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Thank you for that very generous and kind introduction.
I first want to thank a few people. My first real brush

with leadership was in a parking lot in Orlando. My former
boss, Bing Rikkers, was walking out of the Specialist
Schools and Academies Trust (SSAT) reception in the wild
animal park with my oldest son and I. Bing told me that he
had a job he thought that I would enjoy. He thrust me into
developing the program for this organization. He has done
that for several other equally difficult, time consuming, but
incredibly rewarding jobs (all of which seemed like a bit of
a stretch for me). He also asked me to run our residency
program which has been the source of the greatest rewards
in my academic life. I will forever be grateful that he chose
to come to me in Wisconsin. I hope everyone, especially
the residents in the audience, can find someone like Bing
that pushes you out of your comfort zone.

Second, I would like to thank Barbara Bass. Barbara, for
no reason, took me under her wing. I really have no idea
why she “tapped” me. There was no particular benefit to
her. She introduced me to some of my closest friends and
included me in events she certainly did not need to. She has
been a source of advice and inspiration since the day I met
her.

Last, my wife Chris who asked me not to mention that
she is here. She has been there in good times and in bad,

and she constantly inspires me to follow her lead and do the
right thing.

So what do I talk about in a completely undefined talk? I
thought initially that I would talk about research advances
in gastrointestinal (GI) cancer. I then thought, maybe, I
would talk about medical device development. This has
both been a great scientific interest and a fun way to train
students.

Bing has given some spectacular talks on leadership,
which I have found really interesting. Health care reform
and how to finance a surgical practice has been the focus of
my academic life the last couple of years. Bing and one of
my best friends, Tom Zdeblick, suggested that this should
come from the heart.1 When I thought about it, the thing
that I am most passionate about is training surgeons. The
thing that has consistently given me the most academic
pleasure is watching a resident or a new faculty member
“get it”, and then succeed. The system seems to be
working. Every year the people we see get smarter, but
our residents do not feel competent when they finish.
Five years and they are not comfortable.

Frank Lewis, the director of the American Board of
Surgery (ABS), recently outlined the issues facing
American surgery in the clearest terms I have seen. He
acknowledged that the majority of surgical residents are
seeking further training. They are doing this for many
reasons, but most relevant for this discussion, many do
not feel like they have the skills to independently treat
surgical patients. This is reflected both in the increase in
fellowship training and in the worrisome rise in the
failure rate of the ABS certifying exam.2

Dr. Lewis concluded that we should consider earlier
specialization in general surgery. This has already been done
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with great success in vascular surgery. Early specialization
means that specialty training is interspersed with general
surgery training, with the last 18 months or so devoted to the
specialty. In vascular surgery, the first 3 years are typically
devoted to general surgery, the last two to vascular. The
middle year is split about evenly. There are, of course, lots of
details that will need to be worked out. These issues should
not stop us from pursuing this course. The other option is to
leave our system alone and let the market set the training.
This, to me at least, means we are evading our responsibility. I
think we can do better, but we need to change the way we do
business. We need to do it for our trainees and for our patients.
First, why is this important?

This is Gonzalo Gasca (Fig. 1). Mr. Gasca is a patient of
mine. He, unfortunately, had pancreatic cancer. Mr. Gasca
was in his 70s and retired after he raised his family. He did
not sit around the house after he retired, but began living to
work. He was one of the guys at Wrigley Field that points
you to your seats (per the HIPPA guys, I cleared this with
his wife). I have trouble imagining a better job.

He was treated preoperatively with chemoradiation, and
after a long stretch in the OR we discovered that we were
going to leave the tumor behind and had to abandon the
procedure. The next morning, with some trepidation, I went
to talk to him. I sat down next to his bed and told him that
we left the tumor and that there was not much more that we
could do. His response was, “You look like this is bothering
you a lot. You did your best. I know it. That’s how life
goes. You need to stop thinking about this or you won’t be
able to focus on the next guy.” He then sent me on my way.
He died a couple of months later. His wife sent me a thank
you note. One of the interesting things about speeches like

this is that you can intersperse little parables to illustrate
points like this story of Mr. Gasca.

A small boy was walking along a beach at low tide,
where countless thousands of small sea creatures, having
been washed up, were stranded and doomed to perish. A
man watched as the boy picked up individual creatures and
took them back into the water. “I can see you’re being very
kind,” said the watching man, “But there must be a million
of them; it can’t possibly make any difference.” Returning
from the water’s edge, the boy said, “It will for that one.”

Sometimes we lose sight that, ultimately, we are training
surgeons to take care of people. Individual people like Mr.
Gasca. Now, we are initially training surgeons to be good at
hundreds of diseases and masters of none. We should be
training them to walk out of that patient’s room and know
that they did their best and that their best was exactly what
that patient needed.

So why did this guy trust me? I suggest it is because he
thought I was an expert, not that I was the best surgeon in
the world or the US or Chicago, but an expert. The first
question every patient asks me is: How many of these have
you done? Patients know intuitively that, though volume
does not equal quality, it matters, but we are not training
experts in general surgery. We are not training experts in GI
surgery except in a few fellowships. We are training good
and competent surgeons and hoping that these really smart
people will become experts.

I would like to suggest that we need to change our focus
to training experts, not good surgeons, but experts in the
management of GI diseases. We need to develop experts
who will get better and better over their career. As other
parts of general surgery have developed their own focus,
we have retained what I consider the best part and the core
of surgery—the GI tract. This core of GI surgery is
markedly different than GI surgery 20 years ago. The
knowledge base has expanded, most GI diseases are not
approached with a big incision and most of the diseases we
treat are done as teams, not as individuals. We have trained
really good surgeons more and more broadly. As GI surgery
has become more focused on minimal access, we have had
to train for twice as many procedures. We can keep doing
this and let others “finish them”, or we can try to change the
way we do this. So how do we deliver quality to our
customer—the patient?

We are now finishing residents, competent to do a few
procedures—laparoscopic cholecystectomy, hernia repair,
perhaps right colectomy—but what else are they really
trained to do? The world shifted while we were not
watching. I know you have all heard the phrase “just a
general surgeon”. We have always answered the “just a
general surgeon” question with an eye roll, those guys do
not understand what we do. My thought is: Those guys may
be right. I am not sure, but they might be right. I proposeFig. 1 Gonzalo Gasca
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that we need to train experts and focus on quality. I propose
that we need to train experts, not just good surgeons.

Before we develop experts, we need to develop compe-
tence. Dick Bell gave a great talk at the Central Surgical last
year entitled:Why Johnny Cannot Operate. I stole part of his
title. He showed sobering data that of the 121 essential
operations only ten were performed more than 20 times by
the average resident. Eighty-three were performed less than
five times. Nothing obscure here, these are essential
procedures.3 Dr. Bell suggested that we rethink what it
means to be competent. Many essential procedures are being
performed once or not at all. How can we be competent at
something we have never done?

Let me highlight the average number of cases performed
by our US graduating chief residents for three GI
procedures: trans-anal excision of a rectal tumor, zero; bile
duct exploration, one; vagotomy, zero. The surgeons we are
finishing are not competent to do these operations, but maybe
performing 80 laparoscopic cholecystectomies translates into
competence in other GI diseases? Overwhelmingly, the
evidence is no. This is clear not just in surgery but in almost
any technical field. An expert pianist is not also an expert
violinist.

Maybe a bowel anastomosis, though, is a bowel
anastomosis, but a colectomy and an esophagectomy are
not just anastomoses. If you have never done a sigmoid
colectomy, no number of esophagectomies is going to teach
you how to avoid injury to the ureter.

Experts tend to see patterns that become more
complex as they develop expertise. They recognize when
something does not fit this pattern. An expert surgeon
knows when something is wrong. They, perhaps, cannot
verbalize it, but the pattern is wrong. They recognize that
they need to slow down when something is not right.4

The answer, thus, is NO. Eighty laparoscopic cholecys-
tectomies do generate expertise for laparoscopic cholecys-
tectomies but not for colon resection. So, we are not really
training surgeons for competence in the breath of GI
diseases.

Can I take this argument a step further and suggest we
develop experts in a smaller piece of surgery? But, and this
is a big but, to become an expert requires 10,000 h of
deliberate practice over an extended period of time.5 It does
not matter what task you pick—sports, music, chess. Ten
thousand hours in one thing. Ten thousand hours of violin
practice, not music practice. Does 10,000 h managing
pancreatic cancer make one an expert in the management of
rectal cancer? Our “general surgery” paradigm says yes.
The public, the residents, and the data on survival of
patients with GI cancer and surgical groups and academic
departments say no.

So what is deliberate practice? It has three components—it
must be beyond your current level of performance, there must

be feedback, and you must be doing it not because you are
required, but for its own reward.

It is easy to imagine feedback in surgery—anastomoses
leak, patients die, during our training, the experts critique
our performance. In chess, a grand master typically spends
4 h a day evaluating the moves of experts in other matches.
An expert pianist practices alone, 4 h per day. An athlete
competes with other elite athletes, but how does all this
apply to the development of expert surgeons? Can we train
an expert or even a competent general surgeon in our
current 5-year training programs? Do our residents really
spend 4 h a day in deliberate practice? At that rate, it will
take 10 years for them to become an expert, but, and this is
another big but, they need to continue deliberate practice
for longer than we are training them. Anders Ericsson has
written extensively on this topic. He presents many
examples from medicine, all with basically the same
outcome. Residents are better than medical students at almost
any task tested, for instance, detecting an abnormality in heart
sounds. Cardiologists are better still. After 10 years in
practice, cardiologists remain just as good. The general
practitioner, however, is not as good as the medical student
(Fig. 2).

I propose that, to develop expertise, the focus has to be
narrower than general surgery and maybe more narrow than
GI surgery. This can obviously be taken to an extreme,
experts in only right colon diverticulitis or something
equally ridiculous. Broadly trained GI surgeons able to
deal with GI emergencies and trauma are essential. We also
need broadly trained surgeons to deal with access to care in
the rural parts of the US. There will clearly be other paths
to competence in general surgery—critical care, rural
surgery, trauma, surgical oncology, etc.

I serve on the GI surgery advisory committee of the
American Board of Surgery led by Ken Sharp which has
taken on the task of restructuring GI surgery. Though I do
not speak for the board, what I propose has broad support,
and a consensus for GI surgery has developed.

Fig. 2 Ericsson, K.A. (2004) Deliberate Practice and the Acquisition
and Maintenance of Expert Performance in Medicine and Related
Domains. Academic Medicine 79(10): S70-S81
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If we took this broadly trained GI surgeon after 3 or 4 years
and then focused their training in either colorectal disease,
pancreatic/biliary/hepatic disease or foregut disease, these
expert surgeons could deal with almost any GI emergency and
be an expert in colorectal, pancreatic/biliary/hepatic, or
foregut surgery.

I suggest that we change the way we train GI surgeons.
Dick Bell suggested that we change the standards for case
experience, improve operating room (OR) teaching and
make operative skill a required competency. That is
obviously a great start. I would move a bit beyond that
and make three other recommendations for training GI
surgeons.

1. Focus the first 4 years of surgical training on the
development of broad competency in GI surgery. Then,
focus 2 years of training on either HBP, foregut, or
colorectal surgery. This will change residency training.
Not every program could do everything, and some
residents would need to move to obtain these last
2 years of training, but they are already moving to do
fellowships, so this just makes it more formal.

2. Expand training to 6 years. The last year must be one
of independence. Our residents are already training 6
or 7 years. This would assure both expertise and
independence.

3. Forget about being “just a general surgeon”, and
instead, become an advanced GI surgeon. Advanced
GI surgery must become synonymous with quality, not
basic competence.

So why go there? Our trainees have adapted to our
current system and are almost all selecting more training.
The SCORE project of the ABS has defined a terrific
curriculum for our residents. Nothing is broken. Our
outcomes are the envy of the world. Our training attracts
the best of the world. I suggest that we need to alter the
training paradigm, mostly for the patients, but also for our
trainees.

The Zen in my title: “Zen and the art of surgical
training” is why we need to train expert surgeons. So that
they are effortless experts and that effortless expertise
generates happiness and contentment in our surgical
workforce. Effortlessness is the essence of Zen.6

Another parable (from David Foster Wallace): There are
these two young fish swimming along and they happen to
meet an older fish swimming the other way who nods at
them and says “Morning, boys. How’s the water?”, and the
two young fish swim on for a bit, and then eventually one
of them looks over at the other and says “What the hell is
water?”6

I am not claiming to be the wise older fish mostly
because I am not wise, but I also have this illusion that I am
not getting older. The point is that, sometimes, what is the

most obvious is the hardest to see. I could be speaking
about the obvious conclusion that if you need 10,000 h of
deliberate practice to be an expert, we are not even close to
delivering it or maybe that everyone does not need to be an
expert. I suspect, though, that the people in this room are
either experts or want to be or they would not waste their
time traveling to DDW. I am suggesting that sometimes the
obvious realities are the hardest to see and for sure the hardest
to discuss. So that is what I would like to finish with.

I want to speak directly to the residents and fellows and
those just starting down this path. The real value of your
surgical training (I am paraphrasing David Foster Wallace
again here) is how to avoid becoming a comfortable,
respectable, well-compensated, two-house, three-car, unhap-
py surgeon working endlessly at their job. The older people in
the audience perhaps understand that there is a reason they call
it work.

You get in your car and start driving to work, some
moron in a Hummer cuts you off while talking on a cell
phone, the attending anesthesiologist has refused to see
your patient because the midline incision is not marked, the
OR takes 2 h to turn over because the cleaning crew is
short, this means you miss the soccer game for the fourth
straight time. You guys are not there yet, but you will be.

Your default is: I cannot believe these overweight lazy
brain-dead people are keeping me from doing what I want
to do. Your default is—it is about me. It is easy to treat a
nurse as if she (still overwhelmingly) is your servant. It is
easy to treat the guys that clean the OR rooms like they do
not exist or I can force—and I really mean force—myself
to think that the cleaning crew is understaffed because one
of the crew’s kids was sick and the day care would not take
him or the Hummer driver is taking his kid to the
emergency room (ER) or the nurse has something to offer
in the care of your patient.

Maybe you should listen. Listen to scrub technicians and
nurses, listen to the residents, listen to your friends, and
listen to yourself. Perhaps their lives are more tedious and
boring than yours. It is possible, maybe not true, but
possible. It takes effort to consider this, but you get to
decide. You get to decide if you will pay attention, you get
to decide who you will listen to, and you get to decide what
has meaning. Let me illustrate with another parable from
Kamala Masters.

A Buddhist practitioner went to visit her teacher. He was
84 and she was taking him to visit Buddhist sacred sites. At
one point, they were in a train station. It was blazing hot.
The train was 5 h late. There were no restrooms. They had
no food. The station agents kept changing the track, so they
had to keep getting up and moving. The student started to
worry about how her teacher was holding up since she and
her friends were barely coping, and he looked so frail.
Finally, she decided to ask him if he was all right and he
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replied, “There is heat here, but I am not hot. There is
hunger here, but I am not hungry. There is irritation here,
but I am not irritated.”7

Let us go back to surgery. There is confusion here, but I
am not confused. There is anger here, but I am not angry.
There is irritation here, but I am not irritated. Only the
surgeon can bring order from chaos and confusion in the
OR. When a surgeon becomes confused, unsure what to do,
irritated or angry, the system tends to fail and the danger of
a bad outcome rises.

The real value of surgical education is the freedom that
comes with self awareness and the flow that happens during
a great surgical procedure. This means focusing completely
and totally on the patient.

The alternative is a focus on something that will fade—
beauty, intellect, wealth, even personal freedom. None of
this has anything to do with how smart you are, though we
have already selected you for that. It has to do with staying
completely in the moment. This is the essence of Zen. If
your mind is ready and focused, it is open to everything. If
you are thinking about what happened yesterday or what
you need to do tonight, there are few possibilities.

The beauty of surgery is that we have the means to get to
that place every day. We just need to be in the OR; we need
to be with our patients. “It’s the water”, but being in the OR
does not mean standing around checking text messages or
answering pages, it means being totally engaged.

A great book called Flow proposed that there were three
professions in which flow was an intrinsic part of the job,
professional dancing, rock climbing, and surgery. Not
medicine in general, but surgery. The author Mihaly
Csikszentmihalyi interviewed many creative people, and
they all described the same experience (Fig. 3).8 A reality
that was different from everyday life. A pianist described it
as a state of ecstasy in which the music seemed to flow out

of his hands as if his hands moved by themselves. Ecstasy
is a Greek word that actually means standing to the side. A
poet described it as opening a door and floating through. It
is not something he could force, and most of the forces
were trying to keep him from opening the door.

The mystical part of this is that the author concludes that
this is the path to true happiness. Furthermore, that this is
not something that is confined to smart people or artists, but
that it is available to everyone, but—and of course there is
no free lunch—that is why they call it work. It takes
10,000 h of deliberate practice over 10 years to get there.
Let me try for a minute to describe what he considered flow
and apply it to surgery:

First, there must be total concentration with clarity of
the task before you.
You must have the ability to look at a surgical problem
and know what to do, the complex pattern recognition
needed to know where everything is or might be.
There must be a feeling of being totally present and
totally in the moment.
Even though it is a stretch of your ability, you must
have the feeling that you have the skills to do the task.
We are back to that 10,000 h.
As things become more complex, a feeling of serenity,
effortlessness, and clarity should become more notice-
able, and finally
Timelessness: that star wars coming out of hyperspace
feeling after a particularly complex procedure, realizing
that hours passed in what seemed to be a moment.

I suggest that you have all felt it doing something. You
have felt total engagement in which you are not aware of
time passing. The slowing down of an operation or a sport
when it is the most dangerous. You have a feeling that your
hands are just doing something and when you think about
how your hands do it you lose that feeling. The feeling that
your mind is not concerned with anything but what you are
doing right now.

We have the ability to achieve this every day in the OR.
The trick is to get there, to stay there, and to apply it to the
rest of what we do; apply it to the real world of traffic and
Hummers.

So this is all very esoteric and interesting, but what does it
have to do with GI surgery? The system we have set up is to
broadly train a minimally competent surgeon who can
hopefully get more training by others and become experts.

It comes back to the fish. Why did every one of us pick
surgery—not because it is easy, not because it makes us
rich, but because we thought it was cool. I vividly
remember watching R. Scott Jones removing a bile duct
cancer when I had no real idea what a bile duct was. It was
effortless without a wasted motion. That was why I wanted
to be a surgeon.

Fig. 3 Mihaly Csikszentmihalyi Flow: The psychology of optimal
experience Harper 1991
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We need to focus completely on developing the skills that
made us want to do this in the first place. The problem is that a
trainee does not typically have the adequate skills to develop
this ecstasy of stepping off to the side. If you are worried about
the 200 steps of a Whipple procedure you cannot develop
flow, same deal with a colostomy or anything.

You get back to that pesky 10,000 h and the need for
deliberate practice for its own reward because clearly you can
do a procedure without flow and do a good job. The
commitment to get to this level needs to be that of the violinist
practicing 4 h a day for 10 years. My proposal is that it is
worth it and that we should focus within our training programs
to help our trainees become experts. That is how to make
Johnny a surgeon. Not through curriculum, not by decreasing
what we expect of them. We can make Johnny or Joannie
(sorry) a surgeon by narrowing their GI focus and giving them
the means to develop flow. That means deliberate practice
outside their comfort zone. It means independence in the OR
and in the ER. It means getting back to attracting people that
want to do surgery because it is just the coolest thing in the
entire world. We want those guys and gals, and we must not
ever turn them off.

So my advice to the younger surgeons: Commit yourself
to becoming an expert in something. Prioritize your time,
and do what makes you happy. Please do not think of this
as an assault on work hours. I totally support them. The
first thing I tell new young faculty is to take up golf, and
never ever skip a family vacation. How do you not miss
that soccer game? By not planning something that you
know deep down will conflict with it. Multitasking does not
work.

When you are “at work” and training is not school, it is
work. Watch, without distraction, someone that seems to
have flow. You know who they are. Get out of the library or
the cafeteria and watch people do surgery, watch them talk
to patients. You did not dedicate all this time to training to
not drink from it at every opportunity.

Know a disease so well that you do not have to think to
know what to do. Know an operation so well that you
anticipate what will happen. Know a patient so well that
you know what they would want, and when you are not in
the OR, focus on true happiness. Find people that make you
happy and hang with them.

My mother died last October. I do not bring this up for
sympathy. She developed unresectable lung cancer and was 83.
She focused her life on having a gin and tonic with my wife
Chris every night. Only I could make it appropriately. That
hour every day with the two women of my life was a special
gift. You will never know where that gift will be lurking unless
you stop a bit and listen.

I am convinced that we need to change the way we make
Johnny a surgeon. Our focus must shift to developing
expert GI surgeons focused on specific GI diseases. We

need to focus on the Zen of this wonderful thing we call
surgery. It is the water that makes this all worthwhile. It is
why we all chose to do this. It will bring us nothing but
happiness and satisfaction. That is how to make Johnny a
surgeon.

This is truly the pinnacle of my career. It is a pleasure to
share this day with my closest friends. I feel like I have
grown up as a surgeon in this society and thank the SSAT
for this privilege.

A final parable:
A lecturer at a university is giving a pre-exam lecture on

time management. On his desk is a bag of sand, a bag of
pebbles, some big rocks and a bucket. He asks for a
volunteer to put all three grades of stone into the bucket,
and a keen student duly steps up to carry out the task,
starting with the sand, then the pebbles, then the rocks,
which do not all fit in the bucket.

“The is an analogy of poor time management,” trills the
lecturer, “If you’d have put the rocks in first, then the
pebbles, then the sand, all three would have fit. This is
much like time management, in that by completing your
biggest tasks first, you leave room to complete your medium
tasks, then your smaller ones. By completing your smallest
tasks first you spend so much time on them you leave yourself
unable to complete either medium or large tasks satisfactorily.
Let me show you.”, and the lecturer re-fills the bucket, big
rocks first, then pebbles, then sand, shaking the bucket
between each so that everything fits.

“But Sir,” says one student, slouched at the back of the
theater, “You’ve forgotten one thing.” at which the student
approaches the bucket, produces a can of beer, opens it and
pours into the bucket. “No matter how busy you are,” quips
the student with a smile, “There’s always time for a quick
beer.”

Thank you again for this great honor.
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Abstract
Background Factors associated with the risk of progression of Barrett’s esophagus remain unclear, and the impact of
therapy on this risk remains uncertain. The aim of this study was to assess patients followed long-term after anti-reflux
surgery for Barrett’s esophagus.
Methods A retrospective review was performed of all patients with Barrett’s who underwent anti-reflux surgery from 1989
to 2009 and had ≥5 years of follow-up.
Results There were 303 patients and 75 had follow-up ≥5 years. Median follow-up time for the 75 patients was 8.9 years
(range 5–18). Regression was seen in 31%. Progression occurred in 8%, and these patients were significantly more likely to
have a failed fundoplication (67% vs. 16%, p=0.0129). The rate of progression from non-dysplastic Barrett’s to high-grade
dysplasia or cancer was 0.8% per patient year, and was seven times higher in patients with a failed fundoplication.
Conclusion Compared to the accepted rate of progression of non-dysplastic Barrett’s to high-grade dysplasia or cancer of
1.0% per patient year, anti-reflux surgery reduces this rate during long-term follow-up. The rate of progression was
significantly lower in patients with an intact compared to a disrupted fundoplication, further suggesting that anti-reflux
surgery can alter the natural history of Barrett’s esophagus.

Keywords Barrett’s esophagus . Anti-reflux surgery .

Long-term follow-up
Introduction

Esophageal adenocarcinoma is the fastest increasing cancer
in the USA.1 The relationship between chronic gastro-
esophageal reflux disease and the development of Barrett’s
esophagus, the precursor to esophageal cancer, is well
established. Further, it is widely accepted that in patients
with non-dysplastic Barrett’s esophagus, the rate of pro-
gression to adenocarcinoma is 0.6% per patient year, and
for progression to high-grade dysplasia or cancer 1.0% per
patient year.2,3 The impact of medical or surgical therapy
for reflux disease on this rate of progression in patients with
Barrett’s is unclear. To date, there are no large randomized
controlled trials comparing medical versus surgical therapy
for Barrett’s esophagus. Such trials are unlikely to be
performed due to the low overall frequency of progression
and the requirement for large numbers of patients to be
studied for many years. From an epidemiologic standpoint,
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the observation that the incidence of esophageal adenocar-
cinoma continues to increase despite the widespread
availability and use of proton-pump inhibitors would argue
against the efficacy of medical therapy for preventing
progression. Likewise, population-based studies have not
demonstrated a convincing reduction in the risk of
progression in patients that have had anti-reflux surgery.4

The aim of this study was to assess the rate of progression
in patients with Barrett’s esophagus followed long-term
after anti-reflux surgery at a single institution focused on
the surgical treatment of reflux disease and Barrett’s
esophagus for more than 20 years.

Methods

A retrospective chart review was performed of patients with
Barrett’s esophagus who underwent anti-reflux surgery from
1989 to 2009. Only patients with a visible segment of
columnar-lined esophagus with biopsies showing goblet cells
on histology were included in the study. The study was
approved by the Keck School of Medicine and the University
of Southern California Institutional Review Board.

Preoperative Studies

All patients underwent a pre-operative work-up including
video esophagram, endoscopy with biopsies, and esophageal
manometry. The length of the columnar-lined esophagus was
defined as the distance between the top of the gastric rugal
folds (the endoscopic gastroesophageal junction) and the
highest point of the proximal extent of the columnar mucosa.
The presence and size of a hiatal hernia was assessed by
endoscopy and recorded in centimeters based on the distance
from the gastroesophageal junction to the crural impression.
Biopsies in all patients were routinely taken from the antrum
and body of the stomach and from four quadrants at the
gastroesophageal junction, and every 2 cm in a columnar-
lined esophagus up to the squamocolumnar junction, with
additional biopsies of any visible abnormalities. Biopsies
were analyzed by a single expert pathologist. Esophageal
motility was performed with a water-perfused system and the
resting characteristics of the lower esophageal sphincter were
assessed as previously described.5 Esophageal pH monitoring
was performed selectively using either a standard trans-nasal
probe or the Bravo pH capsule (Given Imaging, Israel)
placed 5 cm above the upper border of the manometrically
defined lower esophageal sphincter as previously described.6

Esophageal acid exposure was expressed as a composite pH
score, with the upper limits of normal being 14.7 for the
standard pH probe (for 24-h period) and 16.0 for the Bravo
pH capsule (for 48-h period).6 Prior to pH testing proton
pump inhibitors were discontinued for 2 weeks.

Postoperative Studies

After surgery, all patients were enrolled in an annual
endoscopic surveillance program using the same biopsy
protocol performed during the pre-operative evaluation.
During each endoscopy, the fundoplication was assessed in
the retroflexed view and classified as either intact or
disrupted, based on the integrity of the fundoplication and
crural repair. Manometry and ambulatory esophageal pH
studies were obtained selectively.

Statistical Analysis

Data are expressed as median and interquartile range (IQR).
Comparisons of proportions were performed using chi-square
or Fisher’s exact test. Continuous variables were compared
using theMann–Whitney test or Kruskal–Wallis test. A p value
of less than 0.05 was considered as significant.

Results

There were 303 patients with Barrett’s esophagus who
underwent anti-reflux surgery during the study period. There
was no mortality and there were no major complications.
Minor complications occurred in 9.6% of patients (Table 1).

Among the 303 patients, there were 245 patients that had
their procedure performed prior to 2004, and were eligible
for inclusion in the long-term follow-up group. However,
only 75 of these patients had consistent follow-up at our
center beyond 5 years. In these 75 patients, the median
follow-up after fundoplication was 8.9 years (range 5–18,
IQR 7–12), for a total of 705 patient years of follow-up.
Demographic data, patient characteristics, and length of
Barrett’s esophagus in these patients are shown in Table 2.

Table 1 Minor complications

All patients (n=303)

n Percentage

Delayed gastric emptying 9 3

Atrial fibrillation 5 1.7

Pneumonia 3 1

Wound infection 3 1

Urinary tract infection 3 1

Anemia 2 0.7

Diarrhea 2 0.7

Chylothorax 1 0.3

Esophageal hematoma 1 0.3

TOTAL 29 9.6
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In 67 patients, there was no dysplasia; while in eight
patients, low-grade dysplasia was present on pre-operative
biopsies. The majority of patients had a Nissen fundopli-
cation (Table 3). Reoperation was required in 18 patients
(24%) for wrap disruption±recurrent hernia or progression.

Status of the Fundoplication

Postoperative pH monitoring was performed in 30/75
patients (40%) at a median of 47 months (IQR 31–87)
after the anti-reflux surgery. Most commonly, the pH study
was obtained electively in asymptomatic patients to confirm
function of the fundoplication, and in this group an
abnormal test occurred in 13% (Table 4). When the pH
test was performed because a failed fundoplication was
suspected on endoscopy it was positive in every patient,
suggesting that endoscopic evaluation of a fundoplication is
a reliable method to assess for a failed procedure.

Surveillance endoscopy was performed annually, and
post-operative endoscopy reports were available in all 75 of
the long-term follow-up patients. At the time of the most
recent endoscopy, 60 patients (80%) had an intact fundo-
plication. There was no significant difference in the
prevalence of a failed fundoplication comparing the
laparoscopic, transthoracic, and transabdominal approach
(17% vs. 23% vs. 29%, p=0.6815). The median time to
identify a failed fundoplication was 112 months (IQR 98–
141), and was similar for complete and partial fundoplica-
tions (122 vs. 112 months, p=0.4818).

Status of the Barrett’s

Regression

After fundoplication, regression occurred in two forms, loss
of intestinal metaplasia and loss of dysplasia. A decreased
length of columnar mucosa was not considered regression,
and complete loss of intestinal metaplasia was not consid-
ered present until two endoscopies with biopsies confirmed
the absence of goblet cells.

Regression occurred in 23 of the 75 patients (31%). In
the 67 patients with non-dysplastic Barrett’s pre-
operatively, 17 patients (25%) had complete loss of
intestinal metaplasia. In the eight patients with preoperative
low-grade dysplasia, regression was seen in six (75%); in
five patients there was loss of dysplasia and one there was
loss of intestinal metaplasia (Table 5).

Progression

After fundoplication, progression consisted of the develop-
ment of dysplasia or adenocarcinoma from non-dysplastic
Barrett’s, or development of high-grade dysplasia or cancer
from low-grade dysplasia. In total, progression occurred in
6/75 patients (8%) at a median of 94 months (Table 6).
Progression occurred in 5% of the 67 patients with non-
dysplastic Barrett’s, and was to high-grade dysplasia in 4
patients and cancer in 1 patient (Fig. 1). In the eight patients
with pre-operative low-grade dysplasia, the only progres-
sion was to cancer in one patient (Fig. 2). Thus, in this
series only 2 patients progressed to cancer.

All six patients were treated for their progressive disease.
Treatment in the four patients that developed high-grade
dysplasia was endoscopic resection and ablation in two
patients and esophagectomy in two patients. Treatment in
the two patients that progressed to cancer was endoscopic
resection and ablation in one and esophagectomy in the
other patient. To date, no patient with progression has died
from esophageal cancer.

Rate of Progression

The rate of progression from non-dysplastic Barrett’s
esophagus to adenocarcinoma in this cohort was 0.16%
per patient year. However, four patients were treated for
progression to high-grade dysplasia, confounding this
analysis. The rate of progression from non-dysplastic
Barrett’s to high-grade dysplasia was 0.64% per patient
year, and to either high-grade dysplasia or cancer was 0.8%
per patient year. The rate of progression to cancer in

Barrett’s, no dysplasia
n=67

Low-grade dysplasia
n=8

TOTAL
n=75

Age in years 53.2 (44–59) 58.6 (55–65) 54.5 (47–61)

Gender: male/female 45/22 6/2 51/24

FU time in years 8.9 (7–11) 9.3 (8–13) 8.9 (7–12)

Long-segment Barrett’s esophagus 39% 63% 41%

Length of Barrett’s esophagus in cm 2 (1–5) 3 (2–9) 2 (1–5)

Hiatal hernia 82% 100% 84%

Size of hernia in cm 4 (3–5) 5 (3–6) 4 (3–5)

Table 2 Demographics, patient
characteristics, and length of
Barrett’s esophagus in the long-
term follow-up patients (n=75)

Values are medians (IQR)
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patients with preoperative low-grade dysplasia was 1.2%
per patient year.

Patients with progression were significantly more likely
to have a failed fundoplication (Fig. 3). In patients with a
failed fundoplication, the rate of progression from non-
dysplastic Barrett’s esophagus to high-grade dysplasia or
cancer was 2.6% per patient year, compared to 0.36% per
patient year for those with an intact fundoplication. The rate
of progression in patients with long versus short segment
Barrett’s was not significantly different (1% with long
segment versus 0.68% with short segment, p=0.2).

Discussion

The management of Barrett’s esophagus continues to be
controversial over 50 years after its description by Dr.
Norman Barrett.7 Given the risk of progression to cancer,
most physicians recommend surveillance endoscopy once a
diagnosis of Barrett’s has been made. However, the cost/
benefit ratio of surveillance depends significantly on the
frequency of progression, and there are some that dispute
the recommendation for surveillance in patients with non-
dysplastic Barrett’s.8–10 Others are promoting ablation of
the Barrett’s to reduce the risk of progression, and perhaps
eliminate the need for surveillance.11

Probably the most controversial issue regarding man-
agement of Barrett’s esophagus pertains to therapy for the
accompanying reflux disease. Barrett’s esophagus develops
as a consequence of long-standing gastroesophageal reflux,
and most patients with reflux are managed with acid
suppression medications, typically proton pump inhibitors.

In patients with Barrett’s, it is unclear what the end-point of
medical therapy should be: control of symptoms or
normalization of acid exposure by pH testing. Control of
symptoms is certainly the easiest approach; but in Barrett’s
patients often heartburn symptoms are minimal or absent
since the columnar mucosa is less sensitive to acid. Further,
control of symptoms may have little or no impact on the
natural history of the disease. An alternative approach is to
escalate the medical therapy until acid exposure in the distal
esophagus has been normalized by pH testing. This
approach is challenging since suppression of gastric acid
production 24 h a day, 7 days a week is difficult.12 Further,
even with effective acid suppression patients with Barrett’s
may have continued regurgitation symptoms as a conse-
quence of a hiatal hernia and incompetent lower esophageal
sphincter, and impedance studies have shown that the
number of reflux events is unchanged.13 Most concerning,
though, is that reflux of weakly acidic material may be
more injurious than reflux of strongly acid material since
pH 3–5 is the range where bile salts are most able to enter
cells and promote injury.14–18 Clinically, there is specula-
tion that prolonged and perhaps inadequate acid suppres-
sion therapy may actually promote the development and
progression of Barrett’s.19

Anti-reflux surgery abolishes reflux and eliminates the
concern regarding continued reflux of gastric contents in
patients with Barrett’s. Logically, elimination of reflux
should promote a quiescent state in the Barrett’s, and
potentially reduce the risk of progression. This concept is
supported at the molecular level by studies showing that
anti-reflux surgery reduced or normalized the expression of
genes potentially involved in the progression of Barrett’s to
cancer.20–22 Clinically, a number of studies have shown that
anti-reflux surgery alters the natural history of Barrett’s.23–
26 In the only randomized trial comparing medical therapy
to anti-reflux surgery for patients with Barrett’s esophagus,
Parrilla et al. 27 reported that patients with a functioning
fundoplication had a significantly reduced incidence of
developing dysplasia compared to medically treated
patients. Contrasting these findings, two large population
studies from Sweden showed that anti-reflux surgery was
not protective against progression to cancer. However, the
serious flaw in both these studies is that the prevalence of
Barrett’s was not known, and it is quite likely that far more
patients in the anti-reflux surgery group had Barrett’s

Table 3 Type of operation in the long-term follow-up patients (n=75)

n Percentage

Laparoscopic Nissen fundoplication 41 54.7

Transthoracic Nissen fundoplication 18 24

Transabdominal Nissen fundoplication 5 6.7

Transabdominal Collis Nissen fundoplication 2 2.7

Transthoracic Collis–Belsey fundoplication 6 8

Transthoracic Belsey fundoplication 2 2.7

Laparoscopic Toupet fundoplication 1 1.3

Indication n Abnormal pH testing

Evaluation of reflux control (asymptomatic) 15 2 (13%)

Failed fundoplication on endoscopy 11 11 (100%)

Recurrent reflux symptoms 4 2 (50%)

Table 4 Results of pH testing
in the long-term follow-up
patients (n=30)
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compared to the control group.4,28 Since the presence of
Barrett’s is the leading known risk factor for subsequent
development of esophageal adenocarcinoma, both studies
only add to the controversy rather than providing any
reliable answer to this important issue.

In this study of patients with follow-up beyond 5 years
after anti-reflux surgery, we showed that progression of
Barrett’s to cancer was uncommon, occurring in only two
patients. In one of these patients, the cancer was detected at
3 years after anti-reflux surgery. In this patient, the
molecular mechanisms driving progression likely were
already in motion prior to the anti-reflux procedure. This
patient had an intact fundoplication, and as has been
suggested in our previous review of the literature this is
the case for most cancers that occur within 5 years of
antireflux surgery, while cancers developing later tend to be
in patients with a failed fundoplication.29

The overall rate of progression to cancer from non-
dysplastic Barrett’s in our study was 0.16% per patient year,
but our analysis for progression to cancer was confounded
by the fact that we treated four patients when high-grade
dysplasia was identified. Whether any of these patients
would have progressed to cancer had they not been treated
is unknown, but the literature would suggest that the rate of
progression of high-grade dysplasia to cancer is approxi-
mately 6.6% per patient year.2 When we evaluated
progression from non-dysplastic Barrett’s to either high-
grade dysplasia or cancer in our patients, the rate was 0.8%

per patient year. These rates are lower than expected based
on published rates of progression for non-dysplastic
Barrett’s to high-grade dysplasia or cancer in 1.0%.3

Further, progression to cancer in our patients with low-
grade dysplasia pre-operatively was 1.2%, also lower than
the published rate of 1.7%.2 This decreased rate of
progression after anti-reflux surgery for both non-
dysplastic Barrett’s and for patients with low-grade dyspla-
sia suggests that the fundoplication is impacting the natural
history of this disease. Further evidence that the fundopli-
cation is altering the risk of progression is our finding that
the risk of progression is significantly increased in patients
with a failed fundoplication. We calculated the risk of
progression to be increased sevenfold in those with a failed
fundoplication compared to those with a functioning
fundoplication. Logically, if the fundoplication was not
altering the risk of Barrett’s progression then whether it was
intact or failed should not influence the rate of progression.
Lagergren et al.30 also noted that patients with persistent
reflux after a fundoplication were more likely to develop
cancer than control patients. Consequently, the important
question at this point is not whether antireflux surgery
reduces the risk of Barrett’s progression, but whether the
altered risk is similar or greater than that with medical
therapy in these patients.

We found that at the time of the latest endoscopy 20% of
our fundoplications appeared to have failed. While we
strive for a 0% failure rate, that is unrealistic in any patient,

Pt Length (cm) Regression Progression Last biopsy FU-time (months)

1 10 No No LGD 85/130a

2 1 Yes No No IM 161

3 8 Yes No IM 117

4 3 Yes No IM 149

5 11 Yes No IM 98

6 2 No Yes IMCb 85

7 2 Yes No IM 98

8 3 Yes No IM 150

Table 5 Patients with preopera-
tive Barrett’s esophagus with
LGD (n=8)

IM intestinal metaplasia, LGD
low-grade dysplasia, IMC
intramucosal cancer
a Last biopsy after 85 months,
Patient died unrelated to LGD
after 130 months
b Transhiatal esophagectomy (final
pathology IMC)

Table 6 Characteristics of patients with progression (n=6)

Pt Age (years) Barrett’s length (cm) Initial histology Final histology Time (months) to progression Failed fundoplication

1 55 10 IM HGD 115 Yes

2 51 6 IM HGD 89 Yes

3 51 8 IM HGD 98 Yes

4 61 1 IM HGD 135 Yes

5 61 1 IM IMC 36 No

6 62 8 LGD IMC 85 No
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and certainly in patients with advanced reflux disease.
Likewise, we would like for no patient to develop cancer
after a fundoplication, but that again is unrealistic and
should not be the bar set for anti-reflux surgery. It is not
standard to require that a medical or surgical therapy reduce
the risk of a disease down to baseline for the general
population for it to be considered beneficial. For example,
no matter how aggressive, medical therapy for coronary
artery disease will not reduce the risk of a myocardial
infarction back to the baseline risk for a population without
coronary artery disease. Instead, the accepted standard is
that the therapy reduces the risk compared to those that are
untreated or treated with an alternative therapy. With this
concept in mind, we believe that anti-reflux surgery is
being held to an unfair standard in regards to prevention of
progression of Barrett’s, as evidenced by the recent study
published by Lagergren et al.28 where the risk of cancer in
patients that had anti-reflux surgery was compared to the
general Swedish population, and the conclusion was that
anti-reflux surgery did not prevent cancer. The same study
could be done for medical therapy of heart disease, and
certainly the findings would be that the medical therapy
does not prevent myocardial infarction. Similarly, it is clear
that proton pump inhibitor therapy does not prevent

esophageal adenocarcinoma. The control population for
these comparisons needs to be those with the disease, in the
case of esophageal adenocarcinoma those with reflux
disease and Barrett’s esophagus, not the general population.
Had Lagergren et al. compared the risk of cancer in those
with reflux and Barrett’s esophagus treated with either PPI
or anti-reflux surgery the findings would have been
meaningful.

In addition to a failed fundoplication representing a risk
factor for progression, we found that progression tended to
occur more commonly in long segments of Barrett’s. In four
of the six patients with progression the length of Barrett’s was
6 cm or longer. Importantly, though, progression occurred in
two patients with only 1 cm tongues of columnar mucosa,
confirming that any Barrett’s has to be taken seriously as a risk
for cancer. This emphasizes the importance of complete
eradication of Barrett’s if ablation therapy is adopted, and the
importance of continued surveillance in any patient with
Barrett’s esophagus. In our patients with progression, three
were treated with endoscopic resection and ablation. Endo-
scopic therapy was successful in all 3 patients, with no
recurrence of high-grade dysplasia or cancer to date.

Although most of the focus in patients with Barrett’s is
on progression, it is important to recognize that regression
after antireflux surgery was common, occurring in 31% of
our 75 long-term follow-up patients. Further, loss of
intestinal metaplasia on two consecutive endoscopies
occurred in 24% of patients. In these patients, surveillance
endoscopy can be stretched out for many years or perhaps
eliminated provided their fundoplication remains intact.

We recognize that there are shortcomings to our study,
including the fact that of the 245 patients that could have
been evaluated beyond 5 years after anti-reflux surgery we
were only able to report on 75, but that is the reality in
many centers in the USA where patients move and change
insurance carriers. It is possible that some cancers devel-
oped in these patients, but there is no reason to think that
our 75 patients were biased against the development of
cancer compared to the other 245 patients. Instead, patients

LGD 
n= 8

IMC
n= 1

LGD
n= 1

Non-dysplastic 
Barrett’s
n= 5

No IM
n=1Dark arrows: progression

Light arrows: stable or regression

}12.5%

87.5%}
Fig. 2 In the eight patients with pre-operative low-grade dysplasia,
progression to high-grade dysplasia occurred in none of the patients
and to cancer in one (12.5%) patient

Non-dysplastic 
Barrett’s

n= 67

IMC
n= 1

Non-dysplastic 
Barrett’s

n= 45

No IM
n= 17

HGD
n= 4

Dark arrows: progression
Light arrows: stable or regression

}7.5%

92.5%}
Fig. 1 Progression occurred in 7.5% of the 67 patients with non-
dysplastic Barrett’s, and was to low-grade dysplasia in zero, high-
grade dysplasia in 6%, and cancer in 1.5%

Fig. 3 The prevalence of progression was significantly increased in
patients with a failed fundoplication
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that return to us for all their follow-up tend to be the more
difficult or complex patients, and are likely to have a higher
rather than lower risk for failure of their fundoplication or
progression of their Barrett’s. We also would have preferred
to have pH monitoring on all patients after antireflux
surgery, but were only able to get 15 asymptomatic patients
to agree to a routine post-operative pH study. Lastly, our
calculation for the rate of progression to cancer was
confounded by the treatment of high-grade dysplasia in
four patients, but by combining the rates of progression to
high-grade dysplasia and cancer this issue was largely
addressed.

Conclusion

In conclusion, we have shown that anti-reflux surgery for
patients with non-dysplastic Barrett’s and low-grade dys-
plasia is safe, and likely reduces the rate of progression.
Whether it reduces the risk of progression to a similar or
greater extent than medical therapy for reflux disease and
Barrett’s remains an important and unanswered question.
Compared to patients with an intact fundoplication, those
with failure of their fundoplication were at increased risk
for progression. Either a reoperation or aggressive medical
therapy is recommended in these patients. Annual surveil-
lance endoscopy allowed timely detection of progression,
and endoscopic or surgical therapy was successful in these
patients, with no cancer deaths to date.
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Discussant

Dr. Jeffrey l. Ponsky (Cleveland, OH, USA): I am delighted and
proud to review this paper. This group always presents provocative
and insightful assessments of current therapies for what we do in
surgery, and this paper is no exception. And it took great work and
courage to go back and muster these patients.

This disease has changed in our careers. This disease has changed
so that we don’t see squamous carcinoma anymore, we see Barrett’s
adenocarcinoma. And it’s happening quickly.

The logic in doing an antireflux procedure to relieve the insult to
the esophagus is clear. This paper doesn’t answer all the questions
because it’s a retrospective study, but it’s a good beginning.

I question the relationship between your visual inspection of a
failed Nissen and the pH study, which was not done in every patient
that had a visual inspection showing a failed wrap. That would be
important to do in any future study.

The question of whether the degree of disruption was related to the
degree in pH failure would also help us know some things.
Furthermore, and finally, I would like to ask you a couple of questions
about future work.

Number one, does an intact wrap—and many endoscopists ask this—
interfere with the good surveillance of the lower EG junction in biopsying
the Barrett’s in these patients?

Number two, now that we have ways to effectively ablate the
mucosa, wouldn’t it make sense, in conjunction with the antireflux
surgery, even in the nondysplastic Barrett’s, where we see a 7.5%
conversion to either intramucosal cancer or high-grade dysplasia, to
ablate all Barrett’s, dysplastic or nondysplastic, prior to doing a wrap,
and really give it the full go?

Closing Discussant

Dr. Joerg Zehetner: The first question was if an intact wrap impairs the
surveillance biopsies. I don’t think so. I don’t think there’s a problem in
surveillance biopsies if carefully done when the wrap is intact.

The second question, that’s a good point. There are a lot of
papers coming out or studies, and we will hear about them during
the next few days, of ablation therapy for low grade or nondys-
plastic Barrett’s esophagus. It has been shown that in patients with
low grade dysplasia regression after antireflux surgery occurs in
75%. So for low-grade dysplasia the best initial option is an
antireflux procedure.

Whether an ablation for any Barrett’s is useful or not has to be
shown in long term studies. And as we know from our patients
who progressed, four of them had long segment Barrett’s
esophagus but two of them had a short segment of 1 cm. So if
ablation is performed or if you think of doing ablation for
nondysplastic Barrett’s esophagus, you would have to remove
100% of the Barrett’s esophagus to make sense. And surveillance
is still necessary.

To come back to your comment in the beginning, that’s one of the
limitations in our study that we don’t have 100% pH data
postoperatively. So when we calculated our risk and rate of
progressions, we tried to somehow group these patients into those
with evidence of an intact versus failed fundoplication.

Accepting that the definitions are not 100% precise, we still
believe that the rate of progression is much higher if you have a failed
fundoplication.

Discussant

Dr Carlos A. Pellegrini (Seattle, WA, USA): About 8 years ago or so,
your group reported here the rate of regression for Barrett’s esophagus
following an antireflux operation. My recollection is that you were
around 20 or 30% regression.

As you know, we reported a regression rate of 33% among a group
of 106 patients with Barrett’s esophagus followed for 5 years. In your
presentation you have primarily focused on the progression of
Barrett’s. Can you tell us whether you observed regression? And in
particular, how many patients with short-segment Barrett’s had no
Barrett’s at the end of the 5-year period?

Closing Discussant

Dr. Joerg Zehetner: We had 31% with regression. These are 23
patients, 17 of these patients were patients who regressed from nondys-
plastic Barrett’s esophagus to no IM.We had it on the slides with the flow
chart. And from the low grade dysplasia patients, we had four patients
who regressed to Barrett’s esophagus, nondysplastic Barrett’s esophagus,
and we had one patient who regressed to squamous mucosa.

Discussant

Dr. Dan Smith (Jacksonville, FL, USA): I’m curious about the
timing from fundoplication to when progression took place. You had
followup out to 8 or 9 years. How many of these progressed within the
first year after fundoplication versus much later?

Closing Discussant

Dr. Joerg Zehetner:We had one patient who progressed after 3 years. So
in this patient—and this was the patient who had an intact fundoplication—
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we assumed that the cascade from Barrett’s esophagus, metaplasia,
dysplasia, high grade dysplasia, cancer, was already on its way.

In a review about 10 years ago, it was suggested that progression
that occurred during the first 5 years after the fundoplication, most of
the time, this sequence was already on the way. The other five patients
that progressed in our study were at about 90 to 120 months after the
initial operation, so nearly an average of 10 years after the initial
operation. In these patients, we consider that they progressed due to
failure of the fundoplication.

