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Foreword

It’s with great pleasure that I have accepted to introduce this important and
exhaustive monograph by Ugo Boggi and coworkers dealing with a hot and
current topic as the minimally invasive approach to pancreatic surgery is.

After the first anesthesia performed in 1846 by Bigelow and the spread of
antiseptic procedures due to the work of Joseph Lister in the second half of
the 19th century, surgeons were finally able to extend their “invasivity” and
perform new and more complex types of resections, further pushing the limit
of surgical trauma.

After having managed the most difficult and unthinkable procedures with
a traditional laparotomic approach, surgeons faced a new revolution with the
beginning of the laparoscopic era. In the early 1990s, after the increasing adop-
tion of laparoscopic surgery, a minimally invasive approach to pancreatic dis-
eases began to be performed and progressively utilized. In 1994, Cuschieri
reported the first laparoscopic distal resection and, in the same year, Gagner
and Pomp reported the first laparoscopic pancreatoduodenectomy.

Pancreatic surgery has greatly improved in recent years leading to reduced
operative mortality, at least in high-volume centers, and more effective treat-
ment of postoperative morbidity and complications, unfortunately still com-
mon, with a consequent reduction in reoperation rate.

Despite this, a report from Italian national database demonstrated that pan-
creatic surgery still remains a demanding field for surgeons, with many un-
solved problems. In this scenario, the role of the laparoscopic approach, above
all in major resective pancreatic surgery, is still debated. New fire was added to
the already hot discussion with the introduction of the da Vinci robotic system,
which gave some Italian authors the opportunity to become real innovators,
reaching remarkable results and significant experiences.

Ugo Boggi has to be commended for having put together a great number of
distinguished authors from all over the world to discuss the most controversial
topics in this field.

vii



viii Foreword

In an era of “enhanced postoperative recovery” this monograph can help
us refine our insight into this intriguing topic, thanks to the great efforts, me-
ticulous research and extensive experience of some of the leading international
groups.

Milan, September 2017 Marco Montorsi
President, Italian Society of Surgery



Foreword

The first successful local resection of a periampullary tumor was performed by
Halsted in 1898. A German surgeon from Berlin, Kausch, performed the first
regional resection of a periampullary cancer and reported it in 1912. Whipple
in 1935 popularized the operation. However, for the next 50 years the opera-
tion was performed only infrequently because of a hospital mortality rate in the
range of 25%. In the middle 1980’s, several high-volume centers developed,
that reported mortality rates for pancreatoduodenectomy of less than 5%. Now
the operation is performed with substantial frequency throughout the world.
The first laparoscopic pancreatoduodenectomy was performed by Gagner in
1994. Little more was accomplished with minimally invasive surgery for pan-
creatic diseases, however, until the last decade.

During the last decade, there has been surprisingly rapid growth in many
institutions throughout the world. The current status of minimally invasive
surgery on the pancreas is very nicely documented in this current text that is
edited by Professor Ugo Boggi from the University of Pisa. The text is com-
prised of international contributors, but the majority are Italians, many of
whom have made important contributions to this field. All topics from evolving
technologies, to training in simulation laboratories, to documenting a variety
of important outcome measures in pancreatic surgery are discussed. A variety
of minimally invasive procedures are described varying from thoracoscopic
splanchnicectomy for severe pancreatic pain, biliary bypass, gastric bypass, to
percutaneous necrosectomy and sinus tract endoscopy for infected pancreatic
necrosis. The main procedures for pancreatic neoplasms, pancreatoduodenec-
tomy, the variety of distal pancreatectomies, and central pancreatectomy per-
formed minimally invasively are also discussed in detail. Many of the chapters
have outstanding illustrations that complement the written text very nicely. Not
only laparoscopic, but also robotic minimally invasive procedures are covered.

In our institution, we do approximately 500 pancreatectomies per year,
including pancreatoduodenectomy (350) and distal pancreatectomies (150).
Fifteen percent are done minimally invasively. Both laparoscopic and robotic



X Foreword

techniques are utilized. For the young surgeon in training, and just starting his
or her career, who is interested in pancreatic surgery, it is essential that they
learn minimally invasive techniques. Even though today the vast majority are
done open, ten years from now the majority will be done with minimally inva-
sive techniques.

This book is an ideal text for surgeons of all stages to be brought up to date
on the various techniques for all pancreatic procedures using minimally inva-
sive techniques. It will be the reference text for many years to come. It is to
be recommended for all individuals who are interested in pancreatic diseases.

Baltimore, September 2017 John L. Cameron, MD
Alfred Blalock Distinguished Professor of Surgery
Johns Hopkins University, School of Medicine



Preface

This book comes five years after the text edited by Fulvio Calise and Luciano
Casciola on minimally invasive surgery of the liver and published in the same
editorial series promoted by the Italian Society of Surgery. Like its predecessor,
this monograph is meant to provide an overview of current knowledge and future
developments of minimally invasive techniques for pancreatic surgery, a surgical
branch considered until recently the realm of open surgery.

The challenges posed by minimally invasive pancreatic surgery (MIPS),
however, are unique. Indeed, in most abdominal procedures including liver
resections, implementation of minimally invasive surgery was confronted by
the safety of open operations, but could also rely on the lessons learned from
open procedures, for which standardized techniques had been developed. MIPS,
instead, is confronted by the unique challenge of improving the outcome of still
imperfect open procedures, with little agreement, and low level of evidence, on
which techniques should be preferred. Additionally, MIPS requires extensive and
meticulous dissection in the deep and narrow retroperitoneal space with its large
and fragile vasculature, and it may require complex digestive reconstructions,
making the inherent technical limitations of laparoscopy even more evident.
The aggressive biologic behavior of most pancreatic tumors also poses concerns
about the oncologic adequacy of MIPS.

The Italian contribution to the development of pancreatic surgery has deep
historical roots in the contributions of Giuseppe Ruggi (1889: pancreatic tumor
enucleation), Domenico Biondi (1894: duodenum-sparing partial head resection),
and Alessandro Codivilla (1898: pancreatoduodenectomy), and was recently
revived by Pier Cristoforo Giulianotti (2003: robotic pancreatoduodenectomy)
and Ugo Boggi (2010: robotic pancreas transplantation). The current generation
of Italian pancreatic surgeons has a high international reputation thanks to
the demonstrated ability to couple excellent levels of clinical practice with a
somewhat “new” scientific mentality that has produced hundreds of scientific
papers published in high-impact journals and has brought some of us to play
major roles in international hepato-pancreato-biliary societies.

Xi



xii Preface

The high reputation of Italian pancreatic surgery is also witnessed by the
list of international authors who have contributed to this text. All of them are
acknowledged authorities in the field in which they have written.

The book provides an overview of MIPS starting with a summary of
the recent State of the Art Conference held on April 20th, 2016 in Sdo Paulo
(Brazil) and going all the way through every aspect of MIPS, including robotic
pancreas transplantation, an operation that until recently would probably have
been considered impossible. Indeed, there is probably no pancreatic operation
that cannot be duplicated using minimally invasive techniques, and there is
now little doubt that MIPS has a role in the treatment of pancreatic diseases.
What remains to be clarified are the indications to MIPS in terms of which
pancreatic diseases could be treated and which patients should be selected.
Indications are also expected to vary with the type of pancreatic resection, being
probably more restrictive for pancreatoduodenectomy and more permissive
for distal pancreatectomy. Training and credentialing are other challenges that
pancreatic surgeons will face in the near future. This renewed effort towards
education, although demanding, will result in an additional improvement in the
competency and proficiency of the future generations of pancreatic surgeons.
Indeed, if pancreatic surgery in general accepts no compromise on education,
MIPS requires even higher educational levels. Pancreatic surgery, perhaps more
than any other surgical branch, requires knowledge, dedication and specific
practical training. The real hazard of MIPS is that non-dedicated surgeons could
embrace it too enthusiastically, potentially ending up with poor, or sometimes
even embarrassing, outcomes that could compromise the still fragile reputation
of MIPS and slow down its final development and wider use.

Finally, I wish to thank the Italian Society of Surgery for the honor of editing
this book and sincerely hope our readers will be inspired from reading this
monograph.

Pisa, September 2017 Ugo Boggi
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State of the Art on Minimally Invasive 1
Pancreatic Resection: IHPBA 2016 Conference

David A. Kooby and Charles M. Vollmer

1.1 Introduction

After a slow start, minimally invasive pancreatic resection (MIPR) is now
performed frequently around the world. The first description of laparoscopic
pancreatoduodenectomy (PD) was in 1994 [1] and distal pancreatectomy in
1996 [2], yet explosive growth of these procedures followed more than a decade
later. Obstacles to wide application of MIPR include: the organs’ retroperitoneal
location, technical complexity due to the intimate relationship of the pancreas
with the major mesenteric vasculature, concerns regarding oncologic efficacy
of such approaches, and challenges in training for these relatively low-volume,
moderate- to high-risk operations. Improvements in training and technology
(such as surgical robotics), correlate with a surge MIPRs, yet some aspects of
this field remain controversial among the pancreatic surgical community. It was
time to examine the status and progress in MIPR, and the potential directions for
future research and development of this field.

In March 2014, President Palepu Jagannath, MD, FRCS from Mumbai, India,
the International Hepato-Pancreato-Biliary Association (IHPBA) conducted
a strategic planning meeting at their World Congress held in Seoul, Korea.
The Association held a conference that stressed the educational goal for its
membership. The IHPBA Research Committee was asked to develop and stage
an educational “Consensus Conference” at the World Congress in 2016. MIPR
was chosen as the topic due to its topical appeal and developing controversies.
This chapter describes the origins, preparation, execution and deliverables from
this landmark event, held in Sdo Paulo, Brazil on April 20", 2016.

D.A. Kooby (<)

Emory University School of Medicine
Atlanta, Georgia, USA

e-mail: dkooby@emory.edu

U. Boggi (Ed), Minimally Invasive Surgery of the Pancreas, 1
Updates in Surgery
DOLI: 10.1007/978-88-470-3958-2_1, © Springer-Verlag Italia 2018



2 D. A. Kooby and C. M. Vollmer

1.2 Conference Development

An organizing committee was developed eighteen months prior to the planned
10th World Congress of the IHPBA to be held in April 2016. Two co-Chairmen
were appointed: David Kooby, MD, FACS, of Emory University (Atlanta,
USA) was chosen to represent the IHPBA Research Committee, and Charles
Vollmer, MD, FACS, from the University of Pennsylvania (Philadelphia, USA)
represented the interests of the Scientific Program Committee. Attention was
first given to selection of an international steering group of acclaimed pancreatic
surgeons, which balanced the various regions of the world (Americas, Europe/
Africa, and Asian/Pacific). Consideration was given to assuring that the group
was composed of both open- and minimally invasive surgery (MIS)-based
pancreatic specialists. Members were chosen for their expertise in certain topics
(i.e., research design, outcomes assessment, health care economics, educational
innovation), or prior experience in directing similar conferences.

The 16-member steering committee consisted of: Co-Chair: David A.
Kooby - Emory University, USA; Co-Chair: Charles M. Vollmer - University
of Pennsylvania, USA; Horacio J. Asbun - Mayo Clinic Florida, USA; Jeffrey
Barkun - McGill University, Canada; Marc GH Besselink - Academic Medical
Center, University of Amsterdam, the Netherlands; Ugo Boggi - University of
Pisa, Italy; Kevin CP Conlon - The University of Dublin, Trinity College, Ireland;
Ho-Seong Han - Seoul National University Bundang Hospital, South Korea;
Paul D. Hansen - Portland Providence Cancer Center, USA; Michael Kendrick -
The Mayo Clinic, Rochester, USA; Andre L. Montagnini - Universidade de Sao
Paulo, Brazil; C Palanivelu - GEM Hospital & Research Center Coimbatore,
India; Bard I. Rgsok - Oslo University Hospital, Norway; Shailesh V. Shrikhande
- Tata Memorial Centre, India; Go Wakabayashi - Ageo Central General Hospital,
Japan; and Herbert Zeh - University of Pittsburgh, USA.

The working group met by video-conference monthly for a year to develop
the conference format and content, and continued to convene for eight months
thereafter for manuscript development. Logistical support was provided by the
society’s management group — ACS Global.

Each of the regional (Americas, Europe/Africa/Middle East, and Asia/Pacific)
societies under the umbrella of the IHPBA (AHPBA, E-AHPBA, and A-PHPBA),
provided endorsement, as did The Pancreas Club and patient advocacy groups The
National Pancreas Foundation (USA) and The Pancreatic Cancer Action Network
(PanCAN, USA). Funding was generously provided by the IHPBA and the AHPBA
(the regional co-host for the World Congress). Association with the IHPBA World
Congress simplified logistics and costs for conducting this international conference.
April 20", 2016, the day preceding the Congress, was selected. External commercial
support was forbidden to minimize bias to any conclusions drawn.
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1.3 Conference Design and Content

The initial intent was to create a consensus conference in MIPR. The steering
committee considered this plan and following deliberation, concluded that there
was not enough high-level data to support a true consensus model. A “State-of-
the Art” format was adopted and focused on incorporation of surgical innovation
relating to MIPR. The committee decided to avoid technique-heavy presentations
and concentrated on the following issues: 1) defining key metrics in pancreatic
resection; 2) clarifying terminology in MIPR; 3) comparing outcomes for open
and minimally invasive distal pancreatectomy (MIDP), 2) comparing outcomes
for open and minimally invasive pancreatoduodenectomy(MIPD); 3) examining
cost/value/quality of life issues in MIPR, 4) exploring concepts in training/
education/credentialing; and 5) proposing strategies for research development
in MIPR.

As a parallel effort to gain more insight on current trends, the steering
committee conceived and initiated an international survey on MIPR themes. This
was developed under the leadership of Marc Besselink, MD and his pancreatic
outcomes research group from Amsterdam, the Netherlands. Once constructed
and vetted through several iterations by the steering committee, the survey was
globally distributed to the memberships of the IHPBA, AHPBA, E-AHPBA,
A-PHPBA and Pancreas Club six-months prior to the meeting. Results obtained
served as a foundation for development of the meeting’s themes.

Two prominent laypersons (Julie Fleshman, JD, MBA, CEO of the Pancreatic
Cancer Action Network and Jane Holt, co-founder of the National Pancreas
Foundation) were invited to provide their unique perspectives —regarding patient-
advocacy concerns. Faculty were invited to give focused presentations, and
panels were developed to solicit opinions from experienced pancreatic surgeons.

Four panel discussions focused on 1) MIDP, 2) MIPD, 3) training/education,
and 4) future research, were led by members of the organizing committee.
Panelists were a mix of surgeons in academic practices around the world; some
who prefer open pancreatectomy and others who prefer MIPR. Audience response
technology allowed for audience participation. This meeting was intended to
spark future international MIPR endeavors. The day was video recorded, and the
videos can be watched on myHPB.org.

1.3.1 Systematic Data Review

An essential element of the meeting was scrutiny of existing MIPR evidence
published up to 45 days prior to the meeting. Drs. Jony van Hilst, MD and Thijs de
Rooij, MD, from Academic Medical Center, Amsterdam, Netherlands, conducted
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systematic reviews of perioperative and oncologic outcomes comparing open
versus MIPR approaches for both distal and proximal pancreatic resections. A
review of published economic outcomes for MIPR was conducted. Their search
and inclusion strategies are described in the corresponding manuscripts [3—5].

1.3.2 Overview of the Day

On April 20™, 2016, over 400 surgeons, from 52 countries, attended the day-
long event held in the WTC Theater of the Sheraton Hotel in downtown Sdo
Paulo, Brazil.

1.3.2.1 Opening Session

The meeting began with introductions from the program co-Chairs, informing
attendees of the genesis of the conference (Vollmer) and of the day’s structure
and content (Kooby). Professor Jagannath emphasized the importance of the
topic to the HPB community and indicated the IHPBA’s essential commitment to
advancing progress in the field.

Conference content commenced with a special talk by Claudio Bassi, MD
from Verona, Italy, who identified the key outcome metrics in pancreatic resection
most important to surgeons and patients [6]. These included: center-specific
criteria, such as a need for 24-hour availability of interventional radiology care;
procedure-specific criteria, such as pancreatic remnant texture and duct size; and
outcome-specific criteria, such as risk-adjusted mortality and use of enhanced
recovery protocols (Table 1.1). This presentation helped “frame” ensuing
presentations and panel discussions.

Andre Montagnini from Sao Paulo, Brazil presented a framework clarifying
terminology for MIPR. Existing literature is replete with vague terms such as
“hybrid” and “laparoscopic-assisted”, making it difficult to compare results of one
study to another. Some groups define “laparoscopic pancreatoduodenectomy” as
a laparoscopic resection with an open reconstruction through a small laparotomy
incision. The potential risks and benefits of this approach may differ from
performance of the procedure laparoscopically from start to end, and yet these
studies may be included in the same meta-analyses.

Using Delphi methodology, the steering committee voted on a strategy for
common parlance in MIPR surgery [7]. The anticipation is that this will allow for
more precise definitions to be used in future research studies and publications on
MIPR. A summary of this framework is provided in Table 1.2.

