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Abstract

Background Pancreatic surgery is a challenging applica-

tion of minimally invasive surgery. Due to the complexity

of the surgical technique, requiring dissection along major

abdominal vessels as well as delicate reconstruction

involving biliary, pancreatic and enteric anastomoses,

reports on laparoscopic pancreatic surgery have been

scanty. With the advent of robotic-assisted surgery, how-

ever, the increased dexterity granted by endo-wristed

instruments, the improved three-dimensional vision and the

computer filtration of the surgeon’s movements have

brought minimally invasive pancreatic surgery into a new

era.

Methods As the surgical group which has performed the

highest number of robotic-assisted pancreatic procedures

worldwide, we review the state of the art of minimally

invasive robotic-assisted pancreatic surgery. Clinical

results from all major robotic-assisted pancreatic surgery

series are considered.

Results Preliminary reports from the published major

pancreatic surgery series show encouraging results, with

morbidity and mortality comparable to open surgery. Pre-

liminary data on cancer survival rates also appear to be

similar to open series.

Conclusion Robotic-assisted pancreatic surgery is safe

and feasible for all pancreatic diseases. The complexity of

pancreatic procedures warrant them to be carried out in

specialised centres, where short- and long-term outcomes

seem to be similar to the ones achieved in open surgery.

Keywords Pancreatic surgery � Robotic surgery �
Whipple’s procedure � Distal pancreatectomy

Introduction

Pancreatic surgery represents a challenge to both open and

laparoscopic surgeons, but the delicacy of the surgical

dissection deriving from the close anatomical relationship

between the pancreas and the portal vein and mesenteric

vessels, and the complexity of the reconstruction involving

(in pancreatic head resections) restitution of pancreatic

and hepatic duct continuity as well as gastric or pyloric

continuity, have created some reluctance to adopting the

laparoscopic technique even amongst the most skilled

surgeons.

To date, only a handful of laparoscopic pancreatic

resection series have been published and very few of them

report more than 50 cases [1–10]. Gagner et al. [11] pre-

viously presented work on laparoscopic pancreatic head

resections, but such small series have remained substan-

tially experimental.

The development of the Da Vinci robotic platform

(Intuitive Surgical, Sunnyvale, CA, USA) has completely

changed the paradigm of minimally invasive pancreatic

surgery. The increased dexterity deriving from the endo-

wristed instruments, the three-dimensional magnification

of the camera system, the software-mediated filtration of

surgeon tremor and generally the improved surgeon ergo-

nomics currently allow unprecedented precision of long

and complex dissections as well as intra-corporeal repro-

duction of movements resembling and even improving on

the human hand. For these reasons, since the development

of the robotic platform, the challenge of pancreatic surgery

has been taken up with renewed enthusiasm, with the result
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that in recent years the number of reports on minimally

invasive robotic-assisted pancreatic surgery has been on

the rise.

Robotic-assisted pancreato-duodenectomy

The first robotic-assisted pancreato-duodenectomy (RAPD)

was performed by our group (Giulianotti, personal com-

munication) in 2001. Following such a breakthrough, a

series of 8 RAPDs was published in 2003 [12]. This

achievement was possible after having developed skills and

experience on the robotic platform in the preceding

4 years. The accomplishment of such challenging proce-

dures made our group further aware that the robotic plat-

form had overcome many limitations of conventional

laparoscopic surgery.

We have previously published the results of a study

performed in the United States comparing open and

robotic-assisted PD, demonstrating that the robotic plat-

form had similar outcomes in term of morbidity and mor-

tality compared to open surgery and also significant

advantages in terms of blood loss and lymph node yield

[13]. Our overall experience, however, currently amounts

to more than 100 RAPDs (Giulianotti, personal commu-

nication to Clinical Robotics Surgical Association, CRSA

2012). Important issues such as oncological long-term

outcomes are currently under scrutiny, although our pre-

liminary findings indicate that the robotic platform is able

to maintain the same oncological safety as open surgery,

offering at the same time a minimally invasive approach.

The surgical technique for RAPD has been constantly

revised and refined to reach the current standard status. We

favour a full robotic-assisted approach and believe that

there is no role for hybrid hand-assisted or laparoscopic/

robotic approaches.