Discussant

Dr. Jeff Peters (Rochester, NY, USA): A fascinating observation
buried in there if I read your data right is that you had a 500%
decrease in the progression in nondysplastic, about a 40% or 50%
decrease in low-grade and a very small decrease in high-grade. The
question then is, do you think there’s a real difference in whether we
can impact progression between those three states?

Is it harder to impact progression depending on whether it’s
nondysplastic, low-grade, or high-grade?

Closing Discussant

Dr. Joerg Zehetner: So I think high grade is a different topic,
because we didn’t start out with any high grade dysplasia in this
population. All the patients had preoperatively either nondysplastic
Barrett’s or low grade dysplasia. And I think we can impact low
grade dysplasia very good with an antireflux surgery, as 75% of
them regressed. One patient went to cancer. He was operated with
a transhiatal esophagectomy. It was intramucosal cancer, the patient
is still alive. And one patient was stable at low grade dysplasia,
and died last year after 15 years of follow-up, unrelated to the low
grade dysplasia.

So I think we can impact low grade dysplasia very good with an
antireflux surgery.
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Abstract
Purpose Our aim was to determine what specific patient and peri-operative factors contribute to major complications
after esophagectomy.
Methods Using the American College of Surgeons National Surgical Quality Improvement Program database, data for
esophagectomies between the years 2005 and 2008 were extracted and analyzed. Thirty-day post-operative
complications were classified into seven major groups: (1) wound infections, (2) respiratory complications (pneumonia,
intubation), (3) cardiac complications, (4) deep venous thrombosis, (5) sepsis/septic shock, (6) re-operation, and (7)
death. Univariate analysis and logistic regression modeling were performed to determine if a significant association
existed between patient factors or peri-operative factors and these post-operative complications.
Results One thousand thirty-two patients who underwent esophagectomy were identified. Diabetes was the strongest
pre-operative independent predictor of death (odds ratio (OR) 10.98; 95% confidence interval (CI) 1.37–1.15, p<0.1)
or respiratory (OR 1.86; 95% CI 1.03–3.29, p=0.04) or cardiac (OR 5.14; 95% CI 1.93–13.20, p<0.01) complications
following esophagectomy. Thoracotomy performed during the operation was not associated with an increased risk of
respiratory or cardiac complications.
Conclusions The major predictors of morbidity after an esophagectomy are the patient factors of diabetes, dyspnea,
peripheral vascular disease, and cerebrovascular accident while the peri-operative factors are pre-operative international
normalized ratio, contaminated wound classification, and American Society of Anesthesiologists class. Similarly, the
major predictors of mortality are diabetes, dyspnea, and age for patient factors and contaminated wound classification
for peri-operative factors.

Keywords Esophagectomy . Peri-operative factors .

Esophageal morbidity . Esophageal mortality . ACS-NSQIP
Introduction

Esophagectomy remains the standard surgical treatment
of high-grade dysplasia and invasive esophageal cancer
in medically fit patients. However, despite technical
advances and improvements in peri-operative care, the
procedure is still associated with high morbidity, high
mortality, and a protracted recovery period.1–3 Because
of these observations, there continues to be considerable
interest in identifying specific factors that contribute to
complications or death after esophagectomy in order to
attempt to mitigate the risks associated with this
procedure.
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A number of prior studies have attempted to identify
predictors of morbidity and mortality after esophagec-
tomy,1–8 but results have been mixed. Two recent multi-
institutional studies1,2 have investigated these issues in
different patient groups using the Department of Veterans
Affairs National Surgical Quality Improvement Program
(VA-NSQIP) database and the Society of Thoracic
Surgeons General Thoracic Database (STS-GTB). Both
these studies identified predictors of major morbidity and
mortality after esophagectomy and advocated risk stratifi-
cation of patients before the procedure.

In an attempt to further clarify these issues, our aim
was to determine what specific patient and peri-operative
factors contribute to major complications after esopha-
gectomy by using the American College of Surgeons
National Surgical Quality Improvement Program (ACS-
NSQIP) database. For the purpose of this study, we
classified complications into seven major groups: wound
infections, respiratory complications, cardiac complica-
tions, deep venous thrombosis (DVT), sepsis/septic
shock, need for re-operation, and death. We then
investigated the association between specific patient and
peri-operative variables as collected by ACS-NSQIP and
these post-operative complication groups.

Materials and Methods

Study Population

For this retrospective study, the population was drawn
from the ACS-NSQIP database between the years 2005
and 2008. The ACS-NSQIP is a nationally validated,
risk-adjusted, outcomes-based program that attempts to
quantify the quality of contemporary surgical care. The
program collects data on 136 pre-operative and intra-
operative variables and also reports 30-day post-operative
morbidity and mortality. ACS-NSQIP samples the first
40 cases performed within consecutive 8-day cycles from
general surgery, vascular surgery, and specific subspe-
cialty procedures, and the data are collected, validated,
and submitted by a trained surgical clinical reviewer at
each site. The program limits the sampling volume
related to herniorrhaphies, breast lumpectomies, and
laparoscopic cholecystectomies because of the low
incidence of morbidity and mortality associated with
these procedures. It contains 152,490 cases submitted
from 121 sites between 2005 and 2006 and 211,407
cases submitted from 186 sites in 2007. In 2008, 271,368
cases were submitted from 211 hospitals. Approximately
half of the participating sites are community hospitals as
defined by ACS-NSQIP.9

Data Extraction and Factors Impacting Analysis
and Modeling

For each year under review, patients who had undergone
esophagectomy were identified and extracted from the
overall dataset using the appropriate procedure codes as
defined by the Current Procedural Terminology (CPT),
2008 edition. Procedure-specific CPT codes are listed in the
Appendix.

Based on clinical relevance and frequency of occur-
rence within NSQIP, complications from these esoph-
agectomy procedures were identified and divided into
seven major groups: wound infections, respiratory com-
plications (pneumonia, intubation), cardiac complications
(myocardial infarction, cardiac arrest requiring cardiopul-
monary resuscitation), DVT, sepsis/septic shock, re-
operation, and death. Specific patient and peri-operative
variables were then selected for analysis for their
contribution to these complications based on our deter-
mination of their importance to peri-operative and post-
operative complication.

For the purpose of our analysis, patients with dyspnea on
exertion and at rest were combined into one group (N=110,
11%) and compared with patients without dyspnea (N=922,
89%). Diabetic patients on oral agents (N=120, 12%) and
those on insulin therapy (N=35, 3%) were each separately
compared with non-diabetics (N=877, 85%). Similarly,
patients with contaminated wounds (N=32, 3%) and dirty/
infected wounds (N=16, 2%) were each separately compared
with clean contaminated wounds (N=984, 95%). There were
no clean wounds. For the American Society of Anesthesi-
ologists’ (ASA) physical status classification, patients in
ASA I (N=15, 1%), ASA III (N=691, 67%), and ASA IV
and V (N=85, 8%) were each separately compared with
patients classified as ASA II (N=241, 23%). Race was
initially evaluated as a variable in our analysis but was not
found to be significantly associated with complications and
was subsequently excluded from review.

Data Analysis

Data extraction for the primary (esophagectomy) proce-
dures and statistical analysis was performed using R
Software (R Foundation for Statistical Computing,
Vienna, Austria; Version 2.10.0, 2009). For univariate
analysis, continuous variables were compared using the
Mann–Whitney U test to compare medians given the
nonparametric distribution of the data. Categorical varia-
bles were compared using the chi-square test to compare
proportions. Univariate models were then generated, for
each complication group. Patient and peri-operative
variables found to be have p<0.2 under univariate analysis
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were included in a multivariate logistic regression model
in order to examine the relationship between these
variables and the outcomes of interest (post-operative
complications). Separate multivariate models were created
for the seven complication groups.

Results

A total of 1,032 patients who had undergone esophagec-
tomy for various reasons were identified. The ten most
common indications for esophagectomy are shown in
Table 1. There were 818 males and 241 females with a
mean age of 62.8 years. The majority of the patients were
Caucasians (N=850, 82%), followed by African Ameri-
cans (N=33, 3%), Hispanics (N=31, 3%), Asians (N=26,
3%), and American Indians (N=4, 0%). The distribution
of patient and peri-operative risk factors for our study
population is shown in Table 2.

The total in-hospital and 30-day mortality was 3.0% (30
out of 1,032 patients), and morbidity was 50% (518 out of
1,032 patients). Respiratory complications were the most
frequently reported events (27%), and these included
patients who had pneumonia, unplanned intubation, or
were ventilator dependent >48 h. Sepsis and septic shock
was the second most common morbidity (23%), followed
by wound complications (21%), re-operation (14%), DVT
(5%), and cardiac complications (3%).

Univariate analysis of patient and peri-operative factors
is summarized in Tables 3 and 4, respectively. Patient
factors, including age, diabetes (diabetes mellitus), basal
mass index (BMI), smoking, alcohol consumption (ETOH),
dyspnea, history of chronic obstructive pulmonary disease
(HxCOPD), steroid use, hypertension, history of cardiac sur-
gery (HxCS), peripheral vascular disease (PVD), history of
cerebrovascular accident (HxCVA), and weight loss were all
significantly associated with adverse post-operative outcomes
(p<0.05 in all cases). Similarly, peri-operative factors such
as radiation within 90 days, advanced ASA class, pre-
operative white blood cell count (WBC), international
normalized ratio (INR), serum albumin level as well as
wound class, emergency case, operation time, and intra-
operative blood transfusion were also significantly associated
(p<0.05) with one or more complication group.

Patient and peri-operative factors found to be significant
in univariate analysis (p<0.2) were then subjected to
multivariate regression modeling. A contaminated wound
was the strongest predictor of mortality (odds ratio (OR)
18.52; 95% confidence interval (CI) 2.94–108.76, p<0.01).
Diabetes was also a strong independent predictor for death
(OR 10.98; 95% CI 1.37–64.79, p<0.01) or respiratory (OR
1.86; 95% CI 1.03–3.29, p=0.04) or cardiac (OR 5.14; 95%

CI 1.93–13.20, p<0.01) complications following esopha-
gectomy (Table 5). Dyspnea was found to be the third
largest risk factor for death (OR 6.248; 95% CI 1.85–20.53,
p<0.01). Thoracotomy performed during the operation was
not associated with an increased risk of respiratory or
cardiac complications.

Discussion

The incidence of esophageal adenocarcinoma is rising at an
alarming rate in Western populations.10 Esophagectomy
plays an important role in the treatment of this disease but
continues to be a high-risk procedure with significant
morbidity and mortality.11–13 Previous analyses of large
national databases have reported in-hospital or 30-day
mortality rates between 2.7% and 9.8%.1,2,4 Other studies
have suggested that outcomes are influenced by case
volume,5,12 while others have argued that patient-based
factors have the greater influence on inpatient mortality
than case volume alone.6 Taken together, these reports
suggest that combination of different factors may have
either direct or indirect effects on patient outcomes and
mortality after esophageal surgery.

In this study, we have examined the contribution of both
patient and peri-operative factors to mortality and morbidity
after esophagectomy using the ACS-NSQIP. We found 30-
day mortality of 3.0% which is within the range reported in
prior studies.1,2,4 We also found a 50% morbidity which is
also similar to previous reports. 1,2,7

We identified a number of patient and peri-operative
variables that are associated with mortality and morbidity
after esophagectomy. Three of these factors (age, diabe-
tes, and contaminated wound) had an impact on both
morbidity and mortality, while one variable (dyspnea)
was associated with mortality alone and nine (smoking
within a year pre-operatively, ETOH, PVD, history of
cerebrovascular accident with neurological deficit, steroid
use, pre-operative WBC count, pre-operative INR, ASA
class III, operation time, thoracotomy, and intra-operative
blood transfusion) were significantly associated with
morbidity only. Some of the patient factors (BMI, history
of severe COPD, steroid, hypertension, history of cardiac
surgery, >10% loss body weight in last 6 months) and
some peri-operative factors (chemotherapy within 30 days
pre-operatively, decreased pre-operative hematocrit and
platelet levels, increased pre-operative sodium levels,
emergency cases) were statistically significant in the
univariate analysis but were found to be insignificant in
the multivariate models. These findings may be attribut-
able to the low frequency of occurrence of these factors
reported in the ACS-NSQIP database.
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N (% or mean)

Patient factors

DM (insulin); diabetes mellitus requiring insulin 35 (3%)

DM (oral); diabetes mellitus requiring oral agents 120 (12%)

Smoke; current smoker <1 year pre-operatively 159 (25%)

ETOH; alcohol >2 drinks/day in 2 weeks before admission 54 (5%)

HxPVD; history of revascularization/amputation for peripheral vascular d/s 28 (3%)

BMI; body mass index (missing in 13 patients) 1,019 (27 kg/m2)

Dyspnea 110 (11%)

HxCOPD; history of severe COPD 69 (7%)

HTN; hypertension requiring medication 525 (51%)

HxCS; previous cardiac surgery 72 (7%)

HxCVA; history of cerebrovascular accident with neurological deficit 16 (2%)

Weight loss; >10% loss body weight in last 6 months 215 (21%)

Steroid; chronic oral or intravenous corticosteroids <30 days pre-operatively 20 (2%)

Peri-operative factors

Chemo; chemotherapy for malignancy <30 days pre-operatively 77 (7%)

Rad; radiotherapy for malignancy <90 days pre-operatively 249 (24%)

ASA I; American Society of Anesthesiologists Physical Status class I 15 (1%)

ASA III; American Society of Anesthesiologists Physical Status class III 691 (67%)

ASA IV/V; American Society of Anesthesiologists Physical Status class IV/V 85 (8%)

PrWBC; pre-operative WBC (missing in 30 patients) 1,002 (6.7 k/ml)

PrHct; pre-operative hematrocrit (missing in 28 patients) 1,004 (38.1%)

PrPlatelet; pre-operative platelet count (missing in 31 patients) 1,001 (250.5 k/ml)

PrINR; pre-operative international normalized ratio (missing in 259 patients) 773 (1.05)

PrNa; pre-operative sodium (missing in 45 patients) 987 (138.8 mEq/l)

PrBUN; pre-operative blood urea nitrogen (missing in 61 patients) 971 (15.8 mg/dl)

PrBilirubin; pre-operative total bilirubin (missing in 244 patients) 788 (0.57 mg/dl)

PrAlkPhos; pre-operative alkaline phosphatase (missing in 246 patients) 786 (85.0 IU/l)

PrAlbumin; pre-operative serum albumin (missing in 249 patients) 783 (3.9 mg/dl)

Emergency case 19 (2%)

Thoracotomy 599 (58%)

Contaminated case 32 (3%)

Dirty/infected case 16 (2%)

OR time; total operation time 1,032 (338.1 min)

RBC; intra-operative blood transfusion 288 (27.9%)

Table 2 Distribution of patient
and peri-operative risk factors
of patients undergoing
esophagectomy

ICD-9 codes Indication N (%)

151.0 Malignant neoplasm of cardia 264 (26)

150.9 Malignant neoplasm of esophagus unspecified site 238 (23)

150.5 Malignant neoplasm of lower third of esophagus 195 (19)

150.8 Malignant neoplasm of other specified part of esophagus 48 (4.6)

530.85 Barrett’s esophagus 39 (3.8)

151 Malignant neoplasm of stomach 31 (3.0)

530.4 Stricture and stenosis of esophagus 22 (2.13)

530.0 Achalasia and cardiospasm 19 (1.8)

150.4 Malignant neoplasm of middle third of esophagus 16 (1.6)

150 Malignant neoplasm of esophagus 15 (1.5)

Table 1 Ten most common
indications for esophagectomy:
ACS-NSQIP, 2005–2008

ACS-NSQIP American College
of Surgeons National Surgical
Quality Improvement Program,
ICD-9 codes International
Classification of Diseases, 9th
Revision
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We found that increasing patient age significantly
increases the risk of death after esophagectomy although
determination of an age cutoff for this increased risk was
beyond the scope of our current study. Age has been

associated with mortality after esophagectomy in numer-
ous other studies investigating different patient popula-
tions.1,2,14 Recently, Pultrum and colleagues concluded
that advanced age (>70 years) had a minor influence on

Complications (p value)*

Wound Resp. Cardiac DVT Sepsis Re-op. Death

Peri-op. factors

Chemotherapy NS 0.08 NS NS NS 0.17 NS

Radiation 0.03 NS NS 0.14 NS NS NS

ASA I NS 0.97 0.99 NS 0.97 0.31 NS

ASA III NS 0.05 0.17 NS <0.01 0.19 NS

ASA IV/V NS 0.02 0.03 NS <0.01 0.02 NS

prWBC NS <0.01 <0.01 0.10 NS NS 0.09

prHct 0.06 NS NS NS NS NS NS

prPlatelet 0.19 0.08 NS NS NS NS 0.19

prINR NS 0.03 NS NS 0.09 NS 0.14

prNa NS NS NS NS NS NS 0.14

prBUN NS NS 0.12 NS NS NS NS

prBili NS NS NS NS NS 0.11 0.12

prAlkPhos NS NS NS 0.11 0.07 0.15 NS

prAlbumin NS <0.01 NS NS NS NS 0.19

Emergency NS NS 0.05 NS NS <0.01 NS

Thoracotomy 0.14 NS NS NS NS 0.06 NS

Contaminated 0.08 0.04 NS NS 0.05 0.78 0.04

Dirty/Infected 0.18 <0.01 NS NS 0.36 <0.01 0.99

Operation time 0.19 <0.01 0.01 0.02 <0.01 <0.01 NS

RBC 0.11 0.02 <0.01 <0.01 <0.01 <0.01 0.02

Table 4 Univariate analysis of
peri-operative factors in rela-
tionship to post-operative com-
plications following
esophagectomy (p<0.2)

NS not significant, Resp. respi-
ratory, DVT deep venous
thrombosis, Re-op. re-operation,
ASA American Society of Anes-
thesiologists Physical Status
class, PrWBC pre-operative
WBC, PrHct pre-operative
hematrocrit, PrPlatelet pre-
operative platelet count, PrINR
pre-operative international nor-
malized ratio, PrNa pre-
operative sodium, PrBUN pre-
operative blood urea nitrogen,
PrBili pre-operative total biliru-
bin, PrAlkPhos pre-operative
alkaline phosphatase, PrAlbu-
min pre-operative serum albu-
min, RBC intra-operative blood
transfusion

*p<0.05 in bold

Complications (p value)*

Wound Resp. Cardiac DVT Sepsis Re-op. Death

Patient factors

Age 0.06 0.01 0.09 <0.01 NS NS <0.01

DM (insulin) NS 0.11 0.13 NS 0.48 NS 0.03

DM (oral) NS <0.01 <0.01 NS <0.01 NS 0.03

BMI 0.09 NS NS NS NS 0.04 NS

Smoking NS 0.14 NS 0.18 0.03 NS NS

ETOH NS 0.15 NS NS 0.06 NS NS

Dyspnea NS <0.01 NS NS 0.05 0.11 <0.01

HxCOPD 0.19 <0.01 NS NS <0.01 NS NS

Steroid use NS 0.02 NS NS 0.20 NS NS

HTN NS 0.03 0.03 NS 0.14 0.17 NS

HxCS NS 0.11 NS NS <0.01 NS NS

HxPVD 0.02 <0.01 NS 0.03 NS NS 0.02

HxCVA NS NS NS <0.01 NS NS NS

Weight loss NS NS NS NS 0.19 0.08 0.01

Table 3 Univariate analysis of
patient factors in relationship to
post-operative complications
following esophagectomy (p<0.2)

NS not significant, Resp. respi-
ratory, DVT deep venous throm-
bosis, Re-op. re-operation, DM
(oral) diabetes mellitus requiring
oral agents, BMI body mass in-
dex, ETOH alcohol greater than
two drinks per day in 2 weeks
before admission, HxCOPD his-
tory of severe COPD, HTN hy-
pertension requiring medication,
HxMI history of myocardial in-
farction 6 months pre-operatively,
HxCS previous cardiac surgery,
HxPVD history of peripheral vas-
cular disease, HxCVA history of
cerebrovascular accident with
neurological deficit

*p<0.05 in bold
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post-operative course, recurrent disease, and survival in
patients who underwent an extended esophagectomy.15 All
patients in their study were operated on by an experienced
team of surgeons at a high-volume university medical
center. It is not surprising that age has a direct influence on
outcomes after major operations as elderly patients
generally have more major comorbidities that may
complicate operations including decreased capacity to
adapt to stress, greater functional impairment, cardiovas-
cular disease, cerebrovascular disease, and diminished
cognitive function.16

Diabetes was the strongest independent patient factor
predictive for death and respiratory or cardiac complica-
tions following esophagectomy. Diabetic patients in our
cohort were taking oral hypoglycemic agents more
frequently than they were using insulin (12% and 3%,
respectively). Overall, diabetes is a chronic debilitating
disease that has been linked to poor outcomes after a
large number of surgical procedures. Its primary means
of contribution to these outcomes appears to be princi-

pally due to end organ damage, which also may explain
the increased risk of cardiac events in these patients (OR
5.14; 95% CI 1.93–13.20, p<0.01). Our current findings
of diabetes as the single largest independent patient risk
factor for death after esophagectomy (OR 10.98; 95% CI
1.37–64.79, p<0.01) adds further evidence to that already
reported. Bailey and colleagues looked at 1,777 patients in
the VA-NSQIP database and found almost twice the
increased risk of dying associated with this diagnosis.1

Likewise, Wright and colleagues reported increased risk of
complications (OR 1.19; 95% CI 1.05–1.36, p<0.01)
related to diabetes when reporting on their series of
2,315 patients from the STS-GTB database.2

Dyspnea was the second leading patient risk factor for
death (OR 6.25; 95% CI 1.85–20.53, p<0.01). Dyspnea
remains a strong indicator of cardiopulmonary disease,
including congestive heart failure (CHF) and chronic
obstructive pulmonary disease (COPD). Bailey and col-
leagues reported dyspnea and COPD to be major pre-
operative factors impacting morbidity.1 Wright and col-

Complication Odds ratio (95% CI) p value

Patient factors

Age Wound infection 0.986 (0.972–0.999) 0.03

DVT 1.034 (1.003–1.069) 0.04

Death 1.077 (1.020–1.145) 0.01

Diabetes Sepsis/septic shock 1.991 (1.087–3.570) 0.02

Respiratory 1.856 (1.029–3.294) 0.04

Cardiac 5.137 (1.934–13.196) <0.01

Death 10.978 (1.366–64.787) 0.01

Smoking Respiratory 1.615 (1.010–2.571) 0.04

Alcohol Respiratory 2.678 (1.168–6.053) 0.02

Dyspnea Death 6.248 (1.846–20.528) <0.01

Peripheral vascular disease Wound infection 2.431 (1.015–5.562) 0.04

DVT 6.259 (1.640–19.561) <0.01

CVA DVT 7.063 (1.360–28.593) <0.01

Peri-operative factors

Pre-operative WBC count (k/ml) Cardiac 1.122 (1.015–1.247) 0.03

Pre-operative INR Sepsis/septic shock 2.279 (1.204–6.329) 0.04

Contaminated wound Wound infection 2.766 (1.230–5.961) 0.01

Sepsis/septic shock 3.196 (1.115–8.899) 0.03

Death 18.518 (2.936–108.775) <0.01

ASA class III Sepsis/septic shock 1.913 (1.036–3.777) 0.05

Operation time Sepsis/septic shock 1.002 (1.000–1.003) 0.05

Respiratory 1.002 (1.001–1.004) <0.01

Cardiac 1.004 (1.002–1.007) <0.01

Thoracotomy Wound infection 0.712 (0.513–0.988) 0.04

Intra-operative blood transfusion DVT 1.135 (1.043–1.252) <0.01

Sepsis/septic shock 1.094 (1.019–1.192) 0.02

Re-operation 1.098 (1.025–1.188) 0.01

Table 5 Multivariate analysis of
patient and peri-operative factors
associated with significant mor-
bidity and mortality following
esophagectomy
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leagues also found that their patients with a forced
expiratory volume at 1 second (FEV1) <60% of predicted
or those with CHF had significantly increased adverse
outcomes post-operatively. Surprisingly, dyspnea was not
directly associated with respiratory complications in our
study population, but this may again be related to sample
size. We found that diabetes, smoking, ETOH, and
operation time were associated with respiratory complica-
tions. Respiratory complications such as pneumonia and
intubation were the most commonly reported complica-
tions in this study. Bailey and colleagues have also
reported these same variables as impacting morbidity after
esophagectomy.1

Although a number of other reports have implicated the
thoracotomy portion of an esophageal resection as the
leading contributor to post-operative pulmonary complica-
tions, this is not a significant association based on this
study. We have found that thoracotomy performed as part
of the procedure imparts a decrease in risk for wound
infection (OR 0.71; 95% CI 0.51–0.99, p=0.04), and the
reason for this particularly “counterintuitive” finding
remains unclear.

Similar to our current study, Wright and colleagues
examined the association between patient factors such as
BMI, history of PVD, history of COPD, hypertension
(HTN) and chronic steroid use, and adverse outcome. They
found that history of PVD, HTN, and steroid use
significantly affected outcome.2 In the current study, even
though we found significant association between most of
these factors and adverse outcome in the univariate
analysis, only PVD was found to be significant in the
multivariate model. Patients with history of PVD were
found to be greatly susceptible to DVT (OR 6.26; 95%
CI 1.64–19.56, p<0.01) and have more than doubled the
risk for wound infection (OR 2.43; 95% CI 1.02–5.56,
p=0.04). In addition, we were also able to associate CVA
with DVT (OR 7.06; 95% CI 1.36–28.59, p<0.01). An
association between CVA and DVT has been shown in
several other reports17,18 and is not an original finding of
our investigation.

Peri-operative factors such as pre-operative leukocyto-
sis and decreased INR were associated with increased
risk of cardiac complications and sepsis or septic shock,
respectively. ASA class, which has been used as a
surrogate for comorbidities, has been associated with
morbidity in a number of studies.1,2 In adding to these
findings, we associated ASA class III patients with
increased risk of sepsis and septic shock (OR 1.91; 95%
CI 1.04–3.78, p=0.05).

Prolonged operation time and intra-operative blood
transfusion were also found to be associated with
significant complications after an esophagectomy. Pres-
ence of these variables may represent advanced disease

or a patient with numerous other morbidities. This
association has been reported by various studies in the
past.1,19 Similarly, contaminated wound class and its
association with poor outcomes are not a new finding,20

but the magnitude of its association with mortality in our
study (OR 18.52; 95% CI 2.94–108.78, p<0.01) is
somewhat surprising. The 95% CI reported with this
variable is very broad, and this, in turn, suggests that a
number of other factors may be confounding the associ-
ation between wound class and death.

There are several limitations associated with the use of
ACS-NSQIP database. In some cases, our sample size for
this relatively uncommon operation may have caused
difficulty in obtaining statistically significant associations
between some known patient and peri-operative variables
and post-operative outcomes. Although the ACS-NSQIP
reliably and prospectively collects pertinent historical,
laboratory, intra-operative, and patient data for surgical
procedures covering a number of specialties, the program
does not allow for procedure-specific data collection.
Some information such as pre-operative variables (pul-
monary function tests), operative data (tumor histology
and stage), and procedure-specific complications (anas-
tomotic leaks) that could contribute more detail to our
analysis are not available. In the current database format,
anastomotic leaks are not reported directly and are most
likely recorded as deep wound infections which may
function as a rough surrogate for this occurrence. In this
study, total wound complication rate was 21% (220 out
of 1,032) which included both superficial and deep
wound infections. A final limitation is our decision to
examine a limited number of variables available from the
ACS-NSQIP database which appeared to have the great-
est affect on post-operative morbidity and mortality
instead of analyzing the impact of all available NSQIP
variables. The possibility of false-positive statistical
findings is always a concern when working with a large
number of statistical comparisons. However, the likeli-
hood of such a random event becomes less likely when
the same factor is found to be associated with multiple
complication groups. Despite these limitations, our study
is one of the largest current reviews of patient and peri-
operative variables impacting morbidity and mortality
after esophagectomy as derived from multiple institutions
across the USA.

Conclusion

Our findings show that the major predictors of morbidity after
an esophagectomy are the patient factors of diabetes, dyspnea,
peripheral vascular disease, and CVAwhile the peri-operative
factors are pre-operative INR, contaminated wound classifica-
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tion, andASA class. Similarly, themajor predictors of mortality
are diabetes, dyspnea, and age for patient factors and
contaminated wound classification for peri-operative factors.

Appendix

Procedure-specific CPT codes

CPT
code

Procedure Cases

43107 Total or near total esophagectomy, without
thoracotomy; with pharyngogastrostomy or
cervical esophagogastrostomy, with or without
pyloroplasty (transhiatal)

422

43108 Total or near total esophagectomy, without
thoracotomy; with colon interposition or small
intestine reconstruction, including intestine
mobilization, preparation and anastomosis(es)

11

43112 Total or near total esophagectomy, with
thoracotomy; with pharyngogastrostomy or
cervical esophagogastrostomy, with or without
pyloroplasty

179

43113 Total or near total esophagectomy, with
thoracotomy; with colon interposition or small
intestine reconstruction, including intestine
mobilization, preparation, and anastomosis(es)

15

43116 Partial esophagectomy, cervical, with free
intestinal graft, including microvascular
anastomosis, obtaining the graft and intestinal
reconstruction

4

43117 Partial esophagectomy, distal two thirds, with
thoracotomy and separate abdominal incision,
with or without proximal gastrectomy; with
thoracic esophagogastrostomy, with or without
pyloroplasty (Ivor Lewis)

204

43118 Partial esophagectomy, distal two thirds, with
thoracotomy and separate abdominal incision,
with or without proximal gastrectomy; with
colon interposition or small intestine
reconstruction, including intestine mobilization,
preparation, and anastomosis(es)

12

43121 Partial esophagectomy, distal two thirds, with
thoracotomy only, with or without proximal
gastrectomy, with thoracic esophagogastrostomy,
with or without pyloroplasty

22

43122 Partial esophagectomy, thoracoabdominal or
abdominal approach, with or without proximal
gastrectomy; with esophagogastrostomy, with or
without pyloroplasty

135

43123 Partial esophagectomy, thoracoabdominal or
abdominal approach, with or without proximal
gastrectomy; with colon interposition or small
intestine reconstruction, including intestine
mobilization, preparation, and anastomosis(es)

12

43124 Total or partial esophagectomy, without
reconstruction (any approach), with cervical
esophagostomy

16

CPT codes Current Procedural Terminology procedure codes as
derived from Current Procedural Terminology, 2007 edition
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Discussant

Dr. Henry Pitt (Indianapolis, IN): I would like to congratulate the
authors on using the ACS-NSQIP database to determine which risk
factors lead to bad outcomes after esophagectomy.

The NSQIP database is robust, certainly compared to many single-
institution studies, but it may not bemature enough yet to determine exactly
which risk factors result in a bad outcome after esophagectomy.

My group has been working with the statisticians at the college
over the last year with respect to pancreatectomy. In that analysis, we
have over 7,000 operations to analyze. However, the College
statisticians are concerned that enough data are not yet available to
properly analyze esophagectomy.

I have three questions.
The first question has to do with your choice to use only the 2005,

2006, and 2007 data which include 600-plus operations. In fact, as of
last summer, the 2008 data were available, and there were another
400-plus esophagectomies in the database. Including the 2008 data
would have given you more than a thousand rather than 600 cases to
analyze. Why didn’t you use the most recent Participant Use File data?

The second question has to do with your statistical analysis. You did a
univariate analysis of 36 factors, looking at seven different outcomes,
which gave you 252 separate univariate analyses. Again, in working with
statisticians at the college, they have lumped the analyses into mortality,
seriousmorbidity, and overall morbidity, or just three outcomes. Among the
seven outcomes that you chose to analyze, three of them had a very low
incidence. DVT was only 5%, mortality only 4%, and cardiac only 2%.
Therefore, youwere not likely to see differences when the percentage of the
complication was so low.

Thirdly, when you went from the univariate to the multivariable
analysis, you came up with 14 variables that were significant. In the
manuscript, in your conclusion, you only picked three of those 14 as
being important on the basis of their hazard ratios. However, the
others were just as statistically significant. You chose diabetes,
peripheral vascular disease, and dyspnea, which are hard to alter.
Why not choose parameters such as low hematocrit or radiation
therapy or blood transfusions that you might be able to affect.

In summary, I applaud your efforts, but I think that this report is a
little premature and needs better statistical support.

Closing Discussant

Dr. Birat Dhungel: For the first question regarding the use of data
from 2005 to 2007 only, when we started this project, ACS-NSQIP
had not published their 2008 data. But now since it is available, we
will definitely look into it to yield a more statistically robust analysis.

For your second question, where we used only 36 variables for
univariate analysis, actually we had used more than 36. I think we had
about 58 variables that we looked into but the ones I showed in those two
tables in the PowerPoint are the ones with a p value less than 0.05, that is,
significant ones in univariate analysis. I think this is also related to low
number of patients with those factors reported in the NSQIP database.

For example, we also looked at something like race, which other
studies have found to be significant. But in our review, it was not
significant. So we dropped that off, too.

And for your third question about focusing on those three factors,
dyspnea, diabetes, and peripheral vascular disease, you’re right; I focused

on those because of their strong association with increased risk for
morbidity and mortality. These factors that I listed, I think, are chronic
issues and can also be addressed and more so at the primary care level.

Discussant

Dr. Steven Demeester (Los Angeles, CA): One of the leading causes
of morbidity and mortality after esophagectomy is anastomotic
complications and graft ischemia. We previously looked at that and
found that factors that correlated with anastomotic complications were
diabetes, peripheral vascular disease, and neoadjuvant therapy.

Did you look at what caused the morbidity and mortality in your
analysis here of global morbidity? Because I suspect that what you are
finding then is those same factors are causing anastomotic complica-
tions, leaks, graft ischemia, and subsequent complications.

Secondly, did you analyze it based on squamous versus adenocar-
cinoma to see differences in the different tumor histologies?

Closing Discussant

Dr. Birat Dhungel: For your first question about anastomotic leaks,
one of the limitations with the use of NSQIP database is that it does
not report on procedure-specific complications. So I think anastomotic
leaks here are likely included in the deep wound infections. But they
do not list it separately, so we could not analyze it.

No, we did not analyze cases for adenocarcinoma versus squamous
cell carcinoma separately. That’s definitely something that can be done
using this database.

Discussion of Paper #1044 (40)

Title of Paper: Patient and Peri-operative Predictors of Morbidity and
Mortality After Esophagectomy: American College of Surgeons
National Surgical Quality Improvement Program (ACS-NSQIP),
2005–2007.

Discussant

Dr. Robert Rout (Gainesville, FL): In my experience, patients with
cancer have severe problems with nutrition. And did you look at the
albumin and the prealbumin in these patients?

Closing Discussant

Dr. Birat Dhungel: We did and we did not find it to be significant in
this study. This can be looked at again in the future when we have
more patients added to the data set.

Discussant

Dr. Henry Pitt (Indianapolis, IN): Additional work has been done to
develop procedure-specific outcomes for esophagectomy, pancreatec-
tomy, hepatectomy, and other procedures. Going forward, your
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hospitals will be able to keep track of new preoperative, intra-
operative, and post-operative variables that are procedure specific.
Therefore, when the new “procedure targeted” module becomes
available, I would recommend that your hospitals switch to this
option.

Discussant

Dr. Margo Shoup (Maywood, IL): I noticed that you included
patients who had ASA classes 4 and 5 undergoing esophagectomy.

Those had to have been emergent cases. I would encourage you to
exclude those patients and just look at the patients that are undergoing
elective esophagectomy.

Closing Discussant

Dr. Birat Dhungel: That’s a very good suggestion. I think we had less
than 10% of patients with ASA classes IV and V combined. Thank
you.
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Abstract
Background/Aim Food intake, eating behavior, and metabolic parameters in rats that underwent bilateral truncal vagotomy,
sleeve gastrectomy, and duodenal switch procedures were examined.
Methods Rats were subjected to bilateral truncal vagotomy plus pyloroplasty (VTPP), pyloroplasty (PP), laparotomy, sleeve
gastrectomy (SG), or duodenal switch (DS; with and without SG).
Results VTPP, but neither PP nor laparotomy, reduced body weight (BW; 10%) transiently (1 week postoperatively). SG
reduced BW (10%) for 6 weeks, while DS alone or SG followed by DS led to a continuous BW loss from 15% at 1 week to
50% at 8 weeks postoperatively. Food intake was higher and the satiety ratio was lower during the night than the day for all
groups of surgeries. Neither VTPP nor SG had measurable effect on food intake, eating behavior and metabolic parameters.
DS reduced daily food intake by more than 50%, which was associated with hypercholecystokinin(CCK)emia, reduced
meal size and increased satiety ratio, and increased fecal energy content (measured at 8 weeks).
Conclusions Weight loss after VTPP, SG, or DS differed in terms of degree, duration, and underlying mechanisms. DS
without SG was most effective in the long-term, probably due to hyperCCKemia-induced reduction in food intake and long-
limb intestinal bypass-induced malabsorption.

Keywords Body weight . Food intake . Obesity surgery Introduction

During the evolution of surgery for morbid obesity, many
different surgical procedures have been developed in order
to reduce food intake and/or nutrition absorption. For
instance, gastric bypass surgery is designed to create a
small pouch in the stomach to produce early satiety and a
consequent reduction in food intake, and moreover to
induce malabsorption by creating a short gut syndrome and/
or by accomplishing distal mixing of bile acid and
pancreatic juice with ingested nutrients, thereby reducing
absorption. It has also been demonstrated that weight loss
surgery, including gastric bypass, changes the perception of
food and thus eating behavior, leading to the concept of
“behavior surgery”.1 We recently reported that rats devel-
oped an altered eating behavior for the short term, but not
the long term after gastric bypass. Gastric-bypassed rats ate
more during the daytime than sham-operated control rats
and were unable to keep up with the control rats with
respect to meal size and eating rate during the night. More
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interestingly, neither their food intake nor absorption was
reduced, despite the fact that the rats had a loss in body
weight following the gastric bypass.2

Based on the hypothesis that “common obesity” has
hypothalamic origins, truncal vagotomy was used for
treatment of severe obesity.3 Based on the understanding
that the vagus nerve controls satiety/hunger and energy
homeostasis, an alternative minimally invasive treatment,
the so-called “Vagal BLocking for Obesity Control”
(VBLOC), has been developed to intermittently block vagal
nerve trunks with high frequency and low power electrical
signals through the laparoscopically implanted device.4

Hence, the first aim of the present study was to analyze
the eating behavior and energy expenditure in rats subjected
to bilateral truncal vagotomy. The measurements were
performed by utilizing a state-of-the-art method known as
a comprehensive laboratory animal metabolic monitoring
system (CLAMS), as performed in our previous studies.2,5,6

Laparoscopically assisted vertical gastrectomy using a
Dexterity Pneumo Sleeve device, the so-called sleeve
gastrectomy, was originally proposed as the first stage
followed by Roux-en-Y gastric bypass or duodenal switch
as the second stage.7,8 This procedure has been recently
considered as an independent weight loss surgery, based on
clinical outcomes and presumably underlying mechanism in
which the ghrelin-rich gastric fundus is eliminated and the
volume of the stomach is reduced.9–12 Previously, we
compared the eating behavior in rats that underwent a total
gastrectomy vs. gastric bypass (i.e., end-to-end anastomosis
of esophagus–proximal jejunum) and found that the food
intake and meal size were reduced after gastrectomy but not
gastric bypass, thus suggesting that the control of food
intake was independent of the food reservoir function of the
stomach.5 Therefore, the second aim of the present study
was to analyze the eating behavior and energy expenditure
in rats subjected to sleeve gastrectomy.

The duodenal switch procedure was originally created as
a surgical solution for primary bile reflux gastritis and/or to
decrease post-gastrectomy symptoms after distal gastrecto-
my and gastroduodenostomy.13 Currently, a combined
procedure of sleeve gastrectomy and duodenal switch has
been applied to the treatment of morbid obesity based on
the rationale that the sleeve gastrectomy preserves the
pylorus and first portion of the duodenum which negates
the possibility of dumping symptoms and reduces the risk
of marginal ulcers.8 The duodenal switch procedure
achieves complete pancreaticobiliary diversion. As a result,
postprandial biliary and pancreatic secretion will be
reduced or eliminated, and the negative feedback effect of
the bile acid and pancreatic juice on cholecystokinin
(CCK)-producing cells in the duodenum and jejunum will
be deprived, thereby leading to an increase in circulating
CCK levels. Since CCK is well known as a satiety

hormone, we hypothesized that the duodenal switch
procedure could be an independent weight loss surgery
because this procedure would reduce the food intake due to
hyperCCKemia and induce malabsorption due to long-limb
intestinal bypass. Hence, the third aim of the present study
was to evaluate the effects of a duodenal switch with and
without a sleeve gastrectomy on body weight, eating
behavior, serum CCK levels, fecal energy content, and
energy expenditure.

Materials and Methods

Animals

Male rats (Sprague–Dawley, 3 months old) were purchased
from Taconic M&B, Skensved, Denmark. The males were
preferred because females change their food intake during
ovulation and males grow faster than females, making it
easier to detect body weight change. The rats were housed
in individually ventilated Makrolon cages with 12 h light/
dark cycle, room temperature of 22°C and 40–60% relative
humidity. They were allowed free access to tap water and
standard rat pellet food (RM1 801002, Scanbur BK AS,
Sweden). The study was approved by the Norwegian
National Animal Research Authority (Forsøksdyrutvalget,
FDU).

Experimental Design

The animals were divided into the following groups:
laparotomy (LAP), pyloroplasty (PP), bilateral truncal vagot-
omy plus pyloroplasty (VTPP), sleeve gastrectomy (SG),
duodenal switch alone (DS), SG as the first stage and then DS
as the second stage (SG1+DS2), and SG and DS simulta-
neously (SG+DS). In consideration of the “3Rs” for the
human use of animals (e.g., reduction of animal numbers to
the minimum consistent with achieving the scientific
purposes of the experiment),14 rats in control groups have
been re-used after a 9-week recovery from previous
operation and revealed an unchanged eating behavior and
metabolic parameters. The rats were first subjected to LAP
(n=7), PP (n=7), or VTPP (n=7), respectively. After
9 weeks, LAP and PP rats were subjected to SG and DS,
respectively. After an additional 11 weeks, SG rats were
subjected to DS, and VTPP rats were simultaneously
subjected to both SG and DS. An additional group of age-
matched rats were subjected to LAP (n=7).

Each rat was monitored weekly with respect to the body
weight development throughout the study period. Each rat
was placed in the CLAMS cage three times for 48 h, i.e.,
1 week before surgery, 1–2 and 8–11 weeks after surgery
for measurements of the eating and metabolic parameters.
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Surgery

Rats were deprived of food but not water for 12 h pre- and
24 h post-operation. All operations were performed under
general anesthesia with isofluran (4% for induction and 2%
for maintenance). Buprenorphine (0.05 mg/kg) was admin-
istrated as a pain reliever subcutaneously immediately after
surgery. LAP was performed through middle-line incision.
PP was performed by cutting off the pyloric sphincter
(2 mm) and suturing it vertically against the incision. VTPP
was achieved by cutting both the anterior and posterior
vagal trunks immediately below the diaphragm and, while
at the same time performing a PP to prevent gastroparesis-
induced food retention and gastric dilation. SG was
performed by resecting 70% of the glandular stomach
along the greater curvature. DS was constructed by trans-
ecting the duodenum 1 cm to the pylorus, and a common
channel was created by dividing the ileum 5 cm proximal to
the ileocecal junction (rats have a much longer jejunum

than humans). The distal limb of the ileum was anasto-
mosed to the post-pyloric duodenum in an end-to-end
manner, and the stump of the duodenum was closed with
cross-suture. The distal anastomosis was performed by
joining the distal biliopancreatic limb at 1 cm to the
ileocecal junction in an end-to-side manner.

Eating and Metabolic Parameters

Eating and metabolic parameters were automatically
recorded by the comprehensive laboratory animal monitor-
ing system (CLAMS; Columbus Instruments International,
Columbus, OH, USA). This system is composed of a four-
chamber indirect calorimeter designed for the continuous
monitoring of individual rats from each chamber. An air
sample was withdrawn every 5 min. The energy expendi-
ture (kcal/h) was calculated according to equation: (3.815+
1.232 RER)×VO2, where the respiratory exchange ratio
(RER) was the volume of CO2 produced per volume of O2

consumed. VO2 was the volume of O2 consumed per hour
per kilogram of mass of the animal. The energy expenditure
is expressed as kcal/h/100 g body weight. Urine production
was automatically recorded by weight. In order for rats to
acclimate to this system, they were placed in these
metabolic cages for 24 h before the first CLAMS
monitoring. The high-resolution eating data was generated
by monitoring all eating balances every 0.5 s, providing
accumulated food intake, meal size, and meal duration. The
end of an eating event (meal) was when the balance was
stable for more than 10 s and a minimum of 0.05 g was
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eaten. Parameters during daytime and nighttime for each rat
included: meal size, meal duration, accumulated food
intake, intermeal interval, rate of eating, and satiety ratio.
The intermeal interval was defined as the interval in
minutes between two meals. The rate of eating was
calculated by dividing meal size by meal duration. The
satiety ratio, an index of non-eating time produced by each
gram of food consumed, was calculated as intermeal
interval divided by meal size. The rats were placed in the
CLAMS chambers for 48 h (data from the first 24 h were
not used in the analysis) with free access to standard rat
powder food (RM1 811004, Scanbur BK AS, Sweden) and
tap water. The total metabolizable energy was 2.57 kcal/g
for both RM1 801002 and 811004.

Determination of Energy Content in Feces

Feces were collected when the rats were placed in
CLAMS cages 8 weeks after DS or age-matched control

LAP, and dried for 72 h at 60°C. The energy content was
determined by means of an adiabatic bomb calorimeter
(IKA-Calorimeter C 5000, IKA-Werke GmbH & Co. KG,
Staufen, Germany).

Determination of Serum CCK Levels

CCK levels in serum were analyzed by radioimmunoassay
with sulfated CCK-8 as standard, using a CCK kit (Euro-
diagnostica AB, Malmö, Sweden).

Statistical Analysis

The data were expressed as mean ± SEM. Comparisons
between surgical groups and between three time points
(1 week before, 1–2 and 8–11 weeks after surgery) were
performed using an independent sample t test or ANOVA
followed by a Tukey’s test when applicable. p<0.05 was
considered statistically significant.

Table 1 Eating and metabolic parameters at 1 week before VTPP, 1 and 9 weeks after VTPP

Parameters 1 W before VTPP 1 W after VTPP 9 W after VTPP

Daytime Food intake (g) 3.37±0.51 4.27±0.53 ns 4.08±0.31 ns

Food intake (g/100 g body weight) 0.74±0.11 1.11±0.18 ns 0.86±0.07 ns

Calories intake (kcal) 8.66±1.30 10.97±1.37 ns 10.49±0.79 ns

Calories intake (kcal/100 g body weight) 1.91±0.29 2.86±0.46 ns 2.20±0.18 ns

Number of meals 13.86±1.77 12.43±1.73 ns 15.57±1.95 ns

Meal size (g/meal) 0.25±0.03 0.39±0.07 ns 0.28±0.03 ns

Meal duration (min/meal) 1.00±0.20 1.81±0.52 ns 1.12±0.14 ns

Intermeal interval (min) 51.86±6.11 59.91±10.49 ns 46.82±6.47 ns

Satiety ratio (min/g) 230.76±43.10 165.10±20.64 ns 166.71±13.47 ns

Rate of eating (g/min) 0.27±0.02 0.27±0.04 ns 0.26±0.02 ns

Nighttime Food intake (g) 13.90±0.63 11.18±1.61 ns 12.80±0.70 ns

Food intake (g/100 g body weight) 3.06±0.15 2.72±0.26 ns 2.68±0.14 ns

Calories intake (kcal) 35.72±1.62 28.73±4.14 ns 32.89±1.80 ns

Calories intake (kcal/100 g body weight) 7.87±0.39 6.99±0.66 ns 6.88±0.36 ns

Number of meals 31.00±3.04 24.29±3.02 ns 31.00±5.32 ns

Meal size (g/meal) 0.46±0.03 0.48±0.06 ns 0.50±0.10 ns

Meal duration (min/meal) 1.96±0.29 2.64±0.46 ns 2.12±0.32 ns

Intermeal interval (min) 21.78±1.92 29.97±5.48 ns 25.66±5.36 ns

Satiety ratio (min/g) 46.70±2.27 65.33±10.13 ns 50.59±2.40 ns

Rate of eating (g/min) 0.25±0.02 0.20±0.03 ns 0.24±0.02 ns

24 h Energy expenditure (kcal/h/100 g body weight) 0.39±0.01 0.43±0.01 ns 0.36±0.01*

RER 0.95±0.01 0.93±0.01 ns 0.95±0.01 ns

Ambulatory activity 7,494.14±1,240.97 6,902.00±923.12 ns 6,504.00±999.08 ns

Data are expressed as mean ± SEM

ns not significant

*p<0.01 (1 W vs. 9 W)
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Results

Mortality

There was no mortality in rats that underwent LAP, PP, or
VTPP. The mortality rate was one of seven in rats subjected
to SG, two of seven to DS alone, one of six to SG1+DS2,
and six of seven to SG+DS simultaneously.