The opening session concluded with a presentation by Marc Besselink from
Amsterdam, the Netherlands, who provided results of the first international
survey on MIPR, which included responses of 435 surgeons from 50 countries
(Fig. 1.1) [8]. This 60-question survey explored experience with and attitude
towards MIPR with respect to specific procedures [pancreatoduodenectomy (PD)
and distal pancreatectomy (DP)] and concepts such as training, education, cost,
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Table 1.1 Main indicators of quality in pancreatic surgery

Center-specific Interventional radiology no-stop service on site
Endoscopy no-stop service on site
Intensive care unit on site
Dedicated pathology
Multidisciplinary meeting
Nuclear medicine
Dedicated medical and radiation oncology
Dedicated endocrinology
Acute and chronic pain services
Duration of waiting list
Procedure-specific ~ EBL assessment
Pancreatic stump texture assessment
MPD size assessment
Case load
Outcome-specific Risk-adjusted mortality
Pancreatic surgery-specific definitions
ERAS protocols application
Use of blood transfusions
PMI assessment

Health-care related costs reduction

EBL, estimated blood loss; MPD, main pancreatic duct; ERAS, enhanced recovery after surgery;
PMI, postoperative morbidity index.

Table 1.2 Strategy for labeling the minimally invasive pancreatic resection (MIPR) approach

Method Approaches Type of resection
Open Single approach — Pancreatoduodenectomy
(approach + resection) — Left/distal pancreatectomy

Minimally invasive
— Central pancreatectomy

— Laparoscopic Combined approaches ) )
. — Uncinate process resection
— Hand-assisted — Intended :
: : 1t h ond — Enucleation

— Single-port laparoscopic approach +to +

_ Rebsiasssie approach + resection or — Total pancreatectomy
I*t approach + resection + (Other organ resection/
to/with + 2" approach + Vascular resection

resection or reconstruction  + reconstruction)
— Conversion

1% approach + converted to

+ 2" approach + resection
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value, and future research planning. These results provided an early snapshot of
existing impressions on the current state of MIPR.

Some of the key findings included: 345 surgeons (79%) reported performing
MIDP, while only 124 (29%) reported performing MIPD, despite PD being a
more commonly performed operation than DP. Lack of specific training in MIDP
and MIPD was cited as the most common reason for not performing a minimally
invasive approach. Fifty-eight responders felt MIDP was beneficial, while 42%
felt that MIPD was potentially beneficial. The survey also explores what the
benefits are perceived to be and what hurdles exist to adopting MIPR. Please
refer to the published survey for further details.

1.3.2.2 Minimally Invasive Distal Pancreatectomy (MIDP)

The next module, chaired by Bard Rgsok, MD from Oslo, Norway, focused on
MIDP [5]. Compared with minimally invasive pancreatoduodenectomy, MIDP is
more widely accessible to a greater number of surgeons and patients, given the
inherently less complex nature of this operation, which typically does not require
reconstruction. There are more existing data regarding MIDP compared with
open distal pancreatectomy than are available for pancreatoduodenectomy, but
the data quality is still low. Objective outcomes presentations, reflecting results
from the pre-conference systematic reviews, were given by Markus Diener from
Heidelberg, Germany (perioperative results) and Dave Kooby from the Atlanta,
USA (oncologic efficacy). This was followed by an opinion talk by Peter Allen
from New York’s Memorial Sloan Kettering Cancer Center regarding optimal
patient selection for MIDP.

Understanding the quality limitations, summary perioperative findings
included: as compared with open distal pancreatectomy, MIDP is associated with
similar operative times (235 vs. 221 minutes), but lower blood loss (263 vs. 552
cc), lower morbidity (12 vs. 17%), and shorter hospital stays (8 vs. 12 days).
As for cancer outcomes, there were no substantial differences between margin
status, lymph node harvest or overall survival for either cohort.

Shailesh Shrikhande from Mumbai, India led a spirited panel discussion
which probed controversies and selection criteria for MIDP. This panel included
recognized experts in both open pancreatic resection and MIPR techniques: Peter
Allen, MD (New York, USA); Patrick Pessaux, MD (Paris, France); Nicholas
O’Rourke, MD (Adelaide, Australia); Ho-Seong Han, MD (Seoul, Korea);
Masafumi Nakamura, MD (Japan); and Nipun Merchant, MD (Miami, USA).

While superiority of MIDP over open DP is not proven, equipoise for further
comparison exists. As surgeons continue to negotiate the learning curve and
technology gets more refined, laparoscopic DP will be more widely applied in
the future.

1.3.2.3 Minimally Invasive Pancreatoduodenectomy (MIPD)
Ugo Boggi from Pisa, Italy, led a similar outcomes assessment module on the
more controversial topic of pancreatoduodenectomy [3]. Matthew Walsh from
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the Cleveland Clinic provided an overview of the generally low-level evidence
for MIPD as compared to open PD. This was followed by a similar overview
of oncologic outcomes provided by Michael Kendrick from the Mayo Clinic.
Observational reports show longer operative times with lower blood loss for
MIPD over open PD. Effects on hospital length of stay are inconsistent.

Four brief presentations focused on benefits and disadvantages of various
approaches to pancreatoduodenectomy. Herbert Zeh from Pittsburgh, USA, dis-
cussed how robotic pancreatectomy represents a new paradigm of “computerized
surgery”. Steven Hughes of Gainesville, USA, discussed his trials and tribula-
tions overcoming the learning curve for laparoscopic PD. This was followed by
a nice discussion of the merits of using a “hybrid” approach, presented by Yoshi-
haru Nakamura from Tokyo, Japan. Finally, Charles Vollmer from Philadelphia,
USA, explained how open PD remains the standard to which MIPR techniques
must still be compared.

1.3.2.4 Cost, Value, and Quality of Life Considerations

The third major theme probed during the conference was the importance of cost
and value when assessing emerging technologies like MIPR [4]. Kevin Conlon
from Dublin, Ireland, led this session and suggested that major concerns linger
about the expense of MIPR, particularly in a more cost-conscious health-care
sector. Comparative studies which have thus-far assessed cost outcomes between
MIPR and open approaches were reviewed by Mo Abu-Hilal from Southampton,
United Kingdom. Next, Tsafrir Vanounou, from Montreal, Canada, informed us
of the inadequacies of current economic analyses and proposed other models to
pursue when comparing various surgical approaches. He stressed the importance
of “value”, rather than generic cost assessments of the various surgical
approaches. The perspective of the health-care leadership was probed by Mark
Talamonti (Chicago, USA) who shared his unique perspective as a department
chairman. He outlined what it takes to properly implement a “program” in MIPR
surgery, such as assessing the institutional need, resources, and market. The next
step is to prepare your team and select ideal patients (educated, lean patients,
with tumors away from major vasculature), followed by team debrief and process
improvement. Finally, outcomes should be assessed and charted over time to
assess for continued support of the program, much like any significant business
plan. This was followed by a thought-provoking presentation by Vic Velanovich
(Tampa, USA) who provided insight on how patient quality-of-life assessment
needs to be developed as we continue to assess the potential value of MIPR. He
challenged the audience to consider what degree of improvement MIPR needs
to show over traditional open outcomes to become a new standard of care. A
sobering talk was provided by Julie Fleshman, JD, MBA (Los Angeles, USA), the
Executive Director of the patient advocacy group PanCAN. She shared with us
her understandings of how patients are sizing up MIPR as an option for their care.
She reported that cancer patients are less concerned with technique and are more
concerned with survival from pancreatic cancer. The take-away message was to
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perform safe surgery and focus energy on early detection and therapy of cancer.
This was not an indictment of the MIPR meeting, but a reminder that cancer
patients may be subject to different motivations from non-cancer patients.

1.3.2.5 Combined Panel Discussion - MIPD and Cost/Value Issues

A 90-minute panel discussion on MIPD and cost/value was then led by Horacio
Asbun, from the Mayo Clinic-Jacksonville, USA [3]. Six invited experts in
both MIPR and open pancreatic resection participated, including: Herb Zeh,
MD (Pittsburgh, USA); Michael Farnell, MD (Rochester, USA); C. Palanivelu,
MD (Coimbatore, India); Thilo Hackert, MD (Heidelberg, Germany); Richard
Schulick, MD (Aurora, USA); Mark Callery, MD (Boston, USA); and John
Martinie, MD (Charlotte, USA). Questions addressed included, among others:
1) is MIPD here to stay, 2) how important is it to have a substantial experience
with open PD before embarking on MIPD, 3) how do I get started with MIPD,
4) when and how should I convert to an open approach. This session can be
reviewed in the cited manuscript and watched on myHPB.org.

1.3.2.6 Training and Credentialing in MIPR

A topic identified by the organizing committee to be of utmost importance is
how experience in MIPR is being taught, acquired, and certified [9]. Herbert Zeh
(Pittsburgh, USA) and Paul Hansen (Portland, USA) developed and led a robust
section on training, education and credentialing, which Dr. Hansen initiated by
sharing current statistics on exposure of HPB trainees to MIPR during fellowship
training in the United States. He indicated that current exposure to MIDP is
reasonable (although varied by approach with only a few centers using a robotic
approach; while MIPD is not being taught at most centers (Fig. 1.2).

This was followed by a progressive approach on “organized dissemination” of
MIPR training where Marc Besselink shared a novel training paradigm developed
in the Netherlands, where 17 hospitals participated in LAELAPS (Longitudinal
Assessment and Realization of Minimally Invasive Pancreatic Surgery) training
program [10], and then worked together to begin coordinated clinical trials. Me-
lissa Hogg from the United States followed with insights about how robotic train-
ing might be best accomplished through a novel 5-step learning approach. This
approach originated at the University of Pittsburgh and includes: 1) a simulation
curriculum, 2) a biotissue curriculum, 3) a video curriculum, 4) an operative cur-
riculum, and 5) a skills maintenance and ongoing assessment component (Fig. 1.3)

Oliver Varban, MD, a bariatric surgeon from Ann Arbor, USA, discussed the
role of operative video-assessment as a tool for performance improvement. This
was followed by a review by Henry Pitt (Philadelphia, USA) from the American
College of Surgeons National Surgical Quality Improvement Program (ACS-
NSQIP), who illustrated the potential for HPB-NSQIP to contribute to quality
assessment in MIPR surgery. Finally, James Moser from Harvard University
(Boston, USA) discussed the contentious subject of credentialing for MIPR, and
stressed the need for new approaches to credentialing.
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Fig. 1.2 Minimally invasive pancreatic resection (MIPR) experience of HPB trainees in North
America (2014-2015). a Number of pancreatoduodenectomies performed by at each HPB training
center in one academic year, with respect to approach. b Number of distal pancreatectomies per-
formed by at each HPB training center in one academic year, with respect to approach (reproduced
with permission from [9])

Dr. Hansen then led a lively panel discussion on these topics that completed
the section on education and training. Panelists included the following recog-
nized HPB surgical-educators: Pierre Clavien, MD (Geneva, Switzerland); Ro-
han Jeyarajah, MD (Dallas, USA); Abe Fingerhut, MD (Austria); Herb Zeh,
MD (Pittsburgh, USA); James Moser, MD (Boston, USA); and Henry Pitt, MD
(Philadelphia, USA).

1.3.2.7 Research Considerations for MIPR
Rounding out the day was a section on future research considerations in MIPR.
Jeff Barkun, MD, moderated a collection of talks and a panel discussion on how
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Fig. 1.3 Side-by-side images comparing biotissue and operative components of robotic
pancreatoduodenectomy from the University of Pittsburgh 5-step training curriculum in MIPR.
These panels demonstrate use of biotissue models (lower half of each panel) to mimic the steps of
completing the three anastomotic connections: a pancreatojejunostomy (PJ),b hepaticojejunostomy
(HJ), and ¢ gastrojejunostomy (G.J) (reproduced with permission from [9])

to optimally conduct future research endeavors on MIPR [11]. The strengths and
weaknesses of randomized control trials (RCTs) and registries to study MIPR
were examined during this module. The session began with Bill Fisher, MD from
Houston, USA, contemplating whether conducting highest-level evidence RCTs
comparing efficacy of MIPR to open resection is feasible. Steven Strasberg, MD,
discussed how properly conducted observational studies can still provide value
in lieu of RCTs, which may be impractical. An alternative approach would be
through registry development. Giana Davidson, an accomplished healthcare
outcomes researcher from Seattle, USA, provided a nice overview of the power
and pitfalls of surgical registries. This talk was augmented by the insights of Jane
Holt, the Executive Director and founder of the National Pancreas Foundation,
a patient advocacy group based in Boston, USA. She illustrated the function and
substance of a powerful patient-driven registry her organization has conceived,
developed, and launched. It was recognized that there is great potential for
surgical outcomes to be merged with their data.

The session was concluded with a panel discussion on the feasibility of
creating an international registry for MIPR. Dr. Barkun led a discussion between
panelists Go Wakabayashi, MD (Saitama, Japan), Henry Pitt, MD (Philadelphia,
USA), and Jane Holt (Boston, USA). The main point expressed in this session
was that attendees were interested in participating in an international effort to
define the role and value of MIPR for our patients and our healthcare systems.
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1.3.3 Key points

Comprehensive content from each element of the meeting follows in separate

manuscripts in this volume, but major points of emphasis are summarized here:

1. Current terminology describing pancreatic resection is confusing and imprecise.
A new framework for thinking about this is proposed by the MIPR steering
group.

2. Assessment of, and improvement in, MIPR surgery should be predicated
focusing on certain outcomes, beyond the traditional metrics of mortality and
major morbidity.

3. An international survey of pancreatic surgeons indicates that MIDP is an
accessible procedure that appears to provide similar value to open distal
pancreatectomy, but that MIPD is yet unproven for the general population

4. Outcomes data comparing open to minimally invasive distal pancreatectomy
are fairly robust at this point and have thus far shown both perioperative and
oncologic equivalence.

5. On the other hand, the data regarding proximal MIPR is less developed and
too preliminary to endorse its relevance.

6. Cost assessment of this new technology is in its infancy and probably relies
on ineffective analyses. Properly designed quality-of-life investigations are
desperately needed.

7. How best to learn (and teach) MIPR is not well understood, but there are
several promising educational approaches in development.

8. Randomized controlled trials will potentially provide the best evidence for
or against MIPR. Despite their strengths, RCTs have limitations which may
be further address through development and implementation of prospective
national and international data registries.

1.4 Conclusions

This formative event allowed some of the brightest minds in pancreatic surgery
to gather and consider the impact of MIPR on the field of pancreatic surgery. The
accumulated MIPR experience was critically assessed, and current perceptions
by surgeons were obtained. Potential benefits of MIPR were considered through
the prism of cost and value assessments. New training paradigms were explored,
and enthusiasm for collective, high-impact research efforts was generated. The
conference was specifically conducted in a bias-free manner with international
contributions by surgeons who perform both open and MIS pancreatectomy. The
output of this event, including its numerous descriptive publications, should serve
as a platform for better understanding the role of MIPR, as well as improving its
future development.
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Evolving Technologies in the Operating Room
for Minimally Invasive Pancreatic Surgery

Graziano Ceccarelli, Antonello Forgione, Enrico Andolfi,
Aldo Rocca, Antonio Giuliani, and Fulvio Calise

2.1 Improvements in Minimally Invasive Vision

Since the beginning of the laparoscopic era, the surgeon has had to work in a
three-dimensional (3D) space through a two-dimensional (2D) projection on a
monitor, with a difficulty in depth perception. Moreover, the first optic (camera
and monitor) devices on the market were actually analogic, with a low definition
(4:3 aspect ratio, 640 by 480 horizontal and vertical lines) and poor lighting
performance. The move towards digital technology, with the adoption of CCD
(charged couplet device) microsensors and LED (light emitting diode) light
sources and monitors, started a real revolution in vision quality. Endoscopes,
first equipped with a single CCD mounted on the camera head, are now supplied
with three tip-mounted CCDs. Newer, powerful LED light sources and full-HD
monitors provide clear and well-defined images with a 16:9 aspect ratio, 1280 by
720 horizontal and vertical lines.

Wider monitors provide a peripheral vision that allows for safer access to the
peritoneal cavity. A newer image sensor technology, the complementary metal-
oxide semiconductor (CMOS), has widely replaced CCD in the commercial
camera market and will probably do the same in future surgical endoscopy,
promising further improvements in image quality. The most recent monitor
technology, the so-called 4K standard, is recently available in the medical
devices market. It improves horizontal resolution to approximately 4,000 pixels
and vertical resolution to approximately 2,000 pixels with nearly a four-fold
improvement of the actual best definition (Fig. 2.1a).
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. - i
Fig. 2.1 a Comparison of common broadcast resolutions. b Indocyanine green fluorescence (IGF)
at hepatobiliary liver pedicle

Better image quality undoubtedly improves depth perception, but the recent
introduction of HD-3D vision in laparoscopy has probably filled the gap.
Initially limited by the associated discomforts (commonly headache, dizziness
and strain) due to single-lens technology, the diffusion of 3D systems has been
accelerated by the introduction of modern lightweight passive, polarized dual-
lens glasses to perceive images in 3D. This technology allows a real “surgical
immersion”, very similar to the one already offered by robotic surgery,
providing enhanced space perception.

A systematic review by Sorensen et al. analyzing 31 randomized clinical
trials (RCT) shows how in the majority of cases HD-3D vision reduces the
operative time and number of mistakes during the operation [1]. Moreover,
Spille et al. demonstrate how HD-3D vision versus HD-2D may improve the
surgical skill of 277 either residents or specialized surgeons. Results consisted
of a better handling, better view sensation and faster approach to technical
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findings in both groups [2]. Velayutham et al. in a retrospective study found only
a reduction of surgical time using 3D technology versus 2D in hepatobiliary
surgery [3].

In summary, RCTs and case series report that HD-3D vision improves
surgical performance, shortens operative time and the learning curve and
minimizes technical errors. The lower costs of HD-3D versus the higher costs
of robotic platforms will probably favor the spread of the former.