The port positioning as shown in Fig. 1 is consistent

amongst most pancreatic head resections. The camera is

placed on the right para-rectal line, along the axis of the

superior mesenteric vessels, which mark the centre of the

operative field. Two operative arms are placed to each side

of the camera allowing space for 1 or 2 assistant ports, with

the robotic third arm placed further away to the right side

of the abdomen below the costal margin.

The surgical steps largely resemble those of open sur-

gery, as originally described by Whipple [14]. The gastro-

colic ligament is first opened to gain access to the lesser

sac. The right colon is mobilised to fully expose the head of

the pancreas. A complete Kocher manoeuvre is performed

until the superior mesenteric vessels are identified. With

the advantage of endo-wristed instruments, at this stage

careful selected lymph-node sampling can be done. The

hepatic hilum is then approached and control of the hepatic

artery, common bile duct and gastroduodenal artery is

gained. At this stage the retropancreatic tunnel is made

between the pancreas and the portal confluence. The

stomach and jejunum are transected with stapling devices.

The pancreas can be made ready for transection, which is

performed with an ultrasound cutting device (Harmonic,

Ethicon Endosurgery). All options of reconstruction

(classical Whipple vs. pylorus-preserving pancreato-

duodenectomy [15]) are available with the robotic-assisted

technique, but some preliminary unpublished data

(Giulianotti, personal communication, CRSA 2012) suggest

that pylorus-preserving pancreatoduodenectomy with trans-

gastric ‘dunking’ pancreato-gastrostomy (Fig. 2) yields the

best outcome with regards to complications related to

pancreatic anastomotic leak.

Unfortunately, given the technical difficulties related to

the procedure, we are still lacking large series of robotic-

assisted pancreato-duodenectomies. However, a cautious

evaluation from some preliminary reports can be made.

The first reported series from Zhou et al. [16] showed safe

completion of 8 RAPDs with a mean operative time of

718 min, average blood loss of 153 ml and a 100 % rate of

RO resection. The absence of peri-operative mortality and

the reported 20 % pancreatic fistula rate compare favour-

ably with most open and laparoscopic PD series.

Fig. 1 Port positioning during robotic-assisted pancreatico-duode-

nectomy. C is the 12-mm camera port, R1, 2, 3 are the 8-mm

operative robotic ports, A1 is the 12-mm assistant port, A2 is the

5-mm assistant port
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Narula et al. [17] have reported a series of 5 RAPDs

performed with a mean operative time of 420 min and no

peri-operative mortality.

More recent reports boast higher numbers of cases. Zeh

et al. [18] reported a series of 50 RAPDs with a mean

operative time of 568 min, average blood loss of 350 ml,

16 % conversion rate and a median length of hospital stay

of 10 days. Zhan et al. [19] reported 16 cases of RAPDs

within a larger series of 47 pancreatic procedures, with a

mean operative time of 479 min, average blood loss of

633 ml and 6 % rate of pancreatic fistula.

Despite a physiological degree of variability across

these series, some conclusions can be already drawn: (1)

RAPD is a safe procedure and carries morbidity and

mortality similar to open PD; (2) RAPD does not jeopar-

dise the oncological radicality in the presence of pancreatic

malignancy, (3) it would appear that in spite of longer

operative times, RAPD causes less blood loss and can

shorten length of hospital stay [20]. The scepticism around

the long-term outcome of RAPD is, in our view, not jus-

tified, as there is no reason to believe that the oncological

outcome would unfavourably compare with the open

approach. This belief is based on the observation that

RAPD is able to adhere strictly to the most modern

oncological surgical criteria, i.e. resection margin and

lymph node yield, as well as tissue manipulation.

Even through retrospective series, RAPD appears to

have better short-term outcomes compared to open and

conventional laparoscopic surgery [13, 16, 20–23]. How-

ever, there is still no consensus on how RAPD compares to

pure laparoscopic PD. Retrospective studies show that

robotic-assisted procedures have a shorter operative time

compared to laparoscopic ones, but similar outcomes in

term of overall complications, hospital stay and peri-

operative mortality [1, 3, 20, 22, 24]. It is difficult to

quantify the impact of the robotic approach over conven-

tional laparoscopy. It would certainly be impractical to

design prospective randomised trials to compare these 2

techniques. The perceived better feasibility of RAPD

compared to laparoscopic PD is such that we may never

achieve level 1 evidence to finally clarify this issue. The

already mentioned advantages of the robotic platform may

translate to lower conversion rate and even allow safe

performance of additional steps such as vascular resections

[25] that are feasible laparoscopically only by the most

expert groups [26]. Our group has experience in this aspect

and can confidently state that a formal comparison with

conventional laparoscopy would not be possible. Further-

more, we believe that the added value of robotic-assisted

surgery also comes from the integrated technology of the

robotic platform, the potentials of which have recently

begun to be explored.