Body Weight

Both LAP and PP had no effect on body weight
development. VTPP transiently reduced the body weight
(about 10% at 1 week postoperatively; Fig. 1a). SG reduced
the body weight (approximately 10%) for about 6 weeks
(Fig. 1b). DS alone or SG followed by DS reduced the
body weight in a similar manner: a rapid and continuous
weight loss of about 10% at 1 week and 50% at 8 weeks
postoperatively (Fig. 1b).

Food Intake, Eating Behavior, Energy Expenditure,
and Fecal Energy Content

Food intake was higher and the satiety ratio was lower
during the night than the day for each rat.

There were no differences between LAP and PP in terms
of food intake and eating behavior parameters at either 1 or
9 weeks postoperatively (data not shown).

VTPP was without any measurable effects on food
intake, eating behavior, and metabolic parameters measured
at either 1 or 9 weeks postoperatively (Fig. 2a; Table 1).

SG had no effects on food intake and eating behavior
parameters, except for meal duration during the night
measured at 2 weeks (Fig. 2b; Table 2). In addition, SG
reduced the water intake during one interval (0.91±0.07 vs.
0.47±0.07 mL at 2 weeks and vs. 0.45±0.08 mL at
11 weeks, both p<0.01). Energy expenditure was increased
at 2 weeks and RER was increased at 11 weeks postoper-
atively (Table 2).

Table 2 Eating and metabolic parameters at 1 week before SG, 2 and 11 weeks after SG

Parameters 1 W before SG 2 W after SG 11 W after SG

Daytime Food intake (g) 5.62±0.70 3.92±0.38 ns 4.76±0.63 ns

Food intake (g/100 g body weight) 1.01±0.15 0.77±0.07 ns 0.83±0.10 ns

Calories intake (kcal) 14.43±1.79 10.08±0.97 ns 12.24±1.62 ns

Calories intake (kcal/100 g body weight) 2.60±0.38 1.97±0.18 ns 2.13±0.27 ns

Number of meals 13.83±1.83 9.83±1.42 ns 11.17±1.54 ns

Meal size (g/meal) 0.41±0.01 0.44±0.08 ns 0.43±0.04 ns

Meal duration (min/meal) 1.52±0.13 1.72±0.20 ns 1.29±0.07 ns

Intermeal interval (min) 51.45±7.09 70.24±8.34 ns 62.28±7.13 ns

Satiety ratio (min/g) 124.13±14.28 170.13±18.28 ns 149.69±23.39 ns

Rate of eating (g/min) 0.28±0.02 0.25±0.03 ns 0.33±0.02 ns

Nighttime Food intake (g) 13.61±0.89 14.41±1.39 ns 13.47±0.69 ns

Food intake (g/100 g body weight) 2.43±0.17 2.80±0.22 ns 2.34±0.09 ns

Calories intake (kcal) 34.97±2.28 37.04±3.57 ns 34.63±1.78 ns

Calories intake (kcal/100 g body weight) 6.23±0.43 7.19±0.56 ns 6.01±0.22 ns

Number of meals 28.50±3.40 23.17±3.59 ns 28.00±4.27 ns

Meal size (g/meal) 0.50±0.06 0.73±0.15 ns 0.53±0.07 ns

Meal duration (min/meal) 1.69±0.19 2.88±0.47* 1.77±0.18 ns

Intermeal interval (min) 24.46±2.86 31.58±5.83 ns 26.76±5.05 ns

Satiety ratio (min/g) 48.93±3.63 45.93±4.93 ns 48.68±2.50 ns

Rate of eating (g/min) 0.30±0.00 0.25±0.02 ns 0.30±0.01 ns

24 h Energy expenditure (kcal/h/100 g body weight) 0.34±0.01 0.38±0.00* 0.37±0.01 ns

RER 0.96±0.01 0.94±0.01 ns 1.02±0.01**, ***

Ambulatory activity 7,014.50±1,001.57 6,721.17±807.00 ns 5,094.67±549.75 ns

Data are expressed as mean ± SEM

ns not significant

*p<0.05

**p<0.01 (pre vs. 2 W or 11 W)

***p<0.01 (2 W vs.11 W)
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DS regardless of whether it was accompanied by SG
reduced the daily food/calories intake by approximately 50%
when measured at 2 as well as 8 weeks postoperatively
(Fig. 3a; Table 3). The reduced food intake was associated
with a reduced meal size and an increased satiety ratio, but
not with the number of meals (Fig. 3b–d; Table 3). The fecal
energy content of DS rats was higher than that of control
LAP rats (20411.15±177.86 J/g vs. 18756.36±51.61 J/g,
p<0.001) at 8 weeks. It was difficult to collect the feces at
2 weeks after DS due to a severe diarrhea. There were no
differences between DS and SG1+DS2 in terms of food
intake and eating behavior parameters, except RER and
energy expenditure at 2 weeks and water intake at 8 weeks
postoperatively.

One surviving rat that was subjected to SG+DS had
reduced food intake and altered eating behavior, much like
the rats subjected to SG1+DS2. However, this was not
analyzed statistically.

Circulating CCK Levels

Serum CCK levels were 12.6±3.0 pmol/L in SG1+DS2
rats. This was more than ten times higher than the value of
rats subjected to the sham operation in our previous report
(plasma CCK levels were 1.1±0.5 pmol/L).15 Unfortunate-
ly, there was a technical error in the determination of the
CCK levels in age-matched control LAP and DS rats in the
present study.

Discussion

The role of vagus in physiologically controlling eating
behavior has been studied during the past decades. It is
believed that food interacts with the gut to provide the brain
via vagal afferents with information regarding food com-
position, amount of ingested food and energy content. The
brain determines the rate of nutrient absorption, partition-
ing, storage, and mobilization through vagal efferents as
well as the sympathetic nervous system and hormonal
mechanisms.16 This food–gut-brain axis is considered as an
autonomic neurohumoral pathway regulating energy ho-
meostasis. In the present study, disruption of the gut-brain
axis by VTPP was without any measureable effect on the
energy homeostasis. The body weight loss was slight (about
15%) and transient (1 week postoperatively). This may
explain why vagotomy as treatment for obesity has received
little attention since it was used 30 years ago.3 However,
with the substantial need for effective treatment of obesity
at younger ages and the improved safety of laparoscopic
procedures, it has been suggested that surgical treatment
can be justified at lower levels of BMI, before the eating
disorder has become intractable and requires malabsorptive
operations. The possibility for utilizing a laparoscopic
abdominal vagotomy has been well discussed elsewhere.17

SG weight loss surgery is believed to be restrictive as
well as a neurohormone-mediated procedure. The early
clinical results seem promising, but long-term data is still
needed to define the place of LSG within the bariatric
surgery armamentarium.18,19 In the present study, SG
reduced the body weight by about 10% in the short-term
(1–6 weeks) but not in the long-term (after 7 weeks). The
reduction was not associated with reduced food intake but
possibly with increased energy expenditure, which is in line
with previous observations in rats subjected to total
gastrectomy or gastric bypass.5 The underlying physiolog-
ical mechanisms are still unknown. It should also be
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mentioned that SG rats, like totally gastrectomized rats,
seemed to drink frequently postoperatively, probably owing
to lower ghrelin and obestatin levels.5,20,21

In the present study, DS alone and SG+DS exhibited
well-matched postoperative effects on body weight, meta-
bolic parameters and eating behavior, leading to a long
lasting and effective body weight loss. More interestingly,
the results of the present study support our hypothesis that
the DS procedure per se could be considered as an
independent weight loss surgery because this procedure
reduces the food intake due to hyperCCKemia and induces
malabsorption due to intestinal bypass. As expected after
pancreaticobiliary diversion,15,22–24 circulating CCK levels
were elevated after SG1+DS2, which in turn increased the
satiety ratio and reduced meal size. Malabsorption is
believed to be due to long-limb intestinal bypass after DS.
In fact, DS patients also showed a decreased appetite and
continuously body weight loss.25 In addition to CCK,

glucagon-like peptide-1 (GLP-1) levels in the circulation
have been reported to be elevated in rats subjected to
pancreaticobiliary diversion, which could have a beneficial
effect on ß cells in the pancreas.26,27 Unfortunately, GLP-1
was not measured in the present study, thus it will be of
interest for future study.

In conclusion, VTPP, SG, and DS, like gastric bypass,
reduced the body weight, though the effectiveness and
underlying mechanisms appear different. Since obesity is
believed to a multifactorial disease, the options for the
treatment, including various surgical procedures, should be
individualized.
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Table 3 Eating and metabolic parameters at 1 week before DS both with and without SG, 2 and 8 weeks after DS both with and without SG

Parameters 1 W before operation 2 W after operation 8 W after operation

Daytime Food intake (g) 4.99±0.31 3.54±0.44* 4.30±0.44 ns

Food intake (g/100 g body weight) 0.92±0.05 0.87±0.11 ns 1.60±0.20**, ****

Calories intake (kcal) 12.83±0.79 9.11±1.14* 11.05±1.14 ns

Calories intake (kcal/100 g body weight) 2.36±0.13 2.25±0.28 ns 4.10±0.51**, ****

Number of meals 12.80±1.18 17.50±3.79 ns 25.70±4.86*

Meal size (g/meal) 0.41±0.03 0.24±0.03* 0.25±0.06*

Meal duration (min/meal) 1.33±0.10 2.35±0.41 ns 3.74±1.82 ns

Intermeal interval (min) 54.01±4.00 54.86±14.48 ns 42.19±12.04 ns

Satiety ratio (min/g) 134.37±8.03 210.35±29.60* 163.30±20.66 ns

Rate of eating (g/min) 0.31±0.01 0.13±0.03** 0.10±0.01**

Nighttime Food intake (g) 13.34±0.43 4.89±0.73** 6.16±0.54**

Food intake (g/100 g body weight) 2.47±0.12 1.19±0.17** 2.20±0.15****

Calories intake (kcal) 34.29±1.10 12.56±1.86** 15.82±1.38**

Calories intake (kcal/100 g body weight) 6.35±0.30 3.07±0.44** 5.65±0.39****

Number of meals 25.20±2.62 20.30±3.43 ns 31.20±4.48 ns

Meal size (g/meal) 0.58±0.05 0.28±0.06* 0.29±0.09*

Meal duration (min/meal) 1.96±0.19 3.64±1.28 ns 3.84±1.58 ns

Intermeal interval (min) 28.19±2.96 40.29±6.97 ns 27.13±7.01 ns

Satiety ratio (min/g) 48.90±1.66 161.24±26.37** 109.27±11.90*

Rate of eating (g/min) 0.30±0.01 0.10±0.01** 0.09±0.01**

24 h Energy expenditure (kcal/h/100 g body weight) 0.37±0.01 0.38±0.02 ns 0.43±0.01*, ***

RER 0.99±0.02 0.90±0.03 ns 1.11±0.07****

Ambulatory activity 5,410.30±696.92 5,773.60±891.92 ns 3,533.70±618.31 ns

Data are expressed as mean ± SEM

ns not significant

*p<0.05

**p<0.01 (pre vs. 2 W or 8 W)

***p<0.05

****p<0.01 (2 W vs. 8 W)
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Discussant

DR. THOMASH.MAGNUSON (Baltimore, MD): I would like to thank
Dr. Kodama and congratulate him on an excellent presentation, and he
and his coauthors on an excellent manuscript. They have given us some
important insights into how some these bariatric operations work from a
metabolic perspective. This is an important topic, with the ultimate goal
of better selecting the right operation for each individual patient.

They found, interestingly, that vagotomy alone or sleeve gastrec-
tomy alone seemed to have little impact on weight loss or eating
behavior, but the duodenal switch operation did have a dramatic
impact on weight loss and also altered energy expenditure.

I have a couple quick questions.
First, with regards to your sleeve gastrectomy model, it looks like

this didn’t work very well, but yet there’s other animal models, obese
rats and mice for example, as well as our human clinical experience,
showing that the sleeve works pretty well as an operation for weight
loss. I wonder if you could comment briefly on why your results differ
from that of others. Did you measure circulating levels of ghrelin,
which has been implicated as being important in the function of the
sleeve gastrectomy as an appetite suppressant?

The second question involves your duodenal switch model. It
looks like these animals lost dramatic weight, but was this really a
physiologic model? It seems like most of these animals had severe
diarrhea and over 30 or 40% of your animals actually died in the
study. Was this due to severe malnutrition? Did you measure
nutritional parameters, such as serum albumin levels, to make sure
this wasn’t a model of severe protein calorie malnutrition contributing
to the deaths and the severe diarrhea?

In addition, you measured CCK levels and postulated that that
might be an effect of the duodenal switch and its impact on satiety, but
did you think about measuring other GI peptides. GLP-1, adiponectin,
NPY and PYY have all been implicated as being important to weight
loss in animal models that bypass variable lengths of intestine.

Once again, I enjoyed your presentation.
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Closing discussant

DR. YOSUKE KODAMA: Thank you very much for your comments.
In this study with normal rats, duodenal switch, but not vagotomy or
sleeve gastrectomy, resulted in the dramatic weight loss. It will be of
interest to repeat this study but with obese rats to see whether the
effect differs. We did not measure ghrelin levels in this study, because
we did not see a significant weight loss after the sleeve gastrectomy.

As reported in our manuscript, 2 of 7 rats died after duodenal
switch procedure alone, and 1 of 6 rats died after sleeve
gastrectomy as the first stage and duodenal switch as the second

stage. Such mortality is generally acceptable in the experimental
surgery with small animals. All survived animals from duodenal
switch had severe diarrhea but it lasted only for a short time
period (e.g. 2 weeks). We did not measure the serum albumin
levels. In the case that the two procedures were performed at the
same time, 6 of 7 rats died, which was most likely due to surgical
trauma.

This was our first experimental study suggesting that duodenal
switch alone might be used as an independent weight loss surgery. The
underlying mechanism should be further investigated, for example, by
measuring not only CCK but also other GI hormones as you have
suggested.
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Abstract
Introduction The Physiological and Operative Severity Score for the enUmeration of Mortality and morbidity (POSSUM)
model and its Portsmouth (P-POSSUM) and colorectal (CR-POSSUM) modifications are used extensively to predict and
audit post-operative mortality and morbidity. This aim of this systematic review was to assess the predictive value of the
POSSUM models in colorectal cancer surgery.
Methods Major electronic databases, including Medline, Embase, Cochrane Library and Pubmed were searched for original
studies published between 1991 and 2010. Two independent reviewers assessed each study against inclusion and exclusion
criteria. All data was specific to colorectal cancer surgery. Predictive value was assessed by calculating observed to expected
(O/E) ratios.
Results Nineteen studies were included in final review. The mortality analysis included ten studies (4,799 patients) on
POSSUM, 17 studies (6,576 patients) on P-POSSUM and 14 studies (5,230 patients) on CR-POSSUM. Weighted O/E ratios
for mortality were 0.31 (CI 0.31–0.32) for POSSUM, 0.90 (CI 0.88–0.92) for P-POSSUM and 0.64 (CI 0.63–0.65) for CR-
POSSUM. The morbidity analysis included four studies (768 patients) on POSSUM with a weighted O/E ratio of 0.96 (CI
0.94–0.98).
Conclusions P-POSSUM was the most accurate model for predicting post-operative mortality after colorectal cancer
surgery. The original POSSUM model was accurate in predicting post-operative complications.

Keywords Mortality . Colorectal cancer . Surgical scoring
systems . Systematic review . POSSUM . P-POSSUM .

CR-POSSUM

Introduction

Colorectal cancer is the second most common cause of
cancer death in the UK. Each year, the disease accounts for
approximately 35,000 new cases and over 16,000 deaths.1

The majority of patients undergo potentially curative
surgery.

With centres performing increasing numbers of colo-
rectal cancer resections each year, scoring systems that
accurately predict post-operative mortality and morbidity
are needed. Accurate prediction of outcome can increase
the precision of individual prognosis and allow improved
treatment planning and resource allocation. In addition,
the application of a scoring system that adjusts for the
confounding effect of case mix can allow fair and
comparative audit.2

A number of such scoring systems exist3–5 but the
Physiologic and Operative Severity Score for the enUmer-
ation of Mortality and morbidity (POSSUM) model has been
recommended as the most appropriate for surgical practice.6

This model, utilising scores relating to twelve physiological
and six operative variables, was developed to predict 30-day
mortality and morbidity after general surgical operations.7
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POSSUM has since been used to allow comparison of
performance between individual surgeons8,9 and hospitals.2

The POSSUM model was subsequently applied to a
large number of general surgical patients but was found to
consistently over-predict mortality, especially in low risk
patients. This led to the development of the Portsmouth
modification (P-POSSUM)10,11 which used the same
physiological and operative variables but a different
regression equation to predict mortality. More recently, in
a further attempt to improve accuracy, specialty-specific
models have been developed and applied to vascular (V-
POSSUM and RAAA-POSSUM),12,13 gastro-oesophageal
(O-POSSUM)14 and colorectal surgery (CR-POSSUM).15 It
should be noted that P-POSSUM and the specialty-specific
models, including CR-POSSUM, relate only to the predic-
tion of post-operative mortality and are not designed to
predict post-operative complications. Tables 1 and 2
summarise the variables and risk equations used in the
POSSUM, P-POSSUM and CR-POSSUM scoring systems.

The application of such predictive models to colorectal
cancer surgery has generated conflicting results. The aim of
the present study was to undertake a systematic review of
the value of POSSUM, P-POSSUM and CR-POSSUM in
predicting post-operative mortality and morbidity in
patients undergoing surgery for colorectal cancer.

Methods

Search Strategy

This systematic review of published data was undertaken
according to a pre-defined protocol. A search, using
appropriate key terms was made of the following online
databases: Medline, Embase, Pubmed, Cochrane Controlled
Trials Register, the Cochrane Database of Systematic
Reviews, CancerLit, and the Database of Abstracts and
Reviews. The following sources were also searched for
continuing or recently completed studies: National
Research Register archive, Medical Research Council trials
directory, www.ClinicalTrials.gov and www.who.int/trial
search. Eligibility was restricted to studies published
between 1991 (publication of original POSSUM model)
and January 2010 with full text available in English
language. The electronic search was supplemented by hand
searching the reference lists of all relevant review and
original articles. The literature search was repeated imme-
diately prior to the final analysis.

Criteria for Review

Only studies relating exclusively to colorectal cancer surgery
were included; this was defined as any operation for

confirmed colorectal malignancy and was predominantly,
but not exclusively, major colon or rectal resection with
curative intent. Studies with no extractable cancer-specific
data were excluded. These exclusion criteria were applicable
to the large studies used in the original construction of all
three POSSUM models.7,10,11,15 If a study included colo-
rectal cancer patients but did not report cancer-specific data
the lead author was contacted and asked to provide raw data
on the cancer subgroup. Data quoted as unpublished or
derived from abstracts were not used.

Review Procedure

Titles and abstract were studied to assess relevance. Full text
was obtained for selected studies and information entered
into an electronic database using a standardised data
extraction tool. Two authors (CHR, EFL) independently
assessed selected studies against the above criteria. Disagree-
ments regarding inclusion were resolved by discussion with
a third party (DCM).

Statistical Analysis

Post-operative mortality and morbidity were assessed by
30-day or in-hospital rates. The accuracy of each POSSUM
model was assessed by the ratio of observed to expected
events (O/E ratio). To account for sample size, a weighted
mean O/E ratio with 95% confidence intervals was
calculated for each model. An O/E ratio equal to 1 confers
100% predictive accuracy, a ratio <1 implied model over-
prediction of events and a ratio >1 implied model under-
prediction of events. Analysis was carried out using SPSS
software (version 15.0, SPSS. Inc, Chicago, IL, USA).

Results

The titles and abstracts of 345 published articles were
examined before full text was obtained for 48 studies. Thirty
of these studies did not meet the inclusion criteria; 24 did not
contain data specific to colorectal cancer surgery,2,5,7–11,15–31

four were review articles,6,32–34 one study referred to a
duplicate dataset35 and one article was not available in
English language.36 One further study was included after
the author provided colorectal cancer-specific data on
request.37 Nineteen independent studies were thus included
in the final review. The selection process and exclusion
criteria applied are summarised in Fig. 1.

Studies Included in the Mortality Analysis

Nineteen studies, comprising data on 6,929 patients,
reported the accuracy of POSSUM, P-POSSUM or CR-
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POSSUM in predicting post-operative mortality after
colorectal cancer surgery. These studies are summarised in
Table 3. Several studies applied more than one POSSUM
model to their population. Nine studies collected and
applied model data prospectively while ten collected at
least part of their data retrospectively. The majority of
studies (14/19) reported death rates as 30-day mortality
while four studies reported in-hospital rates. In the study38

that reported both, the 30-day figure was used in the current
review. (Table 3)

The operative and pathological details of the study
populations are summarised in Table 4. The operations
performed were predominantly major open colorectal
cancer resections. Less than 5% of operations for

colorectal cancer were carried out laparoscopically.
Approximately three quarters (76%) of all operations were
performed on an elective basis. Only one study39 reported
data exclusive to emergency colorectal cancer operations.
The majority of surgery was undertaken with a curative
intent with 54% of patients graded as Dukes A or Dukes
B cancers. The operative characteristics were similar in
the POSSUM, P-POSSUM and CR-POSSUM study
populations.

Studies Included in the Morbidity Analysis

Four studies, comprising data on 768 patients, reported
the accuracy of POSSUM in predicting post-operative

Table 1 The physiological and operative variables used in the calculation of POSSUM and P-POSSUM scores

Score

1 2 4 8

Physiological variables

Age <60 61–70 >70

Cardiac Normal Cardiac drugs Oedema JVP

Warfarin Cardiomegaly

Respiratory Normal SOB exertion SOB stairs SOB rest

Mild COPD Mod COPD Fibrosis

ECG Normal AF (60–90) Other abnormality

Systolic BP (mmHg) 110–130 131–170 ≥ 171 ≤ 89
100–109 90–99

Pulse (beats/min) 50–80 81–100 101–120 ≥120
40–49 ≤39

Haemoglobin (g/dL) 13–16 11.5–12.9 10–11.4 ≤9.9
16.1–17 17.1–18 ≥18.1

White cell count (×1012/L) 4–10 10.1–20 ≥ 20.1

3.1–3.9 ≤ 3

Sodium (mmol/L) ≥136 131–135 126–130 ≤125
Potassium (mmol/L) 3.5–5 3.2–3.4 2.9–3.1 ≤2.8

5.1–5.3 5.4–5.9 ≥6
Urea (mmol/L) ≤7.5 7.6–10 10.1–15 ≥15.1
GCS 15 12–14 9–11 ≤8
Operative variables

Operation category Minor Intermediate Major Major+

No. of procedures 1 2 >2

Total blood loss (ml) <100 101–500 501–999 >1,000

Peritoneal soiling None Serous fluid Local pus Free pus

Malignancy None Primary only Nodal mets Distant mets

Timing of operation Elective Urgent Emergency

The regression equations used to calculate the risk (R) of mortality and morbidity are as follows: POSSUM mortality equation : Log
R= R� 1ð Þ½ � ¼ �7:04þ 0:13xphysiological scoreð Þ þ 0:16xoperative scoreð ÞP� POSSUM mortality equation : Log R= R� 1ð Þ½ � ¼ �9:065þ
0:16xphysiological scoreð Þ þ 0:15xoperative scoreð ÞPOSSUM morbidity equation : Log R= R� 1ð Þ½ � ¼ �5:91þ 0:16xphysiological scoreð Þþ
0:19xoperative scoreð Þ
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morbidity after colorectal cancer surgery. The patient and
operative characteristics of these studies are shown in
Table 5. Two studies reported morbidity based on the
original POSSUM definitions40,41 while two studies42,43

used an arbitrary list of complications. Two studies41,43

assessed morbidity rates retrospectively. There were also
considerable differences in the operations performed. One
study43 reported data relating to a predominantly elderly
population with a high proportion of emergency surgery

(56%) while another42 reported exclusively on elective rectal
cancer resections with a high proportion of neoadjuvant
chemo-radiotherapy (62%).

Observed to Expected Mortality

The ratios of observed to expected post-operative mortality
in the POSSUM, P-POSSUM and CR-POSSUM studies are
shown in Table 6. Ten studies (4,799 patients) reported data

Score

1 2 3 4 8

Physiological variables

Age ≤60 61–70 71–80 ≥81
Cardiac failure None/mild Moderate Severe

Systolic BP (mmHg) 100–170 >170 <90
90–99

Pulse (beats/min) 40–100 101–120 >120
<40

Urea (mmol/l) ≤10 10.1–15 >15

Haemoglobin (g/dl) 13–16 10–12.9 <10
16.1–18 >18

Operative variables

Operative severity Minor Intermediate Major Major+

Peritoneal soiling None/Serous Local pus Free pus or faeces

Operative urgency Elective Urgent Emergency

Cancer staging None Dukes C Dukes D
Dukes A/B

Table 2 The physiological and
operative variables used in the
calculation of CR-POSSUM
score

The regression equation used to
calculate the risk (R) of mortal-
ity is as follows: CR�
POSSUM mortality equation :
Log R= R� 1ð Þ½ � ¼
�9:167þ
0:33xphysiological scoreð Þ þ
0:30xoperative scoreð Þ

Literature search results
N = 345

Excluded on basis of abstract
N = 302

Excluded
N = 30

(Data not cancer-specific)
N = 24

(Review articles)
N = 4

(Duplicate dataset)
N = 1

(No English language)
N = 1

Full text obtained and data 
extracted
N = 48

Studies included
N = 19

Hand searching reference lists
N = 6

Cancer-specific data provided 
by author

N = 1

Fig. 1 QUOROM flow chart
depicting the study selection
process and application of ex-
clusion criteria. Nineteen inde-
pendent studies were included in
the final review (mortality anal-
ysis=19/19 studies; morbidity
analysis=4/19 studies).
QUOROM quality of reporting
of meta-analyses
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on the original POSSUM model. The observed mortality in
these patients ranged from 1.4% to 10.2% while the
predicted mortality ranged from 5.6% to 21.9%. Seventeen
studies (6,576 patients) reported on P-POSSUM. The
observed mortality ranged from 0.7% to 11.3% while the
predicted mortality ranged from 2% to 15.6%. Fourteen
studies (5,230 patients) reported on CR-POSSUM. The
observed mortality ranged from 0.7% to 10.7% while
the predicted mortality ranged from 2.1% to 13.1%. The

weighted observed to expected ratio for mortality for
POSSUM, P-POSSUM and CR-POSSUM was 0.31, 0.90
and 0.64, respectively (Table 6).

Observed to Expected Morbidity

There was considerable variation in the observed and
predicted rates of morbidity between the four studies. The
observed morbidity rate ranged from 26.4% to 54.5% while

Table 5 Summary characteristics of four studies of POSSUM and prediction of post-operative morbidity in patients undergoing surgery for
colorectal cancer

Author Year Patients
with CRC

Study characteristics Morbidity
recording

Definitions used Morbidity
observed (%)

Morbidity
expected (%)

O/E
ratio

Menon40 2001 173 Elective 79% Prospective POSSUM definitions 28.9 32.1 0.90
Dukes A/B 50%

Dukes C/D 50%

Isbister41 2002 145 Single surgeon Retrospective POSSUM definitions 54.5 35.4 1.54
Rectal cancer 100%

Pre-op DXT 5%

Valenti42 2008 273 Elective 100% Prospective Arbitrary list 26.4 31.2 0.84
Rectal cancer 100%

Pre-op CTx/DXT 62%

Ugolini43 2008 177 Elderly population Retrospective Arbitrary list 42.7 59.3 0.72
Elective 44%

Emergency 56%

CRC colorectal cancer, CTx chemotherapy, DXT radiotherapy

Table 4 Clinicopathological characteristics of 19 studies of POSSUM, P-POSSUM and CR-POSSUM and prediction of post-operative mortality
in patients undergoing surgery for colorectal cancer

Operative details POSSUM patients
n=4799 (%)

P-POSSUM patients
n=6576 (%)

CR-POSSUM patients
n=5230 (%)

All patients
n=6929 (%)

No. of studies 10 17 14 19

Major operation. 99 99 100 99

Minor operation. 1 1 0 1

Open operation 100 96 96 96

Laparoscopic operation 0 4 4 4

Dukes A/B 57a 54a 57a 54a

Dukes C/D 40a 43a 40a 43a

Elective presentation 87 74 80 76

Emergency presentation 13 26 20 24

Data are presented as mean percentages

CRC colorectal cancer
a Values do not equal 100% because not every study reported all characteristics
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the predicted morbidity ranged from 31.2% to 59.3%. The
weighted observed to expected ratio for morbidity for
POSSUM was 0.96 (Table 5).

Discussion

The present study is, to our knowledge, the first systematic
review of POSSUM and its related models as predictors of
post-operative mortality in patients undergoing surgery for
colorectal cancer. The results of the present review of 6,929
colorectal cancer operations, indicate that, compared with
the original POSSUM model, both P-POSSUM and CR-
POSSUM are better predictors of post-operative mortality.
Furthermore, compared with P-POSSUM, CR-POSSUM
offers no additional predictive value.

The reasons for the lack of additional value of CR-
POSSUM in patients undergoing surgery for colorectal
cancer are not clear. P-POSSUM was originally developed
by analysing over 10,000 operative procedures10,11 and,
although these were not described in detail, all procedures
required hospital admission. In the development of CR-
POSSUM, Tekkis and coworkers (2004), in almost 7,000
colorectal surgical cases, included a large proportion of
minor and non-cancer operations (approximately half).
Therefore, it may be that P-POSSUM, developed on a
population undergoing inpatient surgical operations (i.e.
greater surgical severity), better predicts post-operative
mortality in patients with colorectal cancer than the CR-
POSSUM model, based solely on surgical site. This
heterogeneity of patients and procedures even within a
colorectal specialty highlights the inherent problem of
developing specialty-specific models to predict post-
operative mortality. In addition, previous reports may
simply have lacked power as very large populations are
needed to assess the predictive value of any model given
the low mortality rates associated with the majority of
colorectal procedures.

The present study is also, to our knowledge, the first
systematic review of POSSUM as a predictor of post-
operative morbidity in patients undergoing surgery for
colorectal cancer. The results of the present review of 768
colorectal cancer operations, suggest that POSSUM per-
forms well (O/E ratio 0.96) as a predictor of post-operative
morbidity. Given that post-operative complications are
considerably more common than post-operative death in
patients undergoing surgery for colorectal cancer, these
results would suggest an important future role for POSSUM
as an audit tool. In the past, complications after major
colorectal resection have not been well defined or uniformly
recorded. More recently, in attempt to address this, the
complications following colorectal cancer surgery have been
defined as infectious (wound infection, intra-abdominal
abscess, anastomotic leak, pneumonia and septicaemia) and
non-infectious (cardiac events encompassing acute coronary
syndrome and acute myocardial infarction and pulmonary
embolism).44,45 This will enable reliable recording of post-
operative complications in such patients and a more
detailed examination of the predictive value of POSSUM
and other indices in future large scale studies.

There are a number of limitations to the present study. We
restricted the review to the examination of the POSSUM
models. Other models have been used to predict post-
operative mortality in colorectal cancer surgery including the
American Society of Anaesthesiologists (ASA) grade,4 the
Simplified Acute Physiology Score (SAPS II)46 and
the Acute Physiology and Chronic Health Evaluation
(APACHE II) score.3 More recently, the Association of
Coloproctology of Great Britain and Ireland (ACPGBI) have
developed a model to predict post-operative mortality after
colorectal cancer surgery5 although as yet there are few
reports of its use in the literature. In the present study the
POSSUM models alone were examined since these models
were developed specifically to predict mortality and mor-
bidity after operative surgery and have been extensively
applied to general surgical populations.

Table 6 Summary data of all studies of POSSUM, P-POSSUM and CR-POSSUM and prediction of post-operative mortality and morbidity in
patients undergoing surgery for colorectal cancer

Model Studies CRC patients O/E ratio range Weighted O/E ratio 95% confidence interval

Mortality prediction

POSSUM 10 4,799 0.11–0.80 0.31 0.31–0.32

P-POSSUM 17 6,576 0.20–2.36 0.90 0.88–0.92

CR-POSSUM 14 5,230 0.14–1.11 0.64 0.63–0.65

Morbidity prediction

POSSUM 4 768 0.72–1.54 0.96 0.94–0.98

Data is presented as the mean observed to expected (O/E) ratio, weighted according to study sample size

CRC colorectal cancer
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In summary, in the present systematic review, both P-
POSSUM and CR-POSSUM, compared with the original
POSSUM, are better predictors of post-operative mortality
after colorectal cancer surgery. Furthermore, CR-POSSUM
offers no additional predictive value over P-POSSUM.
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Discussion

Discussant

Dr. Matthew M. Hutter (Boston, MA): Thank you, Dr.
Richards. Congratulations on an excellent presentation of a
very interesting study.

Judging by the multiple studies you examined with
conflicting results comparing these three scoring systems,
POSSUM, P-POSSUM, and colorectal POSSUM, it seems
Logical to proceed with the meta-analysis or systematic
review to make order out of the chaos. However, my
underlying concern is that the reason the individual studies
disagree is that none of the scoring systems are ultimately
very good in assessing the quality of care.

For the P-POSSUM, the supposed winner of the three,
there’s a wide range in the O/E ratios from .2 to 2.4. That
means that there’s either a tremendous range in the quality
of care provided to the patients in these studies or that
even the P-POSSUM actually does a very bad job of
predicting mortality. The problem is we don’t know which
one is true.

So my first question then is given what you have learned
about these scores, would you want your performance as a
surgeon, or that of your authors, your partners, your hospital,

J Gastrointest Surg (2010) 14:1511–1520 1519



hospital system, to be measured or graded According to such
scores?

My second question is, if so or if not, what would you do,
what important characteristics would you use to create a
system that would be better?

Closing Discussant

Dr. Colin Richards: I think you’re right and that, ultimately,
no scoring system is perfect. Although the POSSUM models
are far from perfect I believe they have some good points.

Number one, the majority of data required is routinely
collected, so it’s possible, even retrospectively, to calculate
an accurate P-POSSUM score for patients. Secondly, al-
though there is variation in the reported OE ratios I believe
that in large populations with rigorous data collection P-
POSSUM will prove accurate.

The fact that there is a wide variation in reported OE ratios
was one of the reasons we undertook the review. Some
studies are reporting an OE ratio of 0.2 while some studies
are saying over 2.0.

Having undertaken the review I think some of this
variation is certainly because the number of events or the
number of deaths in these studies is low. The actual
mortality, especially in elective colorectal cancer surgery,
is so low that you need a population of at least 400 or 500
patients over an appropriate time period before you can
get any sense of it. In smaller populations one or two
deaths in a row make a big difference and change the O/E
ratio significantly. So I think many of the original studies

were underpowered and that’s one of the reasons we are
getting such a disparity.

I also believe that is one of the advantages to pooling the
data like this; when you take the patient numbers up to 6,000
or 7,000, you get less disparity and the model appears more
accurate.

In terms of whether we would be prepared to use it in
our hospital, I think the short answer is yes. I think if
you’re going to compare mortality between institutions or
between surgeons, you’re much better doing it in a risk-
adjusted rather than a crude fashion. In terms of risk-
adjustment scoring for colorectal cancer surgery, this is the
best we currently have.

If we were to create a better system, what would change? I
think, ideally, you would want a system which relies on a
smaller number of variables, is simple to construct and one
which can grade patients pre-operatively instead of having to
go back and add things such as pathology results post-
operatively. Having a predicted risk of death before you
undertake the operation would be advantageous in surgical
planning and patient counseling. I would also place more
emphasis on whether the surgery was elective or emergency
side because that appears to have a greater impact on
mortality than say the ‘complexity’ of the operation.
Currently in the colorectal POSSUM score, for example.

A complex major operation, such as a high anterior
resection adds a significant amount of points, compared to a
left hemicolectomy. I think that nowadays, most surgeons
would not expect or indeed observe a post-operative mortality
difference between such similar elective operations.
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Abstract
Background Elevated microsatellite instability at selected tetranucleotide repeats (EMAST) is a genetic signature identified
in 60% of sporadic colon cancers and may be linked with heterogeneous expression of the DNA mismatch repair (MMR)
protein hMSH3. Unlike microsatellite instability-high (MSI-H) in which hypermethylation of hMLH1 occurs followed by
multiple susceptible gene mutations, EMAST may be associated with inflammation and subsequent relaxation of MMR
function with the biological consequences not known. We evaluated the prevalence of EMAST and MSI in a population-
based cohort of rectal cancers, as EMAST has not been previously determined in rectal cancers.
Methods We analyzed 147 sporadic cases of rectal cancer using five tetranucleotide microsatellite markers and National-
Cancer-Institute-recommended MSI (mononucleotide and dinucleotide) markers. EMAST and MSI determinations were
made on analysis of DNA sequences of the polymerase chain reaction products and determined positive if at least two loci
were found to have frame-shifted repeats upon comparison between normal and cancer samples from the same patient. We
correlated EMAST data with race, gender, and tumor stage and examined the samples for lymphocyte infiltration.
Results Among this cohort of patients with rectal cancer (mean age 62.2±10.3 years, 36% female, 24% African American),
3/147 (2%) showed MSI (three males, two African American) and 49/147 (33%) demonstrated EMAST. Rectal tumors from
African Americans were more likely to show EMAST than Caucasians (18/37, 49% vs. 27/104, 26%, p=0.014) and were
associated with advanced stage (18/29, 62% EMAST vs. 18/53, 37%, non-EMAST p=0.02). There was no association
between EMAST and gender. EMAST was more prevalent in rectal tumors that showed peri-tumoral infiltration compared
to those without (30/49, 60% EMAST vs. 24/98, 25% non-EMAST, p=0.0001).
Conclusions EMAST in rectal cancer is common and MSI is rare. EMAST is associated with African-American race and
may be more commonly seen with metastatic disease. The etiology and consequences of EMAST are under investigation,
but its association with immune cell infiltration suggests that inflammation may play a role for its development.
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Abbreviations
EMAST Elevated microsatellite instability at selected

tetranucleotide repeats
MSI Microsatellite instability
MSI-H Microsatellite instability-high
MMR Mismatch repair

Introduction

Microsatellite instability (MSI) is a hallmark of mismatch
repair (MMR) dysfunction and is detected by instability at
mononucleotide or dinucleotide microsatellite DNA
sequences. MSI is seen in patients with Lynch syndrome
and in approximately 15% of patients with sporadic
colorectal cancer. The other 85% of sporadic colorectal
cancers do not demonstrate this MSI pattern and have not
been associated with MMR deficiency.1,2 Alterations
involving specific tetranucleotide microsatellite DNA
sequences, termed “elevated microsatellite alterations at
selected tetranucleotide repeats,” or EMAST, have not been
linked to MMR dysfunction. EMAST has been previously
observed in non-small-cell lung,3,4 skin,5 ovarian,6 and
bladder cancers.5,7 The etiology for EMAST is not known,
but EMAST has been used as a biomarker for some of these
tumors.

Most recently, EMAST has been shown to have a
prevalence of ∼60% among a cohort of sporadic colon
cancers.8 Although the underlying mechanism behind
EMAST remains unknown, the authors suggests that
MSH3, an MMR gene involved in repair of longer repeat
sequences such as those greater than dinucleotide repeats,
may be linked to EMAST due to its “heterogeneous”
immunohistochemical expression in some colon cancers.8

This type of pattern suggests an acquired defect, as no germ
line mutation in MSH3 has ever been demonstrated.2 Some
MMR genes, in particular MSH6 and PMS2, can be
downregulated in the setting of inflammation,9 suggesting
a potential mechanism for “relaxation” of DNA MMR
function. An association between inflammation and
EMAST has not been previously demonstrated.

Rectal cancers have a number of differences from
colon cancers, but both disease processes are often
lumped together in studies as colorectal cancer. Differ-
ences include (a) its embryonic origin, (b) its gender
differences in incidence, (c) its molecular profile of
genes, and (d) its approach to treatment.10–13 Classic
MSI prevalence has been described among cohorts
ranging from 0% to 20%,14–16 but EMAST has never
been evaluated among rectal cancers.

In this study, we evaluated the prevalence of MSI and
EMAST in sporadic rectal cancer. We also analyzed
clinicopathological features including race, gender, and
disease stage and correlated these with EMAST prevalence.
We also correlated the presence of inflammatory cells
histologically with EMAST as a means to assess linkage of
inflammation to EMAST. We observed that sporadic rectal
tumors demonstrate rare MSI but commonly demonstrate
EMAST. In addition, EMAST in rectal tumors is associated
with the African-American race, advanced stage, and the
presence of chronic inflammation.

Methods

Patient Tissue and DNA Extraction

Formalin-fixed, paraffin-embedded tissues from 147 unse-
lected sporadic rectal cancer patients that had linked
epidemiological data were used for this study. Data
included gender, race, age, and tumor stage. Corresponding
normal tissue was microdissected for comparison against
tumor tissue from the same patient. All tissues were
obtained from the North Carolina Rectal Cancer Study
cohort. The project was a population-based cohort assessing
rectal cancer and epidemiological data from 33 counties in
North Carolina.17

Paraffin-embedded normal and tumor tissues were cut
into 5-μm sections, and microdissection was performed
under microscopy. Genomic DNA was isolated using
GeneReleaser (Bioventure, Inc.) and then treated with
proteinase K.18

DNA Amplification

Each matched pair of tumor and normal tissue was
subjected to 35–40 cycles of polymerase chain reaction
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(PCR). PCR was performed in a total volume of 25 μl
inclusive of 10–20 ng of genomic DNA, 0.2 μmol of each
primer, and 20 μl of PCR Supermix (Invitrogen, Inc.). PCR
parameters were as follows for 35–40 cycles: 92°C for
1 min, 58°C for 40 s, and 72°C for 1 min for most primer
sets.

Mononucleotide, Dinucleotide, and Tetranucleotide
Microsatellite Analysis for Rectal Cancer Tissues

Primers for each of the tetranucleotide microsatellite loci
were designed and are listed in Table 1. A total of five
EMAST markers (MYCL1, D20S85, D8S321, D20S82,
and D9S242) and five National Cancer Institute (NCI)-
recommended microsatellite markers (BAT25, BAT26,
D5S346, D2S123, and D17S250)1 were used. All PCR
products were sequenced at the UCSD DNA Sequencing
Facility in order to determine frameshifts (or instability) at
each locus. Classification of microsatellite instability was
performed in accordance with previously established pro-
tocols: tumors were classified as MSI-H if two or more loci
showed instability compared to normal controls, MSI-L if
only one locus demonstrated instability.1 MSS tumors were
classified when no instability occurred at any locus. We
determined EMAST in tumors demonstrating instability at
tetranucleotide loci in at least two or more of the loci
studied when compared to normal controls from the same
patient. Non-EMAST tumors were classified if only one or
no instability in tetranucleotide loci was observed. A locus
was considered unstable if there was a frameshift difference
in the number of repeats between the tumor and normal
samples.

Inflammatory Cell Infiltrate Analysis

Hematoxylin–eosin staining was performed on all 147
samples. Each of the samples was then analyzed by a

single board-certified clinical pathologist to ascertain the
presence of inflammatory cell infiltration within or around
the tumors. The pathologist was blinded to the MSI and
EMAST data.

Statistical Analysis

We performed statistical analysis using the Fisher exact test
between clinicopathologic statuses or degree of inflamma-
tory cell infiltration and the MSS, MSI, and EMAST
groups. All p values represent two-sided statistical tests
with statistical significance at p<0.05.

Results

EMAST Is Common and MSI Is Rare in Rectal Cancers

We utilized 147 rectal cancers that had linked epidemio-
logical data from the North Carolina Rectal Cancer Study.17

We utilized five tetranucleotide markers that have been
traditionally used to define EMAST, and we considered
rectal tumors as EMAST if at least two markers demon-
strated instability. Based on this definition, 49/147 (33%)
demonstrated EMAST. All EMAST tumors were MSS, as
MSI was rare as described below. A representative
sequence demonstrating EMAST loci instability is shown
in Fig. 1 and the frequency of total positive markers is
shown in Table 2. The highest frequency of MSI in
EMAST tumors was demonstrated at the D20S82 locus
(32/49, 65%), followed by the D8S321 locus (30/49, 61%).
The frequency of positive markers for EMAST tumors is
shown in Table 2. The data suggest that EMAST is
common in rectal tumors.

Using the NCI-recommended markers for MSI, only 3/
147 (2%) demonstrated MSI-H. All other tumors were MSS
(Table 3). Thus, in our population-based cohort of rectal
cancer, MSI-H is rare.

EMAST Is Correlated with Patient Race and Tumor Stage

Among the 147 patients in this cohort, the mean age was 62
±10 years (range 43–79). Sixty-two percent of the patients
were male and 26% were African American. Tumor stage
data were available for 82 of the 147 patients in our cohort.
Correlations between age, stage, and gender with MSI and
EMAST and non-EMAST tumors are shown in Tables 3
and 4, respectively. A stage classification of local was
ascribed to stages 1 and 2 while regional classification was
limited to stage 3 and distant to stage 4 rectal cancers.

Rectal tumors in African Americans were more likely to
demonstrate EMAST compared to those in Caucasians
(18/37, 49% vs. 27/104, 26%, p=0.014). EMAST tumors in

Table 1 Tetranucleotide microsatellite PCR primer sequences

Primer Sequence

MYCL1 Fwd: TGG CGA GAC TCC ATC AAA G

Rev: CCT TTT AAG CTG CAA CAA TTT C

D20S85 Fwd: GAG TAT CCA GAG AGC TAT TA

Rev: ATT ACA GTG TGA GAC CCT G

D8S321 Fwd: GAT GAA AGA ATG ATA GAT TAC AG

Rev: ATC TTC TCA TGC CAT ATC TGC

D20S82 Fwd: GCC TTG ATC ACA CCA CTA CA

Rev: GTG GTC ACT AAA GTT TCT GCT

D9S242 Fwd: GTG AGA GTT CCT TCT GGC

Rev: ACT CCA GTA CAA GAC TCT G
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our cohort were associated with a more advanced stage
(stage 3 and above) (18/29, 62% vs. 18/53, 37% advanced
for non-EMAST, p=0.02). There was no gender association
for EMAST tumors (female 20/54, 37% vs. male 29/87,
33%, p=0.717).

EMAST Is Correlated with Chronic Inflammation

We assessed all 147 rectal tumors for the pattern and degree
of chronic inflammation. Invasive margin, intratumoral, and
cancer nests stromal patterns describe inflammatory cells
that surround or are at the peripheral edge of the tumor, are
within the tumor, or surround the epithelial components of
the tumor, respectively. We considered a tumor positive for
inflammation if >50% of an average of five high-power
fields have mononuclear cell infiltrates. With this defini-
tion, 54 tumors were positive for chronic inflammation.
EMAST tumors were associated with chronic inflammation
when compared to non-EMAST tumors (Fig. 2a, Table 4).
Although both EMAST and non-EMAST tumors demon-
strated an invasive margin or leading edge pattern of

inflammation, EMAST tumors showed in addition a
predominant amount of chronic inflammation in the stroma
surrounding tumor nests (Fig. 2ab, Table 5). Neither
EMAST nor non-EMAST tumors demonstrated any intra-
tumoral pattern of inflammatory cell infiltration. The
proximity of inflammatory cells to the epithelia components
of the tumor might influence EMAST formation.

Discussion

This study evaluated the prevalence of MSI and EMAST in
rectal adenocarcinomas and assessed these with available
epidemiological parameters. Rectal cancer, often lumped
together with colon cancer, has unique features from colon
cancer that include its embryologic origin, its gender
differences in incidence, its lower 5-year survivability, its
increased local recurrence, and its treatment algorithms. We
observed that MSI is rare while EMAST is common among
rectal cancers. In this first assessment of clinical parameters
with EMAST, EMAST is associated with African-American

Fig. 1 D8S321 locus instability.
Comparison between the normal
(b) and cancer (b) sequences
from the same patient reveals a
deletion of two tetranucleotide
repeats

Loci MYCL1 D20S85 D8S321 D20S82 D9S242

All rectal tumors

# Times mutated (N=147) 35 (25%) 9 (8%) 43 (30%) 43 (30%) 35 (24%)

EMAST tumors

# Times mutated (N=49) 23 (47%) 5 (10%) 30 (61%) 32 (65%) 24 (49%)

Table 2 Frequency of tetranu-
cleotide marker mutations in
rectal cancers
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race and more advanced disease. Additionally, in the
assessment of chronic inflammation, we found that EMAST
was associated with its presence.

The finding shows that only 2% MSI cases among these
rectal cancers is consistent with other studies.15,16 MSI has
been consistently associated more with right-sided sporadic
colon cancer and less with left-sided tumors.2,20–22

EMAST has not been previously defined in rectal cancers.
Based on our criteria, approximately one third of rectal tumors
demonstrate EMAST. This is about half the prevalence
reported in the two studies of EMAST in colon cancer.8,23 A
potential reason for this discrepancy is our stringent criteria
for at least two tetranucleotide markers positive for its
definition, while other studies indicate that one positive
tetranucleotide marker can define EMAST. Unlike that for
the definition of MSI, there is no consensus on the definition
of EMAST in tumors. To date, there is also no consensus
tetranucleotide marker panel for EMAST, although most
investigators have used similar markers to our study. Yamada
et al. have proposed a panel of 10 tetranucleotide in addition
to the five loci tested in our study, including L17835,
D19S394, L17686, UT5320, and D11S488.23 Because of the
polymorphic nature of tetranucleotide repeats and the ability
of microsatellites to have varying mutation rates based on
their sequence context,24 we used two or more positive
markers to define EMAST. In addition, the majority of the

limited studies on EMAST have used two or more
tetranucleotide loci instability as criteria for determination
of EMAST. To our knowledge, Yamada et al. are the first
authors to use one or more tetranucleotide loci instability as
criteria for the determination of EMAST.