2.2 The Role of Indocyanine Green Fluorescence Imaging

Another fairly new innovation in vision technology is notably the so-called
near-infrared (NIR) indocyanine green (ICG) fluorescence imaging. ICG
is a sterile water-soluble dye that, once injected, binds to plasma proteins
and is rapidly extracted and excreted by the liver. It becomes fluorescent
once exited by a laser beam or NIR and can be detected using specifically
designated scopes and camera. It affords a “virtual” real-time angiography as
soon as injected, and later, about 45 minutes after the injection, a “virtual”
cholangiography (Fig. 2.1b). The applications of this technology are multiple
and probably still not completely exploited. It could help to understand the
vascular and biliary anatomy in complex cases [4] and evaluate organ perfusion/
ischemia in digestive surgery. Furthermore, extravascular injection allows for
a lymphoscintigraphy that opens new frontiers in sentinel node surgery and
fluorescence-guided lymphadenectomy.

In minimally invasive pancreatic surgery there is still a long way to go to
assess the reliability and efficacy of ICG. A first report by Subar et al. assessed
the utility of ICG in evaluating the viability of the margin of the remnant
pancreas in a Whipple’s procedure. The ICG is visualized in the viable areas
but not in the ischemic areas that can therefore be resected before anastomosis
[4]. In another paper, ICG was tested to assess, after resection of bile duct,
viability of margins or bile leakage after anastomosis [5].

2.3 The New da Vinci Xi Surgical System

Still today the vast majority of pancreatic surgery is performed in an open fashion.
In 1994 Gagner and Pomp first described laparoscopic pancreatoduodenectomy
(LPD) [6].

Robotic technology, thanks to HD-3D vision and Endowrist instruments,
makes minimally invasive pancreatic surgery easier and safer compared to
conventional laparoscopy, overcoming many of its limits, in particular during
the complex reconstructive phase.
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Fig. 2.2 a Robot-assisted duct-to-mucosa pancreatojejunostomy during pancreatoduodenectomy.
b da Vinci Xi (Intuitive Surgical Inc.) patient cart. ¢ Robotic arms with steri-drapes in operating
room

Since the year 2000, when the da Vinci robot (Intuitive Surgical Inc., Sunny-
vale, CA, USA) received its first FDA approval, the robot has undergone several
updates, with important upgrades of the prior version. After the first-generation
da Vinci Standard system came the S and Si versions. Recently, the latest upgrade,
the da Vinci Xi has been introduced.

The latest generation of the da Vinci robot, the Xi surgical system (Fig. 2.2)
is optimized for complex multiquadrant surgery. Yuh et al. describe 112 robotic
operations using the Xi robot; 8 of them were hepatobiliary procedures and 5
were gastrointestinal interventions. In the paper they show how the new platform
is a radical change from the past Si model. There are new skillsets, which can
be applied, and new software is ready to communicate with new technologies.
The possibility of moving the camera from one trocar to another may improve
versatility and movement from one zone to another. Fighting of instruments is
reduced due to the alignment of arms [7].
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In response to a letter to the editor, Yuh adds that the instruments are longer,
the camera is compatible with the Firefly fluorescence imaging system (while the
Si needs a dedicated system), delivery of the instruments from the back tables
and positioning of the surgical assistant is easier [8].

Memeo et al. published in 2016 a review about the state of the art in
pancreatic robotic surgery. Advantages of robotic surgery consist of better
vessel identification, easier anastomosis performance, reduction of blood loss;
disadvantages are linked to the learning curve of surgeons whereas the robot
docking time loss may be overcome by the use of Xi [9].

24 Intraoperative Ultrasonography

Intraoperative ultrasonography (IOUS) is an essential technique for diagnosis
and surgical guidance in both liver and pancreatic resections, in both open and
minimally invasive procedures. Particularly in pancreatic surgery, it allows
evaluation of regional metastases and infiltration of vessels or surrounding
organs, and identification of very small endocrine tumors. It is mostly useful for
distinguishing pancreatitis from a neoplasm, driving biopsy, duct cannulation,
and drainage of abscesses or cysts. Doppler and color flow may be useful for
identifying vessels. Sometimes information from IOUS is so relevant as to
modify the preoperative surgical strategy [10-12].

Laparoscopic IOUS is performed using a special linear flexible laparoscopic
probe, generally 7.5-MHz and 10 mm in diameter. IOUS uses a linear side-view,
T-shaped or microconvex probe, with a flexible tip. They can also be used for
tumor staging in order to evaluate the surgical resection avoiding unnecessary
laparotomy in many cases [13, 14].

A recent series of minimally invasive probes for laparoscopic and robotic
surgery were made available a few years ago by BK Ultrasound (BK Medical
ApS, Mileparken, Denmark). In particular, the X12C4 drop-in transducer (Fig.
2.3a) 12-3.5 MHz is a small and compact linear curved-array transducer enabling
a wider field of view for faster kidney and liver navigation. The probe cable
for robotic surgery is flexible, allowing studying of lesions in every abdominal
space. The specially designed probe can be grasped by the articulated robotic
instrument and handled by the robotic arm directly by the console, ensuring
maximum control and organ contact. This means that the surgeon can control the
probe directly from the console and, thanks to the so-called TilePro system, he or
she can simultaneously see the operative field and the high-resolution real-time
US images. (Fig. 2.3b). The color Doppler mode (Fig. 2.3¢c) allows identifying
arterial and venous blood supply to organs (Fig. 2.3d), especially when selective
clamping is needed. In addition, 3D image reconstruction is possible, thanks
to special software, allowing verification of tumor location, margins and depth,
enabling easier identification of key anatomical landmarks and dissection planes.
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I© US probe

Fig. 2.3 a Robotic drop-in probe for intraoperative ultrasonography. b Real-time visualization
of intraoperative field and ultrasound image. ¢ Ultrasound system in the robotic operating room.
d Robotic drop-in ultrasound transducer during pancreatic resection

2.5 Virtual Reality for Surgical Planning and Simulation

Patient-specific anatomy and pathologic lesions are currently evaluated in
the preoperative setting through classical radiological studies. Despite their
advancements in terms of extremely high definition at subcentimetric scale,
they still have major intrinsic limits for proper surgical planning and navigation.
Therefore, the analysis and understanding of the whole image series to create a
precise mental model of the target anatomy remains limited to radiologists and
a minority of surgeons who have specific radiological knowledge and extensive
experience.

Conversely, creation of virtual reality-3D models from patients’ computed
tomography (CT) or magnetic resonance (MR) images may contribute to
overcome these limits, offering surgeons the possibility to visualize and
manipulate in a more familiar 3D fashion patient-specific anatomy and disease.

Virtual reality (VR) is a digital transposition in 3D of real objects and settings
through a computer interface: it can be defined “immersive” or “non-immersive”,
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Fig. 2.4 LAP Mentor from
Simbionix (Cleveland, OH, USA)

depending if you are experiencing a complete interaction with the virtual setting
or not [15]. All the senses (visual and haptic) should be supported in order to
get a completely immersive experience, included orientation. VR is now widely
spread in other fields such as aeronautic training, video games and commercial
purposes.

VR-based surgical applications can be used not only for patient-specific
preoperative planning but also for preoperative training and intraoperative
navigation [16]. Is well known that VR simulators (Fig. 2.4) facilitate training
in young surgeons.

Indeed, simulators offer the possibility to quantify surgical performance
on the basis of objective measures, which provides an unbiased assessment of
surgical performance and individual progression [17]. In a review article from
the Cochrane Collaboration published in 2013, Nagendran et al. evaluated the
role of virtual reality for surgical trainees in laparoscopic surgery [18]. They
report that virtual reality training appears to decrease the operating time and
improve the operative performance of surgical trainees with limited laparoscopic
experience when compared with no training or with box-trainer training.
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Fig. 2.5 Angio Mentor from Simbionix (Cleveland, OH, USA)

An even more promising VR training modality is represented by patient-
specific VR models based on preoperative CT scan images. This promising tool
has been tested on some commercially available simulating platforms and research
prototype. For example, the Simbionix Angio Mentor demonstrated increased
procedural training without added risks to the patient. The advantages of such
VR training have been shown to be so relevant that nowadays, for surgeons in
the United States to receive full board certification and authorization to practice
intravascular procedures, they have to pass a VR test which is based on the Angio
Mentor (Fig. 2.5) and is included in the Fundamentals of Endovascular Surgery
skills testing [19].

2.6 4D Image Fusion

One special advantage of VR-based models is the possibility to produce a single
3D model of patient-specific anatomy starting from imaging examinations
acquired with different technologies, different phases and even at different times:
the so called 4D image fusion, the fourth dimension being the evolution over
time of a given lesion. Specifically, in the case of pancreatic tumors, a VR-based
model will represent at the same time the neoplasm and vascular structures based
on CT images (Fig. 2.6a), while the biliary tree and pancreatic tissue will be
reconstructed starting from MR acquisitions (Fig. 2.6b). The end result will be
a full 3D virtual anatomical model that in one single shot will depict all the
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Fig. 2.6 a Virtual reality (VR) vascular anatomy from a CT scan. b VR with image fusion from
CT scan and MRI

important anatomical and pathological structures with the potential to show also
the evolution over time of the tumor [20]

2.7 Augmented Reality

The process of superimposing live intraoperative images with synthetic computer-
generated, patient-specific preoperatively acquired, 3D reconstructed images is
defined as augmented reality (AR).

AR represents an enhanced navigation tool that highlights target structures
and anatomical variations through modular virtual organ transparency [21].
The process of precisely superimposing the 3D virtual model obtained from
the patients’ preoperative imaging anatomy onto the real patient during the
operation is called “registration”. Accurate registration is critical to provide
correct and useful information to the surgeon. Registration is a difficult step in
AR and constitutes an area of ongoing research. AR and image-guided surgery
was initially applied to brain surgery and maxillofacial surgery, in which the
fixed and highly contrasted structures such as bones make the virtual model
highly congruent with the real patient. In abdominal surgery, especially if
performed with a laparoscopic approach, AR presents several challenges (Fig.
2.7) due to respiratory motion and the deformation of soft tissues during surgical
manipulation [22, 23].

The use of dedicated software, together with tools for patient-tailored
training, is likely to improve clinical outcomes and patient safety. Indeed, at
the present time it seems that the major obstacle to the diffusion of VR-based
training and VR technologies in surgery is a cultural limitation of the surgeons
themselves [24].
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Fig. 2.7 a Augmented reality (AR) rigid registration. b AR with deformable anatomical structures

2.8 Conclusions

It is clear that technology is changing our lives in different fields. Over a few
years, communications, travelling, energy production, and life sciences have all
been gradually modified as a result of innovations in technology.

Surgery, and in particular pancreatic surgery, is no exception. From the
first laparoscopic pancreatoduodenectomy described by Gagner and Pomp [6]
in 1994, even more complex minimally invasive pancreatic procedures have
been performed thanks to the improvement of technologies. A PubMed search
for “laparoscopic” OR “minimally invasive” AND “pancreatic surgery” yielded
more than 600 papers published in the last ten years. This spread of minimally
invasive pancreatic surgery is linked to better vision and the development of
sealing and cutting devices and several other tools allowing increasing numbers
of surgeons to approach minimally invasive surgery.
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In particular, the robotic surgery revolution boosted the development of the
minimally invasive approach after the first report by Giulianotti et al. in 2003 [25].
Over the last ten years, the robotic approach has expanded, despite the flat trend
in laparoscopic surgery, thanks to 3D-HD vision, Endowrist technology, new
da Vinci robotic arms, optimization of IOUS robotic devices, and fluorescence
integrated technology. The improvement of technologies and robotic approaches
might shorten the learning curve, affording even low- and middle-volume centers
the possibility to approach these challenging fields.

The introduction of virtual and augmented reality may provide new options to
perform minimally invasive pancreatic surgery in a safer and more effective way.

References

1. Sgrensen SM, Savran MM, Konge L, Bjerrum F (2016) Three-dimensional versus two-
dimensional vision in laparoscopy: a systematic review. Surg Endosc 30(1):11-23
2. Spille J, Wenners A, von Hehn U et al (2017) 2D versus 3D in laparoscopic surgery by
beginners and experts: a randomized controlled trial on a pelvitrainer in objectively graded
surgical steps. J Surg Educ [Epub ahead of print] doi:10.1016/j.jsurg.2017.01.011
3. Velayutham V, Fuks D, Nomi T et al (2016) 3D visualization reduces operating time when
compared to high-definition 2D in laparoscopic liver resection: a case-matched study. Surg
Endosc 30(1):147-153
4. Subar D, Pietrasz D, Fuks D, Gayet B (2015) A novel technique for reducing pancreatic fis-
tulas after pancreaticojejunostomy. J Surg Case Rep 2015(7):rjv074 doi:10.1093/jscr/rjv074
5. Kawaguchi Y, Velayutham V, Fuks D et al (2015) Usefulness of indocyanine green-
fluorescence imaging for visualization of the bile duct during laparoscopic liver resection. J
Am Coll Surg 221(6):e113—117
6. Gagner M, Pomp A (1994) Laparoscopic pylorus-preserving pancreatoduodenectomy. Surg
Endosc 8(5):408—410
7. Yuh B, Yu X, Raytis J et al (2016) Use of a mobile tower-based robot — The initial Xi robot
experience in surgical oncology. J Surg Oncol 113(1):5-7
8. Yuh B (2016) Response to letter to the editor on “Use of a mobile tower-based robot — The
initial Xi robot experience in surgical oncology”. J Surg Oncol 114(8):1031
9. Memeo R, Sangiuolo F, de Blasi V et al (2016) Robotic pancreaticoduodenectomy and distal
pancreatectomy: state of the art. J Visc Surg 153(5):353-359
10.  Sun MR, Brennan DD, Kruskal JB, Kane RA (2010) Intraoperative ultrasonography of the
pancreas. Radiographics 30(7):1935-1953
11.  Piccolboni D, Ciccone F, Settembre A, Corcione F (2008) The role of echo-laparoscopy in
abdominal surgery: five years’ experience in a dedicated center. Surg Endosc 22(1):112-117
12. Doucas H, Sutton CD, Zimmerman A et al (2007) Assessment of pancreatic malignancy with
laparoscopy and intraoperative ultrasound. Surg Endosc 21(7):1147-1152
13. Pietrabissa A, Caramella D, Di Candio G et al (1999) Laparoscopy and laparoscopic ultra-
sonography for staging pancreatic cancer: critical appraisal. World J Surg 23(10):998-1002
14. Zhao ZW, He JY, Tan G et al (2003) Laparoscopy and laparoscopic ultrasonography
in judging the resectability of pancreatic head cancer. Hepatobiliary Pancreat Dis Int
2(4):609-611
15. Marescaux J, Clément JM, Tassetti V et al (1998) Virtual reality applied to hepatic surgery
simulation: the next revolution. Ann Surg 228(5):627-634
16. Aggarwal R, Ward J, Balasundaram I et al (2007) Proving the effectiveness of virtual reality
simulation for training in laparoscopic surgery. Ann Surg 246(5):771-779



26

G. Ceccarelli et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Araujo SE, Delaney CP, Seid VE et al (2014) Short-duration virtual reality simulation
training positively impacts performance during laparoscopic colectomy in animal model:
results of a single-blinded randomized trial: VR warm-up for laparoscopic colectomy. Surg
Endosc 28(9):2547-2554

Nagendran M, Gurusamy KS, Aggarwal R et al (2013) Virtual reality training for surgical
trainees in laparoscopic surgery. Cochrane Database Syst Rev 8:CD006575

Duran C, Estrada S, O’Malley M et al (2015) The model for Fundamentals of Endovascular
Surgery (FEVS) successfully defines the competent endovascular surgeon. J Vasc Surg
62(6):1660—-1666

Uchida M (2014) Recent advances in 3D computed tomography techniques for simulation and
navigation in hepatobiliary pancreatic surgery. ] Hepatobiliary Pancreat Sci 21(4):239-245
Marescaux J, Rubino F, Arenas M et al (2004) Augmented-reality-assisted laparoscopic
adrenalectomy. JAMA 292(18):2214-2215

Hostettler A, Nicolau SA, Rémond Y et al (2010) A real-time predictive simulation of
abdominal viscera positions during quiet free breathing. Prog Biophys Mol Biol 103(2-3):
169-184

Pessaux P, Diana M, Soler L et al (2014) Robotic duodenopancreatectomy assisted with
augmented reality and real-time fluorescence guidance. Surg Endosc 28(8):2493-2498
Forgione A, Guraya SY (2017) The cutting-edge training modalities and educational
platforms for accredited surgical training: a systematic review. J Res Med Sci 22(1):51
Giulianotti PC, Coratti A, Angelini M et al (2003) Robotics in general surgery: personal
experience in a large community hospital. Arch Surg 138(7):777-784



Simulation in Laparoscopy and Robotics 3

Andrea Moglia

3.1 Introduction

For more than one century surgical training has been based on the autocratic
and pyramidal ‘see one, do one, teach one’ method developed by William
Halsted at John Hopkins Hospital [1]. The advent of laparoscopy, manual first
and robotically assisted later, posed new challenges on teaching the necessary
technical skills a surgeon must own to operate at a safe and proficient level. These
skills are different from those of traditional open surgery, and are: perceptual,
visuospatial, and psychomotor (hand-eye coordination). For the assessment of
perceptual and visuospatial skills, PicSOr (Pictorial Surface Orientation) and
cube-comparison tests were respectively devised [2]. For the objective evaluation
of psychomotor skills, virtual reality (VR) simulators have proven to be valid
tools [3]. VR simulators enable users to hone their technical skills by interacting
with a computer-generated environment through ad-hoc control interfaces, a
physical representation of real surgical instruments. They differ from physical
simulators allowing users to train on dry lab (synthetic accessories), and wet lab
(animal tissues) by using actual surgical tools and viewing laparoscope images
on a screen. Lastly, hybrid surgical simulators overlay virtual information on
images acquired by the laparoscope and projected on the screen of the box-
trainer station.