Robotic-assisted distal pancreatectomy

If RAPD is approached with caution despite very favour-

able preliminary reports, it is the robotic-assisted approach

to distal pancreatectomy (RADP) that has recently raised

the enthusiasm of many pancreatic surgeons.

Distal pancreatectomy would always lend itself to a

minimally invasive approach better than PD due to the lack

of reconstructive time. The first laparoscopic distal pan-

createctomy was described by Cuschieri et al. [27]. The

robotic platform has fostered enthusiasm for this procedure

such that an increasing number of centres offer a minimally

invasive approach for distal pancreatic pathologies. The

advantages of the robotic platform are exploited at their

best in the careful dissection of the tail of the pancreas, in

the dissection of the splenic artery and vein and in the

separation of the pancreatic tail from the splenic hilum.

The endo-wristed instruments allow a comfortable swing

between the neck and the tail of the pancreas up to the

splenic hilum, especially in obese patients. We consider

that spleen-preserving distal pancreatectomy should be the

gold standard for benign/premalignant lesions of the tail of

the pancreas.

In 2010, we reported the largest series of RADPs ever

published [28]. Since then, we have carried out many more

procedure to achieve nearly 80 cases.

In RADP, similar technical principles to those of RAPD

apply. We favour a fully robotic-assisted approach as

opposed to hybrid laparoscopic/robotic or robotic/hand-

assisted procedures. The port placement resembles the one

Fig. 2 Trans-gastric ‘dunked’ pancreato-gastrostomy. The recon-

struction involves an anterior opening in the stomach, which serves as

an entry to ‘dunk’ the pancreatic stump through a posterior

gastrostomy
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used for RAPD with the camera placed to the right of the

umbilicus along the axis of the mesenteric vessels. The rest

of the ports are oriented to form a concave line around the

body-tail of the pancreas. The third arm is placed way

lateral to the right of the patient. The lesser sac is entered

by cutting the gastro-colic ligament and by ligating the

short gastric vessels. The superior and inferior borders of

the pancreas are dissected starting at the neck of the pan-

creas. Control of the critical spleno-mesenteric venous

junction as well as the splenic artery is achieved so as to

proceed to dissection of the tail of the pancreas from the

pancreatic bed up to the splenic hilum. The pancreas can be

transected with an ultrasound sealing device or staplers.

The relatively short operative time and fast recovery

have made this procedure very popular among pancreatic

surgeons.

The striking aspect of RADP is that it compares

favourably with both open and laparoscopic distal pan-

createctomy (LDP). Waters et al. [29] have reported a

series of 77 distal pancreatectomies showing a slightly

longer operative time for the robotic-assisted procedures

(298 vs. 222 min) but less blood loss (279 vs. 661 ml). The

spleen preservation rate was 65 % in the robotic-assisted

group and 29 % in the laparoscopic one. There were no

fistulas in the robotic-assisted group and an 11 % rate in

the laparoscopic arm. Finally, oncological outcomes were

similar in the 2 groups but patients in the robotic-assisted

arm had a significant shorter length of hospital stay (4 vs.

8 days). Kang et al. [30, 31], in a retrospective review of 45

patients (20 RADP and 25 LDP), had similar results in

terms of blood loss, hospital stay, fistula rate and peri-

operative mortality. The spleen preservation rate, however,

was 95 % in the robotic-assisted group and 64 % in the

laparoscopic one. In our experience, the spleen preserva-

tion rate on an intention-to-treat basis was 80 %. Daouadi

et al. [32] at the University of Pittsburgh compared a series

of 30 cases of RADP with a matched historical control

group of 94 conventional laparoscopic cases and found that

the conversion rate in the RADP cohort was significantly

less than in the LDP one. The operative time was also

shorter in the robotic-assisted group. This work is com-

forting in respect of the fact that the operative time of

robotic-assisted procedures could eventually be lower than

laparoscopic ones. It is reasonable to think that within a

well-trained minimally invasive unit, this would be the

natural evolution of the robotic platform.

