence imaging FireFly'" assists in identifying the biliary structures. The
hepatic artery is dissected, and lymphadenectomy is performed. After identification of the gastroduodenal
artery and determination of its relevance for the hepatic blood supply (clamping trial), the artery is ligated
using silk sutures, clipped with Hemolock™ clips and divided leaving a stump on the hepatic portion [Figure 5].

The ligament of Treitz is identified. Using a robotic stapler, the jejunum is divided 20 cm distal to the
ligament of Treitz. The mesentery is transected using the vessel sealer. Further dissection from the right
upper quadrant enables a pull through of the proximal jejunum.

The peritoneum overlying the inferior border of the pancreas is incised, the vein of Henle (gastrocolic
trunc) identified and followed towards the SMV. A tunnel between the pancreatic neck and the SMV/
portal vein is created. An umbilical tape is then passed through this tunnel. Pancreatic neck transection is
performed using the monopolar scissors coupled with saline irrigation. Following division of the pancreas,
the uncinate process is dissected off the superior mesenteric vessels using the vessel sealer [Figure 6].

The cystic artery and duct are clipped and divided. The common hepatic duct is transected just above the
take off of the cystic duct. The specimen is placed in a retrieval bag for removal at the end of surgery and
meanwhile placed in the lower abdomen.
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Figure 6. Transection mesopancreas
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Figure 7. Pancreaticojejunostomy

A window is created in an avascular area of the transverse mesocolon, and the jejunum is pulled through.
The pancreaticojejunostomy (PJ) is performed as a two-layer end-to-side anastomosis with duct to mucosa
approximation. A 4-0 monofilament running suture is used to create the posterior layer of the anastomosis.
Monofilament sutures (5-0) are applied to create the duct to mucosa anastomosis in interrupted fashion
[Figure 7].

Stents may be used depending on the diameter of the pancreatic duct and consistency. After making a small
enterotomy to the jejunum, the hepaticojejunostomy may be performed in a running (larger ducts, 4-0
barbed suture) or interrupted (smaller ducts, 4-0 or 5-0 monofilament) fashion 10-15 cm downstream from
the PJ [Figure 8].

The duodenojejunostomy may be performed ante- or transmesocolic. An antimesenteric enterotomy is
made, the anastomosis is performed in a seromuscular, in a single-layer running fashion using a barbed
absorbable monofilament suture (4-0).

The vascularized falciform ligament flap is pulled through the empty space behind the pancreaticojejunostomy.

A 19 French Blake drain is placed in proximity to the pancreatic and biliary anastomosis. Specimen

. . . . . .. > . . [2]
extraction 1s performed via a Pfannenstiel incision at the surgeons discretion .
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Figure 8. Hepaticojejunostomy

DISCUSSION

Robotic pancreatic surgery provides several advantages and enables the surgeon to perform complex
resections and reconstructions by facilitating supraphysiological movements with the robotic instruments'”.
Since the first report of a robotic-assisted distal pancreatectomy in 2001, total pancreatectomies,
pancreatic tumor enucleations, pancreaticoduodenectomy, central pancreatectomy and Appleby procedures
have been performed, indicating a promising future. Results of randomized control trials comparing robot-
assisted PD with the laparoscopic or open approach are lacking. Patient recruitment for one randomized
control trials in China and one in the USA started in 2020, and results are expected for 2024. The
international consensus statement on robotic pancreatic surgery published last year reveals that the level of

evidence still remains moderate to low for the robotic platform"”.

A review of our own experience revealed longer operative times of approximately 136 min when compared
with our open PD cohort™. However, robotic PD resulted in less blood loss (200 mL lower), a shorter
intensive care unit stay, a lower 30-day complication rate, and no difference in total costs compared with
open PD""*.

Perhaps more importantly, we found that with increasing experience, the pancreatic fistula rate could
be reduced to below that of most open as well as laparoscopic series (7.4% vs. 12%) and that the robotic
approach may offer improved oncologic outcomes.

The significantly higher lymph node yield and decreased inflammatory response demonstrated in robotic
surgery may improve overall survival*'”,

Multiple single or multi-institutional retrospective studies to compare specific outcomes between robotic,
laparoscopic and open approaches are reported® ">/ A large systematic review examined data from
13 retrospective series””. It compared the outcomes of 738 patients who underwent robotic and open PDs
between 2000 and 2016. The data showed that the robotic approach was associated with longer operative
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times but lower estimated blood loss. The learning curve to decrease rates of conversion to an open
procedure was found to be as high as 20 robotic PDs. Overall morbidity rates were comparable between the
robot and open groups. Mortality rates also did not differ between the two approaches and ranged between
19%-12.5%. Delayed gastric emptying, however, was found to be lower with the robotic approach®*". An
NSQIP study comparing 30-day outcomes between laparoscopic and robotic PDs found that there was no
difference in 30-day morbidity or mortality between the two approaches™’. However, they did find that the
rates of conversion to an open procedure were higher for patients undergoing laparoscopic PD (26% vs.
11.3%).

Increasing proficiency with robotic pancreatic surgery is reflected in a decrease in operative times as well
as conversion rates. Other more sophisticated factors may include number of lymph nodes resected, blood
loss, R-status, hospital stay, and 90-day complications and readmission as well™. Our initial experience
with robotic pancreatic surgery revealed a conversion rate of one in four decreasing to one in 32 cases after
overcoming the learning curve. In line with this, procedural duration decreased significantly over time.
Boone et al."” reported that blood loss and conversion rate decrease significantly after 20 robotic PD cases.
The clinically relevant Grade B/C pancreatic fistulas rate (POPF) decreased by half after 40 cases along with
a significant decrease in operative times after 80 cases.

While laparoscopic skills enhance the learning curve in our experience, training in robotic surgery should
be structured. In a first phase basic skills and procedure specific skills with the help of simulation, biotissue
drills, video libraries, live case observations, and training courses have to be achieved””. The second phase
consists of fellowships, and proctoring programs to ensure patient safety during the first procedures.
During the third phase the surgeon’s aim is to safely implement the procedure into standard practice, while
minimizing the learning curve related to excess morbidity and mortality. Adequate training and high
procedural volume are key to implementing robotic pancreatic surgery safely””.

CONCLUSION

Robotic hepatopancreatobiliary surgery has undergone rapid evolvement over the last two decades. Its
adoption has been tempered by the complexity of the procedures. The combination of superior articulation,
better optics and elimination of tremor provides technical and ergonomic advantages over conventional
laparoscopy. At high-volume centers, once the learning curve has been surpassed, robotic PD has been
shown to be non-inferior to open PD in terms of POPF development and other perioperative outcomes.
The higher operative cost of the procedure may be offset by lower hospital length of stays associated with a
minimally invasive approach. However, more robust data in the form of a randomized controlled trial and
other cost benefit studies are needed.
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