Simulation-based training is not intended to fully replace training in the
operating room, but to overcome the initial learning curve. Moreover, by
considering the restrictions on work hours for residents, limited to 80 hours a
week in the United States and 48 hours a week in Europe, simulators enable us
to educate residents in an efficient and safe way.
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3.2 The Advent of VR Surgical Simulators

In the wake of the success of flight simulators, VR surgical simulators were
pioneered by Richard Satava in early 90s within projects supported by the
Defense Advanced Research Projects Agency (DARPA) [4].

VR simulators have several advantages over traditional training methods:
immediate objective evaluation (summative feedback) on user performance,
and automatic tracking of progress through the learning curve. Assessment is
computed by considering several parameters called metrics. Good metrics are
valid to distinguish optimal from suboptimal performance. Examples of metrics
for assessment of psychomotor skills are time to complete, and distance covered
by instruments.

VR simulators struggled before being accepted by the surgical community
because of the lack of robust scientific evidence on skills transfer to the operating
room [5]. Other barriers were the absence of market, and the lack of low-cost
powerful computers [1]. However, things started to change once scientific
evidence showed the positive effect of VR simulators for laparoscopy in skills
transfer to the operating room. This proof is fundamental for the integration of
simulation into surgical curricula.

3.3 VR for Laparoscopy

The expression “VR to OR” was coined by Anthony Gallagher to identify
the skills transfer from VR simulators to the operating room [6]. Most of the
studies addressing this aspect required a training period at VR simulators where
practice was proficiency-based, repetition-based, or time-based [6]. Among these
models, VR-to-OR studies coupled with the concept of reaching proficiency at
a simulator twice consecutively became the benchmark. The second attempt to
reach proficiency is the conventional overtraining, or additional training after
initial proficiency, adopted by most authors to prove that proficiency was not
reached accidentally.

A randomized control trial (RCT) conducted at Yale University showed for
the first time that residents, after reaching a proficiency level on basic tasks twice
consecutively at the MIST-VR simulator by Mentice (Gothenburg, Sweden), were
29% faster and made five times fewer intraoperative errors during laparoscopic
cholecystectomy than the control group following conventional training [7].
Although limited to 16 residents, this study, also known as the Yale study from the
center where it was conducted, demonstrated the benefits of VR training in terms of
operative time and reduction of intraoperative errors. For these reasons, it became
the paradigm to assess skills transfer from VR to OR. Similar results were reported
in a study on 22 residents with similar design and the same VR simulator as the
Yale study for the assessment of intracorporeal and suturing and knot tying [8].
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Another VR-to-OR RCT on the MIST-VR simulator with 16 residents confirmed
reduction of operative times and technical errors, although it was repetition-based
rather than proficiency-based [9]. This last trial and the Yale study had paramount
impact on training in the United States. The American College of Surgeons (ACS)
published a white paper supporting VR simulators and then created a network of
accredited training centers for education in surgery through simulation [10].

Since the production of the MIST-VR was discontinued, the currently available
VR simulators for laparoscopy are: LapSim by Surgical Science (Gothenburg,
Sweden), Mentor by 3D Systems, LAP Simbionix Products (Cleveland, OH,
USA), and LapVR by CAE Healthcare (Quebec, QC, Canada). A study with 13
residents, following a similar design to the Yale RCT, showed that proficiency-
based training on basic tasks with LapSim to improve psychomotor skills at a
simulator reduced intraoperative errors during 10 cholecystectomies [11]. In an
RCT comparing transfer of training of surgical residents from LapSim or physical
simulator (box-trainer) to execution of Nissen fundoplication on real patients,
there was no statistically significant difference between the two groups in time,
Objective Structured Assessment of Technical Skills (OSATS) rating score, and
checklist score [12].

Despite the benefits of VR-to-OR studies on improving technical performance,
there is no published study assessing simulation for pancreatic surgery [13].

The cost-effectiveness of VR simulators for laparoscopy was assessed by
using transfer effectiveness ratio (TER), a parameter in long-established use by
the aviation industry. It is defined as the ratio between the difference in time,
number of trials or errors performed by an experimental and control group until
the subjects reach proficiency on the actual activity/device (safe competent
flying) and time, number of trials or errors performed by experimental group
until reaching proficiency on a simulator [14]. An RCT comparing different
training modalities by computing TER showed that training at LapSim and box-
trainer are more cost-effective than traditional training since they saved 2.31 and
1.13 hours, respectively, for each hour of conventional training [12].

34 VR for Robotic Surgery

Operating room costs and the availability of dedicated surgical equipment
represent an even more critical issue in robotic surgery. In fact, it is estimated
that the use of a da Vinci robot costs about $ 500/hour. Therefore, the purchase
of one of the currently commercialized VR simulators (market price range from
$ 80,000 to 150,000) for robotic surgery seems an affordable solution. The
growing interest around robotic surgery and wide adoption of da Vinci surgical
systems led several companies to develop VR software solutions. Today, there are
different VR simulators for robotic surgery: SEP (Surgical Education Platform)
by SimSurgery (Oslo, Norway), RoSS (Robotic Surgical System) by Simulated
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Surgical Systems (San Jose, CA, USA), dV-Trainer by Mimic (Seattle, WA,
USA), da Vinci Skills Simulator by Intuitive Surgical (Sunnyvale, CA, USA),
and the recently introduced RobotiX Mentor by 3D Systems, Simbionix Products
(Cleveland, OH, USA).

Many studies have been published, most of them on validity (face, content,
construct, concurrent, discriminant, and predictive) [15]. Few studies addressed
skills transfer from VR to inanimate models and animal tissue. However, there
is no proof from any high evidence level study, such as an RCT, on VR to OR,
as demonstrated for manual laparoscopy [15]. This is the main obstacle for the
integration of VR simulators for robotic surgery into surgical curricula.

Evaluation on real patients was reported in only one study involving 14
subjects in the experimental group and 4 in the control group who performed
supracervical hysterectomy after training on the da Vinci Skills Simulator. Aside
from small numbers, this study lacked randomization [16].

A multicenter RCT involving 14 ACS-accredited training centers and aiming
to validate the Fundamentals of Robotic Surgery (FRS) curriculum is currently
underway. FRS is a multispecialty, proficiency-based curriculum of cognitive and
technical skills (http://frsurgery.org). It was developed after reaching consensus
among over 80 international robotic surgery experts, behavioral psychologists,
medical educators, statisticians, and psychometricians.

The University of Pittsburgh Medical Center developed a step-wise training
program for operating proficiency for complex surgical oncology procedures
such as pancreatoduodenectomy. It includes VR simulation, inanimate models
(bioartificial organs), and an operative curriculum [17]. A study on the first step
on 17 fellows showed that they improved their performance on four tasks at the
da Vinci Skills Simulator and three exercises during dry-lab with the actual da
Vinci robot, after proficiency-based training at da Vinci Skills Simulator with a
threshold score over 90% (with green checks in all fields) [17].

Furthermore, the cost-efficacy of VR simulators for robot-assisted surgery
is not known since there is no estimate of TER. The only published study on
this topic evaluated time spent on training 105 subjects at a RoSS simulator
instead of a real da Vinci robot. This time was equivalent to 73 robot-assisted
radical prostatectomies, realizing a saving of about 623,000 dollars [18].
However, this study did not yield an accurate estimate of cost-effectiveness
since it did not use TER.

3.5 The Future of Surgical Simulators

VR simulators for laparoscopy and robotic surgery offer users a wide range of
exercises to hone their technical skills in basic tasks, advanced tasks (knots and
sutures), up to full procedures for different surgical specialties. The future gen-
eration of simulators might include patient-specific simulation for procedure
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rehearsal enabling surgeons to import radiological datasets, like computed to-
mography, into simulation software and rehearse the procedure before perform-
ing it on a real patient, as is currently available in VR simulators for endovascu-
lar surgery. Additionally, integration of virtual mentors will provide users with
formative feedback by informing them promptly whenever an error occurs.

There is an increasing interest in the potential application of VR simulators
as additional tools for objective assessment of technical skills in the selection of
surgical residents. A study on innate ability for surgery among medical students
by using a VR simulator for robotic surgery was conducted at the University
of Pisa, Italy [19]. This study demonstrated the capability of a VR simulator to
discriminate with a statistically significant difference three distinct populations:
6.6% with outstanding dexterity, 81.8% with average dexterity, and 11.6% with
poor manipulative skills [19].
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Systematic Training for Safe Implementation 4
of Minimally Invasive Pancreatic Surgery

Sjors Klompmaker, Thijs de Rooij, Jony van Hilst,
and Marc G. Besselink

4.1 Introduction

Surgical skills are an important determinant of outcomes after abdominal surgery
[1-4]. The acquisition of surgical skill over the span of a surgical career, also
referred to as the “learning curve”, is a well-known concept [5] that also applies
to minimally invasive pancreatic surgery (MIPS), both laparoscopic [6, 7] and
robot-assisted [8].

National registry [9, 10] and single center [11-15] studies on the early
adoption of minimally invasive pancreatoduodenectomy (MIPD) [16-18] and
distal pancreatectomy (MIDP) have revealed the presence of a learning curve.
In addition, several studies have associated increased hospital case volumes
and centralization of pancreatic surgery with reduced mortality and morbidity
rates, as well as superior oncological outcomes [10, 19-23]. These effects can
be attributed to improved acquisition of skills, experience, and practice routine
by the surgeon, the operation team, and the postoperative care team. When
implementing innovative surgery, the challenge is to guarantee patient safety
by minimizing the impact of low case volume and lack of experience during the
learning curve phase. The presence of a learning curve should also be addressed
when evaluating surgical techniques, for instance within a randomized clinical
trial, as the experience levels of both the surgeon and the institution can seriously
confound the treatment effect [1, 24].
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4.2 Nationwide Training and Implementation

Following compelling evidence on the impact of treatment centralization on
outcomes in surgery, the Dutch Society of Surgery (NVvH) has instituted a
minimum annual case volume of 20 pancreatoduodenectomies. As a result, 17
out of 94 hospitals in the Netherlands (population 2017: 17 million) are currently
licensed to perform pancreatic surgery. All of these centers are a member of
the Dutch Pancreatic Cancer Group (DPCG), a multidisciplinary organization
focusing on collaborative research and therapy improvement.

In 2014, the DPCG initiated the nationwide “Longitudinal assessment and
realization of minimally invasive pancreatic surgery” (LAELAPS) program,
which aimed to safely implement MIPS in the Netherlands. From January 2014
to July 2015, 32 Dutch pancreatic surgeons participated in LAELAPS-1 for
MIDP training. All of the participating surgeons had multiple years of experience
in open pancreatic surgery and abdominal minimally invasive surgery, but 50%
had no prior experience with MIDP. In total, 14 out of 17 centers had performed
<5 MIDPs prior to training [25].

LAELAPS-1 consisted of a highly detailed technique description, a video
training session, and on-site proctoring by a highly experienced MIDP surgeon.
During the first phase, participating surgeons learned crucial details about the
minimally invasive technique, the necessary equipment, the procedural steps, and
tips and tricks to prevent and solve intraoperative emergencies. After completing
the first phase, surgeons were provided with operation videos, including details on
critical steps and possible complications. The third phase was on-site proctoring
during an MIDP, either at the surgeon’s own institution or at one designated
training hospital in the Netherlands. At the end of each proctoring session, the
proctor would determine if the surgeon in training was ready to perform MIDPs
independently. Whenever necessary, proctoring sessions were repeated [25].

As a result of LAELAPS-1, a seven-fold increase (from 9% to 47% of all
DPs) was seen in the annual number of MIDPs performed in the Netherlands.
After training, 12% more pancreatic adenocarcinomas were resected using MIDP
(P = 0.03) and the conversion rate dropped from 38% to 8% (P <0.001). The
rates of RO resection and pancreatic fistulae were comparable and the rate of
major morbidity (Clavien-Dindo grade =3) was lower but not statistically signifi-
cant (21% vs. 15%, P = 0.24). Furthermore, the median length of hospital stay
decreased from 9 to 7 days (P <0.001). In conclusion, LAELAPS allowed for
safe introduction of MIDP with improved efficiency of treatment provision [25,
26]. After completion of the LAELAPS-1 program, a multicenter randomized
controlled patient-blinded trial for open versus MIDP (LEOPARD-1) was started
[27]. Results are expected by the end of 2017.

In 2015, the DPCG initiated LAELAPS-2 in order to train the Dutch
pancreatic surgeons in MIPD. The curriculum was based on the LAELAPS-1
program, but now included multiple proctoring sessions, both on-site and off-
site, before surgeons were allowed to perform MIPD individually. By April
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2017, 14 surgeons from 6 participating centers had successfully completed all
three phases of the training program and had performed 150 MIPDs combined.
After completion of at least 20 MIPDs, centers were invited to participate in a
multicenter randomized controlled patient-blinded trial for open versus MIPD
(LEOPARD-2), of which the results are expected by the end of 2018 [28].

4.3 Mastery-Based Simulation Curriculum

Although training programs incorporating virtual reality and stepwise simulation
are being applied extensively in aviation and in the military, the health care sector
has been lagging behind [29]. In 2013, however, a team of hepato-pancreato-
biliary surgeons at the University of Pittsburgh Medical Center (UPMC)
started to implement a mastery-based simulation program to train their surgical
oncology fellows in robot-assisted pancreatic surgery. The goal was to mimic
and practice critical operation steps in order to minimize the risk of inferior
patient outcomes during the learning curve of the surgeon. The UPMC paradigm
was to embrace repetition and tailored teaching of skills during the training for
minimally invasive surgery.

The curriculum consists of three phases: (1) a virtual reality training phase,
(2) an inanimate training phase (using artificial biotissue, see Fig. 4.1), and
(3) an operative phase. During these phases, the novices are graded using the

Fig. 4.1 Simulation of a laparoscopic pancreatojejunostomy using artificial biotissue (LifeLike
BioTissue Inc., London, Ontario, Canada) in the Dutch LAELAPS-2 program
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modified [3] Objective Structured Assessment of Technical Skills (OSATS) [2]
score. The OSATS score, which has been shown to correlate to postoperative
outcomes [1-4], draws on a 5-point scale (1-lowest performance, 5-highest
performance) based on six domains: gentleness, time and motion, instrument
handling, flow of operation, tissue exposure, and a summary score [1-2]. In an
evaluative study among 17 participating surgical oncology fellows, a significant
increase from pre- to post-training scores was seen and 94% of the participating
fellows perceived improvement in robotic skills [30]. In a separate study, the
team has confirmed that technical performance scoring independently predicts
patient outcomes in pancreatic surgery [3].

4.4 Recommendations for Starting Centers

Ideally, both concepts — mastery-based simulation and nationwide training and
implementation — are combined into one curriculum (Fig. 4.2). Such a program
stimulates optimal exchange of knowledge and experience among surgeons with
various levels of training. Each nationally or regionally initiated program would
have one coordinating MIPS expert center that facilitates training and safeguards
quality control. This center would need to appoint one dedicated coordinator and
one or more expert proctors. Surgeons of aspiring MIPS hospitals apply to this
program and matriculate through all four phases of the training. During these
training phases, surgeons can use recently published decision-aid algorithms
for MIPD (Fig. 4.3) and MIDP (Fig. 4.4) [31] to select cases for MIPS. Upon
completion of the program, the aspiring MIPS hospitals obtain a license to

| & Coordinating National MIPS Expert Center |

I oiTraining Coordinator I | 4~ Proctor I

|

|

[ &’ Theoretical Wi Video-based M Simulated W On-site
| — — —

|

Instruction Instruction Training proctoring

& Aspiring MIPS Hospital 1 | | J - = m— |

& Aspiring MIPS Hospital 2|

& Aspiring MIPS Hospital ... |

Fig. 4.2 Schematic overview of a recommended program structure for nationwide minimally
invasive pancreatic surgery (MIPS) training
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Pancreatoduodenectomy

Indication

Consider open surgery if:

- History of chronic pancreatitis
- History of neoadjuvant radiotherapy
- Morbid obesity

- Tumor involvement of major vessel (SMV, SMA, PV)

I

Surgeon with MIPS training |

History of open upper
abdominal surgery

Surgeon-expert in MIPS

No history of open upper
abdominal surgery

| Large tumor (pT3/pT4)

‘ ‘ Small tumor (pT1/pT2) ‘

and non-PDAC

or/and PDAC
I

First choice:
OPD

First choice:
MIPD

Fig. 4.3 Decision-aid algorithm for minimally invasive pancreatoduodenectomy (MIPD), based
on a recent expert review [31]. PDAC, pancreatic ductal adenocarcinoma; PV, portal vein; SMA,
superior mesenteric artery; SMV, superior mesenteric vein

Distal pancreatctomy

Indication

Consider open surgery if:
- History of chronic pancreatitis

- History of neoadjuvant radiotherapy

- Morbid obesity
- Tumor involvement of celiac axis

Surgeon with MIPS training |

History of open upper
abdominal surgery

Surgeon-expert in MIPS

No history of open upper
abdominal surgery

[

I

]

Large tumor (pT3/pT4) Small tumor (pT1/pT2)
or/and PDAC and non-PDAC
[ |
\ \
First choice: First choice:
OPD MIPD

Fig. 4.4 Decision-aid algorithm for minimally invasive distal pancreatectomy (MIDP), based on a
recent expert review [31]. PDAC, pancreatic ductal adenocarcinoma
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perform MIPS independently. For such a concept to work, it is important
that the coordinating center obtains a mandate from the national or regional
governing body for hepato-pancreato-biliary surgery. If organized well, MIPS
can be implemented on a large scale without compromising patient safety or
institutional efficiency.
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Contemporary Outcome Measures
in Pancreatic Surgery

Stefano Andrianello, Alessandro Esposito, Luca Casetti,
Luca Landoni, Roberto Salvia, and Claudio Bassi

5.1 Introduction

The issue of centralizing complex procedures including major pancreatic
surgery within high-volume centers has played a leading role in the debate about
improving postoperative outcomes. The introduction of advanced minimally
invasive techniques together with the adoption of “early recovery after surgery”
(ERAS) policies and clinical care paths have led to a redefinition of pancreatic
surgery since these new concepts seem to provide great results in terms of
improving the quality of care for patients.