We believe that RADP could become the gold standard

for distal pancreatic disease. There is now widespread

consensus that higher spleen preservation rate and less

blood loss can be achieved with the robotic approach [4–8].

Even shorter operative times than laparoscopic surgery are

achievable within experienced unit. These factors are

incontrovertible evidence of the superiority of the RADP

approach compared to conventional laparoscopy or open

surgery [33, 34]. Even for malignant diseases, RADP could

be considered the option of choice, as there is currently

enough evidence that favourable resection margins and

lymph node yield are comparable to laparoscopic and open

distal pancreatectomies.

Central pancreatectomy

Central pancreatectomy is a procedure rarely warranted,

and it is indicated for lesions of the neck/body of the

pancreas that do not require excision of the distal pancreas

for oncological reasons. When such criteria are satisfied

and there is a need for a parenchymal-sparing procedure,

central pancreatectomy is considered. Leaving two pan-

creatic stumps with the distal one needing reconstruction

remains an inconvenient aspect for pancreatic surgeons and

still represents a discouraging reason for taking up the

challenge of central pancreatectomy.

In 2010 we published a series of 3 robotic-assisted

central pancreatectomies (RACPs), demonstrating reason-

able operative times, blood loss and fistula rates (30 %).

The surgical technique resembles the one adopted for

distal pancreatectomy, favouring a pancreato-gastrostomy

reconstruction for the distal pancreas.

Kang et al. [30, 31] published a series with 5 cases

reporting a mean operative time of 480 min and blood loss

of 200 ml. The fistula rate was 20 %. Unpublished data

from Abood et al. report a series of 9 RACPs with a mean

operative time of 425 min, a mean blood loss of 187 ml

and a fistula rate of 77 % (although ISGPF grade B and C

were \20 %). Sa Cunha et al. and Rotellar et al. have

published series of 6 and 9 patients, respectively. Their

results are somewhat similar, with median blood loss of

less than 150 ml and operative times of 225 and 435 min,

respectively. Fistula rates were 33 and 22 % but the

reconstruction of choice of Sa Cunha’s group was a pan-

creato-gastrostomy whilst Rotellar et al. preferred a Roux-

en-Y pancreato-jejunostomy [35–37]. The initial reports

are therefore encouraging, although we do not feel any

conclusion can be drawn with regards to this specific

procedure.

Total pancreatectomy

Total pancreatectomy (TP) is a technically demanding

procedure required in selected cases where chronic pan-

creatitis, multifocal neuroendocrine tumours or diffuse

intraductal papillary mucinous neoplasm are present [38,

39]. For malignant cases, it is warranted when multiple foci

of adenocarcinoma are detected. We have published a
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series of 5 TPs [25]. In the case of no malignant involve-

ment of the pancreatic neck, our approach was to divide the

procedure into 2 parts: a left pancreatectomy followed by a

pancreato-duodenectomy. En-bloc spleen-preserving total

pancreatectomy was carried out in 1 patient affected by

branch duct IPMN associated with dilatation of the main

duct. In our series the short-term outcomes were favour-

able, with a mean operative time of 456 min, a mean blood

loss of 310 ml, and a mean hospital stay of 7 days. These

data compare favourably to any historical series of total

pancreatectomy [40–42]. Zureikat et al. (personal com-

munication) have reported a series of 5 robotic-assisted

TPs showing similar benefits to those of RAPD and RADP.

In conclusion, RATP is safe and effective and should be

considered as a valuable option for pre-malignant condi-

tions requiring complete removal of the pancreatic gland.

Other procedures

The robotic platform has been used for a variety of other

pancreatic procedures.

Robotic-assisted cysto-gastrostomy is a possible appli-

cation of robotic pancreatic surgery, and has been suc-

cessfully employed in different centres [27, 43]. Our

published experience of pancreato-enterostomy for drain-

age-derivation of the pancreas amounts to 21 procedures

[28] with results comparable to those of laparoscopic sur-

gery [43].