EMAST is a biomarker for several tumors including
endometrial, ovarian, brain, breast, bladder, lung, and soft-
tissue sarcoma.3–7, 25–27 Several studies could find no link
between EMAST and DNA MMR deficiency, the cause of
MSI. While the etiology of EMAST is still not clear,
general clues point toward some epigenetic relaxation of
DNA MMR as one possibility for its cause. It has been
shown that (a) colon cancers have heterogeneous expres-
sion of the DNA MMR protein MSH3,8 suggesting an
acquired loss and (b) oxidative stress has been shown to
reduce the expression of MSH6 and PMS2, causing faulty
DNA MMR that can be corrected when the stress is
removed.9,28 Additionally, we show in the present study a
linkage between EMAST and chronic inflammation, further
suggesting that inflammation may fuel the occurrence of
EMAST in rectal and possibly other tumors. This hypoth-
esis will need to be tested with appropriate experiments to
definitively link EMAST to inflammation. There is a well-
established association between tumorigenesis and inflam-
mation as suggested in numerous studies.29–31 Given this, it
would be of great interest to ascertain if the association with

Table 3 MSI and clinicopathological associations among rectal cancers

MSI-H (N=3) MSS (N=144) p value Total (N=147)

% In cohort population 2% 98% NA 100%

Mean age (SD) 63.7 62.2 NA 62(10)

Gender (M/F) 3/0 (100%/0%) 84/54 (61%/39%) 0.286 87/54 (62%/38%)

Race (black/white) 2/1 (66%/34%) 35/103 (22%/78%) 0.168 37/104 (26%/74%)

Stage

Local (stages 1 and 2) – 46 (56%) NA 46 (56%)

Regional (stages 3 and 4) – 36 (44%) 36 (44%)

Inflammatory cell infiltration (%) – 54(37.5%) NA 54 (37%)

Table 4 EMAST and non-EMAST tumor and clinicopathological associations among rectal cancers

EMAST (N=49) Non-EMAST (N=98) p value Total (N=147)

% In cohort population 33% 67% NA 100%

Mean age (Std dev) 65.2 61.2 NA 62 (10)

Gender (M/F) 29/20 (60%/40%) 58/34 (63%/37%) 0.717 87/54 (62%/38%)

Race (black/white) 18/27 (40%/60%) 19/77 (25%/75%) 0.014 37/104 (26%/74%)

Stage

Local (stages 1 and 2) 11 (38%) 35 (63%) 0.02 46 (56%)

Regional/distant (stages 3 and 4) 18 (62%) 18 (37%) 36 (44%)

Inflammatory cell infiltration (%) 30 (60%) 24 (25%) 0.0001 54 (37%)
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inflammation demonstrated here with EMAST does also
lead to tumorigenesis, either primarily through down-
regulation of specific mismatch repair genes as shown
previously in our lab9 or secondarily via frameshift
mutations of specific genes containing such tetranucleotide
repeats in their sequences. It is our hope that this
preliminary study demonstrating the high prevalence of
EMAST would foster increased research that might help
clarify the biological significance of EMAST.

In our study, EMAST was associated with more
advanced disease compared to non-EMAST tumors. We
also noted a higher incidence of EMAST among rectal
tumors from African Americans compared to Caucasians.
This observation suggests the possibility that EMAST
might be predictive of a reduced survival compared to

non-EMAST tumors, although this has not been evaluated.
In contrast to our results, Yamada et al. did not find any
significant correlation between EMAST and disease
stage.23 One possible reason that could account for the
observed differences between the two studies is the varying
ethnicity in each study (Caucasians and African Americans
vs. Japanese) that makes up our respective cohorts.

In summary, among our rectal cancer cohort, we rarely
found MSI but EMAST has a common prevalence. EMAST
in rectal tumors was associated with tumors from African
Americans and with patients with advanced stage. EMAST
was also associated with the presence of chronic inflam-
matory cells. We suggest that EMAST may confer a poorer
prognosis among rectal cancer patients, and its etiology is
caused by inflammation.

EMAST (N=49) Non-EMAST (98) p value Total

Lymphocyte infiltration 30 (60%) 24 (25%) 0.0001 54

Stromal nests 24 (83%) 4 (17%) <0.0001 28

Margin 30 (100%) 24 (100%) NA 54

Table 5 Lymphocyte infiltra-
tion patterns in EMAST and
non-EMAST rectal tumors

EMAST non-EMAST 

Intratumoral cells  

Immune cells within cancer 
epithelial cell nests  
 
Immune cells along the invasive 
margin  

a

b

Fig. 2 a Inflammatory cell infiltration in EMAST versus non-EMAST
tumor. A significant increase in inflammatory cell infiltrate is observed
in the stroma of EMAST tumors compared to non-EMAST tumors. b
Pattern of inflammatory cell infiltration. The vast majority of EMAST

tumors demonstrated inflammation within the cancer cell nests and
along the invasive margin. Inflammation in non-EMAST tumors had a
much lower incidence and occurred only along the invasive margin.
Adapted from Naito et al.19
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Discussant

Dr. David Shibata (Tampa, FL): I would like to congratulate
the authors on a very interesting paper and particularly to give
us a greater awareness of what may be a new subset of
mismatch repair deficient colorectal cancer.
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One of my major questions about your study is with
respect to the actual patients that were included in this
study. There are a fair amount of locally advanced rectal
cancers here. So my question is, were any of your tissues
pretreated with chemotherapy and/or radiation?

Closing discussant

Dr. Bikash Devaraj: Most of the stage II and above cancer
patients were treated with preoperative chemo XRT. We did
a subanalysis trying to determine just that, and we found
that there was no relation between advanced stage and
inflammation at this point.

Discussant

Dr. David Shibata (Tampa, FL): I think it's interesting,
and this brings up an important point, that MSH3 is a very
quirky mismatch repair gene and, in fact, it's very
heterogenous in terms of its expression, even between
individual tumor cells. In fact, it may be—as you stated—
that the expression is impacted by cellular stress. So I
would be very curious to see, and I think it would be
interesting for your study, to do MSH-3 immunohistochem-
istry on your specimens, and particularly for those patients
that were treated with radiation. It would be very interesting
to see what the correlation would be between EMAST and
MSH3 in those tissues.

The other question then is, given that this seems to be a
state-based registry, why is there such a lack of data on
tumor stage on almost half of the patients?

Closing discussant

Dr. Bikash Devaraj: I don't have a good answer to that
question at this point.

Discussant

Dr. David Shibata (Tampa, FL): Because I think in terms of
making a statement on prognosis and stage, to have half of

your patients not having stage data, I think if you can try to
get that, I think that would strengthen things, certainly.

Closing discussant

Dr. Bikash Devaraj: But, again, if you look at the overall
correlation and as you know, about half of them are not
there, them we did not have stage data for—it's about
equivalent in terms of the stage that we have for EMAST
tumors versus non-EMAST tumors. Thus, so I still think
you can draw a correlation between the two.

Discussant

Dr. David Shibata (Tampa, FL): And finally, I think the
other studies that you had cited invariably show that MSI-
high tumors were all EMAST positive. And I'm just
wondering whether you did genetic testing on these
patients. Were they HNPCC perhaps and not just sporadic
MLH1 deficient tumors?

Closing discussant

Dr. Bisash Devaraj: As far as we know, none of these
patients were HNPCC patients. And you are correct, the
majority of the papers out there do show that EMAST
tumors tend to be MSI-high tumors, too. But again, we had
such low numbers of traditional MSI-high tumors that this
may be one of the reasons why we did not see that
correlation.

Discussant

Dr. David Shibata (Tampa, FL): Did you categorize any
as MSI-low?

Closing discussant

Dr. Bikash Devaraj: No, we did not.
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Abstract
Objectives Low-dose ionizing radiation from medical imaging has been indirectly linked with subsequent cancer. Computed
tomography (CT) is the gold standard for defining pancreatic necrosis. The primary goal was to identify the frequency and
effective radiation dose of CT imaging for patients with necrotizing pancreatitis.
Methods All patients with necrotizing pancreatitis (2003–2007) were retrospectively analyzed for CT-related radiation
exposure.
Results Necrosis was identified in 18% (238/1290) of patients with acute pancreatitis (mean age=53 years; hospital/ICU
length of stay=23/7 days; mortality=9%). A median of five CTs/patient [interquartile range (IQR)=4] were performed
during a median 2.6-month interval. The average effective dose was 40 mSv per patient (equivalent to 2,000 chest X-rays;
13.2 years of background radiation; one out of 250 increased risk of fatal cancer). The actual effective dose was 63 mSv
considering various scanner technologies. CTs were infrequently (20%) followed by direct intervention (199 interventional
radiology, 118 operative, 12 endoscopic) (median=1; IQR=2). Magnetic resonance imaging did not have a CT-sparing
effect. Mean direct hospital costs increased linearly with CT number (R=0.7).
Conclusions The effective radiation dose received by patients with necrotizing pancreatitis is significant. Management
changes infrequently follow CT imaging. The ubiquitous use of CT in necrotizing pancreatitis raises substantial public
health concerns and mandates a careful reassessment of its utility.

Keywords Necrotizing pancreatitis . Radiation .

Computed tomography
Introduction

Acute pancreatitis represents a continuum of disease that
challenges our clinical, social, and financial management.1–
6 Necrotizing pancreatitis is particularly virulent because it
involves degradation of the pancreatic gland and/or
surrounding peripancreatic tissues.4–6 It also increases the
risk of developing acute organ dysfunction associated with
severe acute pancreatitis.7 More specifically, the extent of
necrosis can predict both local complications as well as the
degree of overall organ degredation.8,9

The current non-invasive, gold standard modality for
identifying the initial extent as well as the evolution of
pancreatic necrosis is computed tomography (CT) with
intravenous contrast medium. As a result, multiple CT-
based classification schemes have been developed in an
attempt to better prognosticate the clinical course of this
disease.10,11 In addition to the inherent risk of contrast-
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associated nephropathy, CT imaging also exposes patients
to a measurable dose of ionizing radiation.12–15 Considering
the frequent need for multiple CT scans during the course
of necrotizing pancreatitis, a patient’s potential risk from
repeated radiation exposure is substantial. The increasing
use of CT imaging16–21 coupled to the growing incidence of
acute pancreatitis,3,22–25 makes this public health issue
especially topical.

Given indirect evidence suggesting that low-dose ioniz-
ing radiation is associated with the subsequent development
of both solid cancers and leukemia,26 the primary goal of
this study was to identify the frequency and effective
radiation dose of CT imaging for patients with necrotizing
pancreatitis at a high-volume pancreas referral center. A
secondary goal was to identify the proportion of CT
examinations that resulted in a subsequent therapeutic
intervention or change in management.

Materials and Methods

The study population consisted of all patients with
necrotizing pancreatitis treated at Indiana University Hos-
pital (IUH) between January 1, 2003 and December 31,
2007. IUH is a tertiary care hospital with a high-volume
referral pattern for both pancreatitis and malignant pancre-
atic disease. The pancreatitis database, computer-based
charts, and picture archiving and communication system
supplied all data in this retrospective study. CT scans were
reviewed to identify all patients with pancreatic and
peripancreatic necrosis (both sterile and infected necrosis
were included). Operative reports were also reviewed.
Patients with equivocal radiologic findings of pancreatic
necrosis on CT imaging who did not undergo surgical
debridement were excluded. Therapeutic interventions
following CT imaging were defined as: (1) operative
pancreatic debridements/necrosectomies (with or without a
cholecystectomy); (2) percutaneous drainage, feeding ac-
cess placement, and/or angioembolization by interventional
radiologists; and (3) ductal imaging, sphincterotomy, and/or
pancreatic duct stent placement using endoscopic retro-
grade cholangiopancreatography (ERCP). Interventions
occurring within 96 h of imaging were considered to have
been influenced by that CT scan.

IUH utilized four different CT scanners during the study
interval. From January 1, 2003 to June 17, 2003 a Phillips
four channel (Mx8000 CT Twin 7180 Gantry) was
employed. Between June 17, 2003 and March 5, 2004, a
Phillips 16 channel (Mx8000 IDT Gantry) was utilized.
Between March 5, 2004 and September 2, 2008 both a
Phillips 40 channel (Brilliance 40 Gantry with DMS) and a
Phillips 64 channel (Brilliance 64 Gantry with DMS) were
employed. After September 2, 2008, all CT imaging was

performed on a Phillips 64 channel (Brilliance 64 Gantry
with DMS). Newer CT technologies (40- and 64-channel
detectors) included automatic exposure control software.
Pancreatic CT studies at IUH typically included a very
generous torso profile that included cross-sectional images
of the majority of the pelvis.

All radiation dosing is discussed using “effective doses.”
This entity is reported as Sieverts (Sv) in standard SI units
[1 Sievert (effective dose equivalent)=1 Roentgen equiva-
lent man]. The effective dose accounts for the absorption of
radiation dose and estimates the whole-body dose that is
actually delivered during a radiologic procedure. As a
result, this measure allows comparisons to other types of
non-medical radiation exposure. Natural background radi-
ation dose is defined as 3 mSv per year. Chest radiographs
(posteroanterior) deliver an individual effective dose of
0.02 mSv.18 An increased risk of fatal cancer is calculated
by multiplying the effective dose (Sv) by the risk
coefficient of fatal cancer in adults.

Data analysis was performed using Stata version 8.0
(Stata Corp, College Station, TX). Normally or near-
normally distributed variables were reported as means and
non-normally distributed variables as medians. Means were
compared using the Student’s t test and medians using the
Mann–Whitney U test. Differences in proportions among
categorical data were assessed using Fischer’s exact test. A
p value less than 0.05 was considered to represent statistical
significance for all comparisons.

Results

Over the 5-year study period, 1,290 patients were diag-
nosed with acute pancreatitis. Of these, 255 (20%)
displayed a necrotizing variant (38, 47, 50, 60 and 60
patients for 2003 to 2007, respectively). Seventy percent
(178) of these patients required operative pancreatic or
peripancreatic debridement. Seventeen patients were ex-
cluded from the analysis because of missing patient data.
The mean age of the remaining 238 patients was 53 years
[standard deviation (SD)=16.1] (Table 1). Sixty-two per-
cent were male. The cohort displayed a mean hospital and
intensive care unit (ICU) length of stay of 23 and 7 days,
respectively (SD=7.8 and 12.1, respectively). The overall
mortality rate was 8.8%. Patients surviving to discharge
were released to home with self care only (41%), home
with home-care assistance (30%), long-term care hospital-
ization (10%), skilled nursing facility (9%), rehabilitation
facility (7%), or other destinations (3%). Patients had a
median imaging follow-up interval of 2.6 months [inter-
quartile range (IQR)=7.2) (mean=8.3 months].

A median of five abdominal CT examinations per patient
(IQR=4) were completed during their initial hospitalization
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and outpatient follow-up interval. The average effective dose
of this imaging load is 40 mSv (Table 2).18 By isolating the
effective doses delivered by each specific CT scanner over
the course of the study period (four-, 16-, 40- and 64-channel
machines), the average effective dose among the study
cohorts at IUH was actually 47 mSv per patient. Thirty-five
percent of all CT scans also used two phases (arterial and
venous). This increased the delivered average effective dose
to 63 mSv per patient (Table 2). The mean ICU length of
stay increased concurrent to the number of CT examinations
in a stepwise manner (R=0.69).

The median number of post imaging interventions was
one (IQR=2) with a resultant CT/intervention rate of 20%.
Of the 1,202 total CT examinations performed, 531 (44%)
were completed in patients considered to be physiologically
ill at the time of imaging (ICU admission with sepsis and/or
organ failure). This patient subset displayed a higher (31%)
CT/intervention rate compared to patients without acute
physiologic illness (p<0.001). Postimaging interventions
included 189 (57%) interventional (non-angiography), 118
(36%) operative, 12 (4%) ERCP, and ten (3%) angioembo-
lization procedures. MRI scans (78 patients) did not have a
CT-sparing effect as these patients still underwent a median
of five CT scans. The median number of CT scans for
patients who underwent an initial operative intervention

was similar to patients initially managed with non-operative
[interventional radiology (IR) or gastroenterology] techni-
ques (p=0.19). The time interval between CT scans for
patients who underwent a post-imaging intervention was
similar to those who underwent no procedures (IR or
ERCP) (p=0.11). CT examinations performed after dis-
charge from the hospital were indicated for evaluation of a
known pancreatic fistula (72%), interval follow-up (19%),
or for unclear reasons (9%).

The mean direct hospital cost increased in a stepwise
manner with the number of CT examinations obtained (R=
0.72). These increased from a mean of US $14,831 with
one CT scan to US $67,470 with ten scans. The cost of
performing as well as interpreting a CT scan for pancreatitis
at IUH is US $600–1,200 (charge to insurer). The mean
hospital (variable direct) costs for patients with necrotizing
pancreatitis are approximately threefold higher than for
non-necrotizing acute pancreatitis. Radiology costs account
for 5% of the total hospital cost in all cases of pancreatitis.

Discussion

Although CT technology was invented in 1971,27 recent
improvements in scanner speed, image resolution, and ease
of use have created a veritable explosion in both applica-
tions and indications.28,29 In 1980, approximately 3 million
CT scans were performed in the United States, compared to
62 million in 2006.17 This change has led to a nearly
sixfold increase in the per capita radiation exposure from
medical imaging.13 The revolution in spiral CT technology
is also evident in terms of the absolute number of scanners.
As of 1996, the United States and Japan had 26 and 64
machines per 1 million people, respectively.16 Based on its
utility for a broad range of screening endeavors, from
evaluating seasoned astronauts for cardiovascular disease30

to identifying occult injuries in severely injured blunt
trauma patients,31 CT use is again primed to increase.
More specifically, interest in CT colonography,32,33 CT
lung screening for smokers,34,35 coronary artery CT screen-
ing,36 and whole-body health screening examinations37,38 is
significant.

While the majority (80% to 85%) of human radiation
exposure arises from equal amounts of solar and radon sources
(background dose=1 to 3 mSv per year), medical imaging
creates most of the remaining 15% to 20%.12,28,39,40 Of all CT
imaging, 75% is obtained in a hospital setting, with up to half
being scans of the torso.41 Furthermore, abdominal CT
imaging accounted for up to 31% of the annual cumulative
effective dose from medical imaging procedures in a study of
nearly 1 million non-elderly adults.13

The stochastic risk of DNA mutations and therefore
carcinogenesis (solid organ, thyroid, leukemia) following

Table 1 Patient demographics

Total no. of patients 238

Mean age (years) 53

Male gender (%) 62

Mean hospital length of stay (days) 23

Mean intensive care length of stay (days) 7

Overall mortality (%) 8.8

Table 2 Comparison of radiation equivalents for a median of five
abdominal CT scans

Scanner-
specific
effective
dose (mSv)

Total
effective
dose
(mSv)

Chest
radiograph
equivalents

Equivalent
background
radiation time
(years)

Increased
risk of
fatal
cancer

8a 63 3,150 20.75 1/160

8b 40 2,000 13.2 1/250

5.3c 26.5 1,325 8.75 1/377

1.5d 7.6 380 2.5 1/1315

a Doses for study patients when dual-phase and scanner technologies are
included
b United States mean abdominal CT scan effective dose
c United Kingdom mean abdominal CT scan effective dose
d Doses using the lowest reported effective dose possible for an abdominal
CT scan
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exposure to medical imaging currently assumes a linear, no-
threshold extrapolation model based on data from the
Japanese atomic bomb survivors (organ doses compared to
organ-specific cancer incidence).12–15,42 This dose-biologic
effect relationship is the subject of significant controversy
given its reliance on risks extrapolated from high doses as
well as the possibility that it overestimates risk by ignoring
the human body’s natural defense mechanisms against
radiocarcinogenesis at low doses.43–46 Unfortunately, no
large-scale epidemiologic data exist to confirm the potential
cancer risks associated with CT imaging using this conserva-
tive approach.47

In addition to the unclear oncologic risks of medical
imaging exposure, the delivered effective dose can vary
significantly based on the individual CT scanner (i.e.,
number of “slices”). The reported effective dose for a
standard single-phase abdominal CT scan ranges from 1.5
to 10 mSv depending on the number of channels.12,20 If the
generally recognized average effective dose of 8 mSv is
utilized, our patients would have been exposed to a mean of
40mSv. This exposure is classified as a high annual dose, with
less than 1% of the United States population being exposed to
greater than 20 cumulative mSv per year.13 In comparison,
exposure for both pilots/flight crews (1,000 flight hours per
year) and occupational radiation workers approximate 5 mSv
per year. It also far exceeds goal occupational radiation
exposure levels defined by the International Commission on
Radiological Protection guidelines.48,49 Recent estimates of
the lifetime risk of radiation-induced cancer approximate one
person in 100 for those exposed to 100 mSv (relative risk=
1.024)(Table 1).50 The lifetime risk of cancer from all other
causes is 42 in 100, and the risk of dying from a motor
vehicle crash in the United States is one in 77.26,50–53

The need for repeat CT imaging in the same patient
extends beyond pancreatitis. Mettler and colleagues
reported that among all patients in the literature under-
going CT imaging, 30% underwent at least three scans
(7% underwent more than five and 4% more than eight
scans).20 Given evidence that radiation exposure is more
harmful in younger patients,13 the best studied adult
population is the trauma cohort. The number of CT
examinations in a subset of severely injured patients who
spent at least 30 days in the ICU (mean injury severity score
(ISS)=32) was 7.8.40 Similarly, a study of 172 trauma patients
with a mean ISS of 23 used multi-site dosimeters to identify a
mean effective dose of 22.7 mSv.53 This led to an extrapo-
lation of 190 cancer deaths per 100,000 patients exposed to
imaging studies following major trauma.53

Given the calculated effective dose of 40 mSv in our
necrotizing pancreatitis patients (assuming a similar life
expectancy), we predict significantly more deaths from
radiation-induced cancer. Although this estimate accounts
for the fact that medical radiation exposure tends to

accumulate in ill patients with an inherently reduced life
expectancy (less time to manifest radiation-induced can-
cers), the precise relationship between trauma patients and
those with severe acute pancreatitis is unknown (mean age
=53 vs. 43% of all injured U.S. patients >45 years of
age).3,54 Interestingly, the effective dose of 40 mSv is
identical to that reported for patients with pancreatic cancer
during their first year (40.1 mSv).15 Unfortunately, patients
with pancreatic cancer have significantly shorter life
expectancies than those with necrotizing pancreatitis as
evidenced by a 5-year exposure of only 68.8 mSv per
patient.15 It should also be noted that our estimated
effective dose does not include adjunctive radiologic
investigations. These procedures most commonly include
fluoroscopy and angiography as well as other occasional
CT studies (pulmonary emboli protocols=15 mSv). Unfor-
tunately, despite our center’s generally aggressive use of
MRI for pancreas disease, this philosophy did not have a
CT-sparing effect in this patient population. More specifi-
cally, although we have found great utility for MRI in
evaluating the integrity of the pancreatic duct (i.e.,
diagnosing disconnected left pancreatic remnants), its
utility was limited elsewhere.

The actual effective dose of our cohort was 47 mSv
because of the progression from four- to 64-channel scanners
over the study interval. With the application of recent dose
optimization strategies such as automatic exposure control
available for 64-channel scanners, the effective dose per scan
has been reported to be as low as 1.52 mSv.12 Had this
technology been available for each of our patients with
necrotizing pancreatitis, the actual delivered effective dose
could have been reduced by over 80%. Put into perspective,
this would lower the lifetime risk of cancer to less than one
in 15,000 per individual 64-channel CT examination.
Although we used single-phase arterial-enhanced CT scans
in the majority of patients (65%) to determine the extent of
disease, some authors have proposed routine use of tri-phasic
CT to improve the delineation between pancreatitis and
cancer.55 The total effective dose would therefore need to be
multiplied by the number of phases. More specifically, the
effective dose in our patients was actually 63 mSv when
dual-phase CTs were accounted for (Table 1). This compares
to a mean of 31 mSv in a recent study of patients with acute
pancreatitis.56 As a result of this variance, each center must
assess its own CT technology and clinical practice in an
effort to quantify the associated risk to patients with
pancreatitis.

As noted by Fazel and colleagues,13 unlike the exposure
of workers in health care and nuclear industries, the
exposure of patients to radiation cannot be restricted. As a
result, the potential stochastic risks of CT imaging must be
carefully weighed against the clinical importance of each
individual procedure.57,58 Although the precise real-time
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thought process of the ordering clinicians was unavailable for
this retrospective study, the rate of post-imaging therapeutic
interventions was employed as a surrogate for a change in
clinical management. Only 20% of all CT scans in the cohort
were followed by subsequent interventions (interventional
radiology, operative, or ERCP procedures). This value echoes
the 20% rate of subsequent alterations in management among
trauma patients who undergo a CT scan of their chest.59 This
rate increased to 31% in patients with necrotizing pancreatitis
who displayed more severe physiologic illness (sepsis, organ
failure with ICU admission). While the importance of an
individual CT study cannot be understated, the likelihood of
altering a patient’s clinical pathway based on the subsequent
findings must be considered before exposing them to
radiation. This includes not only adding an intervention, but
also the ability to avoid a planned procedure. Although the
contribution of a CT scan to the overall cost of a hospital
stay for patients with necrotizing pancreatitis is relatively
small, the observation of increasing direct costs concurrent to
the number of CT scans in our patient cohort is notable. It
not only reflects an increasing severity of illness, but also
highlights the importance of cost containment by utilizing
carefully planned diagnostic modalities and evidence-based
therapies.

In coupling the frequency of CT imaging for patients
with necrotizing pancreatitis to the increasing population
incidence of acute pancreatitis, the potential risk of
radiation exposure will continue to be a significant public
health issue. This issue is especially important in younger
patients undergoing repeated CT examinations. Attempts at
increasing the awareness of this issue are ongoing.60–62

Although the widespread adoption of CT imaging repre-
sents the most important advancement in the history of
diagnostic imaging, strategies to reduce radiation exposure
remain crucial. These include ensuring the use of automatic
exposure-control software,63,64 replacing outdated scanners,
and a simple reduction in the overall number of CT
examinations when possible. This may be achieved, in
part, by using alternative modalities such as MRI as well as
limiting surveillance to single-phase studies. Equally
important, a careful assessment of the likelihood of altering
a patient’s clinical management based on the results of a
given CT scan is essential.
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Discussant

Dr. Jeffrey B. Matthews (Chicago, IL): You have highlighted a very
important issue that transcends this disease, which is the issue of reducing
radiation exposure among hospitalized patients who are undergoing
treatment for various disorders. It is obviously particularly a problem for
patients with necrotizing pancreatitis because of the frequent interest in
getting follow-up imaging studies. Your study poses the larger question of
diagnostic restraint, trying to optimize that ratio between the number of
times we get an imaging study and the times we are going to intervene on
the basis of the findings. When we are dealing with necrotizing
pancreatitis, I think sometimes we have to remind ourselves that this is
not a disease that responds to radiation therapy, but it is the nature of the
disease that repeat imaging is going to be needed because so many of
these people are going to require repeat intervention.

In many institutions, including our own, we image pancreatic disease
with a tri-phasic CT scan. You have used bi-phasic in 35% of your
patients, and while these thin-slice studies are very useful as an initial way
to define the extent of disease in a variety of pancreatic conditions, it may
or may not be necessary for the follow-up studies (and one can question
whether it is really needed even at the initial presentation of acute
pancreatitis). So I think there is certainly an opportunity to reduce the
exposure. In our institution, our radiologists push back very hard on our
almost reflexive ordering of pancreatic protocol CTs. Have you started to
put in place tighter protocols in your institution to reduce the use of
multiphase studies as the frequency of these studies?

Secondly, you made the point that, in your retrospective study, the use
of MR did not alter the number of total CT images. I think that may also
reflect the fact that we, as surgeons, simply find it easier to read CTs rather
thanMR images.While it is difficult to obtainMR imaging in critically ill
ICU patients, there is probably also an opportunity to substitute MR for
CT to follow the progression of collections during convalescence. Going
forward, are you doing anything to increase the use of MR as your routine
follow-up studies to reducing the number of times that you would be
using multiphasic CT studies?

Closing Discussant

Dr. Chad G. Ball: Whether you are talking about young trauma
patients and injury screening technologies, or about surveillance in
necrotizing pancreatitis, I think many of these issues are funda-
mentally the same. As a result, I divide this topic into three
separate areas.

First, is the test going to change your management? This is clearly
a physician-driven factor. It is also different for everybody within their
individual practice. As a result, it relies on personal vigilance.

The second component is hardware. With recent improvements
in scanner hardware, the effective dose is going down almost
exponentially. This refers to the number of channels or the number
of slices. So a 128 scanner is not just twice as good as a 64-slice
scanner; it is substantially more than that in terms of reducing the
effective dose.

The third concept that is important to this issue is the wizards who
write the scanner software. Techniques such as progressive modula-
tion and automatic exposure control are but two examples. There is a
whole host of very neat trickery. With every iteration, a new version of
their software is substantially better. Although some of these tricks are

specific to trauma patient screening, most are still relevant to all
patients. You also want a radiology group that is going to be active
and be willing to absorb the financial cost of updating software and
hardware because outside of the individual ordering physician, that is
the only way to limit the effective dose.

Shielding non-scanned body parts is also a helpful tool. Unfortu-
nately, it is something we tend to ignore and therefore the practical
reality is it does not happen very often.

The MR question is a very intriguing one. Indiana University is
one of the most aggressive MR pancreas institutions in the world.
They have done somewhere between 3,500 and 4,000 pancreas-
specific MRs. The radiologists are particularly proud of this practice.
The truth, however, is that as surgeons, we use it most commonly in a
clinical setting to evaluate ductal integrity and therefore to avoid
getting into unplanned skullduggery within the operating room in
scenarios such as disconnected left pancreatic remnants.

In terms of the CT-sparing effect, sure, if you were going to get
five CTs plus an MR, then theoretically it spared a CT in that given
patient. When we looked at it retrospectively, however, those patients,
at the end of the day, were getting the same number of CT scans as the
non-MRI folks. Do I think that is something that has to be a
significant focus moving forward at our institution, as well as
elsewhere? Absolutely. All non-radiation technologies must be
explored as potential options. The last point I will make is that MR
imaging is limited somewhat if you have a large fluid collection
associated with necrotizing pancreatitis. It makes it tough to delineate
some of the typical markers that we all look for.

Discussant

Dr. Charles Vollmer, Jr. (Boston, MA): This is a fantastic job. Great
work.

Two quick questions: Were you able to break down the proportion
of these scans that were done in the diagnostic mode before the
definitive intervention and then those obtained thereafter, after a
definitive intervention? I know that could be a little hard to ascertain
because there are multiple interventions in some of these cases, but I
am just wondering how much of this is because we are worried about
when to act, how to act and when to pull the trigger, versus thereafter;
Did we do a good job? Are we surveilling and following up the effect
of the intervention?

The second question is along the lines of this MRI discussion by
Dr Matthews. Could we even help and simplify this even better and
save costs by using ultrasounds, since by and large most of us are
worried about fluid collection development and management?

Closing Discussant

Dr. Chad G. Ball: The simple answer to your first question is that
about one fifth of the radiation exposure is up-front. The reality is that
at IU, there are arguably eight very busy pancreatic surgeons, and the
individual practice variance is substantial. I suspect that if you looked
at other institutions across the country, the way people use CT, MRI,
and ERCP in their clinical management of this disease probably varies
dramatically. As a result, it is a tough question to answer by just
saying 20%. I think it is more complicated.

Your second question is a very interesting idea. I use a significant
amount of ultrasonography in the care of critically injured patients.
Although I do not necessarily know too much data about using it in
the context you mention, it seems like a great thought.

J Gastrointest Surg (2010) 14:1529–1535 1535



2010 SSAT PLENARY PRESENTATION

One Hundred Thirty Resections for Pancreatic
Neuroendocrine Tumor: Evaluating the Impact of Minimally
Invasive and Parenchyma-Sparing Techniques

Joseph DiNorcia & Minna K. Lee & Patrick L. Reavey &

Jeanine M. Genkinger & James A. Lee &

Beth A. Schrope & John A. Chabot & John D. Allendorf

Received: 29 April 2010 /Accepted: 9 August 2010 /Published online: 8 September 2010
# 2010 The Society for Surgery of the Alimentary Tract

Abstract
Background Increasingly, surgeons apply minimally invasive and parenchyma-sparing techniques to the management of pan-
creatic neuroendocrine tumor (PNET). The aim of this study was to evaluate the impact of these approaches on patient outcomes.
Methods We retrospectively collected data on patients with PNET and compared perioperative and pathologic variables.
Survival was analyzed using the Kaplan–Meier method. Factors influencing survival were evaluated using a Cox
proportional hazards model.
Results One hundred thirty patients underwent resection for PNET. Traditional resections included 43 pancreaticoduode-
nectomies (PD), 38 open distal pancreatectomies (DP), and four total pancreatectomies. Minimally invasive and
parenchyma-sparing resections included 25 laparoscopic DP, 11 central pancreatectomies, five enucleations, three partial
pancreatectomies, and one laparoscopic-assisted PD. Compared to traditional resections, the minimally invasive and
parenchyma-sparing resections had shorter hospital stays. By univariate analysis of neuroendocrine carcinoma, liver
metastases and positive resection margins correlated with poor survival. There was an increase in minimally invasive or
parenchyma-sparing resections over the study period with no differences in morbidity, mortality, or survival.
Conclusion In this series, there has been a significant increase in minimally invasive and parenchyma-sparing techniques
for PNET. This shift did not increase morbidity or compromise survival. In addition, minimally invasive and parenchyma-
sparing operations yielded shorter hospital stays.

Keywords Pancreatic neuroendocrine tumor .

Pancreatectomy .Minimally invasive . Laparoscopic .

Parenchyma-sparing resection

Introduction

Pancreatic neuroendocrine tumors (PNETs) are a rare subset
that accounts for less than 3% of all pancreatic tumors.1,2

While most are commonly sporadic, PNETs also can be
associated with genetic syndromes such as multiple
endocrine neoplasia type I or von Hippel-Lindau disease.3

PNETs exhibit a wide spectrum of clinical behavior that has
made classification and staging difficult. The majority of
PNETs are associated with prolonged survival, yet there can
be significant variability in outcomes because of their
biological heterogeneity.4–6

A clinical classification system divides PNETs into
functional and nonfunctional tumors. Patients with functional
tumors usually present with syndromes of gastrointestinal
hormone overproduction, whereas patients with nonfunctional
tumors usually present with mass effect or symptoms of
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metastatic disease.3,7 In 2000, the World Health Organization
(WHO) introduced a classification system based on clinical
and histopathologic features that divides PNETs into
well-differentiated endocrine tumor with either benign or
uncertain behavior (WDT), well-differentiated endocrine
carcinoma (WDCa), or poorly differentiated endocrine
carcinoma (PDCa).8 In 2006, the European Neuroendocrine
Tumor Society (ENETS) applied a TNM staging system to
PNETs.9 Both the WHO and ENETS-TNM systems recently
have been validated for prognostic stratification of PNET
patients.7,10

Surgery is the only curative modality for PNETs. Recent
studies have demonstrated improved survival across all
stages of disease, advocating resection of the primary tumor
in localized, regional, and metastatic disease.3,11–16 With
the advent of laparoscopy and advances in surgical
technique, minimally invasive and parenchyma-sparing
operations are gaining acceptance in the management of
various pancreatic diseases, including PNETs. The purpose
of this study was twofold: to evaluate our institution’s
surgical experience with PNETs and to compare outcomes
between patients who underwent traditional versus mini-
mally invasive/parenchyma-sparing resections.

Materials and Methods

We performed a retrospective review of a prospectively
maintained database of patients with pancreatic disease.
The database is maintained by The Pancreas Center of
Columbia University Medical Center (CUMC) and includes
the patients of four surgeons (J.A., J.C., J.L., B.S.). After
approval from the institutional review board and in
compliance with the Health Insurance Portability and
Accountability Act regulations, we queried our database
to identify all patients who underwent pancreatic resection
for PNET at CUMC from 1994 to 2009. We excluded
patients with multiple endocrine neoplasia type I and von
Hippel-Lindau disease because they can be associated with
multiple other neoplasms that require more than pancreatic
resection for cure.

Descriptive data were collected by review of patients’
medical records. Preoperative variables included age,
gender, and race. Patients with signs, symptoms, and
biochemical evidence of hormonal excess were considered
to have functional tumors. Patients with no recognizable
clinical syndrome and normal serum hormone levels were
considered to have nonfunctional tumors, regardless of
immunohistochemical results on final pathology. Opera-
tions were grouped as traditional or minimally invasive/
parenchyma sparing. Traditional operations included pan-

creaticoduodenectomy (PD), open distal pancreatectomy
(ODP), and total pancreatectomy (TP). Minimally invasive
operations included all laparoscopic and laparoscopic-
assisted operations. Parenchyma-sparing operations includ-
ed central pancreatectomy (CP), partial pancreatectomy,
and enucleation.

Intraoperative variables were obtained from nurse,
anesthesiologist, and surgeon reports. Operating room
(OR) time was defined as the time between patient entry
into and exit from the OR. Anesthesia time was defined as
the time between start of anesthesia care in the OR and
patient exit from the OR. Incision time was defined as the
time between incision start and incision close. Pathologic
variables including tumor grade, tumor diameter, lympho-
vascular invasion, regional lymph node status (N), and
margin status were determined from final pathology reports.
Tumors were classified according to the WHO system8 and
staged according to the ENETS-TNM system.9 Because
Ki-67 was not available on early pathology reports, we did
not include it in our analysis.

Perioperative complications were gathered from daily
progress notes and discharge summaries and graded using
the system proposed by DeOliveira and colleagues.17 Overall
morbidity was defined as any complication, and major
morbidity was defined as complications grade III and greater.
Pancreatic fistula was assessed and graded according to the
International Study Group on Pancreatic Fistula recommen-
dations.18 Length of stay (LOS) was calculated from date of
operation to date of hospital discharge. Readmission rate was
defined as readmission within 30 days of hospital discharge.
Perioperative mortality was defined as death within 30 days
of the operation or within the same hospital admission as the
operation.

Survival was calculated from the date of operation
through the date of last follow-up. Survival probability
was estimated using the Kaplan–Meier method. Survival
durations were determined from the Kaplan–Meier curves
and compared using the log-rank test. For a subset analysis
of the impact of minimally invasive and parenchyma-
sparing techniques, we divided the entire cohort at the
median date of operation into our early and recent
experience.

Continuous variables were compared using Student’s t
test or Wilcoxon rank-sum test. Categorical variables were
compared using Pearson’s chi-squared test or Fisher’s exact
test as appropriate. Univariate and multivariate analyses
were performed using Cox proportional hazards models.
Continuous variables are reported as mean±standard
deviation or median and interquartile range (IQR). Cate-
gorical variables are presented as number and percentage
(%). A p value of less than 0.05 was considered statistically
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significant. Statistical analyses were conducted using the R
statistical software program (version 2.8).

Results

Demographics, Entire Cohort

A total of 130 patients underwent pancreatectomy for PNETs
between October 12, 1994, and December 31, 2009. The
mean age was 61.0 years (12.8 years) with 76 (58.5%) female
patients. Ninety-seven (74.6%) patients were Caucasian.
Nineteen (14.6%) patients had functional tumors, including
16 insulinomas, two gastrinomas, and one vasoactive intesti-
nal polypeptide-secreting tumor. One hundred eleven (85.4%)
patients had nonfunctional tumors (Table 1).

Operations, Entire Cohort

Eighty-five (65.4%) patients underwent traditional pancre-
atic resection, which included 43 (33.1%) pancreaticoduo-
denectomies, 38 (29.2%) open distal pancreatectomies, and
four (3.1%) total pancreatectomies. Forty-five (34.6%)
patients underwent minimally invasive/parenchyma-sparing
pancreatic resection, which included 25 (19.2%) laparo-
scopic distal pancreatectomies, 11 (8.5%) central pancrea-
tectomies, five (3.8%) enucleations, three (2.3%) partial

pancreatectomies, and one (0.8%) laparoscopic-assisted
pancreaticoduodenectomy (Table 2).

Pathologic Characteristics, Entire Cohort

Seventy-six (58.5%) tumors were low grade, 22 (16.9%)
intermediate grade, and nine (6.9%) high grade. Median
tumor size for the entire cohort was 2.5 cm (IQR 1.5–5 cm)
with 51 (39.2%) less than 2 cm and 79 (60.8%) greater than
or equal to 2 cm. Fifty-five (42.3%) tumors had micro-
scopic evidence of lymphovascular invasion. Twenty-eight
(21.5%) patients had positive regional lymph nodes, and
seven (5.4%) patients had distant metastases. Three (2.3%)
of the seven patients with metastatic disease underwent
resection of their primary PNET only, three (2.3%)
underwent synchronous liver resection (one) or cryoabla-
tion (two), and one (0.8%) underwent en bloc splenectomy
and retroperitoneal debulking. One hundred fourteen
(87.7%) patients had complete resection (R0), and 16
(12.3%) patients had evidence of microscopic disease on
the pancreatic margin (R1). According to WHO classifica-
tion, 78 (60.0%) patients had WDT (43 benign, 35
uncertain behavior), 42 (32.3%) had WDCa, and 10
(7.7%) had PDCa. In terms of TNM stage, 48 (36.9%)
patients were stage 1, 51 (39.2%) stage 2, 24 (18.5%) stage
3, and seven (5.4%) stage 4 (Table 3).

Outcomes, Entire Cohort

The overall surgical morbidity was 54.6% with a major
morbidity rate of 22.3%. Seven (5.4%) patients required
reoperation, and 17 (13.1%) required readmission. There
were three (2.3%) perioperative deaths. Of the three deaths,
two occurred after pancreaticoduodenectomy for WDT and

Table 1 Demographics and tumor types for patients with PNET
undergoing pancreatic resection

Variable PNET (n=130)

Demographics

Age, year, mean (SD) 61.0 (12.8)

Gender, M/F 54/76

Race (%)

Caucasian 97 (74.6)

Hispanic 10 (7.7)

Black 8 (6.2)

Asian 6 (4.6)

Other 9 (6.9)

Tumor type

Functional (%) 19 (14.6)

Insulinoma 16

Gastrinoma 2

VIPoma 1

Nonfunctional (%) 111 (85.4)

SD standard deviation, VIPoma vasoactive intestinal polypeptide-
secreting tumor

Table 2 Operations performed for PNETs

Variable PNET (n=130)

Traditional resection (%) 85 (65.4)

Pancreaticoduodenectomy 43 (33.1)

Open distal pancreatectomy 38 (29.2)

Total pancreatectomy 4 (3.1)

Minimally invasive/parenchy
ma-sparing resection (%)

45 (34.6)

Laparoscopic distal pancreatectomy 25 (19.2)

Central pancreatectomy 11 (8.5)

Enucleation 5 (3.8)

Partial pancreatectomy 3 (2.3)

Laparoscopic-assisted
pancreaticoduodenectomy

1 (0.8)
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WDCa, and one after total pancreatectomy for WDCa. Two
of these operations involved concomitant portomesenteric
venous resection and reconstruction. Median LOS was
7.5 days (IQR 5–12 days; Table 4).

Themedian follow-up for the entire cohort was 36.3months
(IQR 11.6–59.8 months) during which time 15 patients
developed recurrences. Seven patients had recurrences in the
liver, three had recurrences in the liver and pancreatic bed, four
had recurrences in the pancreatic bed only, and one had
recurrence in the duodenum. The 5-year survival for the entire
cohort was 82.5%. The 5-year survival for patients withWDT,
WDCa, and PDCa was 93.9%, 75.8%, and 29.2%, respec-
tively (p<0.01). When WDT was separated into benign and
uncertain behavior tumors, the 5-year survival rates were

100% and 89.0%, respectively (Fig. 1a). The 5-year survival
for patients with TNM stages 1, 2, 3, and 4 was 92.3%,
81.2%, 89.4%, and 23.8%, respectively (p<0.01; Fig. 1b).

Minimally Invasive and Parenchyma-Sparing Versus
Traditional Pancreatic Resection

We compared PNET patients who underwent minimally
invasive/parenchyma-sparing pancreatic resection (n=45)
to patients who underwent traditional pancreatic resection
(n=85). The two groups were similar with respect to age,
gender, and race. The groups differed significantly in
pathologic characteristics of their tumors. The minimally
invasive/parenchyma-sparing group had smaller, lower-
grade tumors with less lymphovascular invasion and fewer
regional nodal metastases. There were no differences in
incidence of positive margins between the two groups. The
minimally invasive/parenchyma-sparing group had more
well-differentiated tumors and lower stage of disease
(Table 5).

There were no differences in overall morbidity (48.9% vs.
57.6%, p=0.34), reoperation (0% vs. 8.2%, p=0.10), and
readmission (11.1% vs. 14.1%, p=0.79) between the two
groups. Fewer patients who underwent minimally invasive/
parenchyma-sparing resections had major complications
(11.1% vs. 28.2%, p=0.03). There were no perioperative
deaths in the minimally invasive/parenchyma-sparing group
versus three (3.5%) in the traditional resection group (p=
0.55). Patients who underwent minimally invasive/parenchy-
ma-sparing operations had significantly shorter median LOS
(6 days, IQR 5–7 days vs. 9 days, IQR 6–15 days; p<0.01).

With a median follow-up of 25.4 months (IQR 14.7–
42.5 months), two (4.4%) patients in the minimally invasive/
parenchyma-sparing group developed recurrences. Both recur-
rences occurred after laparoscopic distal pancreatectomy. With
a median follow-up of 42.7months (IQR 6.7–66.7months), 13
(15.3%) patients in the traditional resection group developed
recurrences (p=0.09). During the follow-up, no patient died
in the minimally invasive/parenchyma-sparing group, and the

Table 3 Pathologic characteristics for all PNETs

Variable PNET (n=130)

Grade (%)a

Low 76 (58.5)

Intermediate 22 (16.9)

High 9 (6.9)

Lesion size (%)

<2 cm 51 (39.2)

≥2 cm 79 (60.8)

Lymphovascular invasion (%)a

Present 55 (42.3)

Absent 66 (50.8)

Lymph nodes (%)

Positive 28 (21.5)

Negative 102 (78.5)

Distant metastases (%)

Present 7 (5.4)

Absent 123 (94.6)

Resection margins (%)

Positive 16 (12.3)

Negative 114 (87.7)

WHO classification

WDT (%) 78 (60.0)

Benign 43

Uncertain 35

WDCa (%) 42 (32.3)

PDCa (%) 10 (7.7)

TNM stage

Stage 1 (%) 48 (36.9)

Stage 2 (%) 51 (39.2)

Stage 3 (%) 24 (18.5)

Stage 4 (%) 7 (5.4)

WDT well-differentiated tumor, WDCa well-differentiated carcinoma,
PDCa poorly differentiated carcinoma
a Data were not available for all patients

Table 4 Outcomes after resection for PNET

Variable PNET (n=130)

Morbidity, any (%) 71 (54.6)

Morbidity, major (%) 29 (22.3)

Reoperation (%) 7 (5.4)

Readmission (%) 17 (13.1)

Mortality (%) 3 (2.3)

LOS, days, median (IQR) 7.5 (5–12)

LOS length of stay, IQR interquartile range
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5-year survival in the traditional resection group was 77.4%
(p=0.16; Table 6).

Potential Predictors of Poor Survival in Patients with
Pancreatic Endocrine Carcinoma

We performed an analysis of potential prognostic factors
impacting survival after pancreatic resection in a subset of
patients with pancreatic endocrine carcinoma (WDCa and
PDCa). On univariate analysis, positive resection margins
(p<0.01) and presence of distant metastatic disease (p=
0.02) were associated with poor survival. Well versus poor
differentiation by WHO classification closely approached
but did not reach statistical significance (p=0.054). Tumor
size (p=0.83) and TNM stage (p=0.27) did not correlate
with poor survival (Table 7). When controlling for
differentiation and resection margins on multivariate anal-
ysis, distant metastasis was no longer associated with poor
survival (p=0.12; Table 8).

Recent Versus Early Experience with Minimally Invasive
and Parenchyma-Sparing Techniques

After dividing the entire cohort at the median date of
operation (June 2006), 63 patients were in the early group
and 67 patients were in the recent group. There was a
significant increase in the use of minimally invasive and
parenchyma-sparing techniques, with 31 (46.3%) cases in
the recent group and 14 (22.2%) in the early group (p<
0.01). Despite this increase, there were no significant
differences in demographics, pathologic characteristics,
outcomes, or survival between the early and recent groups
(Tables 9 and 10).

Discussion

PNETs are uncommon tumors with an incidence of one to
two cases per 1,000,000 people.3 Their natural history is
incompletely understood because their often indolent
course can delay diagnosis and treatment. In addition,
PNETs exhibit a spectrum of biological behavior ranging
from benign to highly malignant.19 This heterogeneity has
made it challenging both to devise clinically effective
stratification systems as well as to understand the extent of
resection needed for cure. In this series, we reviewed our
institution’s experience with the surgical management of
130 PNETs. We examined pathologic characteristics
according to current classification and staging systems and
used multivariable regression models to evaluate potential
factors that affect survival. Finally, we analyzed the impact
of minimally invasive and parenchyma-sparing techniques
on patient outcomes.