In contrast to colorectal surgery, where several indicators of quality
of care and standards have been described [1], there is a lack of these in the
more challenging area of pancreatic surgery. Most of the studies have mainly
examined gross indicators such as case load, mortality or long-term disease-free
and overall survival. However, specific indicators of effectiveness and quality of
care are essential to scale the direct benefit of the minimally invasive approach
for pancreatic resections.

5.2 Quality of Care in Pancreatic Surgery

Each patient who undergoes major pancreatic resection accepts the operative
risk in exchange for an effective amelioration of the disease process. However,
some clear goals should be accomplished every time regardless of the final
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purpose. First, the surgical procedure should not endanger the patient’s life and
the oncological results should ensure long-term survival. It is equally important
to avoid a prolonged complicated surgical course since it can be extremely
challenging when several complications arise. Rather than an additive effect,
their simultaneous occurrence may result in an exponential and life-threatening
clinical impact. For malignant diseases, the surgical procedure should attain the
correct level of oncological radicality. Following the correct indications, surgical
resection should obtain complete eradication of the disease at a locoregional
level. However, at the same time, it should minimize the risk of postoperative
complications that might delay, or even prevent, access to adjuvant treatments.
Finally, the issue of cost should be always considered. Pancreatic surgery, in fact,
can be particularly expensive [2] and, as far as possible, healthcare-related costs
should be contained to allow equitable access to the best level of care for every
patient.

Pancreatic surgery should be considered as a unique and highly specific field
of gastrointestinal surgery. The expertise gained in laparoscopic and robotic
procedures applied in other gastrointestinal areas does not necessarily provide
sufficient guarantees of good outcome for pancreatic surgery. In practical terms,
the application of alternative surgical techniques such as laparoscopy or robotics
must be preceded by the achievement of high standards in terms of structural
requirements, multidisciplinary facilities, educational programs, life-long
learning, surgical volume and comparative measurement of results [3-5].

5.3 Outcome Metrics in Pancreatic Surgery

Mortality is a gross indicator of quality of care in surgery, and this holds true
for pancreatic surgery. Postoperative mortality must be minimized regardless of
the surgical technique. A recent meta-analysis exploring the volume-outcome
relationship [6] in pancreatic surgery reported a strong inverse association
between hospital volume and postoperative mortality. More than 1500 Whipple
procedures were performed in 2003 in some 200 Italian institutions, with an
overall mortality rate of 8.1% [7]. The majority of these institutions performed
fewer than five Whipple procedures per year, with a five-fold higher mortality
when compared with high-volume hospitals [7]. Moreover, the probability of
undergoing palliative/exploratory surgery was inversely related to volume, as
reported in another survey [8].

Table 5.1 summarizes other additional metrics that need to be considered.
Postoperative morbidity must be identified using updated pancreatic-specific
definitions [9—11] and measured through pancreatic-specific assessment tools.
Each single event influences the development and load of further complications
in the postoperative course. Duration of hospital stay should no longer be
considered areliable indicator of outcome since it is dictated by healthcare policies
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Table 5.1 Main indicators of quality in pancreatic surgery

Center-specific Interventional radiology no-stop service on site
Endoscopy no-stop service on site
Intensive care unit on site
Dedicated pathology
Multidisciplinary meeting
Nuclear medicine
Dedicated medical and radiation oncology
Dedicated endocrinology
Acute and chronic pain services
Duration of waiting list
Procedure-specific ~ EBL assessment
Pancreatic stump texture assessment
MPD size assessment
Case load
Outcome-specific Risk-adjusted mortality
Pancreatic surgery-specific definitions
ERAS protocols application
Use of blood transfusions
PMI assessment

Health-care related costs reduction

EBL, estimated blood loss; MPD, main pancreatic duct; ERAS, enhanced recovery after surgery;
PMI, postoperative morbidity index.

that vary by country and institution, quite apart from individual surgeon bias.
Length of hospital stay must be minimized [12] by applying ERAS protocols for
uncomplicated patients, regardless of the use of minimally invasive techniques.
The planned use of a postoperative intensive care unit (ICU) is dependent on
institutional policies whereas prolonged ICU stay is a viable tool to measure the
impact of postoperative morbidity. This, together with the duration of hospital
stay, represents a surrogate marker of the burden of the postoperative course
which can be measured quantitatively using tools such as the Postoperative
Morbidity Index (PMI) [13].

For pancreatoduodenectomy, for instance, high levels of intraoperative
estimated blood loss (EBL) have been variably associated with an increased risk
of postoperative pancreatic fistula and should be always accurately measured
[14]. Equally important in predicting outcome is the assessment of pancreatic
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texture and main pancreatic duct size, regardless of the operative technique
employed [14, 15]. Assessment of the risk of pancreatic fistula represents the
only way to prevent this major complication after pancreatic resection. Goal-
directed or restricted fluid administration together with a restricted use of packed
red blood cell transfusion must always be pursued since liberal hydration and
overuse of transfusions have been related to worse outcome [16—18].

Indicators of quality of radical resection comprise nodal retrieval and resection
margin status. These can be effectively understood only after proper preoperative
staging and accurate pathological examination. Accurate lymphadenectomy
provides a high nodal retrieval that is associated with better disease staging and
prognostic stratification [19]. Equally important is to obtain maximum clearance
at the resection margins, since margin positivity has been recognized universally
as a prognostic factor, in particular by applying the 1-mm clearance to define a
radical resection [20].

Ultimately, costs cannot be ignored since a complicated postoperative course,
can be extremely expensive [2]. Healthcare costs are an effective indicator of
the proper allocation of resources and of the level of logistic organization of the
institution. A network of services with expertise in pancreatic disease developed
around the concept of a “Pancreas Center” can promptly handle adverse events
while keeping costs low. The increased costs of minimally invasive pancreatic
surgery could be justified only in the presence of significant improvement in
patient outcome when compared with open surgery performed ensuring the
achievement of all quality indicators.

5.4 Requirements for a Pancreatic Surgery Center

Good clinical results can only be achieved by building a system able to meet
the needs resulting from the management of these complex diseases. Pancreatic
surgery should be performed in referral centers able to guarantee key services
including an ICU, a fully accessible digestive endoscopy group as well as
diagnostic, interventional and nuclear medicine radiology, dedicated medical
and radiation oncology, endocrinology, acute pain and chronic pain medicine,
specialized pathology including frozen section or intraoperative consultation,
expertise in rare pancreatic disease and, often, dedicated psychology. The
institution should set up a specific clinical pathway for all patients such that
the diagnostic and therapeutic route must be reproducible, independent of the
patient’s access to the institution. These specific protocols must be underpinned
by regular multidisciplinary meetings to enable discussion and decision on these
most challenging cases.

Every service should have a clinical manager responsible for integration
of all the professionals involved, ensuring the appropriateness of the required
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examination, a short waiting list, rapid diagnosis and staging as well as prompt
treatment of severe symptoms such as obstructive jaundice or upper gastrointes-
tinal tract obstruction. Radiologists should have expertise in all pancreatic imag-
ing procedures including contrast-enhanced ultrasound, computed tomography,
magnetic resonance imaging, interventional angiography and percutaneous in-
tervention. The gastrointestinal endoscopy service should ensure both diagnostic
and operative procedures. All such diagnostic and interventional services should
be available at the hospital with adequate staff, to ensure rapid on-site evaluation
and treatment.

The surgical waiting list should be of a maximum of 30 days (but preferably
much shorter), with strict scheduling of patients based on surgical indication.
Every patient should undergo an elective preoperative multidisciplinary
evaluation uncovering and managing all possible factors that might decrease the
surgical risk and improve outcome. Every suitable patient should be evaluated
by an ERAS protocol aimed at optimizing the perioperative period. This protocol
should always include preoperative nutritional counseling and interventions. All
patients should undergo a fast-track protocol involving nurses, nutritionists and
physiotherapists, and where the postoperative course is uneventful.

5.5 Future Prospects and the Minimally Invasive Approach

In time, more skilled laparoscopic surgeons will become available and, as a
result, both distal pancreatectomy and pancreatoduodenectomy will likely be
carried out routinely and safely by a minimally invasive approach. However,
a technically flawless surgical procedure will be of no avail if not performed in
the context of a center of excellence for pancreatic surgery where good clinical
results are already ensured by high quality of care. The personal skills of each
pancreatic surgeon are of utmost importance, however, a dedicated “pancreas
team” plays the greater role in impacting positively on patient outcome [21, 22].
The outcomes of pancreatic surgery are independent from the skills of the single
surgeon and the optimal clinical environment is by far more important even when
applied to minimally invasive surgery. Future studies should be implemented
in a context that guarantees the correct indication for surgery, lower mortality
rates, a low burden of postoperative morbidity through early recognition of
adverse events and prevention of predictable complications, high standards of
oncological radicality, prompt recovery with access to adjuvant therapy as soon
as possible, and reduction of healthcare-related costs.

Only once a wider application of minimally invasive pancreatic surgery
integrates effectively with the outcome-improving effect of a dedicated
pancreatic team, will we be able to assess more precisely the putative benefits of
the minimally invasive approach.
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Preoperative Evaluation and Anesthesia in 6
Minimally Invasive Surgery of the Pancreas

Gabriella Amorese

6.1 Introduction

Pancreatic surgery has long remained a stronghold of open surgery because
of a combination of technical, anatomic, and oncologic factors. An additional
limiting issue was the training of most pancreatic surgeons that, until very
recently, did not include advanced laparoscopic techniques [1]. Centralization
of pancreatic surgery to high-volume centers [2] reinforced this surgical
enclave, further slowing the diffusion of minimally invasive pancreatic resection
(MIPR). Lack of enthusiasm and support from well-respected surgeons possibly
prevented younger colleagues from embarking upon the serious undertaking of
initiating a program for MIPR, especially for pancreatoduodenectomy [3]. MIPR
was eventually accepted as an alternative approach to open surgery in selected
patients [4, 5]. A standardized approach to anesthesia is therefore required to
enhance the value of MIPR.

As compared with surgeons, anesthetists were probably more prepared to
face the challenges of laparoscopy, because they are not usually focused on an
organ or apparatus and they had the opportunity to practice with laparoscopy in
other subspecialties. On the other hand, modern anesthesia for pancreatic surgery,
and in particular for pancreatoduodenectomy, requires specific knowledge and
cultural dedication, as evidence is emerging that the occurrence of several
complications could be reduced by the implementation of newer strategies of
pre-, intra-, and early postoperative treatment [6—10]. The establishment of these
new and quite revolutionary concepts, made it crucial for anesthetists to become
more deeply involved in the care of patients undergoing pancreatic surgery, either
open or minimally invasive. As a consequence, also anesthetists had to go through
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a learning curve, because MIPR created some counterintuitive circumstances,
such as the need to find a balance between the reduction in cardiac output, caused
by pneumoperitoneum and reverse Trendelenburg position, and the need to limit
the volume of infused fluids, despite a long and complex procedure with inherent
risk of bleeding [11-13].

6.2 Preoperative Evaluation

The decision to resect a pancreatic tumor is a complex and multidisciplinary
process balancing the risks of surgery against the benefits of resection.

There are basically two scenarios: symptomatic patients, with either a
benign or malignant tumor, and asymptomatic patients, with premalignant
or malignant tumors. In either instance, the contribution of the anesthetist
to the multidisciplinary evaluation is to remove barriers to surgery, optimize
preoperative conditions, define the type of anesthesia, anticipate the need for
intensive postoperative care, and plan for postoperative analgesia. In rare
circumstances the anesthetist will define a prohibitive operative risk profile
making surgery contraindicated. In symptomatic patients an alternative treatment
strategy will be necessary, typically in the form of a less invasive operation or
an interventional procedure. Anesthesia will be required in either instance. In
patients with malignant pancreatic tumors, the prognostic weight of a negative
anesthesiologic evaluation, contraindicating resection, has obvious implications.
In the absence of alternative therapies aiming at the cure of patients with
pancreatic tumors, surgery should rarely be withheld on the basis of age and
comorbidity alone [14].

The initial evaluation of patients candidate for MIPR follows the same path
usually employed in patients undergoing open pancreatic resections (Table 6.1),
eventually resulting in grading of the surgical risk according to the classification
of physical health of the American Society of Anesthesiologists (ASA). The
ASA score is considered an imperfect tool to assess the surgical risk, mostly
because of subjective assessment of patients’ overall health [15]. Other scores
were indeed developed [16-20] but, although usually more sophisticated and
reliable than the ASA classification, they are not used routinely. Therefore, using
the ASA score, and accepting a degree of variability in anesthetists’ evaluation,
no major problems related to the patients’ physical health are anticipated in the
majority of persons classified in class I or II, because a correlation between
ASA score and postoperative course is evident only for classes III and IV [15,
20]. ASA class I and II patients can therefore undergo all types of pancreatic
resections and, if otherwise indicated, a MIPR can be offered. ASA grades III
and IV include a large proportion of patients requiring a pancreatic resection.
Some ASA III patients are not really sicker than ASA II patients, and pose no
additional problems when considered for MIPR. Other patients, instead, may
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Table 6.1. Evaluation of patients candidate for pancreatic resections

1. History ¢ Family history
¢ Past medical history
¢ Past anesthesiologic history
¢ Past surgical history
¢ Smoking habit
¢ Daily alcohol intake
¢ Use of drugs
¢ Pharmacologic history/allergies
¢ Current medical/surgical history

2. Physical examination ¢ General physical examination
¢ Assessment of heart rate and rhythm (radial artery
palpation)
¢ Measurement of arterial blood pressure
* Assessment of relative ease of endotracheal intubation
¢ Determination of height and weight

3. Basic tests/consultations ¢ ECG, with a written diagnosis from a cardiologist.

¢ Chest X-Ray

¢ Blood typing (group, Rh)

¢ Complete blood count, coagulation studies, and
biochemical tests

¢ Urinalysis

¢ Serological markers of infectious diseases (upon
written informed consent from the patient)

4. Additional tests/consultations ¢ Cardiologic consultation®
¢ Pneumological consultation”
¢ Neurologic consultation®
¢ Hematologic consultation?
¢ Infectious disease consultation®
¢ Other consultations (as indicated)

* Cardiologic consultation if: 1. History, symptoms, or signs of cardiac disease; 2. Abnormal
findings in the ECG; 3. History of diabetes; 4. Severe hypertension; 5. Obesity; 6. Non cardiac
symptoms (e.g. unexplained dyspnea) or signs (e.g. edema of the lower extremities) possibly indi-
cating heart problems; 7. History of syncope or sudden loss of consciousness; 8. History of alcohol
or drug abuse; 9. Chronic respiratory disease; 10. Congenital disorders and abnormalities; 11.
Patients with connective tissue disorders; 12. Patients with serious infections; 14. Patients treated
with cardiotoxic medications; 15. Transplant recipients.

> Pneumological consultation if: 1. History, symptoms, or signs of respiratory disease; 2. Age >
80 years; 3. Smoking =20 cigarettes per day; 4. Obesity; 5. Sleep apnea syndrome; 6. Abnormal
Chest X-Ray; 7. Occupational exposure to potentially toxic substances.

¢ Neurological consultation if: 1. History, symptoms, or signs of acute or chronic neurologic
disease; 2. Treatment with neurologic drugs; 3. History of serious and prolonged headache; 4.
Abnormal findings in a CT, MRI scan or the EEG.

4Hematologic consultation if: 1. History, symptoms, or signs of hematologic disease; 2. History
of thrombo-embolic episodes; 3. Spontaneous bleeding; 4. Abnormal blood count or coagulation
studies.

¢ Infectious disease consultation if: 1. History, symptoms, or signs of infectious disease; 2. Pre-
operative biliary drainage.
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be at higher surgical risk so that the preoperative multidisciplinary assessment
of physiologic resectability of the tumor could involve also the type of surgical
approach, namely open or laparoscopic. In general, MIPR is associated with more
complicated intraoperative management, but also with smoother postoperative
recovery as compared with open surgery. On practical grounds, the sicker the
patient the greater the benefit of a minimally invasive approach; however, the
challenges associated with anesthesia are also greater. A decision algorithm to
help the anesthetist to decide between open and MIPR is proposed in Fig. 6.1.