We at the University of Illinois, have taken advantage of

the robotic platform to carry out Puestow’s procedure, i.e.

pancreatic duct diversion due to its persistent dilatation

secondary to chronic pancreatitis. After a series of 8

patients, the outcome of this procedure was extremely

favourable, as we observed a resolution of pain symptoms

in 80 % of patients. No anastomotic fistulas were observed.

Other reports on lateral pancreato-jejunostomy are also

favourable but they are present in the literature in the form

of case reports and no definitive conclusions can be drawn

at this stage [44, 45].

The robotic platform has also been used for less popular

procedures in pancreatic surgery. Zeh et al. [18, 46] at the

University of Pittsburgh have used the robotic platform to

carry out 2 Frey’s procedures. Being included within a

larger series of robotic-assisted pancreatic surgery, there

were no details in the publication regarding specific out-

comes. Peng et al. [19] have recently reported a series of 4

robotic-assisted duodenum-preserving pancreatic head

resections (Beger’s procedure). There was no peri-opera-

tive mortality and mean operative time was 298 min with

an average blood loss of 425 ml. The mean post-operative

stay was 26.7 days, with a 75 % rate of pancreatic fistulas,

all managed conservatively. Although preliminary, this is

the first report of a series of Beger’s procedures and

demonstrates the feasibility of the technique.

At the University of Illinois at Chicago, our transplant

department has also successfully used the robotic platform

to carry out combined live donor nephrectomy and pan-

createctomy [24, 47].

Conclusions

Before the beginning of the robotic era, minimally invasive

laparoscopic pancreatic surgery was merely a chimera for

many surgeons. Even the most gifted laparoscopic sur-

geons would take a very prudent approach when consid-

ering laparoscopic pancreatic resections. The advent of the

robotic platform with endo-wristed instruments, three-

dimensional vision and better ergonomics has created a

renewed interest in minimally invasive pancreatic surgery.

Thanks to the robotic platform an increasing number of

hepato-biliary centres are developing robotic programs in

order to offer minimally invasive treatments for many

pancreatic diseases. Despite a limited number of series,

most reports quoted in this review prove that the robotic

platform represents a ‘point of no return’. If on the one

hand it is difficult to assess the superiority of the robotic

approach over the open or laparoscopic one, on the other

hand the fact that the robotic platform is the only way of

performing certain procedures in a minimally invasive

fashion makes its development a natural event. The other

reason why the fast-paced and ever-evolving development

of the robotic platform is a non-reversible process is linked

to the development of the technological software interface

between the robotic hardware and patient. Fluorescence,

enhanced anatomy, and tissue-specific biomarkers for

intra-operative tissue localisation are tools that are quickly

becoming a reality. It is not possible to imagine a move

away from these advancements, which will contribute to

the performance of safer, faster and more effective surgery.

One of the major concerns about robotic surgery is of

course cost. Data about costs are lacking and have been

explored in a limited manner for single procedures such as

distal pancreatectomy [29]. Short hospital stays deriving

from minimally invasive procedures do translate into cost

cuts for health care institutions, although whether the

robotic platform is overall cost-effective is more difficult to

evaluate. A common mistake made in the evaluation of

robotic-related costs is to refer to a single procedure. It is

possible that the robotic platform may contribute to addi-

tional costs with regards to one procedure; but it is the

overall cost reduction of performing a wide range of pro-

cedures in a minimally invasive fashion that must be

evaluated. Being an expensive investment, the overall cost-

effectiveness should be calculated on the total number of
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cost reductions deriving from all robotic-assisted proce-

dures which would have been otherwise performed open or

laparoscopically. Bearing this in mind, we have no doubt

that the robotic platform will eventually prove to be cost-

effective. Other aspects that are often overlooked relate to

the advantages of minimally invasive surgery in the long

term. Being less traumatic, minimally invasive surgery

invariably permits a fast return to work and is less prone to

the long-term complications of more traumatic surgery such

as adhesions, incisional hernias and chronic pain. Further-

more, the robotic platform will eventually become more

affordable over time, especially when different competitors

share the market, which is currently a monopoly. Pancreatic

surgery remains one of the most successful fields of appli-

cation of the robotic platform and its use is growing at an

astonishing pace. The prudency in waiting for more robust

prospective trials before considering such a platform as the

‘gold standard’ is justified; however, it is likely, as has

happened in the past, that the surgical community will

accept it as standard practice before any prospective ran-

domised trial has been carried out.
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