The majority of PNETs in our series were nonfunctional,
consistent with other reports in the literature. In a recent
review of 9,821 patients identified from the National
Cancer Database, Bilimoria and colleagues4 found that
85% of the PNETs were nonfunctional. The distinction
between functional and nonfunctional, however, does not
provide adequate prognostic information. For this reason,
several recent studies in the literature have evaluated the
WHO classification and ENETS-TNM staging systems. Ito
and colleagues10 presented their experience with 73
consecutive PNET patients stratified according to these
systems. The authors reported 5-year survival rates of
100%, 57%, and 8% for WDT, WDCa, and PDCa,
respectively, and 100%, 90%, 57%, and 8% for stages 1,
2, 3, and 4, respectively. They concluded that both systems
were useful prognostic tools for classifying and staging
patients with PNETs.

Survival rates from our data showed similar results using
the two systems. The 5-year survival rates for patients with
WDT, WDCa, and PDCa were 93.9%, 75.8%, and 29.2%,

Fig. 1 Kaplan–Meier estimates of survival for patients who under-
went R0/R1 resection for PNETs. a Five-year survival estimates
stratified by WHO classification for patients with WDT-benign, WDT-
uncertain, WDCa, and PDCa were 100%, 89%, 76%, and 29%,
respectively (log-rank test, p<0.01). b Five-year survival estimates
stratified by ENETS-TNM stage for patients with stage 1, 2, 3, and 4
disease were 92%, 81%, 89%, and 24%, respectively (log-rank test,
p<0.01)
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respectively; the 5-year survival rates for patients with TNM
stages 1, 2, 3, and 4 were 92.3%, 81.2%, 89.4%, and 23.8%,
respectively. Although 5-year survival estimates for stage 2
and 3 disease were incongruous, stage 3 PNETs ultimately
exhibited worse survival at later time points on the Kaplan–
Meier curve (Fig. 1b). Interestingly, Scarpa and colleagues7

recently evaluated the ENETS-TNM system and found
limited prognostic value for intermediate stages of disease.
The authors proposed modifications to improve stratification,
though the system has yet to be adopted universally.

Along with classification and staging of PNETs, recent
series have examined pathologic characteristics that predict
poor survival. Ito and colleagues, for example, found that
tumor grade, nodal metastasis, and distant metastasis
predicted poor survival. Bilimoria and colleagues4 identi-
fied tumor grade and distant metastasis as the most
significant predictors of survival. In contrast, Kazanjian
and colleagues20 found that lymphovascular invasion, not
resection margins or distant metastasis, predicted poor
survival. In our study, we examined factors influencing

Variable Minimally invasive/
parenchyma-sparing (n=45)

Traditional resection
(n=85)

p value

Demographics

Age, year, mean (SD) 60.9 (12.6) 61.0 (13.0) 0.96

Gender, M/F 19/26 35/50 0.91

Race (%)

Caucasian 35 (77.8) 62 (72.9) 0.55a

Hispanic 4 (8.9) 6 (7.1)

Black 3 (6.7) 5 (5.9)

Asian 0 (0) 0 (0)

Other 3 (6.7) 6 (7.1)

Pathology

Grade (%)b

Low 34 (75.6) 42 (49.4) 0.02c

Intermediate 4 (8.9) 18 (21.2)

High 2 (4.4) 7 (8.2)

Lesion size (%)

<2 cm 25 (55.6) 26 (30.6) <0.01
≥2 cm 20 (44.4) 59 (69.4)

Lymphovascular invasion (%)b

Present 8 (17.8) 47 (55.3) <0.01
Absent 34 (75.6) 32 (37.6)

Lymph nodes (%)

Positive 3 (6.7) 25 (29.4) <0.01
Negative 42 (93.3) 60 (70.6)

Distant metastases (%)

Present 0 (0) 7 (8.2) 0.10
Absent 45 (100) 78 (91.8)

Resection margins (%)

Positive 3 (6.7) 13 (15.3) 0.26
Negative 42 (93.3) 72 (84.7)

WHO Classification

WDT (%) 39 (86.7) 39 (45.9) <0.01d

Benign 27 16

Uncertain 12 23

WDCa (%) 4 (8.9) 38 (44.7)

PDCa (%) 2 (4.4) 8 (9.4)

TNM stage

Stage 1 (%)c 25 (55.5) 23 (27.1) <0.01e

Stage 2 (%) 17 (37.8) 34 (40.0)

Stage 3 (%) 3 (6.7) 21 (24.7)

Stage 4 (%) 0 (0) 7 (8.2)

Table 5 Demographic and
pathologic characteristics:
minimally invasive and
parenchyma-sparing vs.
traditional pancreatic resection

SD standard deviation, WDT
well-differentiated tumor,
WDCa well-differentiated carci-
noma, PDCa poorly differenti-
ated carcinoma
a Statistical analysis performed on
Caucasian versus all other races
b Data were not available on all
patients
c Statistical analysis performed on
low-grade versus all others (inter-
mediate- and high-grade)
d Statistical analysis performed on
WDT versus carcinomas (WDCa
and PDCa)
e Statistical analysis performed on
early stage (stages 1 and 2) versus
late stage (stages 3 and 4)
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survival in carcinoma patients only. Positive resection
margins and distant metastasis were significantly associated
with poor survival, and well-differentiated versus poorly
differentiated carcinoma by WHO classification very
closely approached significance. When controlling for
differentiation and resection margins, distant metastasis no
longer correlated with poor survival. We were unable to
report the impact of tumor grade and lymphovascular
invasion because incomplete data on early pathology
reports did not fit the hazards model. Pathology reports
continue to evolve with changes in classification and
staging systems, and future prospective studies that consis-
tently evaluate newly identified pathologic factors such as
Ki-67 will help clarify the current systems.

Surgery with curative intent is the mainstay of treatment for
all stages of PNETs. Since the first report of laparoscopic
pancreatic resection for insulinoma in the 1990s, minimally
invasive techniques are being applied with increasing frequen-
cy to the management of pancreatic diseases.21–23 Similarly,
after studies emerged demonstrating the safety and feasibility
of enucleation and central pancreatectomy, parenchyma-
sparing operations are being performed more commonly for
pancreatic lesions, including PNETs.24–28 Our institution’s
experience mirrors this shift as almost 50% of pancreatic
resections performed for PNETs since 2006 have involved
minimally invasive or parenchyma-sparing techniques.

Recent series in the literature document the safety and
feasibility of these modern surgical approaches to PNETs.
Pitt and colleagues29 evaluated patients who underwent
surgery for small (≤3 cm) PNETs and found comparable
outcomes between enucleation and traditional resection.
Although there was a higher incidence of pancreatic fistula
after enucleation, these fistulae were less severe than after
traditional resection. Of note, the patients with pancreatic
head PNETs treated by enucleation had decreased blood
loss, operative time, and length of stay compared to those
who underwent pancreaticoduodenectomy. In a recent
series of 49 consecutive patients, Fernández-Cruz and
colleagues30 evaluated laparoscopic distal pancreatectomy
and laparoscopic enucleation for select cases of benign and
malignant PNETs. They achieved R0 resection in all cases
of malignant PNETs and reported no recurrences at the time
of follow-up. Although they lacked an open-surgery control
group, they noted no mortality, reduced morbidity, and short
hospital stays. Our data demonstrate similar benefits and
oncologic outcomes. There was no difference in overall
morbidity, though minimally invasive/parenchyma-sparing
resection patients had significantly decreased major morbidity
than those who underwent traditional resections. Moreover,
the minimally invasive/parenchyma-sparing resection patients
had significantly shorter hospital stays compared to traditional
resection patients. Together, these data suggest that minimally

Variable HR 95% CI for HR p value

Age (>62 years) 1.03 0.39–2.70 0.96

Gender (female) 0.90 0.34–2.37 0.83

Tumor type (functional) 1.24 0.27–5.68 0.78

Lesion (≥2 cm) 1.18 0.27–5.24 0.83

Metastasis (present) 3.47 1.19–10.14 0.02

Resection margins (positive) 4.66 1.62–13.40 <0.01

Lymph nodes (positive) 0.78 0.30–2.02 0.61

WHO classification (PDCa) 0.34 0.12–1.02 0.05

TNM stage (stage increase by 1) 1.45 0.75–2.80 0.27

Table 7 Univariate analysis of
pancreatic neuroendocrine
carcinoma: pathologic factors
and survival

Variable Minimally invasive/
parenchyma-sparing (n=45)

Traditional resection
(n=85)

p value

Morbidity, any (%) 22 (48.9) 49 (57.6) 0.34

Morbidity, major (%) 5 (11.1) 24 (28.2) 0.03

Reoperation (%) 0 (0) 7 (8.2) 0.10

Readmission (%) 5 (11.1) 12 (14.1) 0.79

Mortality (%) 0 (0) 3 (3.5) 0.55

Length of stay, days,
median (IQR)

6 (5–7) 9 (6–15) <0.01

Follow-up, months,
median (IQR)

25.4 (14.7–42.5) 42.7 (6.7–66.7) 0.16

Recurrence (%) 2 (4.4) 13 (15.3) 0.09

5-year survival 100% 77.4% 0.16

Table 6 Outcomes: minimally
invasive and parenchyma-
sparing vs. traditional
pancreatic resection

IQR interquartile range
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invasive and parenchyma-sparing techniques for PNETs are
feasible, safe, and beneficial.

Concerns over oncologic outcomes have limited the role
of minimally invasive and parenchyma-sparing operations
for malignant pancreatic disease. A recent study by Kooby
and colleagues31 demonstrated comparable oncologic out-
comes between laparoscopic and open distal pancreatectomy
for adenocarcinoma, though no study has evaluated similar
outcomes for malignant PNET. In our series, two patients with
high-grade carcinoma (PDCa) underwent R0 laparoscopic
distal pancreatectomy without morbidity or mortality. Both

patients were alive and recurrence-free at the conclusion of
study follow-up. Two other patients in the minimally invasive/
parenchyma-sparing group developed recurrences after R0
laparoscopic distal pancreatectomy. One patient who had
WDT of uncertain behavior developed liver metastases and
recurrence in the surgical bed that were treated with
chemotherapy. The other patient had WDCa and developed
liver metastases that were treated with chemotherapy. Both
patients were alive at the conclusion of study follow-up.
Another concern with laparoscopic resection of malignant
disease is the potential to seed port sites with tumor. No
patient in this study developed port site disease during the
follow-up period.

It is important to note differences in pathology between the
minimally invasive/parenchyma-sparing group and the tradi-
tional resection group.We acknowledge that, in general, small
low-grade PNETs without locoregional or distant metastases

Table 8 Multivariate analysis of pancreatic neuroendocrine carcinoma:
pathologic factors and survival

Variable HR 95% CI for HR p value

Metastasis (present) 2.52 0.78–8.11 0.12

WHO classification (PDCa) 0.27 0.09–0.88 0.03

Resection margins (positive) 4.10 1.31–12.80 0.02

Table 10 Outcomes: early vs. recent experience

Variable Early (n=63) Recent (n=67) p value

Morbidity, any (%) 31 (49.2) 40 (59.7) 0.23

Morbidity, major (%) 10 (15.9) 19 (28.4) 0.09

Reoperation (%) 1 (1.6) 6 (9.0) 0.12

Readmission (%) 7 (11.1) 10 (14.9) 0.61

Mortality (%) 0 (0) 3 (4.5) 0.25

Length of stay, days,
median (IQR)

7 (5–10) 8 (5–15) 0.41

IQR interquartile range

Table 9 Patients and pathology: early vs. recent experience

Variable Early (n=63) Recent (n=67) p value

Demographics

Age, year, mean (SD) 59.4 (12.2) 62.4 (13.3) 0.19

Gender, M/F 23/40 31/36 0.26

Race (%)

Caucasian 46 (73.0) 51 (76.1) 0.68a

Hispanic 6 (9.5) 4 (6.0)

Black 4 (6.4) 4 (6.0)

Asian 4 (6.4) 2 (3.0)

Other 3 (4.7) 6 (8.9)

Type of resection (%)

Traditional resection 49 (77.8) 36 (53.7) <0.01
Minimally invasive/
parenchyma-sparing resection

14 (22.2) 31 (46.3)

Pathology

Grade (%)b

Low 31 (49.2) 45 (67.2) 0.51c

Intermediate 7 (11.1) 15 (22.4)

High 3 (4.8) 6 (9.0)

Lesion size (%)

<2 cm 24 (38.1) 27 (40.3) 0.80
≥2 cm 39 (61.9) 40 (59.7)

Lymphovascular
invasion (%)b

Present 33 (52.4) 22 (32.8) <0.01
Absent 22 (34.9) 44 (65.7)

Lymph nodes (%)

Positive 13 (20.6) 15 (22.4) 0.81
Negative 50 (79.4) 52 (77.6)

Distant metastases (%)

Present 4 (6.4) 3 (4.5) 0.71
Absent 59 (93.6) 64 (95.5)

Resection margins (%)

Positive 6 (9.5) 10 (14.9) 0.43
Negative 57 (90.5) 57 (85.1)

Table 9 (continued)

Variable Early (n=63) Recent (n=67) p value

WHO Classification

WDT (%) 35 (55.6) 43 (64.2) 0.32d

Benign 19 24

Uncertain 16 19

WDCa (%) 24 (38.1) 18 (26.9)

PDCa (%) 4 (6.3) 6 (8.9)

TNM Stage

Stage 1 (%)c 21(33.3) 27 (40.3) 0.67e

Stage 2 (%) 28 (44.4) 23 (34.3)

Stage 3 (%) 10 (15.9) 14 (20.9)

Stage 4 (%) 4 (6.4) 3 (4.5)

SD standard deviation, WDT well-differentiated tumor, WDCa well-
differentiated carcinoma, PDCa poorly differentiated carcinoma
a Statistical analysis performed on Caucasian versus all other races
b Data were not available on all patients
c Statistical analysis performed on low-grade versus all others (intermediate
and high grade)
d Statistical analysis performed on WDT versus carcinomas (WDCa and
PDCa)
e Statistical analysis performed on early stage (stages 1 and 2) versus late
stage (stages 3 and 4)
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were selected for the minimally invasive and parenchyma-
sparing approaches, introducing selection bias. Other limi-
tations include those of any single-institution retrospective
review. Incomplete pathologic data may have biased classifi-
cation and staging, though our data concur with similar studies
in the literature. Lastly, the study population is defined by the
demographics seen at our institution, a high-volume academic
center with experienced pancreatic surgeons, and results may
not be universally applicable. Nonetheless, our data suggest
that patients who undergo surgical management of PNETs
have prolonged survival and that judicious use of minimally
invasive and parenchyma-sparing techniques is safe and
effective for patients with these tumors.

Conclusion

In this series, the WHO classification and ENETS-TNM
staging systems provided useful stratification of patients who
underwent pancreatic resection for PNETs. Positive resection
margins and distant metastasis were associated with poor
survival in patients with pancreatic endocrine carcinoma. In
recent years, there has been a significant increase in minimally
invasive and parenchyma-sparing techniques for PNET
patients at our institution. These techniques have been applied
safely in select patients, achieving shorter hospital stays
without compromising oncologic outcomes.
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Discussant

Dr. Charles m. Vollmer (Boston, MA): Congratulations. I have really
been impressed by the full breadth of your group’s work here this
week. It’s been amazing. This is going to be one of the largest if not
the largest and, may I say, a bodacious series on pancreatic
neuroendocrine surgery. The primary point to take away after reading
your paper on this, and you pointed this out, is that there is good
fidelity with the newly developed staging systems. You also properly
acknowledge that there are different biologies of the groups that you
assessed and there probably is a bias in how the biology affects the
outcome.

A few questions for you:
Are there temporal process effects that can be affecting these

outcomes? So many of these minimal-access operations and
parenchymal-sparing operations are clustered in the recent time period
from 2006 onward. In other words, is it an effect of the operation or
the time frame in which this is going on? And can you compare head
to head with the traditional operations in that time frame?

The second question would be, are you actually mixing disparate
concepts by clustering minimally invasive operations with
parenchymal-sparing operations? I think these are two different
theoretical paradigms conceptually. And I wonder if there are still
outcome differences if you segregate those into three different groups
in the entirety.

The third question would be, for your parenchymal-sparing group,
are you actually achieving the objective of endocrine and exocrine
maintenance for that?

The last question would be, what would you and your group do
with a 0.8-cm, incidentally identified neuroendocrine tumor in the
pancreatic head, which is totally asymptomatic, given the fact that
these biologies are largely going to be on the low-grade end of the
spectrum? What is your approach to this kind of scenario?

Closing Discussant

Dr. John Allendorf: In terms of whether or not outcomes were a
function of time, we have done a comparison of the early and late
outcomes, and we found really no differences in those outcomes. But,
as you point out, many more of the minimally invasive and
parenchymal-sparing operations were done in our later experience.

It’s a bit jarring when you first look at the presentation of the data
to include these two very different surgical techniques. And that’s
why, in the background, I took you through some of our previous
work, where we looked specifically at distal pancreatectomies, open
versus laparoscopic, and found a shorter length of stay and a lower
morbidity. And we looked specifically at our central pancreatectomy
cohort and compared them to the alternative, which would be distal
pancreatectomy, and found a lower incidence of diabetes. However,
these analyses also include patients with cystic neoplasms. So I can’t
tell you for the specific histology of pancreatic neuroendocrine tumors
that that holds true, but the best I can do is to extrapolate from the
procedure-specific studies.

It’s been our approach to resect small neuroendocrine neoplasms. I
don’t know if you were asking what type of resection we would do,
enucleation or Whipple. I think it would depend on the anatomy, how
close it was to the pancreatic duct, whether I was concerned about a
fistula or maybe disconnecting the pancreas. But if it was well away
from the pancreatic duct, I think I would offer the patient an
enucleation. If it was near the pancreatic duct, I probably would offer
the patient a pancreaticoduodenectomy. One could argue that
something as small as that and as indolent as that could be watched.
But I don’t think we have ample evidence to support observation, and
it’s a hard sell to the patient to tell them that they have a pancreatic
neoplasm and we’re going to leave it alone and watch it. We are
gaining a knowledge about the natural history of these, but I don’t
think we are at the point of being comfortable with observation, so at
this point I would resect.

Discussant

Dr. Henry Pitt (Indianapolis, IN): Historically, when the morbidity and
mortality of Whipple and open distal pancreatectomy were significant,
most experts recommended enucleation of neuroendocrine tumors. As
mortality decreased, the pendulum swung toward resection. Currently,
I believe that the pendulum should swing back toward more
enucleations of small neuroendocrine tumors.

You had 51 tumors that were 2 cm or less, but only five were
enucleated. For lesions in the head and neck of the pancreas,
enucleation may be more appropriate because of decreased morbidity
and comparable survival. An analysis published this past year by
Susan Pitt came to this conclusion. What are your current policies
with respect to enucleation?

Closing Discussant

Dr. John Allendorf: I’m familiar with your paper. Our institutional bias
has been to try to avoid pancreatic fistulas. However, based on the
work that you have done and the Barcelona group, even though with
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enucleation there’s a higher fistula rate, the fistulas tend to be more
easily controlled and of a lower grade.

And so, going forward, it is important to consider the long-term
effects that we are perpetrating upon our patients as far as endocrine
and exocrine insufficiency. Many of these patients are going to live for
a long time, and very few of these patients die from these operations,

so it’s not just the perioperative complication rate but the long-term
complications or sequelae of doing pancreatic resections that become
important.

So although our bias has been to resect small neuroendocrine
neoplasms and to avoid pancreatic fistula, I think going ahead in the
future we are going to give more consideration to enucleation.
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Abstract
Background Locally advanced unresectable pancreatic adenocarcinoma is characterized by poor survival despite
chemotherapy and conventional radiation therapy (RT). Recent advances in real-time image-guided stereotactic radiosurgery
(SRS) have made it possible to treat these cancers in two to four fractions followed by systemic chemotherapy.
Aims The aims of this study includes the following: (1) obtain local control of the disease; (2) improve the survival of these
unresectable patients; (3) evaluate the toxicity of SRS; and (4) report results of the largest series from a single center.
Methods Pancreatic SRS involves delivery of high doses of accurately targeted radiation given non-invasively in two to
four fractions. We treated 85 consecutive patients with locally advanced and recurrent pancreatic adenocarcinoma from
February 2004 to November 2009. Age range: 36–88 years, median 66 years; sex: 50 males, 35 females; race: 79
Caucasian, five African American, one Asian; histology: 80 adenocarcinoma, three islet cell, two other. Pre-SRS staging:
T3–4 85; N+ 16, Nx 57, N0 12; M0 64, M1 21. All patients were unresectable at the time of SRS. Seventy-one had no prior
surgical resection, and 14 had local recurrence after prior surgical resection. Twenty-nine patients had progression of disease
after prior conventional RT. Location of the tumor: head, 57; body and tail, 28. Pre-SRS chemotherapy was given in 48
patients. All patients received gemcitabine-based chemotherapy regimen after SRS. Median tumor volume was 60 cm3.
PET/CT scans done in 55 patients were positive in 52 and negative in three patients. Average maximum standard uptake
value was 6.9. Pain score on a scale of 1–10 was: 0–3 in 54, 4–7 in 18, and 8–10 in 13 patients. SRS doses ranged from 15
to 30 Gy with a mean dose of 25.5 Gy delivered in 3 days divided in equal fractions. Mean conformality index was 1.6, and
mean isodose line was 80%.
Results Tumor control: complete, partial, and stable disease were observed in 78 patients for the duration of 3–36 months
with median of 8 months. Pain relief was noted in majority of patients lasting for 18–24 weeks. Most of the patients died of
distant disease progression while their primary tumor was controlled. Overall median survival from diagnosis was
18.6 months and from SRS it was 8.65 months. For the group of 35 patients with adenocarcinoma without prior surgical
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resection or RT and no distant metastases, the average and 1-year survival from diagnosis was 15 months and 50%,
respectively, and from SRS it was 11.15 months and 30.5%, respectively.
Toxicity A total of 19 (22.37%) patients developed grades III/IV GI toxicity including duodenitis, 12 (14.1%); gastritis, 11
(12.9%); diarrhea, three (3.5%); and renal failure was noted in one (1.2%). Three patient had both gastritis and duodenitis.
Toxicity was significantly more prevalent in the first 40 patients compared with the last 45 patients (32.5 vs 13.9%).
Conclusions SRS for unresectable pancreatic carcinoma can be delivered in three fractions with minimal morbidity and a
local tumor control rate of 91.7%. The survival is comparable or better than the reported results for advanced pancreatic
cancer, specifically for the group of previously untreated patients with unresectable tumors. Development of distant
metastases remains a significant factor.

Keywords Locally advanced pancreatic carcinoma .

Stereotactic radiosurgery

Introduction

Pancreatic cancer is the second most common gastrointestinal
malignancy and although it is the ninth most common cancer
amongst all sites, it is the fourth leading cause of cancer deaths
in the USA. In 2009, it is estimated that 42,470 people
developed pancreatic cancer and 35,240 died from it.1

Pancreatic cancer carries a grave prognosis with overall 1-
and 5-year survival rates of 24% and 5%, respectively.
Moreover, only 7% of cases are diagnosed at an early stage
and only 15% to 20% of patients have resectable disease at
diagnosis. Approximately 30–40% have locally advanced
unresectable tumor and 40% have metastatic disease.2,3

The median survival of locally advanced pancreatic
cancer remains 6–11 months in the majority of prospective
clinical trials despite advances in chemotherapy, radiation
therapy (RT) and chemo-radiation therapy (CRT) in the last
two decades.4–11 Improvement in relief of pain and quality
of life remains a great problem.

In the last two decades, a few noteworthy improvements
in chemotherapy, RT and a combination of CRT have made
only a very modest impact on the overall prognosis.
Gemcitabine-based chemotherapy has improved response
rate and survival.12 The addition of erlotinib to gemcitabine
made a very mild improvement in response rate and
survival.13 Many clinical trials of concomitant CRT showed
improvement over RT or chemotherapy alone.4,5,7 Few
studies showed adverse or no beneficial effect of CRT
versus chemotherapy alone.8,14

All previous trials used conventional RT along with either
5-FU or gemcitabine-based chemotherapy. Improvements in
conventional RT were possible because of advances in
computed tomography (CT), magnetic resonance imaging
(MRI), and positron emission tomography (PET). Now, 3D
conformal radiation therapy is the standard way of delivery
for RT. Intensity-modulated radiation therapy (IMRT) has also
impacted the delivery of megavoltage photon-based therapy
by concentrating on the tumor target and sparing surrounding
normal tissues.

In the last 5 years, further improvement in the precise
delivery of high dose RT to the tumor was made possible
with the development of real-time image-guided stereo-
tactic radiosurgery (SRS). It enables a biologically larger
dosage of radiation in one to three fractions as opposed
to 30 to 40 fractions used in conventional methods of
delivery.15–18 With sub-millimeter accuracy of delivery of
RT, the maximum dose could be delivered at the target
with minimal dose to adjacent critical structures thus
achieving the best therapeutic ratio.

We treated 85 patients with locally advanced or recurrent
unresectable pancreatic cancer by SRS and chemotherapy
with the following aims: (1) To obtain local control of the
disease. (2) To improve the survival of the unresectable
pancreatic cancer patients. (3) To evaluate the toxicity of
SRS. (4) To compare our results with the results of other
prospective studies with conventional CRT.

Materials and Methods

From 2 March 2004 to 11 May 2009, a total of 85
patients with biopsy proven locally advanced pancreatic
cancer were treated with SRS at our center. Pre-SRS
evaluation in all patients included complete history and
physical, Karnofsky performance score, complete meta-
bolic panel (CMP), CA19-9, and pain score recorded on
severity of pain from 0 to 10. Pre-SRS tumor staging was
done by triphasic or biphasic CT in all patients and by
PET/CT in the latter 55 patients. All primary or recurrent
tumors were unresectable by conventional criteria: (a)
visceral arterial encasement, (b) extrapancreatic retroper-
itoneal tumor extension near aorta or vena cava, and/or (c)
complete obliteration of portal or superior mesenteric
vein. Age range of patients was from 36 to 88 years with
the median age of 66 years. Fifty patients (58.8%) were
males and 35 (41.2%) were females. Racial distribution
was: Caucasian, 79; African American, five; and Asian,
one. Tumor location was in the head 57 (67%) and body/
tail of the pancreas in 28 (33%). Histology of tumor was
adenocarcinoma in 80 (94.12%) neuroendocrine/islet cell
carcinoma in three (3.53%) and other histologies in two
(2.35%) patients.
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Fourteen (16.5%) patients had locally recurrent (unresectable)
tumor after previous surgical resection (Whipple procedure or
distal pancreatectomy). Seventy-one patients (83.5%) had no
prior surgical resection. Fifty-six patients (65.9%) had no prior
radiation therapy. Prior conventional RTwas given in 29 patients
(34.1%) and they had local progression of tumor at the time of
SRS. Fourteen of this group had locally recurrent disease after
surgical resection and adjuvant CRT; and remaining 15 had local
progression after prior conventional CRT. The range of
conventional RT dose delivered prior to SRS was 36–60 Gy
(median 50 Gy). Forty-eight patients (56.5%) received prior
chemotherapy for their disease and they had local progression of
disease prior to SRS. None of the patients received pre-SRS
chemotherapy for radiosensitizing purposes.

Tumor staging at diagnosis and pre-SRS time is given in
Table 1. For pre-SRS T category, all patients were
surgically unresectable. The largest single tumor diameter
measured by CT ranged from 1.2 to 10 cm with a median
diameter of 4 cm and mean of 4.3 cm. The majority of the
patients were staged Nx as CT, PET/CT or endoscopic
ultrasound (EUS) could not identify nodal metastasis with
certainty. Twenty-one patients who had distant metastasis
were given SRS for large symptomatic pancreatic tumors.
Most of these patients had severe pain and their distant
metastatic disease was controlled by systemic chemotherapy.

Pain was evaluated on the scale of 0 to 10. Pre-SRS
evaluation of pain showed no pain to mild pain (pain score
0–3) in 54, moderate pain (pain score 4–7) in 18, and
severe pain (pain score 8–10) in 13 patients. Pre-SRS score
of general performance as measured by Karnofsky method
was less than 80% in 14 patients and more than 80% in 71
patients.

Pre-SRS PET/CT was positive in 52 patients and
negative in three. Thirty patients in the study, mostly in
the initial period did not get a PET/CT scan. Pre-SRS
maximum standard uptake value (SUV) ranged from 2 to
21 with a median of 6.0 and mean of 6.9. Pre-SRS values of
CA19-9 in 65 patients with adenocarcinoma ranged from
two to 38,975 units (median, 234 units).

Post-SRS follow-up was done in all patients every
8–12 weeks with complete physical examination, CMP
and CA19-9. CT scans were obtained every 8–12 weeks
and in the latter 42 patients, PET/CT scans were obtained
every 12–18 weeks. Of the 55 patients who had pre-SRS
PET/CT for planning purposes, we could obtain post-SRS
PET/CT in only 42 patients because either they had distant
progression or we were unable to obtain studies because of
insurance limitation.

All patients had post-SRS chemotherapy within
3–4 weeks after SRS. The chemotherapy regimen included
gemcitabine alone or gemcitabine with erlotinib, taxol,
xeloda, and bevacizumab. Post-SRS chemotherapy deci-
sions were made by their medical oncologists. Toxicity was
recorded as per NCI guidelines.19 Grades III and IV toxicity
was correlated to tumor volume, prior RT, surgery, or
chemotherapy and to early or late time periods of when the
SRS was administered.

Response Evaluation

Response to SRS was recorded after every evaluation by
CT in all and PET/CT in the latter 42 patients. Response
Evaluation Criteria in Solid Tumors (RECIST) criteria were
used for response evaluation.20 We modified RECIST
criteria of response by utilizing PET/CT scans in evalua-
tion. Tissue reaction producing fibrosis at the tumor site
frequently made it impossible to measure complete or
partial disappearance of the tumor on CT while PET/CT has
been shown to be able to differentiate fibrosis from residual
viable malignancy with 18F-FDG (fluorodeoxyglucose). A
complete response (CR) was the disappearance of the
primary tumor by CT scan and in the patients who had
PET/CT, no significant uptake in the tumor bed. A partial
response (PR) was defined as at least 30% decrease in the
largest diameter of the tumor and reduction in maximum
SUV value. Stable disease (SD) was defined as less than
30% decrease in the largest diameter of the tumor or less
than 20% increase in largest tumor diameter and no
increase in the maximum SUV on PET/CT. Progression of
disease was defined as more than 20% increase in the
largest diameter of the tumor and increase in the maximum
SUV. Local progression free response (local tumor control)
included all patients with CR, PR, and SD.

SRS Technical Consideration

The SRS system (CyberKnife®) is a frameless, image-
guided RT system that has a 6-megavolt linear accelerator
mounted on a robotic arm with 6° of freedom. The imaging
system is composed of two diagnostic orthogonal X-ray

Table 1 Stage of the disease

At diagnosis TNM Pre-SRS TNM or rTNM

T1 1 0

T2 2 0

T3 22 18

T4 60 67

N0 13 12

N1 20 16

Nx 52 57

M0 66 64

M1 19 21
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sources on the ceiling paired with amorphous silicon
detectors that capture digital radiographic images of the
patient in real-time. It is capable of delivering a high dose
of radiation with 0.12 mm accuracy. It delivers unhindered
non-coplanar treatment to pancreatic tumors through 150–
200 uniquely angled beams per fraction. It requires gold
fiducials implanted in the tumor to track the delivery of
these beams.

One to 2 weeks before the SRS, five gold fiducials were
implanted in and around the pancreatic tumor 2–5 cm apart
and in three different planes. For fiducial placement, in
addition to the tumor site, other preferred sites were the psoas
muscle, crus of the diaphragm, periosteum of the vertebral
body, and the laminae. Dilated distal pancreatic duct and
vessels were avoided. The fiducial placement procedure was
performed by the interventional radiologist either under CT
guidance or by the surgeon during laparatomy for attempted
resection or biliary bypass. In cases where no extra tumoral
(spine) fiducials were placed, we used XSight™ (Accuray
Incorporated, Sunnyvale, CA), a spine tracking algorithm to
establish 3D rotational orientation. The accuracy of XSight™
System is comparable to that of the fiducial tracking method
for precision SRS delivery.21

After allowing the implanted fiducials to settle, each
patient was imaged using a CT with 1.5-mm slice thickness
with the patient in an immobilized position accomplished
by a custom-made Vac-Loc device (Bionix Radiation
Therapy, Toledo, Ohio); oral and IV contrast were always
used for delineation of surrounding critical structures,
except in patients allergic to IV contrast. In the latter 55
patients, PET/CT scans were done at the same time. Fusion
images of CT and PET/CT scan were used for 3D
reconstruction and planning. The resulting CT volume
was used in the treatment planning and creation of the
normal tissue constraints through contouring the tumor and
adjacent critical structures. The critical structures contoured
were the duodenum, stomach, liver, kidneys and spinal
cord. The gross tumor volume (GTV) and the surrounding
organs including the liver, stomach, spinal cord and both
kidneys were contoured jointly by the surgical and radiation
oncologists. The GTV included the volume that was
identifiable on the planning CTand PET/CT, unless additional
information was available through intraoperative or EUS
sources. The size of the GTV ranged from 9.8 – 223.3 cm3

with a median of 59.7 cm3 and mean of 70.74 cm3. The
planning treatment volume (PTV) included the GTV and
a 3 mm margin around the tumor margin. The dose to
critical structures was limited to known tolerance levels
for at least 90% of the volume of the respective organs
(Figs. 1, 2, 3, and 4).

A total dose of 15–30 Gy (median, 25.5 Gy) was
prescribed to a median 80% isodose line (range, 75% to
88%) in one to four fractions (mean, three fractions).

During the treatment, the patient was allowed to breathe freely
and the motion of the target volume was tracked by
Synchrony® Respiratory Tracking System (Accuray Incorpo-
rated Sunnyvale CA), in most of the patients. Synchrony®
uses a correlation algorithm to generate a model of the motion
of the internal fiducials and external light emitting diodes
placed on the patient’s chest.22 This model algorithm was
generated right before the initiation of the treatment and
updated throughout the treatment each time an X-ray image
was acquired.

Statistical Methods

Patient data was entered in Microsoft Access® data base
retrospectively and prospectively. SAS 9.2 program was used
for computing. The Kaplan–Meier Estimate (product-limit
estimate) method was used for survival data.23 For calculating
the p values, non-parametric methods used were log-rank test
and Wilcoxon test. Chi-square test was used to detect the
association between categorical variables. Survival graphs
were created by software R (2.10.1) program developed by
Bell Labs.

Results

Tumor Control and Duration

Local tumor control (CR+PR+SD) was obtained in 78
(91.7%) patients. Of these 78 patients, ten (11.8%) had CR,
27 (31.7%) had PR, and 41 (48.2%) had SD. The duration of
responsewas from 3 to 36months with themedian of 8months.
Amongst the local progression free group of patients, most
developed distant metastases while their local disease was
under control. Five patients had progression of local disease at
1, 8, 12 16, and 25.8 months. Two patients did not get follow-
up imaging studies or they were lost to follow-up.

Of the 42 patients who had both pre- and post-SRS PET/
CT, 10 showed no appreciable uptake on post treatment scans
and 32 demonstrated mild uptake in the tumor. They had a
minimal decrease in their SUV values at post-SRS evaluation.
Mean and median pre- versus post-SRS SUV values were: 6.9
and 6 (SD±4.3) versus 4.5 and 4 (SD±2.92), respectively, p=
NS. Those patients who had CR by PET/CT never showed
complete disappearance of the tumor by CT evaluation,
suggesting the residual density on the CT represented
fibrotic reaction (Figs. 5, 6, 7). The 46 patients with
adenocarcinoma and M0 disease who had both pre- and
post-SRS, CA19-9 evaluation showed improvement in post-
SRS CA19-9 value. Median and mean values for pre- versus
post-SRS were: 245 and 2,172 (SD−6,459) versus 138 and
1,124 (SD±2,191.6), respectively, p=NS.
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Distant Disease Progression

Distant progression of disease was seen in 65 patients
including those who had distant metastases prior to SRS.
Distant progression of disease occurred from 1 to
41 months with the median time interval of 91 days.
Distant disease progression occurred at multiple sites.
Most common sites were peritoneum, liver, lymph nodes
and lung.

Pain Control

Patients who had severe pain (score of 8–10) had relief of
pain to a much lower scale and the duration of relief was up
to 24 weeks from SRS. Patients who had moderate pain
(score 4–7) had relief of pain lasting for 18-week period
(Fig. 8).

Of the 31 patients who had pain score of more than 4, 15
had complete relief of pain lasting for more than 6 months.
The remaining 16 patients had relief of pain to lower scores
after SRS compared with pre-SRS pain scores.

Toxicity

A total of 19 (22.3%) patients developed multiple grades III
or IV gastrointestinal toxicities. Duodenitis was seen in 12
(14.1%), gastritis in 11 (12.9%), and diarrhea in three
(3.5%) patients. Of the total 19 patients who had upper GI
tract toxicity, three had both gastritis and duodenitis.
Furthermore, of the 12 patients who had duodenitis within
6 weeks of SRS, seven had late duodenitis as well. It
resulted frequently in upper GI hemorrhage or duodenal
obstruction. Tumor recurrence was seen in two patients
with late duodenal toxicity.

Diarrhea was more related to post-SRS chemotherapy
started within 3–4 weeks of SRS. Renal toxicity was not
related to radiation to the kidneys but to deteriorating
general condition with peritoneal implants and ascitis.

Fig. 2 3D construction of contoured tumor and critical organs tumor
(T), stomach (S), and duodenum (D)

Fig. 1 Contouring of pancreatic
head carcinoma and adjacent
critical organs viz. stomach,
duodenum, kidneys, liver and
spinal cord. (Axial, sagittal,
and coronal views)

J Gastrointest Surg (2010) 14:1547–1559 1551



GI toxicity was correlated to prior RT, prior surgical
resection, GTV and first 40 patients versus last 43 patients.
Two patients could not be evaluated for toxicity because of
noncompliance in follow-up. Statistically significant correlation
of GI toxicity was noted in patients treated in early years versus
latter years of the study period (Table 2).

One patient died 3 weeks after SRS treatment. The cause
of death was sepsis and ascitis. The patient was on
chemotherapy after SRS. We do not think the cause of
death was from SRS treatment.

Surgical intervention was not needed in these patients
when they developed GI toxicity. Most of these patients
were treated with conservative medical management. Few
patients needed duodenal stent for obstruction from
progression of tumor 5–6 months after SRS.

Survival

At the end of the study period 13 patients are alive with
disease, two of these having no disease progression. Sixty-
one patients died of disease, nine died of other causes
(sepsis, neutropenia, cardiac, or lung problems), and two
patients were lost to follow-up.

Overall survival from the diagnosis in all 85 patients ranged
from 6 weeks to 48 months with the mean of 22.9 months and
median of 18.6months.Mean andmedian overall survival from
the first treatment of SRS was 13.24 and 8.65 months (Fig. 9).
The survival was correlated to many factors. Median survival
for patients with carcinoma in the body and tail was slightly
higher than for the head of pancreas 13 versus 11.2 months
but p value was not significant.

Mean survival of patients without distant disease
progression was statistically better than those who had

Fig. 4 Dose volume histogram. CTV clinical target volume, PTV
planning target volume, ST stomach, DU duodenum

Fig. 3 Left panel, SRS
treatment plan; right upper
panel, dose volume histogram
(DVH); right lower panel,
dose distribution to critical
structures
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distant disease progression. Median survival for patients
without distant disease progression although not reached is
more than 18 versus 11.56 months in patients with distant
disease progression (Fig. 10).

Post-SRS mean survival for patients who had no prior
RT was better but not statistically significant than those
who had prior RT (15 vs 9.21 months, Fig. 11). Prior RT
did not affect survival either from diagnosis or from SRS.
From the time of diagnosis, a trend of better survival was
seen in the first 18–20 months in RT group because 14
patients in that group had surgical resection followed by
adjuvant CRT (Fig. 11).

Most importantly, the estimated survival for the group of
patients with adenocarcinoma only but without prior
surgical resection, or RT or presence of distant metastases
at the time of diagnosis and SRS is shown in (Fig. 12). The
median, mean and 1 year survival from diagnosis was 13.4,
15.04 months (range, 2.2–30 months), and 50%; while the
survival figures from the first SRS treatment were: 8.65,
11.15 months (range, 1–28.2 months), and 30.5%.

Characteristics of 49 patients who survived less than
1 year after SRS were compared with those 28 patients who
survived for more than 1 year. Patients who died of other
causes were excluded from the analysis.

These two groups were analyzed for tumor volume, age,
gender, percentage of isodose, prior RT, histology, and PET
CT scan results. No statistically significant difference was

found in these two groups. A trend was seen for larger
tumor volume in short survivor group compared with long
survivor group (62 vs 46 cm3).

Survival was further analyzed for those patients who
became PET/CT negative. Median survival for the 15
patients who became PET/CT negative was 17 months.
This compares well with the overall median survival of the
8.6 months for the entire group.

Discussion

Pancreatic adenocarcinoma carries a grave prognosis. It
ranks at or near the bottom of the list of all cancers in
relation to patient survival from diagnosis. Resection of the
tumor by pancreatico-duodenectomy or distal pancreatectomy
is the only proven method to achieve improved survival. Very
few patients are resectable at diagnosis. From 1985 to 1995 in
the report from the National Cancer database, only 9%
patients at the time of diagnosis out of 100,313 patients had
surgical resection.24

In the last 25 years, even in resected pancreatic cancers,
the survival reported in 5 large prospective randomized
trials has not improved much.25–29 In these trials median
survival for the patients receiving adjuvant CRT or
chemotherapy only ranged from 16.9 to 22.1 months. In
fact, from 1985 to 2008 despite better RT methods and use

Fig. 5 Pre-SRS CT and PET/
CT showing tumor at the
proximal body of pancreas

Fig. 6 Post-SRS CT and PET/
CT showing complete response
by PET/CT (right panel) but no
complete disappearance of
tumor by CT (left panel)
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of gemcitabine in the last decade, the median survival
remained essentially unchanged from 20–22 months. Local
recurrence rates were high, from 23% to 51% after
resection and distant metastasis rate was also very high
50% to 77%.

If such is the prognosis in resected patients, then the
prognosis for unresectable pancreatic cancer is more
discouraging. Almost 30% to 40% patients have locally
advanced pancreatic cancer.30,31 They are not only unre-
sectable, but frequently a majority of these patients will
have micrometastases undetected by present available
imaging techniques including PET/CT. Furthermore, many
of these patients are symptomatic because of invasion of the
visceral nerves and adjacent viscera. Median and 1 year
survival for these patients is reported to be 7.2 months and
27%.2,3

Before 1981, these patients were treated either by
chemotherapy or conventional RT and palliative procedures
without any impact on survival. Since the initial reports in
1981 and 1985 by the Gastrointestinal Tumor Study Group
of improved results by using of combined modality of
treatment, chemotherapy and radiation therapy followed by
chemotherapy, this approach has become standard not only

in pancreatic but practically in all GI cancers.4,6 The
standard chemotherapeutic agents used were 5-FU mainly
and for radiation therapy conventional super voltage radiation
of 1.8 Gy given daily 5 days per week for 30–40 days with
total dose of 40 to 60 Gy.

Improvement in systemic chemotherapy with the use of
gemcitabine over 5-FU made a positive impact in progression
free and overall survival, and betterment of disease related
symptoms.12 The addition of other chemotherapy drugs,
platinum agents (cisplatin, oxaliplatin), irinotecan, capcitabine,
and anitfoliates (pemetrexed) to gemcitabine has made little
improvement over gemcitabine alone.32–34 Lastly, for systemic
chemotherapy, the addition of erlotinib, an epidermal growth
factor receptor inhibitor, has shown a very small but
statistically significant survival advantage over gemcitabine
alone.13

In the last 15 years, parallel to the progress in systemic
chemo/molecular therapy in advanced pancreatic cancer,
radiation therapy has made tremendous progress in achieving
maximum therapeutic ratio with minimal dose to adjacent
normal structures. 3D conformal RT has become standard.
Innovations in imaging techniques, CT, MRI, and PET/CT
made it easy to plan and deliver IMRT.

With the recent advances in stereotactic image-guided
technology, including real-time image guidance, now it is
possible to deliver high doses of radiation therapy with sub-
millimeter accuracy in non-CNS body tumors. Although
retroperitoneally located, the movements of the pancreas with
each respiration cycle are considerable, ranging from 1.1 to
2 cm in different direction.35 Synchrony®, which utilizes
respiratory gating technology, can account for such move-
ments thereby delivering the high dose to the target without
much radiation exposure to adjacent viscera. SRS can deliver
25.5 Gy dose in 1 day. This will be a biologically equivalent
dose of 85.5 Gy. To deliver 87.5 Gy by conventional RT, it
would take 41 days at a daily dose of 1.8 Gy. Similarly, in our
study, a 25.5 Gy dose given in three fractions is biologically
equivalent to 47.2 Gy. Delivery of a dose of 47.2 Gy dose by
conventional method would require 22 fractions of a 1.8 Gy
daily dose given over 4 to 5 weeks.36,37Fig. 8 Pre- and post-SRS mean pain score

Fig. 7 Pre-SRS PET/CT fusion
images showing active tumor
at the proximal body of pancreas
(left panel); post-SRS PET/CT
fusion images showing no
activity of 18 F-FDG in tumor
but no disappearance of tumor
on CT images

1554 J Gastrointest Surg (2010) 14:1547–1559



Intra-operative radiation therapy (IORT) for unresectable
and resected patients with pancreatic cancer did not confer
any survival benefit in both randomized trials.38,39 Com-
pared with IORT, SRS can deliver more dose in one
fraction without elaborate operating room RT set up.

For any modality of therapy to succeed in locally
advanced unresectable pancreatic cancer, it must address
two major points:

a. Since most patients develop metastatic disease an
effective systemic treatment of micrometastases is most
important.

b. Since uncontrolled local disease causes excruciating pain,
deterioration of quality of life, duodenal obstruction and
bleeding, an effective local modality of treatment
delivered in a short time period with minimal toxicity is
equally important.

This study cannot address the first major point but it can
address the second point. Local progression of disease after
chemo-radiation therapy has been reported from 42% to

Fig. 10 Estimated survival of patients with and without distant
disease progression Q1=median has not reached for patients with no
distant progressionFig. 9 Estimated overall survival of 85 patients from diagnosis and SRS

Factor No. GI toxicity % p value

GTV in cm3 <80 54 14 25.9 NS

>81 29 5 17.2 NS

Prior surgical resection Yes 14 2 14.3 NS
No 69 17 24.6

Prior RT Yes 29 6 20.7 NS
No 54 13 24

Prior Chemo Yes 47 10 21.3 NS
No 36 9 25

Year of Treatment 2004–2005 40 13 32.5 0.04
2006–2009 43 6 13.9

Total 83 19 22.3 –

Table 2 Toxicity table

GTV gross tumor volume
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62% in many prospective studies utilizing modern 3D
conformal RT.10,40–42 At the time of local progression,
almost equal number of these patients will also have
metastatic disease as well. SRS has low rate of local
progression. Previous studies at other institutions and one at
our institution showed local progression rate to be very low
from 7–22%.15,18,43,44

Although no complete responses were observed in the
Stanford series and they have not reported on partial
response after SRS, we observed complete response by
PET/CT and CT in ten (11.8%) patients and partial response
in 27 (31.7%) patients. Local tumor control (CR+PR+SD)
was observed in 91.7% patients, which is comparable to the
recent reports from other centers. The duration of local
progression free response was comparable to that reported
by others.15,43,44

Frequently, utilization of PET/CT added a new dimension
to evaluate the response to cancer therapy. The most
commonly used criteria for response evaluation is RECIST.20

For intra-abdominal malignancy, CT scan is the most
common imaging technology used for accurate measurement
of tumor. On several occasions, we observed no disease on
PET/CT imaging or considerable decrease in SUVafter SRS,
but CT showing no corresponding disappearance of tumor.
CT showed either fibrosis or inflammatory changes making
measurement of the tumor almost impossible. PET/CT has

been shown to be an accurate means of assessing treatment
response in many cancers, particularly lymphomas, where
PET/CT can predict tumor response after one or two cycles
of chemotherapy. It has been shown to be more predictive
than CT. Our results suggest the same may be true for
assessing treatment response following SRS. Additional
studies would be helpful to quantify and confirm this.

Lasting control of the local disease can be obtained by
SRS. In our series, the majority of patients developed
distant metastatic disease, usually at multiple sites, while
the primary tumor had no progression. Median time for
duration of local response was 8 months in our series.
Similar results have been reported by Stanford & Harvard
Groups.15,43

Can we increase the response rate by increasing the dose
of SRS to more than 25.5 Gy as administered in our series?
Phase I study by Koong and associates on escalation dose
of radiation therapy from 15 to 20 Gy and ultimately 25 Gy
showed tolerable GI toxicity and excellent tumor control by
the latter dose in the first 15 patients.17 Since the
progression free local control of disease is much higher
than conventional RT, we doubt that an increase in RT
doses by SRS will achieve additional responses, free of
toxicity.