In the “grey” area including ASA III and IV patients, an individualized
approach should be adopted. This approach brings the anesthetist much more
in the context of clinical management of patients with pancreatic tumors, rather
than relegating him or her solely to the role of a consulting physician. Some
of the parameters to be considered regard patient frailty, while other variables
regard the complexity of the procedure. Some parameters can be modified with
proper planning of the procedure, such as the nutritional status or the level of
ability of the operating surgeon. Other parameters, instead, are static, such as
the type of tumor or the patient’s age. The combination of all these variables
produces quite a complex scenario with no absolute certainties. For instance,
a frail ASA IV patient requiring a straightforward enucleation of a “small and
superficial” pancreatic tumor could be safely operated upon, and would benefit
greatly from MIPR. On the other hand, a relatively fit ASA III patient requiring
pancreatoduodenectomy for a borderline-resectable pancreatic cancer, after
neoadjuvant chemoradiation, could be best managed by an open procedure.

It is worth noting the role that the surgeon’s ability plays in the decision
algorithm. It is commonplace that surgical talent, experience and proficiency
are keys to the success of any surgical procedure. This popular belief was so
well founded that it eventually became a science with clear definitions and high
levels of evidence [21]. Measuring surgical ability is currently receiving even
greater attention because the diffusion of minimally invasive techniques made
the issue of surgical training, credentialing and quality assessment stringent [22].
The anesthetist’s non-technical and technical skills are expected to play a similar
role but, for the moment, have not received the same degree of attention [23,
24]. Overall, professional factors play a major role in the treatment outcome of
pancreatic tumors and should be taken into serious account when planning for
major surgical procedures such as MIPR.

Finally, a common problem in clinical practice, which has to be solved
in the preoperative workup, is whether or not patients should discontinue
oral aspirin and/or other antiplatelet therapies. This question pertains only to
patients receiving single-agent antiaggregation for “prophylactic” purposes,
because persons undergoing dual antiplatelet therapy to ensure patency of
endovascular stents are a different category. In these patients, according to the
cardiologist’s evaluation, a personalized approach can be defined, but one of the
two antiplatelet therapies has to be maintained [25]. As regards patients taking
only aspirin, no specific evidence is currently available for aspirin withdrawal/
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Fig. 6.1 Decision algorithm for anesthesiologic evaluation of patient candidate for minimally
invasive pancreatic resection (MIPR). ASA, American Society of Anesthesiologists

maintenance before MIPR, and data from open surgery are quite conflicting [26,
27]. In open surgery, Wolf et al. showed that aspirin was safely maintained [26],
while Mita et al. reported a higher incidence of postpancreatectomy hemorrhage
[27]. Experience with other non-pancreatic procedures [28] demonstrates that
antiplatelet therapy should not be discontinued. Our approach is permissive in
MIPR, especially when there are specific risk factors for vascular thrombosis
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and the patient requires a distal pancreatectomy. A more restrictive approached is
used for pancreatoduodenectomy, especially in patients with jaundice.

6.3 The Case of Robotic Surgery

At the time of writing, the term robotic surgery, at least in abdominal surgery,
corresponds to da Vinci surgery. The da Vinci surgical system (dVss) (Intuitive
Surgical, Sunnyvale, California, USA) was indeed the only system available on
the market from 1998 to 2015. Recently, the TELELAP ALF-X has been launched
(SOFAR S.p.A., ALF-X Surgical Robotics Department, Trezzano Rosa, Milan,
Italy) [29], and other systems are awaited in the future.

Robotic surgery is a variant of laparoscopic surgery that employs a complex
device, the dVss, to enhance surgical dexterity. Contrary to the common meaning
of the word “robot”, which indicates a machine capable of programmed, or
autonomous, actions, the dVss is a telemanipulator that transfers the movements
of the hands of a remote surgeon to the tips of miniaturized intracorporeal
instruments. As compared with conventional laparoscopy, robotic surgery offers
a high-definition, stereoscopic, steady, and immersive view (vs. bidimensional
view), the use of surgical instruments with seven degrees of freedom (vs. four
degrees of freedom), and optimal ergonomy (vs. static, and often awkward,
working postures).

Four different models of dVss have been marketed since 1998: the dVss
Standard, the dVss S, the dVss Si, and the dVss Xi. The basic components of
all systems are similar: the surgeon console, the patient side cart (PSC), and the
vision cart. From an anesthesiologist’s perspective, the component of the dVss
that makes most of the difference in intraoperative management (vs. conventional
laparoscopy) is the PSC.

The PSC is a bulky tower, weighing between 550 and 820 kg depending on
the model, with three or four operative arms holding the camera and the robotic
instruments. Because of the design of the robotic system, the PSC of all systems
but the Xi has to come from the side opposite to the target anatomy. In MIPR, the
PSC is placed immediately over the head of the patient, thus largely preventing
accessibility to airways and infusion lines. The dVss Xi has partially solved this
problem, because the newer design of the PSC offers 270° accessibility around
the patient. In MIPR, the PSC of the dVss is placed at one side of the patient,
leaving the access to the head and the neck of the patient quite unobstructed.
Although accessibility to airways and infusion lines is improved, the bulk of
the system and its “rigidity” still restrict the ability of the anesthesia team to
freely intervene on the endotracheal tube and infusion lines. Additionally, it is
accepted that conventional laparoscopy requires deep neuromuscular blockade to
ensure optimal working space [30], with reduced pneumoperitoneum pressures,
and to avoid accidental visceral piercing by a laparoscopic instrument in case
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of unplanned reversal of blockade with contraction of abdominal muscles.
In robotic surgery, a smaller working space is required, allowing the use of
lower pneumoperitoneum pressures [31, 32]. Despite this, deep neuromuscular
blockade is still required, because the absolute fixation of ports and instruments
to robotic arms can have catastrophic consequences, in terms of visceral and/
or vascular injuries, in the case of sudden reversal of neuromuscular blockade.

As a matter of fact, if robotic surgery means “remote surgery”, because
the surgeon is sitting far from the patient, robotic surgery also means “remote
anesthesia”, because the anesthetist cannot freely manipulate the endotracheal
tube, the infusion lines, and the arterial line. Anesthesia in robotic surgery
requires more accurate planning and stronger team coordination as compared
with all other types of surgery [33]. The systematic and overprotective approach
required by anesthesia in robotic surgery improves the approach to standard
laparoscopic procedures, where patient accessibility and manpower are also
reduced as compared with open surgery.

6.4 Hemodynamic and Respiratory Changes in MIPR

Hemodynamic and respiratory alterations in laparoscopic surgery result
from the higher intra-abdominal pressure created by pneumoperitoneum, the
absorption of CO, into the blood, and the position of the patient. Interestingly
enough, the level of the peritoneum and patient position have the same purpose:
providing working space and improving exposure. As a consequence, surgeons
may be willing to increase pneumoperitoneum pressure and place patients in
steep positions. Extreme “head-up” postures result in reduced venous return,
facilitating hypotension and potentially leading to myocardial and cerebral
ischemia. Elderly patients, hypovolemic patients, and those with pre-existing
ischemic heart disease or cerebrovascular disease are particularly vulnerable to
posture-related hemodynamic changes.

Pneumoperitoneum increases abdominal pressure, raises the diaphragm,
decreases perfusion of abdominal viscera, and increases both systemic vascular
resistances and pulmonary vascular resistances [34,35]. As a consequence, central
venous pressure increases, and heart rate accelerates. Most of these changes are
well tolerated by ASA I and II patients and by most fit ASA III patients. The
lower cardiac output is compensated by increased heart rate and arterial pressure,
resulting in a stable hemodynamic state. It is, however, important to note that
this equilibrium is quite unsteady and may easily turn into overt hemodynamic
instability if an acute hemorrhage occurs.

In ASA III and IV patients, with more relevant cardiac disease, the increase
of vascular resistance associated with pneumoperitoneum [36], which is affected
by patient position being aggravated by the reverse Trendelenburg position [37],
may lead to a relevant reduction in cardiac output.
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As mentioned earlier, absorption of CO, leads to a tendency to hypercapnia. If
CO, is not eliminated efficiently with pulmonary ventilation, hypercapnia arises,
followed by acidosis. Acidosis can depress myocardial function and predispose
to arrhythmia and cardiovascular collapse. CO, has also direct effects on the
heart [38].

The increased intra-abdominal pressure has also respiratory implications. The
reverse Trendelenburg position alleviates these changes. If pneumoperitoneum
pressure is maintained over 15 mmHg, airway and intrathoracic pressures
increase, leading to compression of the great and small vessels with associated
hemodynamic consequences [39].

In ASA T and II patients, capnography and pulse oximetry provide reliable
monitoring of PaCO, and arterial oxygen saturation [40]. In ASA III and IV
patients, and in particular in persons with impaired CO, excretion capacity, there
is a less reliable correlation between PaCO, and end-tidal carbon dioxide tension.
In these patients arterial blood sampling is recommended [40, 41].

Before proceeding with surgery, all pressure points must be padded and the patient
has to be secured to the operating table using wide bandings.

6.5 Monitoring and Preparation for Anesthesia

All patients undergoing MIPR must be monitored for ECG, arterial pressure,
capnography, pulse oximetry, and urinary volumes. Verification of ventilatory
parameters is also essential (volumes, inspiratory pressure,oxygen concentration).
Measurement of arterial pressure by radial artery cannulation is required in
sicker patients but is advised in all patients because of anticipated long duration
of MIPR and for better assessment of pH and electrolyte balance.

As maintenance of thermal homeostasis is key, body temperature should also
be monitored, and a fluid warming device has to be available. The use of thermic
blankets is also important.

At least one large-bore (14 or 16 G) intravenous cannula must be placed in
either arm to ensure the possibility of fluid infusion at all times. In patients with
limited possibility of peripheral venous cannulation a central venous line may be
placed. Stockings, connected to a sequential compression device, are placed on
the legs to reduce blood pooling and lessen the risk of deep venous thrombosis.
A nasogastric tube is inserted after induction of anesthesia. The tube may be
removed at the end of the procedure, at the discretion of the operating surgeon.
In ASAIIT and IV patients, invasive measurement of arterial pressure is mandatory
and the placement of a central venous line may be helpful in maintaining more
physiologic levels of cardiac preload. Although it is known that stroke volume vari-
ation is a better predictor of fluid responsiveness as compared with central venous
pressure [42], changes in central venous pressure after the first infusion bolus pre-
dict later variations in stroke volume [43].



6 Preoperative Evaluation and Anesthesia in Minimally Invasive Surgery of the Pancreas 57

6.6 Neuromuscular Blockade and Ventilatory Strategy

Deep neuromuscular blockade is key in all laparoscopic procedures to allow the
surgeon to work with low pneumoperitoneum pressures [44]. Rocuronium bro-
mide provides optimal neuromuscular blockade but the dose has to be reduced
to 0.075-0.1 mg/kg, because of the known interactions with volatile anesthet-
ics resulting in augmentation of the intensity of neuromuscular blockade [45].
The level of blockade is measured using the TOF-watch, a device that gives an
electrical stimulus to the ulnar nerve and measures the contraction in the ad-
ductor pollicis muscle. To define a deep level of neuromuscular blockage, the
post-tetanic count has to be assessed by giving several stimuli and measuring the
number of contractions. A post-tetanic count of 1-2 corresponds to a deep level
of neuromuscular blockade, but could still not reflect complete paralysis of the
diaphragm and lateral abdominal muscles, which are instead the true endpoint of
neuromuscular blockade [30]. These muscles can indeed still demonstrate con-
tractions when the adductor pollicis muscle is completely paralyzed because they
are more resistant to the action of rocuronium bromide [46, 47]. While providing
deeper neuromuscular blockade is not a problem during the procedure it could
become an issue towards the end of the procedure. Availability of sugammadex,
which fully reverses the neuromuscular blockade within few minutes, can be of
help in this regard [48].

A tidal volume of 6-8 mL/kg of ideal body weight reduces the degree of
lung injury caused by either stress or strain and may have a positive impact on
the development of postoperative pulmonary complications. Applying a positive
end-expiratory pressure (PEEP) is effective in improving dynamic intratidal
compliance, with beneficial effects on damage from alveolar opening-closing.
PEEP reduces the incidence of atelectasis, restores fractional reserve capacity
and improves respiratory mechanics, with consequent positive effects on applied
pressure and gas exchange [49].

Although volume-controlled and pressure-controlled ventilation can
be both employed, we prefer pressure-controlled ventilation because of
better respiratory data [50]. On practical grounds, we establish the baseline
ventilation parameters with volume-controlled ventilation, with constant
flow, a tidal volume of 6-8 mL/kg, and 12 breaths per minute. We switch
to pressure-controlled ventilation after creation of the pneumoperitoneum.
Since it is known that pressure-controlled ventilation does not guarantee the
tidal volume, we adjust the pressure limit to obtain a tidal volume as close as
possible to the one previously settled in volume-controlled ventilation. The
initial respiratory rate of 12 breaths per minute is adjusted to maintain an end-
tidal CO, of 35-40 mmHg. An inspiratory/expiratory ratio of 1:2 is used with
an end-inspiratory pause of 10% of the inspiration time, and the lowest PEEP
value that reaches satisfactory ventilatory parameters. A mathematical model
to quickly and safely switch from volume-controlled to pressure-controlled
ventilation was proposed by Agro et al. [51].
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We prefer to switch to pressure-controlled ventilation because this modality
achieves higher instantaneous flow peaks, minimizing peak pressures, and it
improves alveolar recruitment and oxygenation. Additionally, the use of titrated
levels of PEEP can be employed to reduce alveolar de-recruitment. The increase
of PEEP, however, must be very prudent since high levels are expected to
potentiate the negative effects of pneumoperitoneum on cardiac output.

Anesthesia is maintained with sevoflurane in 50% oxygen/air.

6.7 Anesthesia

A synopsis of our pharmacologic protocol during anesthesia for MIPR is provided
in Table 6.2.

Regarding the type of anesthesia (volatile vs. intravenous) we prefer inhaled
drugs [52]. Although there is no striking evidence favoring either volatile or
intravenous anesthesia in MIPR, the use of propofol is known to reduce cardiac
parasympathetic tone leading to lower hemodynamic stability [53, 54]. Insecure
hemodynamic stability may become a problem at the time of sudden bleeding,
and/or may accentuate the challenges associated with maintenance of optimal
tissue perfusion because of the cardiopulmonary implications of pneumoperi-
toneum. Additionally, intravenous anesthesia promotes intestinal peristalsis
thereby complicating intestinal reconstruction during some procedures, such as
pancreatoduodenectomy.

The bronchodilator response to the use of sevoflurane, observed both in ani-
mals [55] and in humans [56], is an additional factor that justifies our preference
for volatile anesthesia.

Table 6.2 Pharmacologic protocol and fluids infusions during volatile anesthesia for MIPR

Premedication Midazolam 0.07-0.1 mg/kg i.v. bolus *
Atropine 0.1-0.2 mg/kg i.v. bolus

Induction and Fentanyl 1 pg/kg i.v. bolus

neuromuscular Propofol 1% 1,5-2.,5 mg/kg i.v. bolus

blockade Rocuronium bromide 0.6 mg/kg i.v. bolus

Maintenance Fentanyl 0.35-1.4 pg/kg (25-100 pg) i.v. bolus

Sevorane target minimum alveolar concentration based
on patient age
Rocuronium bromide 0.15 mg/kg i.v. infusion

Fluid replacement (4-6 mL/kg/h)
Ringer lactate (40%)
Succinylated gelatin 4% (60%)

*Final dose adjusted in small boluses (1-2 mg each) based on patient response.
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6.8 Practical Considerations

Intraoperative transfusions increase the risk of serious postoperative infections
[57] and the rate of 30-day readmissions [58] and worsen oncologic prognosis
[59]. However, it also known that postoperative morbidity and mortality increase
for each gram of decrement when the hemoglobin concentration is <7.0 mg/dL
[60], and patients with cardiovascular disease are more vulnerable to the effects
of anemia [61, 62]. Although the postoperative incidence of complications is
reduced when fresh blood is transfused (i.e., blood stored for <35 days) [63],
proper management of blood transfusions is among the major treatment objectives
of anesthesia during pancreatic resections.

In the modern era of pancreatic surgery, and in MIPR in particular, the
amount of intraoperative bleeding is usually limited. However, intraoperative
blood transfusions are still required in 9% to 78% of the patients undergoing
pancreatoduodenectomy [64, 65]. Rarely, patients may experience massive
bleeding as a consequence of surgical misadventure [13].

Although patients with very low hemoglobin levels (<7.0 mg/dL) are likely
to benefit from transfusion of packed red blood cells, we prefer to rely more
on delta hemoglobin (AHD) to decide when transfusions are needed [66]. AHb
is defined as the difference between first intraoperative Hb level, determined
immediately after anesthesia induction and nadir intraoperative Hb level.
Although personalized decisions are required, in ASA I and II patients we prefer
to avoid transfusions if AHb is <50%, and Hb is >7.0 mg/dL. In ASA III and IV
patients we accept a AHb <30%, but transfusions may be given even when Hb
>7.0 mg/dL, if the patient is at high cardiovascular risk and/or the procedure is
complex and further bleeding is anticipated.

Recent data suggest that patients at high risk for pancreatic fistula may benefit
from intravenous hydrocortisone treatment. The first bolus of steroids is given
at the induction of anesthesia. A total of eight doses are suggested given every 8
hours in the postoperative period [67].

Although given quite often, somatostatin analogs may decrease the incidence
of pancreas-related postoperative complications but do not reduce perioperative
mortality [68]. A recent multi-institutional study showed that perioperative use of
octreotide was associated with a three-fold increase in the risk of postoperative
pancreatic fistula [69]. The prophylactic use of somatostatin analogs is
questionable.