Fig. 12 Estimated survival of patients with adenocarcinoma only but
who had no prior surgical resection, RT or distant metastasis

Fig. 11 Estimated survival of patients with prior RT versus no prior RT
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For the last 20 years, the vast majority of patients routinely
received concomitant CRT. Gastrointestinal toxicity is the most
common and the most debilitating side effect after CRT. Grades
III and IV GI toxicity in the form of nausea, vomiting, gastritis,
duodenitis and diarrhea ranged from 20 to 48.7% in recent
prospective studies.8–11,41 The toxicity increased when full
dose of chemotherapy and multiple chemotherapeutic drugs
were used concomitantly with RT. Additionally, local tumor
response and survival remained unchanged compared with
conventional CRT doses.8,9,11

In the present series, the most common toxicity was that
of the gastrointestinal tract (22.3%). We correlated toxicity
to multiple factors (Table 2). To our surprise, prior RT did
not correlate to post-SRS GI toxicity. We thought that
altered anatomic structures by prior surgery will affect
proper contouring of the bowel resulting in increased GI
toxicity, but in our series, prior surgery did not correlate
with more GI toxicity. Similarly, volume of tumor which
can affect exposure of adjacent GI structures did not
correlate with more GI toxicity. The most important factor
correlating the GI toxicity was the initial first 2 years period
versus the latter 3 years of SRS delivery. The toxicity was
statistically significant in patients treated in the first 2 years of
the study period. We think two factors may have contributed
to this difference. A better delineation of duodenum, stomach
and small bowel in preplanning imaging studies in the latter
period may have played the role. We did further analysis of
duodenal exposure to RT, however, we found that the
exposure of the duodenum to radiation was well below the
range of the toxicity dose.

We think the other important factor in reducing GI
toxicity in the latter period was the technical development
in tracking respiratory motion by Synchrony® which was
not used in first few patients. Although not perfect in
tracking pancreatic tumor motion with respiratory move-
ments, Synchrony® can help in tracking tumor motion in
super-inferior (SI) and antero-posterior (AP) and left to
right (L–R) direction. The mean pancreatic motion in one
study was: SI direction 20.8 mm, L–R direction 11.3 mm, and
in AP direction 13 mm.35 Along with many other improve-
ments, this single technical improvement distinguishes SRS
from 3D conformal RT, IMRT, and IORT.

Up to 85% patients with advanced pancreatic cancer have
severe pain.45 Two randomized studies, one from Hopkins
and the other from Mayo Clinic, showed beneficial effect of
neurolytic celiac plexus block over narcotic administration
only.46,47 In our study, post-SRS symptomatic pain relief was
uniformly seen in all patients having moderate and severe
pain. Usually, relief of pain was noted in the first week of
treatment and lasted for 18–24 weeks (Fig. 8).

Our study of the patients with locally advanced
pancreatic cancer has a mixture of patients, some with
distant metastasis and some with recurrence after prior

surgical excision and some with prior RT, which makes
inferences regarding survival difficult. However, we have
isolated the group of patients with adenocarcinoma only
without prior RT, surgical resection and distant metastasis
before SRS. Their median and 1-year survival from
diagnosis is better than the reported survival from the
National Cancer database of 12,981 patients with stage III
cancer.3 Most of the patients in our study died of disease
from distant metastasis. Despite improvements in chemo-
therapy and molecular based therapy, we cannot prevent or
control distant micrometastases. In fact, in our study the
group of patients with no progression of distant disease
showed the highest survival rate compared with the group
with progression of distant disease.

Since the local control cannot translate to the development
of distant metastasis, the best strategy to improve the survival
with any form of RT including SRS is to avoid patients who
develop metastatic disease during induction chemotherapy
courses prior to the delivery of SRS. SRS should be followed
by systemic chemotherapy. This approach is suggested by
studies from MD Anderson, and GERCOR (Groupe Coopér-
ateur Multidisciplinaire en Oncologie) in Europe.7,42 SRS has
the advantage over conventional 3D-RT because it can be
administered in 1 to 3 days, rather than the typical 5–6-week
course of conventional RT. It has much less grades III and
IV GI toxicity compared with concurrent CRT treatment.
SRS delivers much larger biologically equivalent doses
in the fewest fractions. Improvements are urgently needed
in treatment of micrometastases which are often present in
these patients. Local disease control in these unresectable
locally advanced pancreatic cancer is much better with SRS
than that of conventional CRT.
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Discussant DR. MARK P. CALLERY (Boston, MA): Twenty-five
of your 85 patients in your study were M1. What was the indication
for CyberKnife radiotherapy in patients with metastases? Was it for
pain control? And did these patients dilute your overall results?

Closing discussant DR. MUKUND S. DIDOLKAR: The main
indication for SRS was pain in these patients. The other indication was
the progression of the primary tumor in the presence of stable or
responded (CR or PR) metastatic disease on chemotherapy. To answer
the second question, it did affect the overall results because the
survival for the group of patients without distant metastases was much
higher than the survival of the patients with distant metastases.

References

1. American Cancer Society. Cancer Facts & Figures 2009 Atlanta:
American Cancer Society; 2009.

J Gastrointest Surg (2010) 14:1547–1559 1557



2. Ries LAG, Young JL, Keel GE, Eisner MP, Lin YD, Horner M-J
(eds). SEER Survival Monograph; Cancer Survival Among
Adults: US SEER Program, 1988–2001, Patient and tumor
characteristics. NCI, SEER Program, NIH Pub. No. 07-6215,
Bethesda, MD, 2007.

3. Bilimoria KY, Bentrem DJ, Ko CY, et al. Validation of the 6th
Edition AJCC Pancreatic Cancer Staging System Report from
National Cancer Database. Cancer 2007;110:738–744.

4. Moertel CG. Frytak S. Hahn RG. O'Connell MJ. Reitemeier RJ.
Rubin J. Schutt AJ. Weiland LH. Childs DS. Holbrook MA. Lavin
PT. Livstone E. Spiro H. Knowlton A. Kalser M. Barkin J.
Lessner H. Mann-Kaplan R. Ramming K. Douglas HO Jr. Thomas
P. Nave H. Bateman J. Lokich J. Brooks J. Chaffey J. Corson JM.
Zamcheck N. Novak JW. Therapy of locally unresectable pancreatic
carcinoma: a randomized comparison of high dose (6000 rads)
radiation alone, moderate dose radiation (4000 rads+5-fluorouracil),
and high dose radiation+5-fluorouracil: The Gastrointestinal Tumor
Study Group. Cancer 1981;48(8):1705–1710.

5. Gastrointestinal Tumor Study Group. Treatment of locally
unresectable carcinoma of the pancreas: comparison of
combined-modality therapy (chemotherapy plus radiotherapy) to
chemotherapy alone. Gastrointestinal Tumor Study Group. Journal
of the National Cancer Institute 1988;80(10):751–755.

6. Gastrointestinal Tumor Study Group. Radiation therapy combined
with Adriamycin or 5-fluorouracil for the treatment of locally
unresectable pancreatic carcinoma. Gastrointestinal Tumor Study
Group. Cancer 1985;56(11):2563–2568.

7. Huguet F. Andre T. Hammel P. Artru P. Balosso J. Selle F.
Deniaud-Alexandre E. Ruszniewski P. Touboul E. Labianca R. de
Gramont A. Louvet C. Impact of chemoradiotherapy after disease
control with chemotherapy in locally advanced pancreatic adenocar-
cinoma in GERCOR phase II and III studies. Journal of Clinical
Oncology 2007;25(3):326–331.

8. Chauffert B. Mornex F. Bonnetain F. Rougier P. Mariette C. Bouche
O. Bosset JF. Aparicio T. Mineur L. Azzedine A. Hammel P. Butel J.
Stremsdoerfer N. Maingon P. Bedenne L. Phase III trial comparing
intensive induction chemoradiotherapy (60 Gy, infusional 5-FU and
intermittent cisplatin) followed by maintenance gemcitabine with
gemcitabine alone for locally advanced unresectable pancreatic
cancer. Definitive results of the 2000-01 FFCD/SFRO study. Annals
of Oncology 2008;19(9):1592–1599.

9. Wilkowski R. Boeck S. Ostermaier S. et al. Chemoradiotherapy with
concurrent gemcitabine and cisplatin with or without sequential
chemotherapy with gemcitabine/cisplatin vs chemoradiotherapywith
concurrent 5-fluorouracil in patients with locally advanced pancreatic
cancer-a multi-center randomized phase II study. Brit J of Cancer
2009;101:1853–1859.

10. Haddock MG. Swaminathan R. Foster NR. Hauge MD. Martenson
JA. Camoriano JK. Stella PJ. Tenglin RC. Schaefer PL.Moore DF Jr.
Alberts SR. Gemcitabine, cisplatin, and radiotherapy for patients
with locally advanced pancreatic adenocarcinoma: results of the
North Central Cancer Treatment Group Phase II Study N9942.
Journal of Clinical Oncology 2007;25(18):2567–2572.

11. Small W Jr. Berlin J. Freedman GM. Lawrence T. Talamonti MS.
Mulcahy MF. Chakravarthy AB. Konski AA. Zalupski MM.
Philip PA. Kinsella TJ. Merchant NB. Hoffman JP. Benson AB.
Nicol S. Xu RM. Gill JF. McGinn CJ. Full-dose gemcitabine with
concurrent radiation therapy in patients with nonmetastatic
pancreatic cancer: a multicenter phase II trial. Journal of Clinical
Oncology 2008;26(6):942–947.

12. Burris HA. Moore MJ. Andersen J. Green MR. Rothenberg ML.
Modiano MR. Cripps MC. Portenoy RK. Storniolo AM. Tarassoff
P. Nelson R. Dorr FA. Stephens CD. Von Hoff DD. Improvements
in survival and clinical benefit with gemcitabine as first-line
therapy for patients with advanced pancreas cancer: a randomized
trial. Journal of Clinical Oncology 1997;15(6):2403–2413.

13. Moore MJ. Goldtein D. Hamm J. et al. Erlotinib plus gemcitabine
compared with gemcitabine alone in patients with advanced
pancreatic cancer. A phase III trial of National Cancer Institute of
Canada Clinical Trial Group. J. Clin Oncol 2007;25:1960–1966.

14. Klaassen DJ. MacIntyre JM. Catton GE. Engstrom PF. Moertel
CG. Treatment of locally unresectable cancer of the stomach and
pancreas: a randomized comparison of 5-fluorouracil alone with
radiation plus concurrent and maintenance 5-fluorouracil-an
Eastern Cooperative Oncology Group study. Journal of Clinical
Oncology 1985;3(3):373–378.

15. Chang DT. Schlenberg D. Shen J. et al. Stereotactic Radiotherapy
for unresectable Adenocarcinoma of the pancreas. Cancer
2009;115:665–672.

16. Koong AC. Christofferson E. Le QT. Goodman KA. Ho A. Kuo T.
Ford JM. Fisher GA. Greco R. Norton J. Yang GP. Phase II study to
assess the efficacy of conventionally fractionated radiotherapy
followed by a stereotactic radiosurgery boost in patients with locally
advanced pancreatic cancer. International Journal of Radiation
Oncology, Biology, Physics. 2005;63(2):320–323.

17. Koong AC. Le QT. Ho A. Fong B. Fisher G. Cho C. Ford J. Poen
J. Gibbs IC. Mehta VK. Kee S. Trueblood W. Yang G. Bastidas
JA. Phase I study of stereotactic radiosurgery in patients with
locally advanced pancreatic cancer. International Journal of
Radiation Oncology, Biology, Physics 2004;58(4):1017–1021.

18. Hoffelt C. & Didolkar M. Stereotactic radiosurgery for unresectable
adenocarcinoma of pancreas. Initial experience at Sinai Hospital of
Baltimore. In: Urschel HC (ed) Robotic radiosurgery: treating tumors
that move with respiration. Springer, Berlin 2007. pp. 177–192.

19. National Cancer Institute common toxicity criteria version 2.0.
Available at: http://ctep.cancer.gov/forms/CTCv20_4-30-992.pdf.
Accessed 18 Jan 2010.

20. Therasse P. Arbuck SG. Eisenhauer EA. Wanders J. Kaplan RS.
Rubinstein L. Verweij J. Van Glabbeke M. Van Oosterom AT.
Christian MC. Gwyther SG. New guidelines to evaluate the
response to treatment in solid tumors. European Organization for
Research and Treatment of Cancer, National Cancer Institute of
the United States, National Cancer Institute of Canada. Journal of
the National Cancer Institute 2000;92(3):205–216.

21. Fu D. Kahn R. Wang B. et al. Xsight Lung tracking system: a
fiducial-less method for respiratory motion tracking. In: Urschel
HC (ed) Treating tumors that move with respiration. Springer,
Berlin 2007. pp. 265–282.

22. Sayeh S. Wang J. Main WR. Kilby W. Maurer CR: Respiratory
motion tracking for robotic radiology. In: Urschel HC (ed) Treating
tumors that move with respiration. Springer, Berlin 2007. pp. 15–29.

23. Kaplan E. Meier P. NON-parametric estimation of incomplete
observations. Journal of the American Statistical Association
1958;53:457–481.

24. Sener SF. Fremgen A. Menck HR. Winchester DP. Pancreatic
cancer: a report of treatment and survival trends for 100,313
patients diagnosed from 1985-1995, using the National Cancer
Database. J Am Coll Surg 1999;189:1–7.

25. Kalser MH. Ellenberg SS. Pancreatic cancer: Adjuvant combined
radiation and chemotherapy following curative resection.
Archives of Surgery 1985;120(8):899–903.

26. Klinkenbijl JH. Jeekel J. Sahmoud T. van Pel R. Couvreur ML.
Veenhof CH. Arnaud JP. Gonzalez DG. de Wit LT. Hennipman A.
Wils J. Adjuvant radiotherapy and 5-fluorouracil after curative
resection of cancer of the pancreas and periampullary region:
phase III trial of the EORTC gastrointestinal tract cancer
cooperative group. Annals of Surgery 1999;230(6):776–784.

27. Neoptolemos JP. Stocken DD. Friess H. Bassi C. Dunn JA.
Hickey H. Beger H. Fernandez-Cruz L. Dervenis C. Lacaine F.
Falconi M. Pederzoli P. Pap A. Spooner D. Kerr DJ. Buchler MW.
European Study Group for Pancreatic Cancer. A randomized trial
of chemoradiotherapy and chemotherapy after resection of

1558 J Gastrointest Surg (2010) 14:1547–1559

http://ctep.cancer.gov/forms/CTCv20_4-30-992.pdf


pancreatic cancer. New England Journal of Medicine 2004;350
(12):1200–1210.

28. Oettle H. Post S. Neuhaus P. Gellert K. Langrehr J. Ridwelski K.
Schramm H. Fahlke J. Zuelke C. Burkart C. Gutberlet K. Kettner
E. Schmalenberg H. Weigang-Koehler K. Bechstein WO.
Niedergethmann M. Schmidt-Wolf I. Roll L. Doerken B. Riess
H. Adjuvant chemotherapy with gemcitabine vs observation in
patients undergoing curative-intent resection of pancreatic cancer:
a randomized controlled trial. JAMA 2007;297(3):267–77.

29. Regine WF. Winter KA. Abrams RA. et al. Fluorouracil vs
gemcitabine chemotheraphy before and after fluorouracil-based
chemoradiation following resection of pancreatic adenocarcinoma:
a randomized controlled trial. JAMA 2008;299:1019–1026.

30. Riall TS. Nealon WH. Goodwin JS. Zhang D. Kuo YF. Townsend
CM Jr. Freeman JL. Pancreatic cancer in the general population:
Improvements in survival over the last decade. Journal of
Gastrointestinal Surgery 2006;10(9):1212–1224.

31. White R. Lee C. Anscher M. Gottfried M. Wolff R. Keogan M.
Pappas T. Hurwitz H. Tyler D. Preoperative chemoradiation for
patients with locally advanced adenocarcinoma of the pancreas.
Annals of Surgical Oncology 1999;6(1):38–45.

32. Wolff RA. Chemotherapy for pancreatic cancer: From metastatic
disease to adjuvant therapy. Cancer J 2007;13:175–184.

33. Bendel J & Goldberg RM. Targeted agents in the treatment of
pancreatic cancer; history and lessons learned. Current opinion in
Oncology 2007;19:390–395.

34. Rocha-Lima CM. New directions in management of advanced
cancers a review. Anti-cancer drugs 2008;19:435–446.

35. Minn AY. Schellenberg D. Maxim P. et al. Pancreatic tumor
motion on a single planning 4D-CT does not correlate with
intrafraction tumor motion during treatment. AM J Clin Oncol
2009;32:364–368.

36. Fowler JF. The linear–quadratic model and progression radiotherapy.
Br J Radiol 1989;62: 679–694.

37. Whelden TE. Deehan C. Wheldon GE. et al. The linear quadratic
transformation of dose-volume histogram in fractioned radiotherapy.
Radiother Oncol 1998;46: 285–295.

38. Sindelar WF. Kinsella TJ. Studies of intraoperative radiotherapy
in carcinoma of the pancreas. Annals of Oncology 1999;10
(Suppl 4):226–230.

39. Tepper JE. Noyes D. Krall J. Sause MD. et al. Intraoperative
radiation therapy of pancreatic carcinoma: A report of RTOG-8505.
Int. J. Radiation Oncology Biol Phys 1991;21:1145–1149.

40. Ko AH. Quivey JM. Venook AP. Bergsland EK. Dito E.
Schillinger B. Tempero MA. A phase II study of fixed-dose rate
gemcitabine plus low-dose cisplatin followed by consolidative
chemoradiation for locally advanced pancreatic cancer. Interna-
tional Journal of Radiation Oncology, Biology, Physics 2007;68
(3):809–816.

41. Murphy JD. Adusumilli S. Griffith KA. Ray ME. Zalupski MM.
Lawrence TS. Ben-Josef E. Full-dose gemcitabine and concurrent
radiotherapy for unresectable pancreatic cancer. International
Journal of Radiation Oncology, Biology, Physics 2007;68
(3):801–808.

42. Krishnan S. Rana V. Janjan NA. Varadhachary GR. Abbruzzese
JL. Das P. Delclos ME. Gould MS. Evans DB. Wolff RA.
Crane CH. Induction chemotherapy selects patients with locally
advanced, unresectable pancreatic cancer for optimal benefit
from consolidative chemoradiation therapy. Cancer 2007;110
(1):47–55.

43. Mahadevan A. Jain S. Goldstein M. et al. Stereotactic body
radiotherapy and gemcitabine for locally advanced pancreatic
cancer. International Journal of Radiation Oncology, Biology,
Physics 2010 (in press). doi:10.1016/j.ijrobp.2009.08.046.

44. Polistina F. Costantin G. Casamassima F. et al. Unresectable
locally advanced pancreatic cancer: A multimodal treatment using
neoadjuvant chemoradiotherapy (gemcitabine plus stereotactic
radiosurgery) and subsequent surgical exploration. Annals of
Surgical Oncology. 2010;17(8):2092–2101.

45. Kalser MH. Barkin J. MacIntyre JM. Pancreatic cancer: Assessment
of prognosis by clinical presentation. Cancer 1985;56(2):397–402.

46. Lillemoe KD. Cameron JL. Kaufman HS. Yeo CJ. Pitt HA. Sauter
PK. Chemical splanchnicectomy in patients with unresectable
pancreatic cancer. A prospective randomized trial. Annals of
Surgery 1993;217(5):447–457.

47. Wong GY. Schroeder DR. Carns PE. Wilson JL. Martin DP.
Kinney MO. Mantilla CB. Warner DO. Effect of neurolytic celiac
plexus block on pain relief, quality of life, and survival in patients
with unresectable pancreatic cancer: a randomized controlled trial.
JAMA 2004;291(9):1092–1099.

J Gastrointest Surg (2010) 14:1547–1559 1559

http://dx.doi.org/10.1016/j.ijrobp.2009.08.046


2010 SSAT PLENARY PRESENTATION

Gender-Specific Transfusion Affects Tumor-Associated
Neutrophil: Macrophage Ratios in Murine
Pancreatic Adenocarcinoma

Douglas D. Benson & Marguerite R. Kelher &

Xianzhong Meng & David A. Fullerton & Joon H. Lee &

Christopher C. Silliman & Carlton C. Barnett Jr.

Received: 5 May 2010 /Accepted: 9 August 2010 /Published online: 11 September 2010
# 2010 The Society for Surgery of the Alimentary Tract

Abstract
Introduction Perioperative blood transfusion has been linked to decreased survival for pancreas cancer. Noting clinical data
associating female blood products with increased morbidity, our lab has demonstrated that transfusion of female blood
augments metastatic events compared to male blood in an immunocompetent murine pancreatic cancer model. It has been
suggested that tumor-associated macrophages correlate with tumor progression by promoting angiogenesis. More recently,
tumor-associated neutrophils have been implicated in aggressive tumor behavior. We hypothesize that differences in gender-
specific transfusion-mediated pancreatic cancer progression are due to microenvironmental changes within the tumor. To
test this hypothesis, we examined tumor-associated neutrophils and macrophage ratios in male and female mice with
pancreatic cancer receiving blood transfusion from male or female donors.
Methods C57/BL6 mice, age 7–9 weeks, underwent splenic inoculation with 2.5×105 PanO2 murine pancreatic
adenocarcinoma cells. Mice were transfused on post-op day 7 with 1 ml/kg supernatant from day 42 male or female
packed red cells. Necropsy was performed at 5 weeks or earlier for clinical deterioration, and tumors harvested. Frozen
sections (5 µm) were stained for neutrophils and macrophages by immunofluorescence. Data were analyzed using ANOVA;
p≤0.05 was used to determine significance; N≥3 per group.
Results Clinically, male mice had greater morbidity and mortality than female mice when receiving female blood products,
with roughened hair coat, development of ascites and death due to bowel obstruction. In evaluating the tumor
microenvironment from mice receiving female blood products, male mice were noted to have a greater neutrophil to
macrophage ratio than female mice, 0.176±0.028 vs. 0.073±0.012, p=0.03. When examining neutrophil to macrophage
ratio in mice receiving male blood products, no difference was noted (p=0.48).
Conclusions Male mice with pancreas cancer have greater morbidity than female mice when receiving female blood products.
Furthermore, the difference in neutrophil to macrophage ratio suggests that gender-specific blood transfusion promotes
aggressive tumor behavior in male mice via microenvironmental changes. These data warrant further study to delineate sex-
related differences in pancreatic cancer progression.

Keywords Transfusion . Pancreas cancer .

Metastasis . Erythrocytes . Immunomodulation .

Neutrophil to macrophage ratio

Introduction

Perioperative blood transfusion has been linked to negative
outcomes in patients undergoing pancreaticoduodenectomy
for cancer.1–4 However, a causal mechanism has not been
elucidated. Allogeneic blood transfusions expose patients to
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foreign cells, antigens, and cytokines and lipid mediators
that may promote tumor growth or affect the host immune
system. This phenomenon is termed transfusion-related
immunomodulation (TRIM).5 The affect of blood transfu-
sion on immune function was first described in 1973 wherein
it was noted that renal allografts had prolonged survival in
patients who received transfusions preoperatively.6 Gantt
later proposed that transfusion may increase tumor progres-
sion.7 Since the 1980s, many trials have examined TRIM
effects on cancer progression, with similar outcomes.

When specifically examining pancreatic cancer, there is
evidence that males perform more poorly than females.3,8,9

Our laboratory has recently shown in an immunocompe-
tent murine pancreatic cancer–transfusion model that
male mice perform worse than females and have more
metastatic events.10 This was particularly noted in males
who received a transfusion from a female donor. Previous
work has demonstrated gender-related dimorphism in the
area of transfusion-related acute lung injury (TRALI) with
female blood products being deleterious.11–16 Although
the exact mechanism is unclear, differences may be due to
anti-white blood cell (WBC) antibodies or anti-human
leukocyte antigen (HLA) antibodies produced from alloimmu-
nization of multiparous female donors.13–15 Based on these
data, we hypothesize that differences in gender-specific
transfusion-mediated pancreatic cancer progression are due
to microenvironmental changes in the inflammatory cells
within the tumor.

Recent work has shown that increasing tumor-associated
macrophages and tumor-associated neutrophils (TAMs and
TANs, respectively) promote tumor growth and invasive-
ness.17–19 Neutrophils in particular have been implicated in
being effector cells in the tumor microenvironment and have
been shown to be integral in the initial angiogenic switch,
which preceded the metastatic phenotype.19 Queen et al.
have demonstrated that TANs correlate with tumor progres-
sion by promoting angiogenesis and cell detachment in an in
vitro model of breast cancer.20 Our laboratory has also
shown that neutrophils aggregate at the leading edge of
tumors, likely playing a role in tumor metastasis.21 We
propose that TAMs and TANs may be sensitive to the effects
of TRIM with TANs acting as the principle effector cell.

Methods

Plasma Preparation from Stored pRBCs

With institutional review board-approved informed consent,
seven healthy donors donated 450 ml of whole blood as per
American Association of Blood Banks criteria.22 Preparation
of the acellular portion of packed red cells has been
described previously.23

Murine Pancreatic Adenocarcinoma Culture

GFP-expressing PanO2 cells were maintained at 37°C in a
mixture of 5% CO2 and 95% air in RPMI 1640 medium
(Invitrogen, Grand Island, NY) supplemented with 10% fetal
bovine serum (Invitrogen) and 1% penicillin–streptomycin
(Invitrogen). Subculture was performed when cells reached
70–90% confluence. Cells were harvested after washing with
HEPES-buffered saline solution (Lonza, Walkersville, MD),
using trypsin–EDTA (Lonza) for 5 min, and adding trypsin-
neutralizing solution (Lonza). Cells were centrifuged at
1,000×g for 10 min, counted, and reconstituted in saline at
a concentration of 5×106 cells per milliliter to provide a
tumor inoculation of 2.5×105 cells per 50 μl.

Immunocompetent Murine Metastatic Model of Pancreatic
Adenocarcinoma

Experiments were performed in groups of male and female
C57/BL6 mice (Jackson Laboratories, Bar Harbor, ME) using
the acellular component (plasma) of pRBCs from male and
female donors. All studies were performed under the guide-
lines of the University of Colorado at Denver Institutional
Animal Care and Use Committee (IACUC). After being
allowed to acclimate, mice underwent general anesthesia and
were inoculated by a subcapsular splenic injection of 2.5×105

GFP-expressing PanO2 cells. Mice were then randomized
1 week post-tumor inoculation and received a lateral tail vein
(LTV) injection of saline control, blood product from male
donors, or blood product from female donors. All animals
were given a dose of 1 ml/kg acellular plasma diluted into
50 μl of saline. Mice were clinically followed up,24 weighed
three times weekly, and sacrificed 5 weeks after injection of
tumor cells (or 4 weeks after transfusion) or earlier if there
was clinical deterioration per IACUC regulations. Non-
tumor-bearing mice were maintained for 4 weeks after LTV
injection of plasma extract to observe for any adverse effects
from injection of human plasma.

Necropsy was performed and extent of disease was
quantified noting the number of gross metastatic events and
clinical tumor sequelae such as ascites, bowel obstruction,
jaundice, and biliary obstruction. Mice were randomized at
the time of necropsy to limit interpreter bias. Organs were
harvested for tissue staining, preserved in tissue freezing
media (Fischer Scientific, Pittsburgh, PA), frozen, and
stored at −80°C.

Tissue Immunofluorescence

Tumors from all groups of animals were examined for
the presence of neutrophils and macrophages using
immunofluorescence (IF). Sectioning and staining was
performed in 5-μm serial sections of frozen liver
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segments. Slides were fixed in a solution of 30% acetone
and 70% methanol for 10 min and air dried for 2 min.
After three washes with phosphate buffer solution (PBS),
they were again fixed in 4% paraformaldehyde. After
three washes in PBS, slides were blocked with 10%
donkey serum for 30 min. They were then incubated in
primary antibody, either rat anti-mouse PMN (clone 7/4;
ABD Serotec, Oxford, UK) or rat anti-mouse CD68
(ABD Serotec) overnight at 4°C. They were then washed
in PBS three times and incubated at room temperature in
a dark environment with secondary antibodies of a
donkey anti-rat CY3 IgG (imaged on the red channel),
Alexa Fluor 488-labeled conjugate wheat germ agglutinin
(Molecular Probes, Invitrogen), and bisBenimide H33342
trihydrochloride (Sigma-Aldrich, St. Louis, MO) for
60 min. Slides were then washed with PBS three times,
rinsed with distilled water, and air dried. They were
mounted with quench medium and sealed with nail
polish. Slides were then examined with a Leica DMRXA
digital microscope (Leica Mikroskopie und Syteme,
Wetzlar, Germany), and three random pictures were
taken of both areas of tumor as well as the normal
surrounding liver parenchyma using the SlideBook 2.6
software (I.I.I., Denver, CO). Neutrophil and macrophage
signaling was determined by two different methods.
First, signals were counted by hand, with number of
cells providing signal per high-power field. Antibody
signal was then calculated by SlideBook using the area
of the stain signal for neutrophils and macrophages
compared with the total area of the picture.

Statistical Analysis

The data are expressed as the mean ± the standard error
of the mean. One-way ANOVA testing was performed to
determine the significance of observed differences with
Fisher's exact testing for post hoc comparisons. Statistical
significance was determined as p<0.05; n≥10 per group
for clinical data, n≥3 for tissue IF groups with three
sections per mouse.

Results

Clinically, male mice had greater morbidity and mortality
when receiving female blood product, with roughened hair
coat, development of ascites, and death due to bowel
obstruction. Seventeen percent of male mice died (when
able to examine—this was due to malignant bowel
obstruction with perforation). The earliest death due to
malignant cause was 9 days post-transfusion. All groups of
evaluated male mice were necessarily sacrificed early,
between days 21 and 25 post-transfusion due to excessive

morbidity (ascites) according to IACUC regulations. Fe-
male mice groups were sacrificed at 4 weeks post-
transfusion. Control male mice had a trend of more
metastatic events than female mice, 3.27±0.45 vs. 1.89±
0.54 (p=0.064). Males had significantly more metastatic
events compared with females when receiving male blood
product, 3.82±0.36 vs. 2.59±0.51 (p=0.048), and female
blood product, 4.96±0.57 vs. 2.82±0.39 (p=0.005; Fig. 1).

In evaluating the tumor microenvironment, counts of
neutrophils and macrophages were examined by tissue IF
(Fig. 2). When examining neutrophil to macrophage ratios in
male and female mice receiving male blood product, there
was no comparative difference. However, in mice receiving
female blood product, male mice were noted to have a greater
neutrophil to macrophage ratio than females, 0.176±0.028
vs. 0.073±0.012 (p=0.03; Fig. 3), which may correlate with
the poorer outcomes observed clinically. The signal area of
both neutrophils and macrophages were compared with the
total area of the high-power field and confirmed the above
findings, as in mice receiving female blood product, male
mice again had a greater neutrophil to macrophage ratio than
female mice, 0.343±0.074 vs. 0.112±0.006 (p=0.046).

Discussion

Limitations in clinical trials for pancreatic cancer, overall
poor prognosis, small sample sizes, and clinical variation
inherent among patients such as stage and operative
difficulty make it complicated to elicit prognostic factors
that can impact survival. Therefore, preclinical models offer
great opportunities to control for many of these variables
and study the effects of TRIM on tumor biology in
pancreatic adenocarcinoma. Herein, we have developed an
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Fig. 1 Total metastatic events in male and female mice receiving male
blood, female blood, or saline control. Male mice receiving male or
female blood had significantly more metastatic events compared with
females (one asterisk). Males who received female blood also had
significantly more metastases than males receiving saline (two
asterisks). Gender differences in the saline control did not reach
significance
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immunocompetent murine metastatic pancreatic cancer
model21 that allows for control of tumor burden, genetic
diversity, operative trauma, and the amount of transfusion.
Given the potential for gender differences in pancreatic cancer
outcomes, we examined the gender-related dimorphism in
blood transfusion.

The results of this pilot study indicate that male
recipients of female blood products have the highest
comparative tumor neutrophil to macrophage ratios and
males receiving female blood had the worst clinical
outcomes. This suggests that the immunomodulatory effects
of blood transfusion may alter the inflammatory cell
makeup of the tumor microenvironment and may be a
mechanism behind the gender differences that we have
observed.

Previous investigations evaluating the interaction be-
tween cancer cells and surrounding inflammatory cells17–19

have shown that increased TAMs correlate with poorer
outcomes.18 The cytokines produced by macrophages may
lead to a permissive environment via proteases and growth
factors.18 Unlike other macrophages, TAMs exhibit an
alternatively activated phenotype, which has the ability to
produce factors that suppress T-cell proliferation and
facilitate tumor growth.25 A recent in vitro model of murine
lung adenocarcinoma showed that alternatively activated
macrophages have high expression of VEGF-C and that co-
incubation with cancer cells enhanced lymphangiogene-
sis.25 Neutrophils have also been investigated as effector
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Fig. 3 Neutrophil to macrophage ratio by counts and by area. Male
mice receiving female blood had a significantly higher neutrophil to
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blood (*p<0.05 in both). No gender differences were noted in mice
receiving male blood product

Fig. 2 Representative photomi-
crographs. a Neutrophil stain
from male mouse. b Macro-
phage stain from male mouse. c
Neutrophil stain from female
mouse. d Macrophage stain
from female mouse. Arrows in-
dicate cell signal (red), blue
stain is the nuclear stain
(H33342), and green stain is
wheat germ agglutinin
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cells in tumor progression and have been shown to be
critical in the angiogenic switch.19 Neutrophils are capable
modulators in metastatic capability.21,26,27 These two
inflammatory cells may act in concert to promote tumor
progression, wherein the macrophages recruit the neutro-
phils as effectors in breaking down the extracellular matrix
to cell detachment and invasion via matrix metalloproteases
and VEGF. Clinically, the balance of neutrophils and
macrophages play crucial roles in the control of pulmonary
infections where increased neutrophils in relation to macro-
phages are necessary to eliminate parasite infection.28 In
examining colorectal liver metastases, high ratios of
circulating neutrophils to lymphocytes are linked to poorer
outcomes,29–31 suggesting that the ratio of effector cells,
not gross numbers, play an important role in the tumor
metastatic phenotype. Although controversial, ratios be-
tween different inflammatory cells have been linked to
clinical outcomes and suggest that microenvironmental
neutrophil to macrophage ratios are an important area of
investigation.

There are some limitations of this study. A xenotransfu-
sion of human blood product may affect outcomes and
may lead to inflammatory and immunological responses in
the innate mouse immune system. However, in studying
TRALI, it has been shown that giving fresh human blood
product is safe and does not lead to a significant
inflammatory injury in rats.32 In this pilot trial examining
the microenvironment of immunocompetent mice with
pancreas cancer receiving either male or female blood
product, there were significant gender-specific differences
in clinical outcomes. In particular, male mice receiving
female blood had severe clinical sequelae, including
ascites, bowel obstruction, and significantly more meta-
static events than their female counterparts. Finding a
significant comparative difference in the neutrophil to
macrophage ratio, we believe this may explain the clinical
observations seen. Further examination of the neutrophil
to macrophage ratio in males and female mice receiving
male blood however showed similar but high ratios. The
reason for these findings is unclear as these groups
performed clinically better. It is possible that cross-
gender transfusion of male blood into females elevated
the neutrophil to macrophage ratio in females and males
with pancreas cancer may have higher ratios in general.
However, male mice receiving female blood performed
extremely poorly with one mouse dying as soon as 9 days
post-transfusion. It is our belief that, if these animals had
been allowed to live longer, the neutrophil ratio would
have been even higher in this group. In any event, the
significant gender dimorphism observed in male mice
receiving female blood and the comparative difference in
neutrophil to macrophage ratio in this group warrants
further study.

Conclusion

In summary, male mice receiving female blood product
have the worst clinical outcomes and the highest compar-
ative neutrophil to macrophage ratio in the tumor when
compared with females, with associated higher morbidity.
These data suggest that neutrophils are important effector
cells in mediating tumor progression, and a threshold
between increased neutrophils compared with macrophages
may trigger an aggressive metastatic phenotype. These data
warrant further study to delineate sex-related differences in
pancreatic cancer progression.
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Discussant

Dr. Magesh Sundaram (Morgantown, WV): This is a very
interesting animal model that's examining transfusion-
related immunomodulation on the effects of growth of
cancer. When you look at the human literature, it's hard to
control for so many different variables, so your model is
very nicely done. I have three questions for you.

My first question, we know that the deleterious effect of
TRIM, leading to the increased recurrence rates of resected
malignancies, is perhaps due to intact or active white blood
cells in the transfusion, soluble white blood cell-derived
mediators, or circulating HLA peptides in the plasma
supernatant. Which of these factors are you checking in
the plasma that you're transfusing to the mice?

My second question is, do you feel that the male mice
with pancreatic cancer that you are giving the female
plasma to leads to a milieu of hypogonadism and thereby
promoting the progression of the pancreatic cancer. And if
so, what sort sex steroid hormonal factors are you looking
at in the plasma that's transfused?

In terms of the clinical implication, we know that since
2006, the American Association of Blood Banks has
recommended that we give male-donated plasma to prevent
the incidence of TRALI or transfusion-related acute lung
injury, which was seen with female-donated plasma. So
what do you feel might be the clinical implications of your
work in the perioperative management of cancer patients?

Closing Discussant

Dr. Douglas Benson: To start with that last question, the
clinical implication would be if we can confirm these findings
and consistently show that female blood products lead to worse
outcomes, especially in males, it may be indicated to have a
male predominant donation strategy in surgical oncology
cases. I think we are a long way away from that, but that's
the clinical implication that could arise from this study.

As far as what might be happening, there could be a
number of different factors for your first two questions.
There are many things in female blood that aren't in male
blood, as has been shown in the TRALI literature with
female plasma donation; HLA antibodies and leukocyte
antibodies that are more predominant in multiparous female
donors. We are in the process now of looking at what
specifically in the blood might be leading to the tumor
progression. So it's still unclear, blood has many factors,
chemokines, and lipid mediators, so there are many things
to sort through. It's likely multifactorial, and we are trying
to find what are the most important aspects of the blood
transfusions that lead to tumor progression.
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Abstract
Background Substantial evidence indicates that exposure to cigarette smoke is associated with an elevated risk of pancreatic
ductal adenocarcinoma (PDA). However, the mechanisms underlying the effects of nicotine on the development or
progression of PDA remain to be investigated. Previously, we showed that nicotine promotes the expression of osteopontin
c (OPNc), an isoform of OPN protein that confers on cancer cells a migratory phenotype. In this study, we explored the
potential prometastatic role of nicotine in PDA through studying its effect on the expression of matrix metalloproteinase-9
(MMP-9) and vascular endothelial growth factor (VEGF) and evaluated the role of OPN in mediating these effects.
Materials and Methods MMP-9 and VEGF mRNA and protein were analyzed in PDA cells treated with or without nicotine
(3–300 nM). Transient transfection and luciferase-labeled promoter studies evaluated the effects of OPNc and OPN protein
on the transcription and translation of MMP-9 and VEGF. Real-time PCR and immunohistochemistry were used to analyze
the mRNA expression levels and localization of OPN, MMP-9, and VEGF proteins in matched invasive human PDA and
surrounding nonmalignant tissues.
Results and Discussion Nicotine significantly enhanced the expression of MMP-9 and VEGF mRNA and protein in PDA
cells. Blocking OPN with siRNA or OPN antibody prevented the nicotine-mediated increase of both MMP-9 and VEGF.
Transient transfection of OPNc gene in PDA cells or their treatment with recombinant OPN protein significantly (p<0.05)
increased MMP-9 and VEGF mRNA expression levels and induced their promoter activities. In invasive PDA lesions,
MMP-9 mRNA levels were significantly (p<0.005) higher in smokers vs. nonsmokers. VEGF protein co-localized with
MMP-9 and OPN in the malignant ducts and correlated well with their higher levels in invasive PDA lesions.
Conclusions Our data show for the first time that cigarette smoking and nicotine may contribute to PDA metastasis through
inducing MMP-9 and VEGF and suggest that OPN plays a central role in mediating these effects. The presence of OPN as a
downstream effector of nicotine that is capable of mediating its prometastatic effects in PDA cells is novel and could provide a
unique therapeutic target to control pancreatic cancer aggressiveness, especially in the cigarette-smoking population.

Keywords Pancreatic cancer . Nicotine . Osteopontin .

VEGF.MMP-9 . Angiogenesis . Metastasis
Introduction

Pancreatic ductal adenocarcinoma (PDA) is an extremely
aggressive cancer, and currently, there are no methods for
early detection. At the time of diagnosis, more than 85% of the
tumors have infiltrated into adjacent organs or have metasta-
sized, and the overall 5-year survival rate is <5%.1 Given the
grim prognosis of this disease, it is essential to understand
the mechanisms that underlie PDA aggressiveness in order to
design more effective therapies.

Exposure to cigarette smoke has been shown to be strongly
associatedwith an elevated risk of PDA. Smokers have at least
twofold increase in the risk of developing PDA,2 and it is
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estimated that 25–30% of all PDA cases are related to
cigarette smoking.3 Nicotine is a major component of cigarette
smoke and is an addictive agent. The US Surgeon General has
characterized nicotine as a drug of abuse.4 Pancreatic cancer
has been linked to nicotine and cigarette smoking in several
studies.5, 6 However, it is not clear how nicotine contributes
to the development or progression of PDA.

The majority of cancer-related deaths are caused by
metastatic disease. Breakdown of the extracellular matrix
(ECM) is necessary for tumor cells to invade adjacent tissue
andmetastasize. Tumor cells degrade components of the ECM
through a family of enzymes called matrix metalloproteinases
(MMPs). There are five MMP subclasses: interstitial collage-
nases, gelatinases, stromelysins, membrane-type MMPs, and
elastases.7 In several cancers such as ovarian, lung, prostate,
breast, and pancreatic, overexpression of MMPs correlates
with tumor aggressiveness and metastatic potential.8–13

Matrix metalloproteinase-9 (MMP-9), a gelatinase, is be-
lieved to play an important role in the invasion and
angiogenesis14 of malignant tumors.

Also necessary for tumor invasion and metastasis is
angiogenesis. In order for tumors to grow beyond a few
millimeters in diameter, they need to build new blood
vessels.15 Vascular endothelial growth factor (VEGF) is an
important angiogenic factor involved in tumor growth and
survival.16 VEGF induces the growth of new blood vessels
in both normal and malignant tissues and has been
associated with tumor progression and metastasis in
gastric17 and colon cancers.18

We have recently shown that nicotine induces the
expression of osteopontin (OPN), a protein that plays
important roles in tumor angiogenesis and metastasis.19

This effect was mediated through the nicotinic acetylcho-
line receptors on PDA cells and through an ERK1/2-
dependent pathway.20 We identified an isoform of OPN that
confers a migratory phenotype on cancer cells, OPNc,
which is selectively induced by nicotine20 and highly
expressed in invasive PDA tissues from smokers. In this
study, we examined the prometastatic role of nicotine in
PDA through studying its effects on the expression of
MMP-9 and VEGF and evaluated the role of OPN in
mediating these effects. We also analyzed the expression of
MMP-9 and VEGF in PDA specimens from smokers and
nonsmokers.

Materials and Methods

Cell Culture The human PDA cell lines MIA PaCa-2 and
AsPC-1 were purchased from the American Type Culture
Collection (Manassas, VA). Cells were counted and
cultured at 1×104 cells to near confluence in 96-well plates
and maintained in DMEM supplemented with 10% fetal

bovine serum in a humid atmosphere of 5% CO2/95% air.
Cells were treated with nicotine (0.3–300 nM) for 3 and
24 h and were evaluated for the expression of MMP-9 and
VEGF mRNA by real-time polymerase chain reaction
(PCR). Cells were also treated with OPN protein (0.15–
15 nM) in the presence or absence of nicotine and were
evaluated for MMP-9 and VEGF mRNA. To block the
action of OPN, cells were treated with (0.4 μg/ml) rabbit
polyclonal IgG OPN antibody (Santa Cruz Biotechnology,
Santa Cruz, CA) with or without nicotine and were
evaluated for the expression of MMP-9 and VEGF mRNA.

RNA Extraction and Real-Time Reverse Transcription
PCR Total RNA was isolated from PDA cells or pancreata
using Trizol reagent (Life Technologies, Gaithersburg,
MD). RNAs were quantified and input amounts were
optimized for each amplicon. MMP-9, VEGF, and GAPDH
(internal control) primers and probes were designed with
the help of Primer Express Software (Applied Biosystems,
Foster City, CA). cDNA was prepared, diluted, and
subjected to real-time PCR using the TaqMan technology
(7500 Sequence Detector, Applied Biosystems). The
relative mRNA levels are presented as unit values of
2^[CT(MMP-9/VEGF) − CT(GAPDH)], where CT is the threshold
cycle value defined as the fractional cycle number at which
the target fluorescent signal passes a fixed threshold above
baseline.

Protein Isolation and Western Blot Analysis Cell lysates
were analyzed as described elsewhere.19 Briefly, protein
concentrations in the supernatant were determined using the
BCA protein assay reagent (Pierce, Rockford, IL). Equal
protein concentrations (40 μg) were denatured in a gel
loading buffer at 85°C for 5 min, loaded onto 10% SDS-
polyacrylamide slab gels, transferred to polyvinylodene
difluoride membranes, and incubated at 4°C overnight with
mouse monoclonal antibody diluted in phosphate-buffered
saline-Tween 20 against MMP-9 (1:200). Antibodies were
purchased from Santa Cruz Biotechnology (Santa Cruz,
CA). To avoid sample loading errors, β-actin expression
was determined in the blots to adjust and normalize the
amount of sample loaded (Sigma). The protein bands were
visualized with enhanced chemiluminescence reagents
(ECL Plus Western Blotting Detection System, Amersham
Pharmacia Biotech), analyzed, and intensity quantified
using Kodak Electrophoresis Documentation and Analysis
System 290 (EDAS 290).

Enzyme-Linked Immunosorbent Assay VEGF concentration
in the media was measured using a human-specific ELISA
kit (Assay Design, Ann Arbor, MI). Spectrophotometric
evaluation of VEGF levels was made by Synergy HT multi-
detection microplate reader (BioTeck, Winooski, VT).
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siRNA Sequences and Constructs Using GenBank™ se-
quence AK315461 for human OPN cDNA and computer
analysis software developed by Applied Biosystems/
Ambion, candidate sequences in the OPN cDNA sequence
for RNAi with no homology with other known human
genes were selected and used during transient transfection
experiments. Human mismatch or scramble siRNA sequen-
ces (Applied Biosystems/Ambion, Austin, TX) possessing
limited homology to human genes served as a negative
control. Transfection was done with TransFast (Promega,
Madison, WI) in AsPC-1 cells as directed by the manufac-
turer. Cells were treated with or without nicotine and
examined for MMP-9 and VEGF expression by qPCR.

Confocal Microscopy For confocal analysis, 0.5×106 AsPC-
1 cells were seeded on sterilized round glass coverslips and
incubated overnight. ASPC-1 cells were rinsed three times
with 0.1 mM CaCl2 and 1 mM MgCl2 in phosphate-buffered
saline (PBS/CM), fixed with 2% paraformaldehyde in PBS/
CM for 30 min, permeabilized with 0.1% Triton-X100 and
0.2% bovine albumin serum in PBS/CM (IF buffer) for
10 min, quenched with 50 mM NH4Cl in PBS/CM for
10 min, then rinsed with IF buffer. For MMP-9/VEGF/OPN
staining, cells were incubated simultaneously with mouse
anti-OPN (1:200) and anti-MMP-9 antibody (1:100) or with
OPN and anti-VEGF antibodies (1:200, Santa Cruz, CA) for
1 h at room temperature. After washing in IF buffer (3×
10 min), cells were incubated for 30 min with secondary
antibodies: rhodamine red X goat anti-mouse IgG (for OPN)
and FITC donkey anti-goat (for MMP-9) and FITC donkey
anti-rabbit (for VEGF), both from Jackson ImmunoResearch.
After repeating the washing steps, nuclei were stained with
Hoescht 33342 for 2 min, followed by rinsing in PBS.
Coverslips were mounted with ProLong Gold anit-fade
(Molecular Probes, OR) and left overnight in the dark. The
laser confocal microscope LSM 510 microscope (Carl Zeiss
GmbH, Thornwood, NY) was used to image the cells in the
respective channels at a magnification of ×60.

Transient Transfection of OPNc pDest-290 vector contain-
ing a truncated splice variant OPNc (base pairs 1-93, 175-
942) was a generous gift from Dr. X Wang, Center for
Cancer Research, NCI, Bethesda, MD.21 MIA PaCa-2 cells
were transfected with 0.5 μg OPNc plasmid DNA using
TransFast (Promega), and lysates were harvested after 24 h
for initial semiquantitative PCR testing of the expression of
OPNc. For subsequent experiments to determine the levels
of MMP-9 and VEGF by real-time PCR, MIA PaCa-2 cells
(1×106) were transfected with 0.5 μg OPNc plasmid DNA
using optimized nucleofection conditions (60–80% effi-
ciency by pGEM4/enhanced green fluorescent protein
visualization). We determined the levels of MMP-9 and
VEGF by real-time PCR 24 h after transfection.

Semiquantitative PCR RNAs from cells that were trans-
fected with OPNc gene construct were quantified, DNase-
digested, and cDNAs were prepared using ImProm-IITM

Reverse Transcription System (Promega), then subjected to
semiquantitative PCR using master mix (Promega). The
primers used were: OPNc human forward 5′-TCAG
GAAAAGCAGAATGCTG-3′, reverse 5′-GTCAATG
GAGTCCTGGCTGT-3′.

Upstream and downstream primers that could anneal with
the 3′-untranslated region of human GAPDHwere included in
the PCR reaction as an internal standard forward 5′-
TGAAGGTCGGAGTCAACGGATTTGGT-3′, reverse 5′-
CATGTGGGCCATGAGGTCCACCAC-3′. The linear range
of amplification for each set of primers was determined to
ensure that we used a number of cycles in the linear range.
PCR products were electrophoresed on 2% agarose gels and
band intensities were quantified using Kodak Electrophoresis
Documentation and Analysis System 290 (EDAS 290).

Promoter Studies To evaluate the effect of nicotine and OPN
on MMP-9 transcription, we used the MMP-9 gene promoter
in luciferase expression vector pGL3 basic (Promega) which
was kindly provided by Dr. Dina Lev, University of Texan,
MD Anderson, Houston, TX.22 To evaluate the effect of
nicotine and OPN on VEGF transcription, we used the VEGF
gene promoter (GenBank™ accession no. AY102626) in
luciferase expression vector pGL3 basic (Promega), kindly
provided by Dr. Marta Ruiz-Ortega, Universidad Autónoma,
Madrid, Spain.23 Cells were seeded into six-well culture
plates (1×105). At 80% confluence, they were transfected by
TransFast reagent (Promega) with either the MMP-9 or
VEGF luciferase-labeled promoters. Twohours later, serum-
containing medium was overlaid and the cells were incubated
for an additional 24 h. The cells then were incubated with
serum-free medium for 18 h, after which nicotine or OPN
was added for 3 h. Luciferase activities were assayed with the
Dual-Luciferase Reporter Assay System (Promega) in a
Veritas Microplate Luminometer (Turner Designs, Sunnyvale,
CA). Transfection efficiency was normalized using the total
protein concentration of the cell lysates. The results for
nicotine-treated cells were expressed as a fold induction of
the luciferase activity of the same construct in the control
condition, taking the control (no treatment) value as 100.

Human Tissue Acquisition and Analysis Human PDA
(n=73) and premalignant specimens (IPMN, n=6) were
obtained from patients who underwent surgical resection at
Thomas Jefferson University Hospital between 2006 and
2008. All patients signed an appropriate consent for tissue
acquisition and study. The study was approved by the
Institutional Review Board of Thomas Jefferson University.
Patients’ smoking history was examined and correlated with
MMP-9 and VEGF expression levels.
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Tissue samples were stored in RNA Later for RNA
analysis or fixed in neutral formaline for histological
processing. Sections at 5 μm were stained with H&E. To
localize MMP-9, VEGF, and OPN, sections from the
different tissues were analyzed by immunohistochemistry
using MMP-9, VEGF, and OPN antibodies. A vectastain
universal elite ABC kit and 3,3′-diaminobenzidine tetrahy-
drochloride chromogenic substrate (Vector Laboratories
Inc.) was used according to the manufacturer’s protocol to
visualize the tissue reaction. Antibody specificity was
validated with non-immune isotype serum. Negative con-
trol sections where the primary or secondary antibodies
were omitted were also prepared.

Statistical Analyses All experiments were performed three
to five times. Data were analyzed for statistical significance
by ANOVAwith post hoc Student’s t test analysis. Data are
presented as mean ± SEM. Continuous, normally distribut-
ed variables were analyzed by Student’s t test. Spearman’s
rank correlation test was performed to analyze the correla-
tion between OPN, MMP-9, and VEGF mRNA expression.
Analyses were performed with the assistance of a computer
program (JMP 5 Software SAS Campus Drive, Cary, NC).
Differences were considered significant at p≤0.05.

Results

Nicotine Stimulates MMP-9 and VEGF mRNA Accumula-
tion and Protein Production in Cultured PDA Cells To
investigate whether nicotine can increase MMP-9 or VEGF
mRNA accumulation in PDA cells, we used MIA PaCa-2
and AsPC-1 cells treated with or without nicotine (0.3–
300 nM) for 3 and 24 h. Dose-dependent significant
induction of MMP-9 and VEGF mRNA expression was
seen with a maximum increase at 24 h in MIA PaCa-2 cells.
(Fig. 1a, c). In AsPC-1 cells, doses between 0.3 and 30 nM
of nicotine significantly increased MMP-9 and VEGF
mRNA levels after 24 h of nicotine stimulation (Fig. 1b,
d). To examine whether the increase in MMP-9 and VEGF
mRNA levels in response to nicotine is associated with
translation of their proteins, MMP-9 AND VEGF protein
levels in the cells were determined by Western blotting and
ELISA, respectively. MIA PaCa-2 (Fig. 2a) and AsPC-1
(Fig. 2b) cells showed the expression of MMP-9 protein at
two molecular weight bands (~66 and 35 kDa). Addition of
nicotine at 3 and 30 nM for 48 h increased the expression
of both bands in MIA PaCa-2 cells (Fig. 2a) and the ~35-
kDa band in AsPC-1 cells.

Using ELISA, a significant induction of VEGF protein
secretion was noted: in MIA PaCa-2 cells from 38 to
280 pg/ml and 566 pg/ml after 48 h of 3 and 30 nM

nicotine incubation, respectively (Fig. 2c), and in ASPC-1
cells from 119 to 1,058 pg/ml and 1464 pg/ml after 48 h of
3 and 30 nM nicotine incubation, respectively (Fig. 2d).
Nicotine concentration and times were used according to
our preliminary concentration studies with references to the
values of VEGF release. These data indicate that MMP-9
and VEGF induction by nicotine is a general phenomenon
seen in the tested PDA cells lines.

Nicotine Induces MMP-9 and VEGF Promoter Activity To
investigate whether nicotine can directly increase MMP-9
or VEGF transcription, MIA PaCa-2 cells were transfected
with MMP-9 or VEGF luciferase-labeled promoters and
were treated with nicotine (3 and 30 nM) for 3 h. Nicotine
significantly and dose-dependently activated the MMP-9
promoter (Fig. 3a) and the VEGF promoter (Fig. 3b). This
suggests that MMP-9 and VEGF promoters respond
directly to nicotine.

Since we showed previously that nicotine directly
induces OPN transcription in PDA cells19, 20 and since
OPN was shown to increase MMP-9 and VEGF expression
in other cells,24–26 we tested the hypothesis that OPN
contributes to the upregulation of MMP-9 and VEGF
mRNA by nicotine.

RNAi Decreases OPN Expression and Reduces Nicotine-
Mediated Upregulation of MMP-9 and VEGF We sup-
pressed OPN expression in MIA PaCa-2 cells by selecting
two 21-nt targets within the OPN cDNA for RNAi. Based
on these targets, double-stranded 21-nt siRNA constructs
were designed encoding sense and antisense siRNA, and
the OPN levels were measured using real-time PCR. As
shown in Fig. 4a, OPN mRNA expression level was
significantly inhibited by ~60% with OPN siRNA con-
struct. We added nicotine (3.30 nM) to these cells and
evaluated MMP-9 and VEGF expression by real-time PCR.
Addition of nicotine was unable to elicit an increase in
MMP-9 (Fig. 4b) or VEGF mRNA (Fig. 4c). It also was
apparent that cells lacking OPN also expressed less
endogenous MMP-9 and VEGF mRNA. These data
indicate that there is a relationship between the presence
of intracellular OPN and the cell response to nicotine to
produce MMP-9 or VEGF.

To confirm our data, we blocked OPN function by
adding OPN rabbit polyclonal antibody (0.4 μg/ml) 1 h
before the addition of nicotine (3 nM) for 3 h. As seen in
Fig. 4d, e, blocking OPN resulted in the complete
prevention of the nicotine-mediated stimulation of MMP-9
or VEGF promoter activities. Cells that expressed normal
levels of OPN expressed higher levels of basal MMP-9 and
VEGF promoter activities when compared with cells where
OPN expression was blocked. This indicates that OPN is
essential for the nicotine-mediated induction of MMP-9 and
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VEGF transcription. Next, we questioned whether OPN
itself could induce MMP-9 or VEGF transcription in PDA
cells.

OPN Increases MMP-9 and VEGF mRNA Expression in
PDA Cells Recombinant OPN protein (0.15–15 nM) was
added for 3 h to MIA PaCa-2 cells. OPN significantly and
dose-dependently stimulated MMP-9 and VEGF mRNA
expression (Fig. 5a, b).

In other experiments, OPNc plasmid was transiently
transfected into MIA PaCa-2 cells. UV light illumination of
ethidium bromide-stained PCR products after agarose gel
electrophoresis showed a 155-bp band for OPNc and a 208-
bp band of total OPN, confirming overexpression of OPNc
and total OPN (Fig. 5c). In addition, ELISA analysis
showed an ~14-fold increase of medium OPN (Fig. 5c).
Real-time PCR analysis showed that overexpressing OPNc
increased MMP-9 mRNA by ~15-fold, whereas OPN
siRNA reduced MMP-9 mRNA by 30% below basal levels

(Fig. 5d). OPNc also increased VEGF mRNA by twofold,
whereas reduction of OPN expression was associated with
an ~50% decrease of VEGF basal levels (Fig. 5e). These
data suggest that high levels of intracellular OPN could on
its own increase the expression levels of MMP-9 and
VEGF. Next, we analyzed the localization of OPN and
MMP-9 and VEGF in PDA cells in vitro.

Co-localization of OPN, MMP-9, and VEGF in PDA
Cells Confocal microscopy after immunofluorescence
staining of MIA PaCa-2 cells with antibodies against
OPN and MMP-9 and VEGF shows co-localization of all
three proteins in the cytosol of PDA cells (Fig. 6a, b). OPN
(red) was expressed in the form of granules that could be
localized in the cytosol and cell membrane of PDA cells.
MMP-9 also has a granular appearance and was expressed
similarly in the cytosol and cell membrane (Fig. 6a). VEGF
was mainly expressed in the cytosol and showed a more
homogenous pattern (Fig. 6b).

Fig. 1 Nicotine induces MMP-9 (a, b) and VEGF (c,d) mRNA
accumulation in cultured PDA cells. MIA PaCa-2 (a) and AsPC-1 (b)
cells were treated with nicotine (0.3–300 nM) for 3 and 24 h.
Significant induction of MMP-9 mRNA expression is seen with the
maximum induction after 24 h in both cell lines. MIA PaCa-2 (c) and
AsPC-1 (d) cells were treated with nicotine (3–300 nM) for 3 and

24 h. Significant increase of VEGF mRNA expression is seen after
24 h in both cell lines. Values are expressed as mean ± SEM of three
experiments. *p<0.05, #p<0.02 vs. control untreated cells using one-
way repeated ANOVA with subsequent all pairwise comparison
procedure by Student’s t test
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We next examined the endogenous levels and localiza-
tion of MMP-9 and VEGF and OPN in premalignant IPMN
and malignant PDA lesions.

Expression of OPN in Human PDA Using immunohisto-
chemical staining, we found that MMP-9 and VEGF
were absent from the normal pancreatic ducts, whereas
OPN was focally present, mostly on the apical surface
of the ductal epithelium.19 In PDA tissue from non-

smokers (Fig. 7a) and smokers, OPN ductal epithelial
staining was intensified and localized to the cell mem-
brane and cytoplasm of the tumor cells. MMP-9 and
VEGF co-localized with OPN in the malignant ducts. It
was apparent, however, that the periductal stromal tissue
was intensely stained in PDA tissue from smokers
(Fig. 7b).

Analysis of quantitative PCR data of MMP-9 and VEGF
mRNA corrected with GAPDH as an internal control

Fig. 2 Representative Western immunoblot showing the nicotine-
mediated increased expression of MMP-9 protein in MIA PaCa-2 (a)
and AsPC-1 cells (b) that is seen at two bands at ~66 and ~35 kDa.
VEGF protein in culture media was measured using a human-specific
ELISA kit. Dose-dependent increase of VEGF protein secretion is

seen in MIA PaCa-2 cells (c) and AsPC-1 cells (d). Each experiment
was repeated three times for reproducibility. Values are expressed as
mean ± SEM of three experiments. *p<0.05, #p<0.005 vs. control
levels using one-way repeated ANOVA with subsequent all pairwise
comparison procedure by Student’s t test

Fig. 3 Nicotine induces MMP-9 (a) and VEGF (b) promoter activity
in MIA PaCa-2 cells. After 24 h of transfection with luciferase-labeled
promoter, the cells were incubated with nicotine (3 and 30 nM) for
3 h. Luciferase activity in the cell lysates was measured. Relative
luciferase activity was calculated after deduction of the activity levels

with pGL3 vector alone. Results represent mean ± SEM of triplicate
determinations. *p<0.05, **p<0.02 vs. control levels using one-way
repeated ANOVA with subsequent all pairwise comparison procedure
by Student’s t test
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demonstrated that invasive PDA lesions from patients who
were smokers have significantly higher levels of MMP-9
(Fig. 7c) and VEGF (Fig. 7d) mRNA when compared to
PDA tissue from nonsmokers (p<0.05) and IPMN prema-
lignant lesions (p<0.002). Interestingly, 66% of the
invasive lesions (48 of 73) were taken from patients who
were smokers (Fig. 7c, d).

To correlate the expression levels of MMP-9 and VEGF
with OPN in PDA tissue, the level of mRNA for each gene
was recorded. Relative quantification values of MMP-9,
VEGF, and OPN/GAPDH of >1 indicated high levels and
were labeled (+++), values of 0.5–1 were labeled (++), of
0.1–0.5 were labeled (+), and of <0.1 were labeled (−).
Expression of MMP-9 (Fig. 7e) and VEGF (Fig. 7f)

Fig. 4 a Real-time PCR analysis showing the specificity and level of
OPN knockdown in MIA PaCa-2 cells. Cells were transfected for 24 h
with either scrambled siRNA or OPN siRNA. Forty-eighthours after
transfection, cells were harvested and RNA isolated. Data (OPN/
GAPDH) represent mean ± SE from three independent experiments.
*p<0.005 vs. scrambled siRNA cells using one-way repeated
ANOVA with subsequent all pairwise comparison procedure by
Student’s t test. MIA PaCa-2 cells transfected with OPN siRNA or
scrambled siRNA for 24 h and treated with or without nicotine (3 and
30 nM) for 24 h showing the expression of MMP-9 mRNA (b) and

VEGF (c). Values are expressed as mean ± SEM of three experiments.
*p<0.05, **p<0.005 vs. scrambled siRNA-transfected cells levels
using one-way repeated ANOVA with subsequent all pairwise
comparison procedure by Student’s t test. Inhibition of MMP-9 (d)
and VEGF (e) promoter activities in MIA PaCa-2 cells treated with
rabbit polyclonal OPN antibody for 1 h and treated with nicotine
(30 nM) for 3 h. Values are expressed as mean ± SEM of three
experiments. *p<0.05 vs. control; #p<0.05, **p<0.02 vs. nicotine-
treated cells using one-way repeated ANOVA with subsequent all
pairwise comparison procedure by Student’s t test
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paralleled OPN expression levels. These data suggest that
increased OPN expression in smokers is associated with the
expression of MMP-9 and VEGF.

Discussion

In this study, we evaluated the potential role of nicotine as a
major risk factor in PDA. We show for the first time an
interesting relationship between nicotine and two
metastasis-related factors: MMP-9 and VEGF. We also

show that OPN, a pro-inflammatory and prometastatic
protein, is involved as a mediator for this interaction.

Most deaths in PDA and other cancers are due to
metastatic disease. Breakdown of the extracellular matrix
and angiogenesis are required for metastasis to occur.
MMP-9 and VEGF play important roles in this process.
Although several studies have shown that MMPs and
VEGF are overexpressed in PDA and play important roles
in its progression,27–30 and that their overexpression is
regarded as a prognostic factor in PDA,28, 30 very few have
investigated their relationship to smoking and the upstream
factors involved in their regulation in PDA cells. In this

Fig. 5 Dose-dependent increase of MMP-9 (a) and VEGF (b) mRNA
levels in MIA PaCa-2 cells that were incubated with OPN (0.15–
15 nM) for 24 h. Results represent the mean ± SEM of triplicate
determinations. *p<0.05, **p<0.02, #p<0.002 vs. control using one-
way repeated ANOVA with subsequent all pairwise comparison
procedure by Student’s t test. c Transient transfection of OPNc in
MIA PaCa-2 cells. Left panel Representative agarose gel with the PCR
product of PDA cells showing the expression of total OPN and OPNc
(208-, 155-, and 109-bp bands correspond to the amplified OPN,

OPNc, and GAPDH, respectively). Right panel ELISA analysis of
culture media from these cells shows significant increase in OPN
protein expression in the media. *p < 0.05 vs. control cells. Real-time
PCR analyses show significant increase of MMP-9 (d) and VEGF (e)
mRNA in MIA PaCa-2 cells that overexpress OPNc. In cells where
OPN was knocked down by specific siRNA, significantly lower levels
of both genes are seen. *p<0.05, #p<0.05 vs. control levels using one-
way repeated ANOVA with subsequent all pairwise comparison
procedure by Student’s t test
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study, we show for the first time that nicotine treatment
time-dependently increased MMP-9 and VEGF expression
in PDA cells. We also demonstrate a previously unde-
scribed role for OPN as a mediator for these effects.

Our data show that nicotine induced MMP-9 and VEGF
accumulation with significant magnitude. Dose–response
studies demonstrated a significant induction of MMP-9 and
VEGF mRNA and protein levels at the physiological range
of blood levels of nicotine in smokers (0.3–300 nM). The
maximal effective concentration (300 nM) is similar to
other nicotine actions that have been previously reported.31

Our data further showed that the MMP-9 and VEGF
promoters were significantly stimulated as early as after 3 h
after exposure to nicotine. It is unknown what long-term
effect this early response could have on pancreatic ductal
cells that are continuously exposed to high blood nicotine
levels in heavy smokers. Further studies are now required
to analyze the chronic effects of nicotine on cell behavior
and the expression of metastasis-related genes. In addition,
the nicotine-specific cis-elements on both the MMP-9 and
VEGF promoters and the transcription factor(s) involved in
nicotine-mediated upregulation need to be evaluated.
Studies in this regard are currently ongoing in our lab.

Since we showed previously that nicotine directly induces
OPN transcription in PDA cells19, 20 and since OPN was
shown to increase MMP-924, 25 and VEGF expression in
other cells,26 we tested the hypothesis that OPN mediates the
upregulation of MMP-9 and VEGF by nicotine.

We inhibited OPN synthesis by siRNA (Fig. 4a–c) or
blocked its function by a polyclonal antibody against human
OPN (Fig. 4d, e). In both studies, nicotine was unable to
increase MMP-9 or VEGF expression or transcription in PDA
cells, suggesting that OPN may play a role in mediating the
effects of nicotine. Next, we treated PDA cells with
recombinant human OPN protein (Fig. 5a, b) or overex-

pressed an OPN isoform (OPNc, Fig. 5c–e), which has been
shown to promote metastasis in cancer cells.32, 33 Exogenous
addition of OPN significantly and dose-dependently increased
the expression levels of both MMP-9 and VEGF (Fig. 5a, b).
Elevating the intracellular levels of OPN by transfecting them
with OPNc increased the basal expression levels of both
MMP-9 and VEGF (Fig. 5d, e), an effect that was reversed
when OPN was knocked down by siRNA (Fig. 5d, e).
Previous studies have shown that nicotine induces the
expression of total OPN.19 and selectively induces the
expression of OPNc in PDA cells.20 This is the first report
to demonstrate a relationship between nicotine, OPN/OPNc
MMP-9 and VEGF. Confocal microscopy analysis also
revealed intracytoplasmic co-localization of OPN with
MMP-9 and VEGF in PDA cells (Fig. 6a, b), providing more
evidence for the paracrine/autocrine relationship between the
three molecules. Additional studies are now required to
delineate the details of this relationship and the signaling
pathways involved in mediating the increase of MMP-9 and
VEGF by OPN. Furthermore, the effect of the nicotine-
mediated increase of OPNc on PDA cell prometastatic and
pro-angiogenic behavior and function are the subject of our
currently ongoing studies in the laboratory. Such studies will
have a tremendous impact on our understanding of the role of
nicotine in PDA and will provide an opportunity to block its
prometastatic effects in PDA and in other cancers.

Numerous studies have correlated high levels of MMP-9
expression with tumor invasion and progression in many
cancers, including pancreatic cancer.27, 28 MMP-9 promotes
cell survival through inducing the expression of VEGF.14

VEGF also promotes cell survival and angiogenesis.29, 33

These functions are similar to those reported to be mediated
by OPN.26, 34 Our in vitro data suggest that OPN might be
acting upstream of MMP-9 and VEGF to mediate these
effects (Fig. 4).

Fig. 6 Double immunofluores-
cence analysis of OPN and
MMP-9 (a) and OPN and VEGF
(b) in PDA cells. Optical sections
at 2-μm intervals from the dorsal
to the ventral surface of MIA
PaCa-2 cells were immunostained
for both OPN (red) and MCP-1
or VEGF (green) and examined
by confocal microscopy. OPN
and MMP-9 show granular ap-
pearance and are localized in the
cytosol and cell membrane of
PDA cells, whereas VEGF shows
a more homogenous pattern and
was present in the cytosol. The
merged images show co-
localization of both proteins with
OPN in the cytosol of PDA cells
(×600 original magnification)
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Studies in several cancers have correlated higher levels
of MMP-9 and VEGF with tumor stage and high metastatic
potential.27–30 Our analyses reported here have found that
MMP-9 and VEGF were found in 100% of invasive PDA

lesions, of which 66% were smokers. This is the first report
to examine the relationship between tumor MMP-9 and
VEGF and the status of smoking in PDA patients. Our
analysis also reveals that higher levels of these molecules

Fig. 7 a Representative immunohistochemical staining for OPN,
MMP-9, and VEGF in malignant PDA from nonsmokers (a) and
smokers (b). Serial sections of paraffin-embedded PDA sections were
stained with OPN, MMP-9, and VEGF antibodies. All proteins co-
localized in the malignant ductal epithelium with more stromal
staining in PDA tissue from smokers (×100 original magnification).
Negative control (−ve C) sections where the primary antibody was not
added did not show non-specific reaction. Real-time PCR analysis of
IPMN lesions and invasive PDA from smokers and nonsmokers show
significantly higher MMP-9 (c) and VEGF (d) mRNA levels seen in
invasive PDA. Analysis of patient history of the samples used for

RNA analysis shows that invasive PDA patients were mostly (66%)
smokers. *p<0.05, #p<0.005 vs. IPMN levels using one-way repeated
ANOVA with subsequent all pairwise comparison procedure by
Student’s t test. e Significant correlation (p<0.05) between tissue
OPN and MMP-9. High MMP-9 (+++) was found in 85% of the
invasive PDA samples that expressed high OPN (+++). e Significant
correlation (p<0.05) between tissue OPN and VEGF. High VEGF
(+++) was found in 80% of the invasive PDA samples that expressed
high OPN (+++). Very low levels of MMP-9 and VEGF were was
found in IPMN lesions that expressed very low levels of OPN
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were seen in invasive PDA as compared to premalignant
lesions (Fig. 7c, d). Immunohistochemical analysis of PDA
showed that MMP-9 and VEGF co-localize with OPN in
the malignant ducts and their mRNA levels significantly
correlate with higher expression levels of OPN in the tissue
from patients with invasive PDA (Fig. 7e, f). It remains to
be determined, however, whether MMP-9 and VEGF levels
correlate with pathologic stage, survival, or recurrence. We
are currently performing these studies in addition to other
studies to determine whether similar findings could be
obtained from endoscopic ultrasound and fine needle
aspiration samples.

Interestingly, our studies show that high levels of MMP-9
and VEGF and OPN exist in invasive lesions from non-
smokers. This could be related to other factors that should be
investigated, such as second-hand smoke (environmental
tobacco smoke). It could also be related to chronic pancreatitis,
which has been linked to pancreatic carcinogenesis,35, 36 and
could create a tumor microenvironment with higher levels of
OPN, MMP-9, and VEGF. Additional studies addressing
these possibilities are currently ongoing in our laboratory.

Our study suggests that cigarette smoking and nicotine
may contribute to PDAmatrix degradation, angiogenesis, and
metastasis through inducing MMP-9 and VEGF and demon-
strates a distinctive role of OPN in mediating these effects.
Although the signaling events that involve the OPN-mediated
induction of MMP-9 and VEGF in pancreatic carcinogenesis
remain to be defined, the potential role of OPN as a
downstream effector of nicotine, capable of mediating its
prometastatic effects in PDA cells, is novel. OPN could be a
unique potential target to control pancreatic cancer metastasis,
especially in the cigarette-smoking population.
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Discussant

DR. MARY MALUCCIO (Indianapolis, IN): You make a
very convincing argument for the link between nicotine,
osteopontin, MMP9, and VEGF in pancreatic cancer. I
think your blocking studies are quite elegant and certainly
prove your point. This only adds to the long list of reasons
that people should stop smoking.

Unfortunately, even with a much stronger correlation
between smoking and the more prevalent lung cancer,
most people do not stop smoking until the die is cast.
And there are millions upon millions of people that
smoke and only 40 some odd thousand cases per year of
pancreatic cancer.

So surveying smokers is not a realistic option. Thus, I
struggle a bit to envision how these data influence the
diagnosis or treatment of pancreatic cancer.

Your data do not suggest that prevention models would
work since you did not show that this pathway influences
the development of cancer. A preclinical model, whereby
you alter the development of cancer, like in the KRAS
mutant mouse model or if you can alter the biologic
behavior of an established pancreatic cancer by blocking
osteopontin would make a much more convincing argument
that this is a good target.

The major obstacle in pancreatic cancer continues to be
that there is no truly high-risk patient population that we
can survey in hopes of altering the detection and behavior
of an inevitable pancreatic cancer. And therefore, our ability
to intervene early is limited.

There are a couple of questions that I have for your
group.

I believe that there are 10 to 20, if not more, pancreatic
cancer cell lines through the ATCC, whereas you chose to
study two. My question is, how did you decide to use these
particular cell lines? And are there cell lines that are more
or less likely to respond to nicotine-induced changes?

Secondly, your paper shows very nice images of the
human tissue with avid staining of osteopontin in pancreatic
cancers from smokers vs. nonsmokers. And that if
osteopontin levels are high, then the remaining molecules
are also high.

In your experience, if you were to take 100 pancreatic
cancer samples, regardless of smoking status, how many
would you expect to show significant staining for osteo-
pontin that would suggest that targeting this protein would
be of therapeutic benefit?

Closing Discussant

DR. MELISSA LAZAR: To address your first question of
howwe chose these two cells lines, these are two cell lines that
express sort of low levels of basal OPN, which is so that is
why we chose them. So when we did overexpress OPNc, that
made a difference. We have also used these two cell lines
previously in some of our previous other studies with nicotine.

And then, if you did take 100 samples and you stained
the tissue for OPN, all of the samples would stain for OPN.
When we do stain just normal pancreatic tissue, there are
some low levels of OPN staining in the ducts, but there are
no levels of MMP9 or VEGF.
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Abstract
Introduction National Comprehensive Cancer Network (NCCN) guidelines recommend hepatic resection and lymphade-
nectomy (LND) for gallbladder adenocarcinoma (GBA). We sought to evaluate compliance with these recommendations
and to assess trends in the management and survival of patients with GBA.
Methods Using Surveillance, Epidemiology and End Results (SEER)-Medicare-linked data, we identified 2,955 patients
with GBAwho underwent cancer-directed surgery from 1991 to 2005. We assessed clinicopathologic data, trends in surgical
management, and survival.
Results From 1991 to 2005, preoperative evaluation included CT (62%), MRI (6%), and PET (2%). Only 383 (13%)
patients underwent radical resection/hepatectomy with a temporal increase over the study period (1991–1995, 12%; 1996–
1999, 10%; 2000–2002, 12.0%; 2003–2005, 16%; P<0.001). For patients undergoing radical resection/hepatectomy, LND≥
3 nodes was performed in 96 (3%) patients. Among patients who had LND, 47% had nodal metastasis. The overall 1-, 3-,
and 5-year survival was 56%, 30%, and 21%. On multivariate analysis, radical resection/hepatectomy (hazard ratio (HR)=
0.71) and LND≥3 nodes (HR=0.56) were independently associated with increased survival. There was no significant
improvement in survival over time (P=0.60).
Conclusions Compliance with NCCN guidelines for GBA remains poor. Survival of patients with surgically managed GBA
has not improved over time.

Keywords Gallbladder cancer . Surgery . SEER .Medicare .

Survival

Introduction

Gallbladder adenocarcinoma (GBA) is a relatively uncom-
mon, but aggressive malignancy. In 2009, there were 9,760
cases of GBA with an associated 5-year survival of only
15.3%.1 Although GBA has traditionally been associated
with a poor prognosis, surgery has been advocated as a
means to improve long-term survival. Based upon data from
several retrospective studies that demonstrated a survival
benefit,2–8 “radical” re-operation is the current National
Comprehensive Cancer Network (NCCN) guideline recom-
mendation for patients with stages 1 to 3b GBA.9,10

Specifically, re-operation is recommended for patients with
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T1b (invasion in the muscularis layer), T2 (invades
perimuscular connective tissue; no extension beyond serosa
or into liver), or T3 (perforation of serosa and/or liver
invasion and/or adjacent organ or structure) disease.10 In
general, “radical” re-operation includes hepatic resection,
lymph node dissection, and possibly common bile duct
resection with reconstructive hepaticojejunostomy. Prognosis
after surgery, however, can vary dramatically with reported
5-year survival ranging from 10% to 63%,11,12 depending on
the extent of disease.

Data on compliance with the NCCN guidelines, as well
as temporal trends in population-based survival of patients
with GBA remain poorly defined. Most data about survival
of patients with GBA comes from single institution
series.2,4,6,13–15 These data may be susceptible to publica-
tion bias, as well as not accurately reflect “true” population-
based outcomes of patients treated with surgical therapy for
GBA. In addition, trends in survival after surgical therapy
for GBA have not been investigated in a population-based
study. Similarly, while data on the utilization of surgical
management of early-stage gallbladder cancer in the USA
has previously been reported,16,17 it was limited in scope.
Specifically, previous reports were derived from data
exclusively drawn from the Surveillance, Epidemiology
and End Results (SEER) cancer registry.14,16–18 While the
SEER registry provides tumor specific data, it contains
more limited data about peri-operative or surgical procedure
utilization. Rather, the use of Medicare claims data linked
with SEER data has been demonstrated to be more effective
in accurately capturing all surgical and peri-operative
procedures than use of either dataset alone.19

As such, the objective of the current study was to evaluate
compliance with the NCCN guidelines, as well as define the
specific utilization of peri-operative and operative procedures,
for patients with GBA employing the SEER-Medicare-linked
dataset. In addition, we sought to assess whether there have
been improvements in the survival of patients with surgically
managed GBA on a population basis over time.

Methods

Data Source

We performed a retrospective analysis of prospectively
collected data from the linked SEER-Medicare database.
These data reflect the linkage of two large population-based
sources of data that provide detailed information about
Medicare beneficiaries with cancer. The SEER database is
maintained by the National Cancer Institute.20 The SEER
database began in 1973 and today includes data from 18
cancer registries, representing approximately 26% of the
USA population. All SEER data are de-identified and

publicly available. The SEER program of cancer registries
collects clinical, demographic and cause of death informa-
tion for persons with cancer. Available data include patient
demographics, sociodemographic information, SEER stage
of disease, use of cancer-directed surgery, as well as use of
radiation therapy.

Data elements more specific to cancer staging and
treatment (e.g., American Joint Committee on Cancer (AJCC)
staging), details of surgical therapy, tumor size, lymph node
involvement) are consistently available only in more recent
time periods (e.g., after 1988). The SEER-Medicare data
represents linkage of the SEER data to Medicare claims for
covered health care services from the time of a person’s
Medicare eligibility until death.21 These linked data are
available from 1991 forward. Medicare’s master enrollment
file is used to identify persons in the SEER data who are
Medicare beneficiaries. The SEER-Medicare data include
over 3.3 million persons with cancer. For people who are
Medicare eligible, the SEER-Medicare data include claims
for covered health care services, including hospital, physi-
cian, outpatient, home health, and hospice bills. These data
include the original surgical resection in addition to any peri-
operative procedural interventions in both the inpatient and
outpatient settings around the time of the operation. Per the
data usage agreement with the National Cancer Institute, any
variable totals with a value less than 11, whether directly
reported or inferred, was replaced throughout the document
with n<11 and the proportion (X%) was calculated using 11
divided by the total.

Case Definitions

Our analysis included patients in whom incident cases of
gallbladder cancer were diagnosed between 1991 and 2005,
corresponding to the inception of SEER-Medicare linkage to
the latest update in our gallbladder cancer dataset (incidence
site recode 239). Patients with gallbladder adenocarcinoma
were identified by using the International Classification of
Diseases for Oncology (ICD-O-3) histology codes.22 The
histology codes (Table 1) were chosen to identify only
patients with gallbladder adenocarcinoma. All histology
codes were reviewed by a gastrointestinal pathologist at
Johns Hopkins Hospital and were selected to be the most
representative of the pathology of interest (i.e., adenocarci-
noma). Cases with histology codes corresponding to
histologies other than adenocarcinoma (e.g., 8070=squa-
mous cell carcinoma) were excluded from the analysis. Only
patients undergoing cancer-directed surgery who were
actively followed were included; all patients diagnosed at
autopsy or by death certificate were excluded. Patients with
AJCC stage T4 tumors and those with metastatic disease at
the time of their cancer-directed operation were also
excluded from the analysis.
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The AJCC 7th edition10 T-stage was derived using the
extent of disease information (i.e., 20=muscularis propria=
T1b).16,17 Extent of lymph node disease could not be
stratified according to the recent 7th edition that now
distinguishes N1 (i.e., lymph nodes adjacent to the cystic
duct, bile duct, hepatic artery and portal vein) from N2 (i.e.,
celiac, periduodenal, and peripancreatic lymph nodes)
disease. Because such data were not available, the SEER
variable “extent of nodal disease” was transformed into a
categorical variable indicating N0 and N1 per the AJCC 6th
edition.23 Those patients who underwent cancer-directed
surgical procedures were identified using site-specific surgery
codes 10–90 or surgery of primary site codes 10–90. Patients
were divided into two groups on the basis of these variables:
simple resection and radical resection. Simple resection was
defined within the SEER coding manual as “simple or total
removal of the primary site” and herein is referred to as
“simple cholecystectomy.” Radical resection was defined by
the SEER designation “partial or total removal of the primary
site with an en bloc resection (partial or total removal) of other
organs”.24 The radical resection variable and a variable from
the linked Medicare database indicating a hepatectomy were
subsequently combined into a composite variable to indicate
that a radical resection/hepatectomy had taken place. The
performance of a lymphadenectomy was determined in two

different ways. Firstly, it was determined by examining the
“regional nodes examined” variable with ≥1 lymph nodes
examined qualifying as a lymphadenectomy. Some authors18

have used a more strict definition of lymphadenectomy per the
AJCC suggestion that lymphadenectomy be defined as ≥3
lymph nodes assessed; therefore, we also evaluated lympha-
denectomy using this definition.

We were interested in evaluating utilization and incidence
of select treatments, procedures, and complications within the
peri-operative period (i.e., 6 months before or after the
definitive cancer operation). As such, these events were
identified in the Medicare portion of the database using a
combination of Common Procedure Terminology codes and
ICD-9-CM22 diagnosis codes (Table 2). Several previous
studies25 of ICD-9-CM procedure and diagnosis codes for
Medicare patients have demonstrated excellent agreement
(>85%) between Medicare billing data and chart review for
such data. Procedures reported on physician claims are
considered highly valid, especially for acute complications.26

Statistical Analyses

Overall survival time was calculated from the date of GBA
diagnosis to the date of last follow-up. The SEER database
codes patients surviving less than 1 month as having zero
time of survival. We redefined this zero survival time as
0.1 months. Patients surviving less than 30 days were
classified as a post-operative death. Cumulative event rates
were calculated using the method of Kaplan and Meier.27

Univariate analyses were performed using the log-rank test
to compare differences between categorical groups. Cox
proportional hazards models28 were developed using
relevant clinicopathologic variables in order to determine
the association of each with overall survival. The model
was validated by checking against a forward stepwise Wald
selection model as described by Hosmer and Lemeshow.29

The overall fit of the multivariate models was assessed
using the likelihood ratio test. Relative risks were expressed
as hazard ratio (HR) with a 95% confidence interval (CI).
The final model was evaluated for goodness-of-fit using the
method proposed by May and Hosmer.29,30 The data were
separated into quartiles (1991–1995, 1996–1999, 2000–
2002, and 2003–2005) based upon the year of operation.
Trends in ordinal data were evaluated using the linear-by-
linear association test.31 Significance levels were set at P≤
0.05. All tests were two-sided. All statistical analyses were
performed using SPSS Version 18.0 (Chicago, Illinois).

Results

Of the 8,492 cases of gallbladder cancer identified from
1973 to 2005, 8,115 (95.6%) cases had a histology code

Table 1 ICD-O-3 histology codes for identification of gallbladder
adenocarcinoma

Histology code Number of patients (%) (n=2,955)

8140 2,264 (76.6)

8260 205 (6.9)

8010 108 (3.7)

8480 86 (2.9)

8481 44 (1.5)

8210 26 (0.9)

8144 20 (0.7)

8261 20 (0.7)

8160 18 (0.6)

8263 16 (0.5)

8050 13 (0.4)

8255 <11 (<0.4%)

8020 <11 (<0.4%)

8141 <11 (<0.4%)

8000 <11 (<0.4%)

8145 <11 (<0.4%)

8211 <11 (<0.4%)

8262 <11 (<0.4%)

8470 <11 (<0.4%)

8471 <11 (<0.4%)

Per NCI data usage agreement, no cells with totals less than 11 were
reported
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consistent with a diagnosis of adenocarcinoma. Case
selection was further restricted to patients without T4 or
metastatic disease, as well as date of GBA diagnosis
between 1991 and 2005 (e.g., the years available in the

Medicare data set for linkage). As such, 2,955 (35.3%)
cases were available for our analyses. The most prevalent
histology code (n=2,264; 76.7%) was 8140 corresponding
to “adenocarcinoma not otherwise specified” (Table 1).22

Table 2 CPT/ICD codes used in identification of Medicare claims

Procedure CPT code ICD-9 codes (outpatient)

Endoscopy 43234, 43235, 43239, 43241,
43242, 43245, 43250, 43251,
43256, 43258

42.24, 44.14, 45.13, 45.14,
45.16

Cholangiogram 74320 87.52, 87.53, 87.54

PTC 47500, 47505, 47510, 74363, 75980 51.98, 87.51

MRI abdomen (with and without contrast) 74181, 74182, 74183, 74185 88.97

CT abdomen (with and without contrast) 74150, 74160, 74170 87.41, 87.42, 87.72, 88.01,
88.02

PET 78811,78812, 78813, 78814, 78815, 78816 88.90, 92.04, 92.18

Portal vein embolization 37204, 75894 39.79

Diagnostic laparoscopy 49320, 49321, 49329 54.21

Laparoscopic cholecystectomy 47562, 47563 51.23, 51.24

Open cholecystectomy 47600, 47605, 47610, 47612, 47620 51.2, 51.21, 51.22

Hepatectomy

Biopsy 47100 50.11, 50.12, 50.19

Partial 47120 50.22

Trisegmentectomy 47122 –

Right lobectomy 47125 –

Left lobectomy 47130 –

Lobectomy (either or NOS) 47125, 47130 50.3

Lymphadenectomy 38747, 38780 40.29, 40.50

Hepaticojejunostomy 47760, 47780, 47785, 47800, 47999 51.37

Excision of biliary tree 47711, 47712 51.64, 51.69

Whipple 48150, 48152, 48153, 48154 52.53, 52.7

Radiation therapy 77290, 77301, 77413, 77414, 77418,
77263, 77427, 77334

92.21–92.24, 92.26–99.29

Chemotherapy (intravenous) 96409, 96411, 96413, 96415, 96416, 96417 99.25

Re-exploration (takeback) 49000, 49002 54.11, 54.22

Percutaneous drain 47000, 49021, 49041, 49061, 75989 54.91

Accidental laceration 998.2

Post-operative hemorrhage 998.1–998.19

Post-hemorrhagic anemia 285.1

Anesthetic reaction 995.4

Wound dehiscence 998.3, 998.6, 998.83

Liver abscess 572.0

Peritonitis 567.2

Gastrointestinal hemorrhage 578.0, 578.1, 578.9

Gastrointestinal complications 997.4

Biliary fistula 576.4

Intestinal fistula 569.81

Stomach or duodenal fistula 537.4

Postoperative infection 998.5–998.59
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Patient and Tumor Characteristics

Table 3 shows the clinicopathologic features of the 2,955
patients. The mean age at diagnosis was 76.8 years
(standard deviation 8.0 years) and the majority of patients
were women (n=2,142; 72.5%). Most patients were white
(n=2,190; 74.1%), lived in an urban setting (n=2,724;
74.1%), and were not married (n=1,691; 55.9%). At the
time of GBA diagnosis, most patient’s cancers were
classified as “localized” (n=1,759; 59.5%) by the SEER
historic stage24 and over one third were AJCC stage T310

(n=1,118; 37.8%). Among those patients who had primary
tumor grade (ICD-O-2) information available (n=2,511;
83.8%), most cancers were moderately differentiated (n=
1,092; 37.0%). Tumor grade was associated with AJCC T-
stage, as T3 cancers were more likely to be moderately and
poorly differentiated (P<0.001). There was no association
between T-stage and sex (P=0.57), marital status (P=0.42),
or urban residence (P=0.23). There was no difference in the
T-stage at diagnosis over the four time period examined
(P=0.54).

Utilization of Peri-operative Diagnostic Testing

We examined the utilization of peri-operative diagnostic
testing among patients with GBA. Overall, computed
tomography (CT) was the most commonly utilized cross-
sectional imaging modality (n=1828; 61.0%). Magnetic
resonance imaging (MRI) (n=171; 5.7%) and positron
emission tomography (PET) (n=49; 1.6%) were utilized
only in a minority of patients. While cholangiography was
utilized in about one third of patients (n=835; 27.8%),
diagnostic laparoscopy was infrequently employed in the
treatment of GBA (n=130; 4.3%). To assess for temporal
trends in utilization, we examined the use of each one of
these specific procedures/imaging modalities relative to the
four time periods (Table 4). While the use of PET and
diagnostic laparoscopy remained stable over time, the relative
use of CT,MRI, and cholangiography showed a temporal trend.
Specifically, the use of CT increased from 56.7% in 1991–1995
to 70.0% in 2003–2005 (P<0.001). Similarly, while MRI was
utilized in less than 1.6% of cases in 1991–1995, MRI was
utilized in 10.3% of GBA cases in 2003–2005 (P<0.001).

Table 3 Patient and tumor characteristics in patients with surgically managed gallbladder adenocarcinoma

Variable 1991–1995
(n=681)

1996–1999
(n=543)

2000–2002
(n=833)

2003–2005
(n=898)

Total
(n=2,955)

Number (%)

Percent of total 23.0 18.4 28.2 30.4 100

Mean age at diagnosis (years)±SD 76.7 (8.2) 76.2 (8.0) 77.0 (7.9) 77.0 (8.0) 76.8 (8.0)

Female 507 (74.4) 385 (70.9) 594 (71.3) 656 (73.1) 2,142 (72.5)

White 529 (77.7) 376 (69.2) 630 (75.6) 655 (72.9) 2,190 (74.1)

Married 304 (44.6) 245 (45.1) 365 (43.8) 390 (43.4) 1,304 (44.1)

Urban 622 (91.3) 487 (89.7) 782 (93.9) 833 (92.8) 2,724 (92.2)

Historic stage

In situ 42 (6.2) 51 (9.4) 73 (8.8) 82 (9.1) 248 (8.4)

Localized 429 (63.0) 318 (58.6) 488 (58.6) 524 (58.4) 1,759 (59.5)

Regional 210 (30.8) 174 (32.0) 272 (32.7) 292 (32.5) 948 (32.1)

AJCC T-stage

Tis 42 (6.2) 51 (9.4) 73 (8.8) 82 (9.1) 248 (8.4)

T1a 50 (7.3) 38 (7.0) 54 (6.5) 56 (6.2) 198 (6.7)

T1b 109 (16.0) 77 (14.2) 92 (11.0) 103 (11.5) 381 (12.9)

T1NOS 86 (12.6) 52 (9.6) 53 (6.4) 38 (4.3) 229 (7.7)

T2 134 (19.7) 110 (20.3) 236 (28.3) 301 (33.5) 781 (26.4)

T3 236 (38.2) 215 (39.6) 325 (39.0) 318 (35.4) 1,118 (37.8)

AJCC N-stage: N1* 78 (11.5) 59 (10.9) 115 (13.8) 145 (16.1) 397 (13.4)

Grade

Well-differentiated 121 (17.8) 78 (14.4) 123 (14.8) 131 (14.6) 453 (15.3)

Moderately differentiated 240 (35.2) 200 (36.8) 309 (37.1) 343 (38.2) 1,092 (37.0)

Poorly differentiated 191 (28.0) 174 (32.0) 253 (30.4) 261 (29.1) 879 (29.7)

Undifferentiated/Unknown 129 (18.9) 91 (16.7) 148 (17.7) 165 (18.4) 531 (18.0)

Per NCI data usage agreement, no cells with totals less than 11 were reported

*P<0.05 significant level by test of trend
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The use of cholangiography decreased over time from 38.0%
in 1991–1995 to 23.3% in 2003–2005 (P<0.001).

Operative Details

Of the 2,955 patients who underwent a cancer-directed
operation, 93.2% (n=2,753) had a cholecystectomy alone
(i.e., simple resection of the primary site) while 202 (6.8%)
had a radical resection as defined by the SEER variable
(Table 4). Based on the SEER data, the prevalence of

radical resection did not change over time (P=0.40).
However, in examining procedure-specific Medicare data,
the proportion of patients who underwent any form of
hepatectomy did increase over time (1991–1995: 6.9%;
1996–1999: 6.8%; 2000–2002: 8.5%; 2003–2005: 12.0%;
P<0.001). When we combined the SEER radical resection
variable with data from the linked Medicare database that
indicated a hepatectomy had been performed into a
composite variable “radical resection/hepatectomy” to
improve case capture of all radical surgeries (n=383), there

Table 4 Preoperative staging, operative, treatment details, and survival in patients with surgically managed GBA

Variable 1991–1995
(n=681)

1996–1999
(n=543)

2000–2002
(n=833)

2003–2005
(n=898)

Total
(n=2955)

Number (%)

Percent of total 23.0 18.4 28.2 30.4 100

Preoperative staging

Cholangiogram* 259 (38.0) 167 (30.8) 200 (24.0) 209 (23.3) 835 (28.3)

MRI* <11 (<1.6%) <11 (<2.0%) 57 (6.8) 93 (10.4) 171 (5.8)

CT* 388 (57.0) 318 (58.6) 493 (59.2) 629 (70.0) 1828 (61.9)

PET 13 (1.9) <11 (<2.0%) <11 (<1.3%) 16 (1.8) 49 (1.7)

Diagnostic laparoscopy 39 (5.7) 16 (2.9) 34 (4.1) 41 (4.6) 130 (4.4)

Operative

Laparoscopic cholecystectomy* 156 (22.9) 214 (39.4) 340 (40.8) 408 (45.8) 1118 (37.8)

Hepatectomy* 47 (6.9) 37 (6.8) 71 (8.5) 108 (12.0) 263 (8.9)

Partial hepatectomy* 47 (6.9) 35 (6.4) 69 (8.3) 101 (11.2) 252 (8.5)

Lymphadenectomy: ≥1 nodes examined* 162 (23.8) 138 (25.4) 252 (30.3) 292 (32.5) 844 (28.2)

Lymphadenectomy: ≥3 nodes examined* 33 (4.8) 26 (4.8) 71 (8.5) 75 (8.4) 205 (6.9)

Hepaticojejunostomy/Resection extrahepatic biliary tree* 37 (5.4) 25 (4.6) 19 (2.3) 33 (3.7) 114 (3.9)
aSimple resection 625 (91.8) 507 (93.4) 789 (94.7) 832 (92.7) 2753 (93.2)
aRadical resection 56 (8.2) 36 (6.6) 44 (5.3) 66 (7.3) 202 (6.8)
bRadical resection/hepatectomy* 83 (12.2) 54 (9.9) 100 (12.0) 146 (16.3) 383 (13.0)

Radical resection/hepatectomy and ≥3 nodes examined* <11 (<1.6%) <11 (<2.0%) 27 (3.2) 44 (4.9) 96 (3.2)

Morbidity

Overall 249 (36.6) 191 (35.2) 244 (29.3) 285 (31.7) 969 (32.8)

Postoperative infection 30 (4.4) 23 (4.2) 27 (3.2) 37 (4.1) 117 (4.0)

Percutaneous drain 33 (4.8) 25 (4.6) 45 (5.4) 56 (6.2) 159 (5.4)

Postoperative hemorrhage 17 (2.5) 17 (3.1) 21 (2.5) 28 (3.1) 83 (2.8)
cPeri-operative mortality 23 (3.4) 26 (4.8) 31 (3.7) 44 (4.9) 124 (4.2)

Adjuvant Treatment

Radiation therapy 118 (17.3) 78 (14.4) 130 (15.6) 138 (15.4) 464 (15.7)

Chemotherapy 16 (2.3) <11 (<2.0%) <11 (<1.3%) 20 (2.2) 53 (1.8)

Median survival (months) 16.0 15.0 16.0 15.0 16.0

5-year survival 21.4 22.8 21.3 NR 21.3

MRI magnetic resonance imaging, CT computed tomography, PET positron emission tomography

Per NCI data usage agreement, no cells with totals less than 11 were reported

*P<0.05 significant level by linear-by-linear association test of trend
a Simple and radical resection: data from SEER variables site-specific surgery and surgery of primary site. See “Methods” section
b Cases that had a radical resection per SEER data or a hepatectomy as indicated by Medicare billing data
c Peri-operative mortality: death within 30 days of the cancer-directed operation
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was an increase in the proportion of cases from 12.2% in
1991–1995 to 16.3% in 2003–2005 (P=0.001). T-stage was
associated with receipt of radical resection/hepatectomy.
Specifically, the proportion of patients who underwent
radical resection/hepatectomy for T1b, T2, and T3 cancers
was 8.9%, 13.4%, and 18.2%, respectively (P<0.001).
Receipt of radical resection/hepatectomy was not associated
with patient sex, race, or geographic location (all P>0.05).
However, it was associated with age (P<0.001) with older
patients undergoing radical resection/hepatectomy less
frequently than younger patients. Regarding the extent of
the hepatectomy, a partial hepatectomy was performed in
the majority of patients (n=252; 95.8%) while 6.8% (n=18)
and <4.2% (n<11) patients underwent a hemihepatectomy
or an extended hepatectomy/trisegmentectomy, respectively
(the values do not add to 100% as some patients underwent
both a combination of a partial hepatectomy and a hemi-
hepatectomy or extended hepatectomy). The extent of
hepatectomy was associated with T-stage with higher T-
stage patients being more likely to undergo a partial
hepatectomy (P<0.001) or a hemihepatectomy (P=0.039).
Over time there was also an increase in the use of partial
hepatectomy (1991–1995, 6.9% versus 2003–2005, 11.2%;
P=0.001).