Elevated intrabdominal pressure, caused by pneumoperitoneum, increases
intrathoracic and intracranial pressures. Higher thoracoabdominal pressure
reduces venous drainage from the brain. Elevated intracranial pressure increases
cerebral blood volume because of the vasodilatory effect of CO,. Changes in
intracranial pressure and in blood supply to the brain may affect cerebral
perfusion and eventually cerebral oxygenation, leading to a longer recovery
and impaired cognition. To prevent, or reduce, these phenomena we provide
intraoperative mannitol infusion in association with albumin drip [70]. The
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combination of mannitol and dopamine is also useful to preserve renal function
[71]. Vasopressors may also be used, as required, to maintain optimal blood
pressure. Attention is also paid to maintain electrolyte balance.

Optimal management of postoperative pain is also key to the success of
complex abdominal operations, such as MIPR. The use of opioids should be
reduced as much as possible in order to prevent their side-effects on intestinal
motility [52]. Pain management is a main component in modern protocols for
enhanced recovery [72].

6.9 Conclusions

Modern management of anesthesia during pancreatic resections in general, and
during MIPR in particular, requires dedication and commitment. While the
role of the anesthetist, in many circumstances, is still relegated to delivering
anesthesia to enable surgery, in MIPR anesthetists have to be fully embedded in
the multidisciplinary team caring for these patients.
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Contribution of Radiology as an Enabling 7
Medical Specialty

Davide Caramella, Carla Cappelli, Rosa Cervelli, and Greg Strowig

7.1 Introduction

Radiology has changed dramatically in the last few decades. From the old
paradigm of a diagnostic specialty reacting to a referring doctor’s request
by performing a given imaging study for a given clinical situation, in recent
years radiologists have been proactively taking part in clinical management by
acquiring and integrating multimodality information obtained from different
equipment able to generate mono- as well as multiparametric image datasets.
Furthermore, hybrid acquisition makes it possible to fuse radiology and nuclear
medicine images, and quantitative imaging is emerging with the aim of obtaining
useful imaging biomarkers [1, 2].

All these developments have been increasingly applied in patient candidates
for pancreatic surgery with the aim of predicting the risk of postoperative
complications, by adding in the diagnostic workup dynamic contrast-enhanced
magnetic resonance imaging (DCE-MRI) and diffusion-weighted imaging
(DWI) together with the intravoxel incoherent motion model. DCE-MRI has
been recently applied in patients with pancreatic adenocarcinomas also to
quantify pharmacokinetic parameters such as K" and k, values [3], which
can be considered prognostic indicators of clinical outcome (in terms of both
tumor response and patient survival). Fat quantification and DWI, with the
intravoxel incoherent motion model, are used to evaluate several pancreatic
glandular factors [4], such as soft-tissue texture, pancreatic steatosis, absence of
fibrosis, and small pancreatic duct size, which are associated with an increased
rate of postoperative pancreatic complications [5, 6]. Finally, the introduction of
advanced 3D reconstruction [7] has proved useful in assisting surgeons to better
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appreciate complex anatomy whose knowledge is of paramount importance in
planning pancreatic interventions [8, 9].

In addition to that, a series of recent disruptive innovations are paving the
way towards new hi-tech applications aimed at helping the surgeon during the
laparoscopic or robotic operation by augmented reality [10, 11].

This exponential and multifaceted technological development resulted in a
hyper-growth of digital information that has to be processed and stored for each
patient to manage newly emerging health problems as well as to monitor the
evolution of chronic conditions over time. We are effectively entering an era in
which radiology is no longer required to produce and distribute just diagnostic
images, since its role has evolved into the hospital-wide enabler of the technical
and clinical integration of all medical data (diagnostic images being still the
largest portion of them) at the point of care and beyond.

7.2 Radiology as a Diagnostic Medical Discipline

If we go back in time to the old days of film, diagnostic images were organized,
indexed, and stored in the hospital’s film room. Couriers went back and forth
between the film room and the various departments that needed to see these
images. Simple, and sometimes sophisticated, light box systems were found
throughout the hospital where film could be displayed. As all of this digitization
of medical imaging occurred, it became necessary to put procedures in place to
manage all of this data. It was out of this need that the Picture Archiving and
Communications System (PACS) was born. These systems were produced by
major healthcare technology vendors, film manufacturers, and a host of upstart
companies who stepped in to fill the need for image management technology
(Fig. 7.1).

However, PACS was conceived as filling just the departmental needs of
radiology. There was no view of PACS serving beyond this department or
specialties. PACS was good at storing data created in that specific department
and retrieving and displaying the data created in that department. If you were a
clinician outside that department and wished to see the images, the solution was to
walk to the department and view them on the very expensive PACS workstations
that the radiologists were using. Or, if your hospital was well equipped, you
might be able to walk over to a PACS workstation that had been installed in your
department or somewhere on the hospital floor. And, if the data were needed for a
patient referral outside of the hospital, the images were printed on film and given
to the patients to carry with them.

As PACS evolved in the first decade of this century, it was not uncommon
for these systems to be replaced every three years. And, when this replacement
happened, all of the data from the outgoing PACS needed to be moved to the
incoming PACS. In the early days, this wasn’t a big problem as there was not
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that much data to move. However, as more and more data were generated each
year, the migration of these data became a very time-consuming and challenging
effort. Often, part of the data would be problematic to move. Either the data were
irretrievable due to storage technology issues, such as tape corruption, or they
were not stored in a compatible format for the new system to use. Further, despite
standards being established to facilitate the flow and storage of medical images
such as Digital Image and Communication in Medicine (DICOM), modality
and PACS manufacturers often did not fully implement the standards. Some
PACS manufacturers retained data such as text overlays, annotations, and other
necessary data in their systems database so they could be displayed properly on
their own workstations. However, if the data were migrated or otherwise sent to
another brand of workstation, often these data were missing as they were “stuck”
in the original system’s database and not passed along with the image.

Data migrations would also often be required simply when there was no change
in PACS software vendor. This would happen when the same vendor would
upgrade their storage system from one version to the next. New technologies
either developed in-house or from a recently purchased company, would replace
the old technology. If a hospital wanted to simply upgrade from PACS version
one to PACS version two, a storage upgrade was in the offering.

With all of these data migrations, a further complication of cost was involved.
It was like having to move the hospital’s film room across the hall and back,
just to paint the room. Further complicating the issue of cost when transitioning
from one vendor to another, outgoing vendors had little incentive to assist in
migrating data out of their system, which was being shut down. So they would
begrudgingly help, but at an even greater cost to the hospital.
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Lastly, during the 1990s and 2000s, it was very common that PACS vendors
resold storage technology (plenty of disks) with their solution. Hospitals were
required to purchase this infrastructure, and continue to upgrade it as the PACS
vendor evolved their solution. However, these storage technologies came at a
premium price from the PACS vendors who were marking up the solution from
storage vendors like EMC, HP, IBM, Dell, etc. And, by decree of the PACS
vendors, these storage technologies could only be used with the PACS and
nothing else. This often infuriated the information technology professionals in
the hospital as they knew storage could be purchased at a lower cost, direct from
the manufacturer, and they also wanted to buy something that could provide
enterprise-wide data storage, not just for radiology images.

However, in 1998 and 2001, two startup companies took a different approach
to managing medical images. Emageon, Inc. was started in 1998 as a research
project at the University of Alabama at Birmingham before being formed as a
venture capital-backed company. Similarly, TeraMedica, Inc. was formed in late
2001 out of an idea that the Mayo Clinic had for managing medical images. Both
of these companies were founded out of an idea to separate the archival and
data management of these medical images from the ever-changing workstation
and workflow technologies. Further, their new technology would service medical
images from more than just one specialty as PACS focused on. Additionally, with
TeraMedica, their product was purely software, with hospitals providing their
own servers and storage as they desired. Emageon went on to purchase a radiology
workstation company and refocus itself as a PACS vendor. Then, it merged with
several other companies and was eventually acquired by Merge Healthcare, a
division of IBM. TeraMedica remained focused on the image management and
archival marketspace and is now a division of Fujifilm.

These two companies were the start of a new healthcare information
technology product category that, sometime around 2008, became known as
vendor-neutral archives (VNAs). By this time, a few other startup vendors had
joined this product category with VNAs of their own. Later, the large, global
healthcare information technology vendors also promoted their own VNAs. As
a product category name, it is not very descriptive of what these systems do.
Certainly, all of these systems are created by vendors, so what is the meaning of
“vendor-neutral”? Furthermore, these systems offer much more than archiving of
information; rather, they provide storage, retrieval, sharing, and universal access
to all patient-related clinical content — images or otherwise.

The idea behind calling these systems “vendor-neutral” was because they
were independent and agnostic as to what systems they were connecting to. VNA
was indeed produced by a vendor, but it did not matter if the customer wished
to connect different vendors’ PACS, modalities, 3D workstations, or other
technology. This independence allowed the VNAs to focus on the interoperability
of their solution rather than tight integration with another product manufactured
by that same company. “True VNAs” were often built from the ground up by
vendors who did not sell PACS. Later, PACS vendors started selling variants
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of their PACS or their PACS archive product as a VNA. However, often, these
systems were optimized to work with that vendor’s PACS and not with a myriad
of other vendors’ products.

A VNA was often implemented as the last stop for images as they made their
way through the radiology workflow. For instance, diagnostic images would
be generated at the modality, sent to the PACS for quality control checks and
adjustment, read by the radiologist, and stored in the VNA. No longer was it
required to have vast amounts of storage attached to the PACS. When the PACS
needs the imaging study for prior comparison again, it is retrieved from the VNA
to the PACS. It was now the VNA whose storage infrastructure was going to
grow and grow (Fig. 7.2).

As hospital systems across the world began implementing VNAs, the PACS
vendors took notice. Suddenly, the sales of storage hardware with their PACS
declined sharply. Furthermore, the virtual grip that PACS vendors had on hospital
systems was loosened. Hospitals were able to upgrade systems much more easily.
They were also able to replace a PACS vendor much more easily. No longer were
they beholden to the concern that they would have to pay significant money
and expend hundreds or thousands of hours, just to migrate their own patient
data. Now, these data were resident in the VNA, which could remain in place
while the information technology world around it changed. Furthermore, VNAs
often included software functionality to migrate data between various storage
infrastructures that it had stored data on, thus making technology upgrades easier
on a hospital system. “Vendor-neutral” was the benefit of being able to change
systems easily, without being concerned about what would happen to the data.

VNAs started out with their focus on DICOM radiological images. These
images are generated by the various modalities in radiology and are created,
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routed, and stored in the DICOM standard format. Often, especially until around
2010, there might be several PACS in a single hospital — one PACS for general
radiology, one PACS for cardiology, one PACS for endoscopy, another PACS for
radiotherapy planning, and so on. To see a complete view of the patient’s imaging,
clinicians would need to navigate to several PACS, often having to physically go
to a different workstation. There was no hope of seeing images in different PACS
side by side. And, of course, each system had its own idiosyncrasies in how users
would need to interact with it. So often, it was more trouble than it was worth to
try and see a complete record of the patient’s imaging.

However, as VNAs came into vogue, data from all of these source PACS and
modalities were now being stored centrally. Around this same time, implementa-
tion of electronic medical record (EMR) systems became the dominant focus of
healthcare information technology in the United States. These systems, analo-
gous in many ways to VNAs, were centralized repositories of large amounts of
patient clinical data. Things such as patient history and physical results, labora-
tory results, clinical notes, oncologic treatments, etc. were all kept in this cen-
tralized EMR. And, in the VNA industry, it made perfect sense to integrate the
centralized VNA with the centralized EMR. VNAs were good at storing and
managing clinical images while EMRs were good at storing and managing clini-
cal text. Thus, this created another new healthcare information technology soft-
ware product category, enterprise image viewers, sometimes called universal
image viewers.

Enterprise image viewers were developed by a myriad of companies,
including VNA manufacturers. These viewers focused on being able to integrate
with the EMR, display the image content in the VNA regardless of its original
source, and deliver simple viewing tools to the masses using standard desktop
technologies. No longer were medical images just the domain of those who had
access to expensive PACS workstations; rather, images were now accessible to
any authorized practitioner in the hospital. And, because they provided simple
viewing tools, the deployment of these systems required little, if any, training of
the users.

VNAs also offered hospital information technology staff a way to manage
the content that was being amassed in the VNA. TeraMedica patented their
technology to understand the contents of the DICOM medical images and to
classify them into various storage retention policies. For instance, imaging studies
with no pathology could be stored on a slow and inexpensive storage system as
it was unlikely they would be retrieved again. However, imaging studies for
a cancer patient showing pathology could be stored on a fast and expensive
storage system for quick and frequent retrieval. Further, mammography images
or pediatric studies can be stored longer than other types of studies, as most legal
image retention laws dictate. And, finally, VNAs often provided for the eventual
deletion of studies after this legal retention period had expired (Fig. 7.3).

These storage, or information lifecycle, management abilities were thought to
be desirable in the early days of VNAs. Storage costs were growing exponentially
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for hospitals, PACS had no facility to differentiate the storage of imaging studies,
and PACS could not delete studies after a configured retention period. However,
in practice, VNA vendors found that storage costs per terabyte were dropping
quickly and that the storing of studies across many different tiers of storage
was just too complicated for hospitals to manage. Further, with the advent of
enterprise image viewers and the evolution of users’ expectations, it was no
longer acceptable to store an imaging study on a slow media where it would
take a long time to retrieve. EMR users who clicked on a six-year-old imaging
study wanted to see images immediately, just as they had become accustomed to
using the Internet or video streaming services at home. With PACS, it was more
predictable as to what imaging studies the radiologist might want to see from the
VNA. However, EMR users were not predictable and their desire was to have
immediate access to everything.

Moreover, while the idea of being able to delete studies at the end of their
legal retention period was a good one, VNA vendors found out that most hospitals
had not yet come to terms with this in the digital world. In the days of the film
room, clerks would have no problem periodically culling through the old film
and sending it to the silver recycler. But, once everything became digital, then
people’s expectations changed. Physicians demanded that images be retained
forever as they might have clinical value. Hospital administrators couldn’t figure
out what the right retention policies were. PACS were still not able to delete
references to imaging studies in their database. Thus, the PACS might continue
to reference studies in the VNA that had been purged by the VNA. For these and
other reasons, VNA’s ability to delete images did not get utilized as much as
originally envisioned.
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VNASs originally focused on the world of medical images, namely those created
by radiology and cardiology devices and stored in the DICOM format. However,
VNASs soon found themselves in the position of being the centralized repository for
all types of clinical content, both in the DICOM format and in non-DICOM formats.
Images from endoscopy, anesthesiology data, genetic data and data of other special-
ties needed to be stored and managed in the hospital. Videos from surgery among
others, were soon finding their way into the VNA. Scanned documents, EKG and
EEG wave forms, anesthesiology monitoring strips, and other types of content that
could be output digitally from all over the hospital were sent to the VNA for per-
manent keeping and distribution through the enterprise viewing solution. Even pro-
prietary files, such as radiation treatment plans, that could only be viewed or used
on the same type of device that created the file were stored in the VNA. Often, this
was to facilitate hospital-to-hospital sharing of the file or to ensure that the data was
professionally stored, backed up, available during a disaster, and secured.

Interestingly, in Europe, hospitals did not follow the same path to management
of all of this clinical content. PACS continued to have a strong foothold in the
management of radiology data. A unique concept called PACS2 grew in Europe,
which basically meant a system to manage all non-DICOM clinical content.
Thus, hospitals would have both a PACS and a PACS2. But, because they did
not move the storage management of all the PACS data to a separate system,
such as a VNA, they did not reap the control and financial benefits. Thus, when
PACS was replaced, they had to endure the painful and costly PACS-to-PACS
migration. Only in the past few years have European hospitals started down
the path of combining the data management of their PACS with their PACS2
solutions into a VNA system. Europe also was much quicker than the rest of
the world to adopt the Cross-Document Sharing (XDS) framework for sharing
content between hospital facilities.

Today’s VNAs are generally accepted to perform the following functions:

e Storage of DICOM and non-DICOM clinical content;

e Connectivity through an embedded or third-party enterprise viewing solution;

e Information lifecycle management of the data over its medical and legal
lifetime, including deletion of the data at the end of its use;

e Sharing of clinical content to other hospitals and clinics;

e Integration and interoperability between modalities, workstations, and infor-
mation.

7.3 Radiology as an Enabling Medical Specialty

As VNAs become more and more prevalent in the world, there will be greater
demands placed on these systems by their users. The content within VNASs con-
tinues to grow, with data flowing into them from a myriad of specialties across
the hospital. Physicians are finding that the ability to look at more data in the
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course of diagnosing and treating a patient is opening new doors to better in-
formation, better diagnosis, and greater clinician collaboration. For example,
radiologists who previously did not have access to radiation treatment plans for
cancer patients, but suddenly have this at their fingertips, are now able to make
more informed diagnoses and meaningful reports. And, in the near future, it will
not be uncommon for genomic and proteomic data to be stored within the VNA,
all ready for access and correlation.

Large pools of data, such as that which resides in a VNA, are perfect for
correlating with the EMR to bring the complete picture of each patient to life. By
combining patient history and physical information, pharmaceutical information,
diagnosis, treatment paths, and outcomes, these new systems will be able to
derive new insights from all of this data into better patient care at lower costs.

However, as this information grows, so too does the difficulty that humans have
in processing large amounts of data. Further, when cost and resource constraints
are prevalent in a hospital, there is little time for searching, reading, viewing, and
correlating these data. Thus, with the benefits that a VNA and EMR provide, there
are difficulties in using all of this information, especially if it is not filtered, inter-
preted, and presented in the right context at the right time. This is where the next
wave of information technology will move VNAs and EMRs. With big data, ana-
lytics, machine learning, and artificial intelligence, these technologies will help sift
through the data and present relevant information to the clinician.

Further, as these technologies evolve, and as privacy concerns can be assured,
the massive amounts of data that exist across many hospital VNAs and EMRs
can be combined into research cohort studies that look across geographies
and country borders. Through artificial intelligence, patient care paths will be
recommended by systems capable of processing and associating large amounts
of data in real time. Machine learning and deep learning will be informed by
patient outcomes to improve this intelligence over time.

All these developments are transforming the role of radiology, from a diagnos-
tic medical discipline to an enabling medical specialty whose key role is to provide
increasingly complex image datasets to the clinical community, helping to inte-
grate them with laboratory and pathology results, quantitative imaging biomarkers,
and anesthesiological as well as surgical information, thus enabling the creation of
a shared archive from which a huge amount of multidisciplinary data can be easily
retrieved with the possibility to select and compare all of them by artificial intel-
ligence, creating a new scenario for personalized patient care [12].
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Laparoscopic Staging for Pancreatic Cancer 8

Robert Memba, Donal B. O’'Connor, and Kevin C. Conlon

8.1 Introduction

Pancreatic cancer is the one of leading causes of cancer mortality in developed
countries. The most common type is pancreatic ductal carcinoma (PDC), which
accounts for approximately 85% of cases. The incidence of PDC has been
increasing worldwide but it varies greatly across regions and populations. In
Western Europe and North America, the incidence ranges between 7.3 and 7.4
per 100,000 people; 55.5% of the new cases of PDC are registered in more
developed regions. PDC is the seventh most common cancer in men and the
fourteenth in women but, more importantly, it is among the five most frequent
causes of cancer-related mortality in North America and Europe. Certain risk
factors have been identified, such as cigarette smoking, positive family history
and genetics, diabetes mellitus, obesity, dietary factors, alcohol use and physical
inactivity [1, 2].

PDC is a devastating disease associated with a poor prognosis for the majority
of patients. The main reasons for the low survival of PDC patients are aggressive
biology, the resistance to conventional and targeted therapeutic agents, the lack
of biomarkers for early detection and the fact that most patients present with
advanced disease. At presentation, approximately 50-55% of patients have
metastatic disease and a further 20-25% have locally advanced disease. Only
20% of patients with PDC undergo potentially curative resection [3, 4]. The
S-year survival is only 10% following resection with curative intent and median
survival after resection ranges from 12 to 24 months [5, 6]. The most common
disease factors precluding resection are due to locoregional growth, leading
to invasion of surrounding vessels, and the early systemic spread of ductal
adenocarcinoma leading to disseminated disease, most commonly involving
the liver. Diagnostic imaging is not sufficiently accurate to detect the presence
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Table 8.1 TNM classification for pancreatic ductal carcinoma

TX
TO
Tis
T1
T2
T3

T4

NX
NO
N1
MO
Mi

Primary tumor cannot be assessed

No evidence of primary tumor

Carcinoma in situ

Tumor limited to the pancreas, 2 cm or less in greatest dimension
Tumor limited to the pancreas, more than 2 cm in greatest dimension

Tumor extends beyond the pancreas but without involvement of the celiac axis
or the superior mesenteric artery

Tumor involves the celiac axis or the superior mesenteric artery (unresectable
primary tumor)

Regional lymph nodes cannot be assessed
No regional lymph node metastasis
Regional lymph node metastasis

No distant metastasis

Distant metastasis

Table 8.2 Anatomic stage/prognostic groups for pancreatic ductal carcinoma

Stage 0 Tis NO MO
Stage IA T1 NO MO
Stage 1B T2 NO MO
Stage IIA T3 NO MO
Stage 1IB T1 N1 MO
T2 N1 MO
T3 N1 MO
Stage 111 T4 Any N MO
Stage IV Any T Any N M1

of all metastatic disease or vessel invasion. Accurate staging is essential for
treatment planning and to avoid non-resectional laparotomies [3]. Laparoscopic
staging (LS) has a role in detecting small peritoneal metastases and features of
local vessel invasion when combined with laparoscopic ultrasonography (LUS)
and has demonstrated upstaging of approximately 20% of patients deemed
resectable after conventional imaging staging [7]. However, routine use of LS is
not universally applied and its yield may be lower in the era of more advanced
non-invasive imaging. The American Joint Committee on Cancer (AJCC) TNM
classification [8] is used to describe the stages of PDC (Table 8.1) and prognosis
groups (Table 8.2).
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Several risk factors have been identified to be associated with an increased
risk of non-resectability at laparotomy. The presence of these factors could be
used to more accurately select patients who would benefit from LS.

Tumor size is one of the most important staging criteria and prognostic
indicator in PDC, and primary larger tumor size is associated with metastases
not identified on preoperative CT. According to some authors, tumor size ranging
between 3 cm and 4.8 cm predicts unresectability and can be used in addition to
imaging studies to consider the indication of LS [9-14].

Regarding tumor localization, PDC of the body and tail are associated with a
worse prognosis, presumably because of the advanced stage of disease at diagnosis,
compared with pancreatic head cancers which present earlier with signs of obstructive
jaundice [15, 16]. However, if resectable they have a similar oncological outcome
when compared to patients with resectable tumors in the pancreatic head [17].

Concerning tumor markers,carcinoembryonic antigen (CEA) and carbohydrate
antigen 19-9 (CA 19-9) are serum tumor markers used in the management of
PDC. Both tumor markers have limitations with respect to specificity, being
elevated in other cancers and benign diseases. Several researchers [18-22] have
demonstrated a correlation between a combination of high CEA and CA 19-9
levels and advanced disease, concluding that preoperative tumor marker levels
can be independently used for the prediction of resectability (RO resection) in
patients with PDC. Ca 19-9 is the most commonly used for PDC. The cut-off
value used to predict unresectability ranges between 92.77 and 353.15 TU/mL.
However, CA 19-9 is also increased in the presence of hyperbilirubinemia, which
makes interpretation in the presence of obstructive jaundice difficult [5]. It is also
undetectable in 4—15% of the population with Lewis negative (a-b-) phenotype.
Some authors have adjusted tumor marker levels to account for obstructive
jaundice by dividing the serum tumor marker level by the bilirubin levels [22].

Resectable PDC (Fig. 8.1) includes tumors with the following criteria:
absence of distant metastases, lack of evidence of tumor involvement of superior
mesenteric artery (SMA) or hepatic artery (HA), and in cases of venous invasion,
a suitable segment of portal vein (PV) above and superior mesenteric vein
(SMYV) below the site of venous involvement to allow for venous reconstruction;
providing that adequate inflow and outflow veins are present and a RO/R1 resection
is reasonably expected [23, 24].

Borderline resectable (BLR) PDC (Fig. 8.2) comprise an imprecise entity
between resectable and unresectable disease on the initial radiological evaluation,
which due to vessel involvement predicts a challenge in achieving a resection with
negative surgical margins [25, 26]. There is no universally accepted definition of
BLR PDC. Consensus statements from the American Hepato-Pancreato-Biliary
Association (AHPBA), the Society for Surgery of the Alimentary Tract (SSAT)
and the Society of Surgical Oncology (SSO) have been adopted by the National
Comprehensive Cancer Network (NCCN) and define BLR PDC as the presence of
venous involvement of the SMV/PV demonstrating tumor abutment, encasement,
or short segment venous occlusion, but with suitable vessel proximal and distal
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Fig. 8.1 Diagram showing resectable pancreatic ductal carcinoma

Fig. 8.2 Diagram showing borderline resectable pancreatic ductal carcinoma
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Fig. 8.3 Diagram showing locally advanced pancreatic ductal carcinoma

to the area of vessel involvement, allowing for safe resection and reconstruction;
gastroduodenal artery encasement up to the HA and short segment encasement/
direct tumor abutment of the HA with no extension to the celiac axis; or tumor-
SMA involvement <180 degrees [27]. However, the American Joint Committee on
Cancer (AJCC) defines all venous occlusion as a feature of local unresectability
[28]. The recent consensus from the International Study Group for Pancreatic
Surgery (ISGPS) supports the NCCN definition [29]. Due to the lack of an
accepted definition, all patients with potential BLR PDC should be discussed
by multidisciplinary teams in high volume centers. BLR PDC may benefit
from resection after restaging when preceded by neoadjuvant therapy, based on
chemotherapeutic combinations of gemcitabine or 5-fluorouracil and radiation
therapy [26, 27, 30, 31]. The purpose of neoadjuvant therapy is downstaging,
providing an opportunity for a RO resection and increasing long-term survival
[32]. Given the higher risk of occult metastases in BLR PDC, many centers
advocate LS prior to initiation of neoadjuvant therapy in order to improve the
reliability of initial staging [26, 30, 33].

Unresectable PDC (Fig. 8.3) includes patients with locally advanced disease
or those with distant metastases. The unequivocal radiographic findings for
locally advanced disease are circumferential encasement of the SMA or celiac
axis or proximal HA, as defined by >180 degrees of the circumference of the
vessel; and major venous thrombosis of the PV or SMV extending for several
centimeters, without the possibility for venous reconstruction [27, 34].
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8.2 Staging Modalities in Pancreatic Cancer

Accurate staging is essential for optimal patient care. All staging algorithms
include computed tomography (CT) scan. Other tests such as magnetic resonance
imaging (MRI), endoscopic ultrasound (EUS), positron emission tomography
(PET) scanning or LS may be used in addition to CT scanning to further assess
resectability [3].

8.2.1 Computed Tomography Scan

Conventional CT was replaced by dynamic thin-section CT, spiral CT,
multidetector CT (MDCT), and three-dimensional reconstruction, increasing
its reliability (Fig. 8.4). Current MDCT have improved their ability to predict
resectability in patients with PDC with a sensitivity of up to 90% for detection and
an accuracy of 80-90% for staging [35]. However, limitations remain including
the sensitivity of CT to detect tumors less than 1 cm in diameter, thus limiting the
detection of small liver metastases and peritoneal micrometastases. In addition,
CT scanning usually cannot distinguish between reactive lymphadenopathy and
malignant deposits [36].

Fig. 8.4 CT abdomen showing
liver metastases in patient
with distal pancreatic ductal
carcinoma
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8.2.2 Magnetic Resonance Imaging

MRI liver and magnetic resonance cholangiopancreatography (MRCP) are
rapidly evolving, becoming more sophisticated and improving in imaging quality,
therefore in diagnostic accuracy. Regarding PDC, MRI currently provides
essentially similar information to CT scanning, so in most of patients, it may
not be needed. However, it may be superior to CT scan in specific circumstances
such as small tumors, hypertrophied pancreatic head, isoattenuating PDC, and
focal fatty infiltration of the parenchyma [35-37].

8.2.3 Endoscopic Ultrasound

EUS is commonly used to detect small pancreatic masses when there is a high
suspicion for pancreatic cancer but no mass is clearly identified by CT scan. EUS
is considered one of the most accurate methods for the detection of pancreatic
focal lesions and EUS-guided fine-needle aspiration (EUS-FNA) has replaced
endoscopic retrograde cholangiopancreatography (ERCP) with brush cytology
as the endoscopic test of choice for tissue acquisition due to its higher efficacy
and lower rate of complications. The most common complication after EUS are
bleeding or pancreatitis, which are mostly mild and self-limited. With regard to
staging, EUS is also a sensitive test for portal vein invasion and it is superior to
CT in determining tumor size, extent, and lymph node status. Where available,
EUS should be performed supplementary to CT scanning and may provide better
assessment of T staging and certain types of vascular invasion. Thus, EUS plays
a major role to further evaluate borderline patients with non-metastatic disease
that appears resectable on initial imaging. However, EUS is limited by the
experience and expertise of the ultrasonographer [35, 36, 38].

8.2.4 Positron Emission Tomography

It is a well-established imaging modality, combining the anatomical information
of a helical CT with the functional information of a PET scanner using metabolic
detection of fluorine 18-fluorodeoxyglucose (FDG), a glucose analogue. On the
one hand, it has a utility in some situations as for the differential diagnosis of
PDC and mass-forming chronic pancreatitis. On the other hand, as a whole body
exam, PET/CT possesses a unique advantage for M staging, therefore it has also
shown a role detecting metastatic lesions that were not identified by CT scan,
especially peritoneal metastasis. Finally, PET/CT is also able to detect early
recurrences during the follow-up. However, PET/CT false positive results can be
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seen in various inflammatory conditions such as pancreatitis and false negative
results in hyperglycemic states like in diabetic patients, due to competition of
endogenous glucose with FDG. It is not performed routinely in PDC staging,
however it has a significant role in the follow-up, to differentiate between
recurrence and postoperative changes [35, 39, 40].

8.2.5 Laparoscopic Staging

The main reason, however, to consider diagnostic laparoscopy for PDC is the
considerable proportion of patients who undergo unnecessary laparotomy because
of underestimation of the extent of the cancer on CT scanning [3, 5, 41]. LS for
PDC was initially described by Bernheim [42] of Johns Hopkins University in
1911 and was reintroduced by Cuscheri [43, 44] from the University of Dundee
in 1978, and by Warshaw from the Harvard Medical School in 1986 [45].
However, laparoscopic inspection allows only two-dimensional inspection of the
surface of the liver and the peritoneal cavity and a lack of tactile sensation may
limit the identification of small intraparenchymal hepatic metastases and make
it difficult to evaluate the critical retroperitoneal tumor-vessel relationships.
Therefore, John et al. [46], of The Royal Infirmary, introduced LUS in 1995. The
development of LUS, also reported by Minnard et al. [47], improved the yield by
allowing the surgeon to examine the liver, the porta hepatis, and the PV and SMA
predicting resectability up to as high as 98% [36, 48-50].

LS appears to be a safe and cost-effective way of directing appropriate
therapy and avoiding unnecessary exploration not only in PDC, but also in other
upper gastrointestinal malignancies like hepatobiliary, esophageal or gastric
cancers [48]. In fact, LS reduces morbidity, postoperative pain, operating costs,
hospitalization and gives a higher likelihood of receiving systemic therapy in
patients with unresectable pancreatic cancer compared to exploratory laparotomy
and surgical palliation [5]. Laparoscopy allows internal visualization of the
abdomen and can detect peritoneal spread of the cancer or the involvement of
adjacent structures. In addition, biopsy and histopathological examination of any
suspicious liver or peritoneal lesions and washings for cytology can easily be
performed during the procedure [3]. Conlon, at the Memorial Sloan-Kettering
Cancer Center, developed a multiport technique to stage and assess resectability
of peripancreatic malignancy, mimicking the surgical assessment of resectability
performed at open operation [7], and making it a routine procedure in PDC
evaluation. Regarding cytology, where results are not available at the time of
surgery, information obtained can only be utilized in clinical decision-making
afterwards [36]. Therefore, LS can either be performed as a separate procedure,
or immediately prior to major laparotomy as part of a scheduled pancreatectomy.
The main advantages of performing diagnostic laparoscopy immediately prior to
planned resective surgery are that the patient needs only one hospital admission
and one general anesthetic. However, if the patient is diagnosed as having
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unresectable disease at laparoscopy and the subsequent laparotomy is then
cancelled, it means that operation theatre time is wasted [3]. Despite its apparent
benefits, the value of staging laparoscopy is not universally accepted. Opinions
range from recommending its routine use for all patients before laparotomy to
not performing laparoscopy in any circumstance [27]. Recently, some authors
argued against using LS routinely in all PDC, as the proportion of patients found
to have metastatic disease at laparoscopy is decreasing due to the increased
sensitivity of CT [5]. Critics argue that if today’s highest quality imaging is
properly used, only a minority of patients would actually benefit from LS. A
Cochrane review and meta-analysis recently conducted by Allen et al. included
fifteen studies with a total of 1015 patients, in order to assess the diagnostic
accuracy of LS performed after CT staging in pancreatic and periampullary
cancers [41]. This review demonstrated that the addition of LS to CT scanning
decreases the probability of unresectable disease from 41.4% to 20%. They
concluded that LS with biopsy and histopathological confirmation of suspicious
lesions prior to laparotomy would avoid 21 unnecessary laparotomies per 100
patients in whom resection of cancer with curative intent is planned [3, 41].

8.3 Surgical Technique of Laparoscopic Staging

The aim of LS is identifying or ruling out regional extension of the primary
tumor and/or metastatic disease. The operative time in experienced hands should
be between 20 and 40 minutes. LS is performed under general anesthesia with the
patient in the supine position. It can be carried out as an ambulatory/outpatient
procedure with excellent patient satisfaction.

8.3.1 Trocar Placement

The periumbilical region is the most used site for initial access. A periumbilical
skin incision and open Hasson technique is performed, placing a 10-mm blunt
port. Pneumoperitoneum is kept at low levels (8—12 mmHg). Additional (5 mm)
trocars are used at the discretion of the surgeon as needed for exposure and for
potential biopsies, ultrasound or intervention. These secondary ports should be
placed in the line of the planned skin incision for laparotomy.

8.3.2 Intra-Abdominal Examination

A 30-degree angled scope is used at the periumbilical trocar site for inspection
of the intra-abdominal organs, including the surface of the liver, gallbladder,
stomach, intestine, pelvic organs, and visible retroperitoneal surfaces along with
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A i
Fig. 8.5 Liver surface evaluation performed during laparoscopic staging showing malignant suspi-
cious lesions

Fig. 8.6 Laparoscopic biopsy forceps used for cup biopsy to confirm liver metastases

examination of free intraperitoneal fluid (Fig. 8.5). Intraperitoneal adhesions,
if present, are divided. If present, initial aspiration of ascites for cytology is
performed. Peritoneal washings for cytology are also collecte