Overall, no lymph nodes were examined (NX) in 71.8%
of patients (n=2151), while 844 (28.2%) patients had at
least one lymph node evaluated (Table 4). The reporting of
at least one lymph node evaluated increased over time from
23.8% (n=162) in 1991–1995 to 34.6% (n=292) in 2003–
2005 (P<0.001). When stratified by surgery type, 51.2% of
patients who underwent a radical resection had at least one
lymph node evaluated compared with 26.8% patients who
had a simple cholecystectomy (P<0.001). As expected,
fewer patients (n=205; 6.9%) had ≥3 lymph nodes
evaluated. In fact, of the 383 patients who underwent
radical resection/hepatectomy, only 58.0% (n=222) had ≥3
lymph nodes evaluated. There was, however, an increase
over time in the number of patients undergoing radical
resection/hepatectomy who had a lymphadenectomy with
≥3 lymph nodes examined (1991–1995: 24.5%; 1996–
1999: 25.8%; 2000–2002: 30.9%; 2003–2005: 33.6%; P<
0.001). Factors associated with ≥3 lymph nodes evaluated
included younger patient age (P<0.001) and higher tumor
grade (P<0.001). T-stage was also strongly associated with
≥3 lymph nodes evaluated (T1a=23.2%; T1b=25.2%; T2=
33.3%; T3=33.5%; P<0.001). Of those patients who
underwent lymphadenectomy and had at least 1 lymph
node examined (n=844), 397 (47.0%) had nodal metastasis
(N1 disease).

At the time of surgery, resection of the extrahepatic
biliary tree with concomitant hepaticojejunostomy was rare
(n=114; 3.9%) and decreased over time from 5.4% in
1991–1995 to 3.7% in 2003–2005 (P=0.02).

Peri-operative Morbidity and Mortality

The proportion of overall peri-operative complications was
32.8% (Table 4). Morbidity following surgical treatment of
GBA was mostly associated with post-operative infection
(4.0%), need for percutaneous drain (5.4%) or post-operative
hemorrhage (2.8%). There was a decrease in the overall
prevalence of complications over time (P=0.01). However,
there was no trend over time in postoperative complications
regarding the prevalence of infections, need for percutaneous
drains, or hemorrhage (all P>0.05) (Table 4). Among those
patients who underwent a radical resection/hepatectomy the
risk of post-operative morbidity was higher compared with
patients who underwent a simple cholecystectomy (OR=
1.37; P=0.005).

Overall, 124 patients survived less than 30 days after their
cancer-directed operation for a peri-operativemortality of 4.2%.
The risk of peri-operative mortality tended to be higher among
patients who underwent a simple cholecystectomy (4.5%)
versus a radical resection/hepatectomy (1.8%; P=0.01). Only a
few patients who underwent a partial hepatectomy (n=2), a
hemihepatectomy (n=1) or extended hepatectomy (n=1) had
a peri-operative mortality. There was no change with regard to
peri-operative mortality over time (1991–1995, 3.4%; 1996–
1999, 4.8%; 2000–2002, 3.7%; 2003–2005, 4.9% (P=0.36).

Adjuvant Treatment

Adjuvant therapy was utilized sparingly in patients with
GBA. Specifically, radiation therapy was administered to
421 (14.2%) patients, the overwhelming majority of whom
received radiation in the post-operative setting (n=412;
97.9%). Patients who underwent a radical resection/hepa-
tectomy were more likely to receive adjuvant radiotherapy
compared with patients who had a simple cholecystectomy
(23.3% vs. 12.9%; P<0.001). There was no increase in the
use of radiation over time (P=0.08) (Table 4). Overall,
1.8% (53) patients who had a cancer-directed operation
were treated with systemic chemotherapy. There was no
difference in the proportion of patients treated with
systemic therapy relative to the type of surgical procedure
or the time period examined (both P>0.05).

Long-term Outcome

The overall median survival was 16.0 months with a 1-, 3-,
and 5-year overall survival of 55.7%, 30.3%, and 21.3%,
respectively. There was no improvement in survival over
time from 1991 to 2005 for patients with surgically
managed GBA (P=0.60) (Table 4 and Fig. 1).

On univariate analyses, several clinicopathologic factors
known to be associated with GBAwere analyzed to determine
their association with survival (Table 5). Factors influencing
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survival included gender, race, marital status, cancer grade,
T-stage, N-stage, receipt of radical surgery, as well as
lymphadenectomy ≥3 lymph nodes (all P<0.05). Survival
time had a direct relationship with increasing T-stage

(Fig. 2a). Specifically, patients with T3 cancers had a median
survival of 8 months compared with 19 months for patients
with T2 cancers (P<0.001). Survival was also associated with
receipt of radical resection/hepatectomy. The median survival
for patients undergoing radical resection/hepatectomy was
20 months compared with 15 months for patients undergoing
simple cholecystectomy (P=0.001). The impact of radical
resection/hepatectomy on survival persisted regardless of T-
stage (Fig. 2a). Patients with T2 cancers who had a radical
resection/hepatectomy had a median survival of 53.0 months
compared with 16.0 months for those who had a cholecys-
tectomy only (P<0.001). Similarly, patients with T3 cancers
who had a radical resection/hepatectomy had a median
survival of 11 months compared with 8 months for those
who had a simple cholecystectomy only (P<0.001).

Median survival was also influenced by N-stage
(Fig. 2b). Patients with no lymph node metastasis had a
median survival of 17 months compared with 11 months for
patients with N1 disease (P<0.001). Performance of a
lymphadenectomy with evaluation of ≥3 lymph nodes was
associated with improved long-term survival compared
with the evaluation of fewer nodes, especially among T2
and T3 patients (P<0.001) (Fig. 3).

1991-1995 
1996-1999 
2000-2002 
2003-2005 

P = 0.59 (overall; log-rank) n = 2,955

Fig. 1 Overall survival stratified of the patients by four time periods.
There was difference in survival across time (P=0.59) with a median
survival of 16 months and 5-year survival of 21.3%

Table 5 Cox regression analyses of variables associated with survival in patients with surgically managed gallbladder cancer

Prognostic factor Univariate Multivariate

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

Year of diagnosis 1991–1995 0.97 0.86–1.11 0.688 – – –

Male gender 1.19 1.08–1.30 <0.001 1.33 1.20–1.48 <0.001

White race 1.11 1.01–1.23 0.035 1.10 1.00–1.22 0.049

Unmarried 1.17 1.08–1.28 <0.001 1.26 1.15–1.39 <0.001

Rural residence 1.14 0.97–1.33 0.103 1.01 0.87–1.18 0.867

Simple cholecystectomy 1.24 1.09–1.42 0.002 1.40 1.21–1.61 <0.001

Lymphadenectomy <3 nodes 1.59 1.31–1.93 <0.001 1.78 1.45–2.17 <0.001

T-stage

Tis Reference

T1a 1.20 0.93–1.56 0.169 1.24 0.94–1.63 0.134

T1b 1.40 1.12–1.75 0.003 1.47 1.15–1.88 0.002

T1NOS 2.24 1.78–2.82 <0.001 2.25 1.74–2.89 <0.001

T2 2.02 1.65–2.47 <0.001 2.08 1.65–2.63 <0.001

T3 3.77 3.01–4.59 <0.001 3.82 3.05–4.78 <0.001

Grade

Well-differentiated Reference

Moderately differentiated 1.28 1.19–1.46 <0.001 1.12 0.98–1.29 0.095

Poorly differentiated 2.03 1.77–2.32 <0.001 1.64 1.42–1.88 <0.001

Undifferentiated 1.69 1.21–2.36 0.002 1.74 1.24–2.43 0.001

Unknown 0.92 0.78–1.08 0.306 1.13 0.95–1.34 0.162

Positive lymph node status (N1) 1.43 1.27–1.62 <0.001 1.17 1.03–1.33 0.015

Radiation treatment 1.10 0.99–1.22 0.086 0.85 0.76–0.95 0.005
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After controlling for competing risk factors with multivar-
iate analysis, several factors were found to be independently
associated with a poor outcome (Table 5). Demographic
factors associated with poor survival included male gender,
white race, and unmarried persons (all P<0.05). Surgical
factors independently associated with an increased risk of
death included history of simple cholecystectomy (HR: 1.40
(95% CI: 1.21–1.61); P<0.001) and lymphadenectomy of
fewer than three lymph nodes (HR: 1.78 (95% CI: 1.45–
2.17); P<0.001). In addition, tumor grade and T-stage each
remained independently associated with survival. Specif-
ically, patients with T3 tumors had almost a fourfold
increased risk of death compared with patients with Tis
(HR=3.82, P<0.001).

Discussion

Over the past decade, there has been a trend toward
investigating cancer surgery outcomes on a population-basis
using data from national registries.16–18 These data are not
without their limitations32, but the SEER dataset does
provide the ability to assess the quality and outcomes of
cancer surgery care from over a 25% sample of the US
population. To that end, we used the SEER database to
assess compliance with nationally promulgated NCCN
guidelines on the surgical management of patients with
GBA. In contrast to previously published studies on
gallbladder cancer that used the SEER database only,16–18

we also augmented the data by linking it with Medicare
billing claims—a method that has been shown to improve
the capture and accuracy of cancer surgery care analysis.19

To date, this is the first study to combine SEER-Medicare
data to assess outcomes and trends of cancer-directed surgery
for GBA.

As demonstrated in the current study (Table 4), the vast
majority of patients were evaluated with CT imaging, the
utilization of which increased over time. Kim et al.33 noted
that the accuracy of multi-detector CT for T2 versus T3
versus T4 cancers was 79.3%, 92.7%, and 100%, respec-
tively. Although the use of MRI and magnetic resonance
cholangiography has not in general been shown to provide
additional information over the use of three-dimensional
helical CT alone,34 we noted that the use of MRI to assess
patients with GBA increased tenfold from 1991 to 2005. The
reason for the increased use of MRI is not well defined, but
may relate to the increased familiarity and utilization of MRI
for a broad scope of malignancies at many institutions35–37

PET scanning is another imaging modality that has increas-
ingly been utilized in the staging of several gastrointestinal

N1

N0

n = 2,955

NX

P  < 0.001 (overall; log-rank)

T1a

T1b

T2

T3

P  < 0.001 (overall; log-rank)

n = 2,478

Fig. 2 Overall survival stratified by: a T-stage (P<0.001); and, by b N-stage (P<0.001)

Simple & T3

Radical & T3

Simple & T2

Radical & T2

n = 1899 

P < 0.001 (overall; log-rank) 

Fig. 3 Survival by T-stage and radical resection/hepatectomy for
stage T2 and T3 cancers. Radical resection/hepatectomy was
associated (P<0.001) with an increase in median survival of 37 and
3 months, for T2 and T3 cancers, respectively
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malignancies. Because of the relatively high incidence of
metastatic disease, some investigators have suggested that
PET may be useful in the preoperative evaluation of patients
with GBA38 In one study, Corvera et al.39 noted that the use
of PET changed operative management in nearly 25% of
patients with GBA. Interestingly, in the current study, we
noted the overall use of PET scanning in the evaluation of
patients with GBA was quite low—less than 2%.

Several population-based studies have demonstrated an
association between lymphadenectomy and survival for
patients with GBA.17,18 The incidence of metastatic disease
in regional lymph nodes can range from 10% to 45%.8 In
the current study, 47% of those patients who underwent
lymphadenectomy had nodal metastasis. As such, repeat
surgery for GBA should include a lymphadenectomy to
provide important staging information, as well as possibly
decrease the risk of local recurrence. Jensen et al.17 reported
that patients who underwent radical resection for gallblad-
der cancer had a survival advantage if a lymphadenectomy
was also performed at the time of surgery. In contrast, the
authors noted that patients who had no lymph nodes evaluated
had a similar survival compared with patients undergoing
local resection/simple cholecystectomy only. The AJCC
defines an adequate lymphadenectomy as the evaluation of
≥3 lymph nodes in the surgical specimen.10,18 Data from the
current study provide evidence that the evaluation of fewer
than 3 lymph nodes is independently associated with a worse
survival (P<0.001). Compared with patients who had
evaluation of fewer than 3 nodes, T2 and T3 patients who
underwent a lymphadenectomy of ≥3 lymph nodes had an
improvement in overall median survival of 18 and 5 months,
respectively. We did note that the proportion of patients
undergoing a lymphadenectomy consisting of ≥3 lymph
nodes increased over the time periods examined (Table 4).
The reason for the increase in lymphadenectomy of ≥3
lymph nodes, as well as the improved survival associated
with a more thorough lymphadenectomy, is probably multi-
factorial. Some investigators17 have hypothesized that the
extent of lymphadenectomy may be a surrogate for a more
complete oncologic operation by a more experienced
hepatobiliary surgeon. While the removal of 1 or 2 additional
lymph nodes may not have a direct therapeutic effect, the
attainment of a more thorough lymphadenectomy may more
likely be an overall indicator of quality of care.

While the empiric performance of a nonanatomical
resection versus an anatomical resection for GBA has
traditionally been controversial, recently most surgeons have
advocated a more parenchymal sparing approach to resection
of hepatobiliary tumors.40 In fact, several studies8,40,41 have
demonstrated that the extent of hepatic resection did not
impact survival. Rather than extent of hepatic resection,
surgical margin status and the ability to obtain a microscop-
ically negative (R0) margin of resection has been shown to

be the key determinant of outcome.8 In the current study, we
assessed the utilization of various hepatectomy procedures
over time. Specifically, we noted that formal hemihepatec-
tomy or extended hepatectomy was rarely utilized in the
treatment of GBA (6.8% and <4.2%, respectively). Rather,
most patients with GBA who underwent a radical resection
had a partial hepatectomy, with the use of partial hepatec-
tomy increasing over time (Table 4). Most single institutions
series have reported an operative mortality following
hepatectomy of less than 1%,42–48 while population-based
studies49 have noted an overall 5.6% nationwide operative
mortality. In the current series, we herein report a peri-
operative mortality of 4.2% with no change over the time of
the study period.

The 5-year population-based estimate of survival for
patients with GBA was only 21.3% (Fig. 1). We did not
find an improvement in survival over time. These data
underscore the high case-mortality associated with the
diagnosis of GBA. Several groups have advocated radical
re-resection as a means to improve survival of patients with
GBA, especially those with T2 or T3 disease. Investigators
at the Memorial Sloan-Kettering Cancer Center reported a
5-year survival of 61% for patients with T2 GBAwho were
managed with re-resection compared with 19% for those
patients treated with only a simple cholecystectomy.50

Other investigators have reported a similar benefit of re-
resection for patients with T3 disease.2–4,16–18,50 Consistent
with these previous reports, we similarly noted a survival
benefit of radical resection among patients with T2 or T3
GBA (Fig. 4). Specifically, patients with T2 disease who
underwent radical resection had a nearly threefold increase
in median survival compared with patients who underwent
simple cholecystectomy alone (P<0.001). While the benefit

LND & T3

LND & T3

No LND & T2

LND & T2

n = 1899 

P <0.001 (overall; log-rank)

Fig. 4 Survival by lymphadenectomy for stage T2 and T3 cancers.
Lymphadenectomy was associated (P<0.001) with an increase in the
median survival of 18 and 5 months for T2 and T3 cancers,
respectively
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of radical resection persisted for patients with T3 disease,
the gain in overall survival was considerably more modest.
In aggregate, data from previously published reports and
the current study strongly suggest that radical resection can
potentially provide a survival benefit for patients with T2
and T3 GBA.

The NCCN currently recommends that radical repeat
surgery be undertaken in patients with T1b, T2, and T3
patients with GBA. In assessing compliance with the NCCN
guidelines, we noted that overall utilization of radical
resection/hepatectomy and lymphadenectomy were quite
poor (13.0% and 6.9%, respectively). Other authors have
similarly noted a low utilization of hepatic resection16,18,51

and lymphadenectomy16,18,51 for GBA. However, unlike
other studies, we specifically examined temporal trends in
compliance with the NCCN guidelines. Overall, radical
resection/hepatectomy was performed in only 8.9%, 13.4%,
and 18.2% of T1b, T2, and T3 cancers, respectively.
Whereas previous data16 had not suggested a temporal
change in the utilization of radical resection for GBA, we
noted an increase in the proportion of patients undergoing
radical resection/hepatectomy over time (1991–1995, 12.2%
versus 2003–2005, 16.3%). The reason for this difference
most likely relates to our use of Medicare-linked data.
Unlike previous reports that examined only SEER data, the
linked SEER-Medicare dataset allowed for a more com-
plete capture of procedure-specific data related to radical
resection. Moreover, when we assessed the number of
patients who had both a radical resection/hepatectomy and
lymphadenectomy of ≥3 lymph nodes, the compliance with
the NCCN guidelines was poor, despite a temporal increase
over time (1991–1995, 2.2% versus 2003–2005, 4.9%).

Inherent to analyses of many administrative databases,
our study had a number of limitations. While broad in
scope, the SEER-Medicare dataset lack certain detailed
clinicopathologic data. Specifically, data on surgical margin
status, as well as performance status, were not available for
inclusion in our analyses. In addition, because we chose to
use Medicare-linked data, the analyses were constrained to
only those individuals 65 years or older. While this may
theoretically limit the generalizability of our findings, this
limitation is unlikely to have major clinical implications
when examining a malignancy that has its highest incidence
among older individuals.

In conclusion, the overall 5-year survival of patients with
GBAwas less than 25% with no significant improvement in
survival over the past 15 years. Compliance with NCCN
guidelines for radical resection for GBA was poor. Only a
minority of patients underwent either a radical resection/
hepatectomy or lymphadenectomy for GBA. Radical
resection/hepatectomy and lymphadenectomy of ≥3 lymph
nodes was, however, associated with a survival benefit. The
benefit of radical resection appeared to be most pronounced

among patients with T2 disease. Taken together, data from
the current study delineate the current underutilization of
radical surgery for GBA. These data should serve as the
basis to inform future initiatives to enhance compliance
with practice guidelines regarding GBA, as well as drive
efforts to increase the number of patients offered surgical
management when appropriate.
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Discussion

Discussant

Dr. Gerard V. Aranha (Maywood, IL): Dr. Mayo and his
co authors from the Department of Surgery at Johns
Hopkins University have reviewed SEER-Medicare linked
data and concluded that the National Comprehensive
Cancer Network guidelines for the surgical treatment of
gallbladder cancer are not being followed by a majority of
institutions in this country.

Unfortunately, this is not just true for gallbladder cancer
but it is true for many other malignancies. Being a surgical
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oncologist, I’m pretty aware of that and in my opinion, it
requires urgent attention and intervention.

I have the following questions.
In your paper, you state that those patients who had

extended hepatectomy had a 20%mortality compared to those
who had a regular hemihepatectomy, which was 5%.Were the
extended hepatectomies done at a local community hospital,
low- or high-volume center, and whom in gallbladder cancer
do you think should have an extended hepatectomy?

How do we change the culture so that the NCCN
guidelines will be followed in this country? Do you think
that, at least in gallbladder cancer, that the patients who
need surgical treatment should be referred to high-volume
centers where maybe the guidelines are followed? Or do
you believe that this should be done through the Commis-
sion on Cancer of the American College of Surgeons? I
think this is a topic that you should address in your
manuscript and needs attention.

I think you did a great job with your presentation, Dr.
Mayo, and I commend it to the membership at large.

Closing Discussant

Dr. Skye C. Mayo: Thank you for your excellent questions
and comments, Dr. Aranha. In our manuscript, we show that
there was no difference in mortality between patients
undergoing an extended hepatectomy versus a partial or
hemihepatectomy. The number of patients who had a
hepatectomy who suffered a peri-operative mortality was
low. For instance, of the people that had an extended
hepatectomy, one patient died post-operatively. Amongst the
patients who had a partial hepatectomy or a hemihepatectomy,
there were two peri-operative deaths. The numbers are very
small and statistically fragile. I would be hesitant to draw
conclusions from these data.

As for patients who should undergo a more extended
procedure for clearance of their cancer, I believe the recent
literature supports that an extended hepatectomy should not
be performed on a routine basis for patients with gallblad-
der cancer, but instead should be performed only for certain
patients to achieve clearance of their disease. An extended
hepatectomy is associated with a higher morbidity, but it
has not been shown to improve long-term survival. The
recent literature has shown that it’s not the extent of
resection that’s important, but rather the status of the
surgical margin that influences patient outcome. I think the
surgeon’s aim should be to achieve a microscopically
complete resection with disease clearance and limit the
resection at that.

As for the cultural change and the NCCN guidelines, I
agree with you that it’s a very pressing issue and one that is
very difficult to address. I think it has to start with
standardization of documentation at a more national level

and then be disseminated to the smaller hospitals and
community centers. Checklists and guidelines should be
developed that allow the surgeon and the hospital to collect
these data prospectively to ensure that they are following
the recommended guidelines appropriately.

In regards to patient referral to high-volume centers, I
really wish that we could have looked at volume within the
study, but within the SEER database there’s really no
reliable measure of volume.

Discussant

Dr. Sharon Weber (Madison, WI): I am trying to put this
in the context of what we see clinically. These are clearly
unbelievably low numbers of patients that are getting
referred on for definitive resection. But so often clinically
what we see is the patient who had an incidental finding of
gallbladder cancer after laparoscopic cholecystectomy, and
we see them and obtain a re-staging MRI or CT scan and
they are found to have metastatic disease, and therefore we
never operate on them.

How would this dataset code that patient? Are those
patients counted as having metastatic disease based on the
imaging studies? Or is the pathologic staging based solely
on the operation which they had, in that case, just a lap
chole?

The second question I have for you is about predictors of
patients that underwent radical resection. Did you do a
multivariate logistical regression trying to sort this out a
little more, to understand which patients actually were more
likely to undergo radical resection for their gallbladder
cancer?

Closing Discussant

Dr. Skye C. Mayo: Thank you for your questions, Dr.
Weber. As for patients with metastatic disease being
included in this database, one of our exclusion criteria
was to use the SEER summary stages and the historical
cancer stage to exclude patients with metastatic disease.
Whether those patients are undergoing a laparoscopic
cholecystectomy and later having metastatic disease
added onto their record, I don’t believe that is the case.
The SEER database collects tumor specific information at
the time of diagnosis and treatment and records only if
the patient had metastatic disease at the time of their
diagnosis. I’m not certain how the database handles a
patient that develops metastatic disease in the time period
between their cholecystectomy and their referral for re-
resection.

In regards to factors associated with patients who
underwent a radical resection, we found that patients who
were in the younger age quartile of our cohort, and patients
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who had a more recent operation were more likely to have
had a radical resection.

Discussant

Dr. Henry Pitt (Indianapolis, IN): This analysis and
presentation was very good. Your data suggest that an
extended operation is warranted with T2 and T3 tumors.
However, I didn’t see you comment on an extended
operation for T1b tumors. I presume the data were not
robust enough to answer this question. For your informa-
tion, I just reviewed a meta-analysis of the literature that
suggests that extended cholecystectomy is also warranted in
T1b. Can you comment further from your analysis?

Closing Discussant

Dr. Skye C. Mayo: Thank you, Dr. Pitt for your question.
In the data from recently published literature, in patients
with T1b cancers, approximately 10% have residual
disease in their gallbladder fossa that is found at their
re-resection. Due to this percentage, many surgeons
advocate radical cholecystectomy for those patients with
a T1b cancer discovered after their initial cholecystecto-
my. In our data, not surprisingly, there was a survival

benefit for patients who had a T1b cancer, but we chose
to focus T2 and T3 for our discussion today. It’s more
fully delineated in our paper.

Discussant

Dr. Fabrizio Michelassi (New York, NY): Nice presenta-
tion. My question relates to the survival curves according to
extent of surgery in lymph node negative patients. I believe
that you showed a graph with two distinct survival curves,
one for patients who had undergone a radical resection, and
the second one, for patients without a radical resection. Am
I interpreting the data correctly?

Closing Discussant

Dr. Skye C. Mayo: Thank you, Dr. Michelassi. There were
two different survival curves. The first one compared the
survival impact of radical resection for patients with T2
versus T3 cancers. The second assessed the survival impact
of lymphadenectomy on patients with T2 versus T3
cancers. It was irrespective of radical resection. We show
an increase of 18 months median survival in patients with a
T2 cancer who underwent a lymphadenectomy as indicated
by their SEER-Medicare data.
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Abstract
Introduction Intestinal epithelial cells represent an important component of innate immunity, with sophisticated responses to
inflammatory stimuli. The manner in which intestinal epithelial cell polarity affects responses to inflammatory stimuli is
largely unknown. We hypothesized that polarized intestinal epithelial cells exhibit a bidirectional inflammatory response
dependent upon the location of the stimulus.
Methods Caco-2 cells were grown on semi-permeable inserts in a dual-compartment culture system and treated with tumor
necrosis factor-α (TNF-α; 100 ng/ml) or serum-free media in the apical or basolateral chamber. Interleukin-8 (IL-8)
production in each chamber was measured by enzyme-linked immunosorbent assay. To determine receptor specificity, anti-
TNF receptor antibodies were added to the apical or basolateral chamber.
Results Basolateral stimulation with TNF-α resulted in increased apical and basolateral IL-8 production. Apical TNF-α
stimulation resulted in increased apical, but not basolateral IL-8 production. Receptor blockade suggested TNF receptor 1
involvement on both apical and basolateral membranes, while TNF receptor 2 was only active on the apical membrane.
Conclusion Polarized intestinal epithelial cells respond to TNF-α stimulation with focused, directional secretion of the
proinflammatory cytokine IL-8. These findings are important because they suggest that intestinal epithelial cells are capable
of organizing their response to inflammatory signals and producing inflammatory mediators in a bidirectional, vectorial
fashion.

Keywords Vectorial . Caco-2 . TNF receptor . IL-8 .

Polarized

Introduction

The intestinal mucosa plays an active role in the response to
local and systemic inflammation that occurs in disease
states such as trauma, sepsis, inflammatory bowel disease

(IBD), lung injury, burn, and infectious diarrhea and has
been dubbed a “motor” of inflammation in severe illness.1–5

The intestinal mucosa acts as a barrier to the outside
environment and must interact with this environment
appropriately, either by exhibiting tolerance or forming an
immune response. Mechanisms of interaction between the
gut epithelium and luminal contents, including commensal
and pathogenic bacteria, are complex and specific to
individual types of microbes.6–11 The mechanisms involved
in controlling gut based inflammatory response are a
critical, but incompletely understood, part of the innate
immune system. In this setting, intestinal epithelial cells
occupy a unique position in the intestinal mucosal tissue,
with potential exposure to stimuli from the luminal contents
(apical stimulation) as well as the lamina propria (baso-
lateral stimulation). Although not known, it is conceivable
that the responses to apical and basolateral stimulation may
be distinct.
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Tumor necrosis factor-α (TNF-α) is a critical proinflam-
matory mediator in both acute and chronic stages of intestinal
and systemic inflammatory disease states. It is a known
activator of the transcription factors nuclear factor kappa B
(NF-κB) and activator protein-1 (AP-1), two key modulators
of the inflammatory response.12,13 In severe burns, gut-
derived TNF-α results in local damage to intestinal
mucosa, systemic vascular permeability, and lung injury.14

Anti-TNF-α treatment is an important part of inflamma-
tory bowel disease therapy, resulting in improved remission
rates and steroid requirements.15,16 Alteration of TNF-α
immune response, however, has been associated with severe
septic complications in maintenance therapy and postopera-
tive regimens.17,18 Gut ischemia associated with sepsis and
hemorrhage alters mesenteric cytokine profiles as well as
intestinal barrier function via TNF-α mechanisms.19 In
addition to IBD, there are a host of TNF-α-mediated chronic
diseases such as rheumatoid arthritis, psoriasis, heart failure,
bronchitis, and colon cancer.12,20

The intestinal epithelial layer plays a key role in gut-
mediated inflammation, with capability to receive signals
from multiple inputs and generate an inflammatory
response. The purpose of this study is to better understand
how intestinal epithelial cells actively participate in direct-
ing an inflammatory response. We hypothesized that
polarized intestinal epithelial cells in culture are capable
of generating a bidirectional, vectorial response to an
inflammatory signal.

Methods

Materials Caco-2 cells and Eagle’s minimum essential
medium with Earle’s balanced salt solution and 2 mM L-
glutamine (EMEM) were obtained from American Type
Culture Collection (Rockville, MD, USA). Sodium pyruvate,
non-essential amino acids (NEAA), penicillin, streptomycin,
and fetal bovine serum (FBS) were purchased from Hyclone
Laboratories (Logan, UT, USA). Recombinant human TNF-
α, mouse monoclonal anti-human TNF receptor 1 (TNFR1)
antibody, mouse monoclonal anti-human TNF receptor 2
(TNFR2) antibody, mouse IgG1 isotype control antibody and
enzyme-linked immunosorbent assay (ELISA) kits were
purchased from R&D Systems (Minneapolis, MN, USA).
Culture flasks and Costar Transwells were purchased from
Corning, Inc (Corning, NY, USA). EVOM2 epithelial
voltohmmeter was purchased from World Precision Instru-
ments (Sarasota, FL, USA). Ninety-six-well plates were
purchased from Nunc (Roskilde, Denmark).

Cell Culture Caco-2 cells were grown in flasks at 37°C in
5% CO2 in nutrient media consisting of EMEM supple-
mented with 10% FBS, 1 mM sodium pyruvate, 0.1 mM

NEAA, 100 U/ml penicillin, and 100 mg/ml streptomycin.
Cells used for experiments were between passages 5 and 20
and were seeded at a density of 300,000 cells/well onto
24-mm-diameter Transwells permeable inserts with 0.04 μm
pores. Cells were grown in supplemented EMEM for 21 days
to achieve full differentiation prior to use. Transepithelial
electrical resistance (TEER) values were measured in all wells
and were adjusted for the area of the membrane (4.5 cm2) and
the background resistance of the media and the membrane
insert. Only cells with TEER greater than 500Ωcm2 were
considered fully differentiated and suitable for use.

Experimental Conditions Cells were placed in serum-free
media for 24 h, then treated with TNF-α at a concentration
of 100 ng/ml,19 and added to the apical or basolateral
compartment. After 24 h of treatment, supernatants were
harvested. In additional experiments, LPS (100 ng/ml) was
placed in the apical compartment for the duration of the
experiment. In receptor blockade experiments, cells were
treated with antibody against TNFR1 (15 μg/ml), TNFR2
(15 μg/ml), or isotype control IgG (30 μg/ml) antibody as
described in the results for 24 h prior to addition of TNF-α.

Determination of Supernatant Protein Interleukin-8 (IL-8)
and CD14 protein levels were determined by ELISA
according to manufacturer’s instructions. Due to unequal
volumes in the apical and basolateral compartments, protein
concentrations were multiplied by the volume of the
respective compartment to normalize amount of protein
secreted into each chamber.

Statistical Analysis When appropriate, results were expressed
as mean ± standard error. Statistical analysis was carried out
with ANOVA followed by Student–Newman–Keuls test.
Statistical analysis was performed using Sigma Plot 11
software (Systat Software, Chicago, IL, USA). A p value of
<0.05 was regarded as statistically significant. All experi-
ments were performed at least three times in order to ensure
reproducibility.

Results

Vectorial Secretion of IL-8 We first examined the effect of
TNF-α treatment on IL-8 production in Caco-2 cells.
Basolateral treatment of cells with TNF-α resulted in
bidirectional IL-8 production, with significant increases in
IL-8 release observed in both apical (Fig. 1a) and basolateral
(Fig. 1b) compartments. Apical treatment with TNF-α
resulted in release of IL-8 only into the apical compartment
(Fig. 1a, b). Because intestinal epithelial cells are constantly
exposed to luminal LPS, we next sought to determine if the
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presence of apical LPS altered the ability of TNF-α to induce
directional IL-8 secretion. LPS was added to the apical
chamber and cells were treated with TNF-α in apical or
basolateral compartments. The presence of apical LPS had no
effect on TNF-α-induced vectorial release of IL-8 (Fig. 2a, b).

CD14 Secretion Previous studies indicate that Caco-2 cells
secrete CD14, a protein associated with LPS binding.21 In
order to determine if the effects of TNF-α were a
generalized, non-specific response, we examined the effect
of TNF-α treatment on apical and basolateral release of
CD14. Treatment with TNF-α had no effect on the release
of CD14 in either apical or basolateral compartments
(Fig. 3a, b).

Transepithelial Electrical Resistance TEER values were
measured during each of the experimental conditions.
TEER remained stable throughout the experiment, suggest-
ing that bidirectional IL-8 production was not the result of
lost barrier function (Fig. 4).

TNF Receptor Blockade In order to determine if there was
differential receptor utilization for the observed vectorial
secretion of IL-8 induced by TNF-α, cells were treated with
neutralizing antibodies to TNFR1 or TNFR2 in either apical
or basolateral compartments prior to treatment with TNF-α.
Apical blockade of either TNFR1 or TNFR2 resulted in

Fig. 1 Apical (a) and basolateral (b) IL-8 production in Caco-2 cells
after treatment with TNF-α. *p<0.05 vs. control

Fig. 2 Apical (a) and basolateral (b) IL-8 production in Caco-2 cells
after treatment with TNF-α in the presence of apical LPS (100 ng/ml).
*p<0.05 vs. control

Fig. 3 Apical (a) and basolateral (b) CD14 levels in Caco-2 cells after
treatment with TNF-α
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significantly decreased secretion of IL-8 (Fig. 5a, b).
Combined blockade of both TNFR1 and TNFR2 reduced
IL-8 release in a similar capacity as singular receptor
blockade. Blockade of basolateral TNFR1 and TNFR2,
either individually or combined, had no effect on apical IL-
8 release (Fig. 6a). In contrast, only blockade of basolateral
TNFR1, and not TNFR2, resulted in significantly reduced
basolateral IL-8 release (Fig. 6b). Basolateral blockade of
both TNFR1 and TNFR2 reduced IL-8 release in a similar
fashion as blockade of TNFR1 alone (Fig. 6b).

Discussion

In the present study, our data demonstrate that TNF-α-
induced IL-8 production in differentiated Caco-2 intestinal
epithelia cells is vectorial in nature, with the predominant
response directed toward the direction of the stimulus. In
addition, both apical and basolateral IL-8 secretion appears
to be mediated primarily by TNFR1, while apical secretion
appears to involve both TNFR1 and TNFR2. This is
important because of the unique arrangement of the
intestinal epithelium as part of the innate immune system.
Intestinal epithelial cells are sandwiched between the
antigen rich contents of the gut lumen and the largest
lymphoid organ of the body, the gut-associated lymphoid
tissue. Our data suggest that intestinal epithelial cells are
capable of responding to proinflammatory stimuli in a
nuanced fashion, with directed, vectorial secretion, rather
than simply in a binary “on or off” manner.

Bidirectional, vectorial secretion, similar to that seen in
the current study, has been observed in other epithelial
cells. In a combined in vitro and ex vivo model of
ophthalmologic inflammation, IL-6 and IL-8 were secreted
in a vectorial manner after treatment with IL-1β. Retinal
pigment epithelial (RPE) cells were used, including both
ARPE-19 cell cultures and donor RPE cells cultures grown

Fig. 5 IL-8 production in Caco-2 cells after treatment with TNF-α in
the presence of antibodies to TNFR1 or TNFR2 in the apical chamber.
α-TNFR1 antibody to TNF-α receptor 1 (15 μg/ml), α-TNFR2
antibody to TNF-α receptor 2 (15 μg/ml), IgG isotype control
antibody (30 μg/ml). *p<0.05 vs. TNF-α alone

Fig. 6 IL-8 production in Caco-2 cells after treatment with TNF-α in
the presence of antibodies to TNFR1 or TNFR2 in the basolateral
chamber. α-TNFR1 antibody to TNF-α receptor 1 (15 μg/ml), α-
TNFR2 antibody to TNF-α receptor 2 (15 μg/ml), IgG non-specific
antibody (30 μg/ml). *p<0.05 vs. TNF-α alone

Fig. 4 Transepithelial electrical resistance of Caco-2 cells during
treatment
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in a dual chamber system. Similar to intestinal epithelial cells,
the RPE forms an important barrier layer between body
compartments and is also associated with both acute and
chronic inflammatory disorders.22 In another study using a
model of differential cytokine expression in testicular
inflammation and spermatogenesis, primary culture Sertoli
cell cultures were shown to exhibit bidirectional, vectorial
secretion of IL-1β and IL-6 following treatment with
microbial antigens.23 Other examples of vectorial secretion
show interesting interactions between an inflammatory or
other signal, with a specific directional cytokine or other
cellular response.24–29

In this study, we used differentiated, polarized Caco-2
cells as a model of human intestinal epithelium in a dual-
chambered culture system. Caco-2 cells were chosen
because, when allowed to fully differentiate, they express
characteristics similar to mature enterocytes. In dual-
chambered systems, Caco-2 cells spontaneously organize
into a polarized monolayer with expression of apical tight
junctions as evidenced by formation of domes on micros-
copy.30 Caco-2 cells also have the ability to transport ions
in a vectorial manner, one of the crucial functions of in vivo
enterocytes. This cell line also develops an apical brush
border with associated brush border enzymes such as
lactase, sucrase, dipeptidylpeptidase, aminopeptidase, and
alkaline phosphatase.30–32 Thus, this cell line provides an
ex vivo reductionist model with several relevant in vivo
characteristics.

The gut mucosa is somewhat unique in that it receives
constant exposure to a high level of endotoxin in the
intestinal lumen. In experiments designed to determine if
the presence of apical LPS altered TNF-α-induced IL-
8 production, we found no evidence to suggest that apical
LPS regulates this response. These data suggest that Caco-2
cells are appropriately resistant to LPS stimulation, a classic
characteristic of intestinal epithelial cells.33 Additionally, it
showed that presence of an apical stimulus did not change
the vectorial secretion signaled by treatment with TNF-α.

TEER measurements are traditionally measured as a
correlate to level of differentiation, tight junction integ-
rity,34 and monolayer permeability.35 Our experimental
conditions did not significantly alter TEER levels from
baseline, suggesting that leakage or diffusion of TNF-α or
IL-8 is not an alternate explanation for our results. The
effects of TNF-α on mediator release was not a global,
generalized effect as there was no effect of TNF-α on
CD14 release.

TNF-α exerts its effects via two specific cell membrane
bound receptors, TNFR1 or TNFR2. Our data show
differential TNF-α receptor expression on Caco-2 cells.
Apical TNF-α signaling appears to take place via both
TNFR1 and TNFR2 receptors, while basolateral TNF-α
signaling appears to take place primarily via TNFR1.

TNFR1 is commonly found in most tissues, where TNFR2
is typically found in immune cells and is more strictly
regulated.36–38 Upon ligand binding, TNFR1 interacts with
many complex intracellular signaling factors, including TNF
receptor-associated death domain protein and TNF receptor-
associated factors (TRAFs), TRAF1 and TRAF2, resulting
in potent induction of NF-κB and AP-1 gene expression.
TNFR1 also signals apoptosis via its Fas-associated death
domain protein.39–41 TNFR2 appears to modulate inflamma-
tion via TRAF2 and contains no death domain. TNFR2 also
influences TNFR1-related mechanisms, where it can temper
or intensify responses. Also, TNFR2 appears to be more
prominent in chronic disease states.42 It is clear that
differential signaling through one or both of these receptors
influences the character of inflammatory response to TNF-α.

The proinflammatory chemokine, IL-8, is crucial to the
intestinal response to injury and systemic inflammation. IL-
8 is regulated by the transcription factor NF-κB43 and is
produced by many cell types including macrophages,
endothelial cells, fibroblasts, and various epithelial cell
types.44–46 In the intestinal mucosa, IL-8 has been shown to
be a potent stimulator of neutrophil recruitment to the
lamina propria.47 Though additional signals may be
required,48 IL-8 has repeatedly been demonstrated to
participate in migration of neutrophils across the intestinal
epithelium in response to acute inflammation.49–51 Both
inflammatory disorders of the intestine and hypoperfusion
due to ischemia or shock may result in damage to the
intestinal mucosa. Intestinal restitution, the in vivo response
to a mucosal injury, consists of three stages: de-differentiation,
migration, and re-differentiation of intestinal epithelial cells.
Together, this process leads to healing of mucosal lesions.52

IL-8 has been shown to play a significant role in all three
stages of this process via the CXCR1 receptor.53,54 Human
intestinal microvascular cells treated with IL-8 show
increased chemotaxis, proliferation, and tube formation via
the CXCR2 receptor.55

Vectorial secretion of IL-8 may be an important factor in
one or more of the above functions. Apical IL-8 released
after an apical stimulus may improve the chemotactic
gradient and facilitate neutrophil transepithelial migration.
Alternatively, a basolateral stimulus resulting in bidirec-
tional IL-8 secretion could result in neutrophil recruitment
to the lamina propria and improved epithelial restitution
luminally.

Conclusion

In conclusion, our data demonstrated that differentiated,
polarized Caco-2 cells respond to TNF-α by vectorially
secreting IL-8. This response appeared to be mediated by
differential TNF-α receptor expression: TNFR1 basolater-
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ally and TNFR1 and TNFR2 apically. Our findings provide
important clues to the mechanism by which the intestinal
epithelium regulates local inflammation.
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Discussant

Dr. Edward E. Whang (Boston, MA): Good job with the studies and
very clear presentation. TNF-stimulated IL-8 secretion in this cell line
is a well-known phenomenon. Your identification of directional
asymmetry to this process is intriguing. I will ask you to address
issues related to validity and biological significance of these findings.

First, you have suggested but not actually shown differential
distribution of TNF receptor subtypes. Have you done these studies?

Second, Caco-2 cells are commonly used to model small intestinal
epithelium, but they are colon cancer cells, after all. Are you aware
whether normal small bowel enterocytes express TNF receptors and
whether they respond to TNF by secreting IL-8? How would you
validate that the directionality of TNF-stimulated IL-8 secretion you
have reported today exists in normal intestine?

Finally, let us assume you were to figure out the detailed
mechanisms responsible for this directional phenomenon. What would
you do with that information? What would be the potential biological
or clinical significance of this information?

Closing Discussant

Dr. Dennis Sonnier: Thank you very much for your comments and
insightful questions. I think that looking at this in an ex vivo setting or
in other cell lines would be helpful.

In addition, the IBD literature contains data regarding expression
of various inflammatory markers in the stool, and they use this to track
disease. This suggests that findings similar to ours make occur in the
in vivo setting. IBD patients also show considerable responses to anti-
TNF receptor therapy. The presence and function of these receptors on
the apical membrane in tissue specimens and animal models is
something else we plan on looking at as well.

What do we plan to do with this? Transferring this into a mouse
model after we work out some of the cellular mechanisms will be
going to be very important for studying various causes of intestinal
inflammation as well as possible use in assessment of clinical severity
of intestinal inflammation after trauma.

Regarding your questions about receptor expression, I agree that
we have not demonstrated receptor expression during these studies.
We have performed some initial confocal microscopy studies to help
determine receptor expression.

Discussant

Dr. Michael Sarr (Rochester, MN): There are several other enterocyte-
like cell models, such as RIE and IEC-6 cells. And they are more from
younger animals. Have you thought about looking at those cell lines
as well?

Closing Discussant

Dr. Dennis Sonnier: Thank you for your comments and questions. We
have not yet looked at those specific cell lines, but these and other cell
lines should be considered. We used Caco-2 cells in the current
experiments because of their known ability to polarize when
differentiated on Transwells.

Discussant

Dr. Michael Sarr (Rochester, MN): Why would a cell secrete
something into the lumen when it is polarized. We have been
struggling with that, looking at the effects of some hormones that
are secreted into the lumen that have an effect. Why does this cell line
secrete IL-8 into the lumen?

Closing Discussant

Dr. Dennis Sonnier: Dr. Sarr, that is a great question. By way of pure
speculation, I think luminal secretion of cytokines may be a way of
autocrine or paracrine control of inflammation. Upstream, intestinal
epithelial cells can control a response downstream by the mediators
that they secrete into the lumen in a way that cannot be achieved by
secreting basolaterally into the bloodstream.

Additional effects of IL-8 specifically related to cell restitution or
angiogenesis could also be important. In other words, mucosal
healing, I think, could also be affected by mediators from cells
upstream.
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Discussant

Dr. Carlos Chan (Montreal, Canada): I have one quick question about
the slide that you showed regarding LPS treatment on the apical side.
As far as I understand, the Caco-2 cells do not express Toll-like
receptor 4, which is the receptor for the LPS, although you show that
CD14 is expressed. So it may not respond. So have you thought of
using other cell lines that you have that expresses Toll-like receptor 4?

Closing Discussant

Dr. Dennis Sonnier: Thank you for your comments and questions. Some
investigators have demonstrated TLR4 expression in Caco 2 cells, at least
under some conditions, but they generally are hyporesponsive to LPS due
to lack of MD2 and other proteins related to LPS signaling.

Discussant

Dr. Carlos Chan (Montreal, Canada): Actually, there are some papers
that show there is no receptor and some papers show there is a
receptor. Have you shown on your study that these cells that you have
actually have Toll-like receptor 4?

Closing Discussant

Dr. Dennis Sonnier: I have not demonstrated that myself, but
unpublished data from previous residents in our lab indicate that
Caco-2 cells do respond to LPS stimulation if MD2 is added to the
treatments.

I would like to thank the Society for the privilege of presenting our
data.
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Introduction

In response to calls to measure the quality of medical care
provided in the USA,1–3 hospital quality assessment
initiatives have been developed by government oversight
agencies, payers, professional societies, and commercial
entities.4,5 This information is increasingly being reported
publicly,4,5 and patients and referring providers are select-
ing hospitals based on performance rankings from these
hospital quality assessment reports.6 In addition, an
increasing number of surgical quality measurement pro-
grams focus on providing hospitals with self-assessment
data to help direct internal quality improvement initiatives
in order to improve care.

Most quality assessment initiatives seek to identify
hospitals with outlying performance or outcomes in order
to direct referrals and to guide targeted quality improve-
ment efforts. Thus, being identified as an outlier can be a
critical designation that can have considerable consequen-
ces. The objectives of this study were to examine how
different hospital surgical quality assessment programs
identify outliers and how the number of outliers varies
with the different methods and criteria employed.

Methods

Data Acquisition and Patient Selection

Hospitals participating in the American College of Sur-
geons National Surgical Quality Improvement Program
(ACS NSQIP) were examined.7 The structure of ACS
NSQIP, including sampling strategy, data abstraction
procedures, variables collected, and outcomes have been
extensively described previously.7–12 Briefly, the program
prospectively collects detailed data regarding patient de-
mographics, preoperative comorbidities and other risk
factors, laboratory values prior to the index surgical
procedure, and certain operative variables.13 Patients are
followed for postoperative outcomes for 30 days after the
index operation. Morbidity and mortality are identified
using comprehensive strategies.14 The surgical clinical
reviewers (SCR) examine inpatient records, review outpa-
tient physician office charts, and contact patients directly to
accurately assess outcomes.

ACS NSQIP samples cases from general surgery,
vascular surgery, and certain subspecialties. Data are
abstracted at each site by SCRs who complete intensive

training programs and continuing education courses to
standardize data collection.6 Data definitions are rigorous
and standardized across all participating institutions. Data
consistency and reliability are assessed periodically at each
hospital through an on-site inter-rater reliability audit
program.15 ACS NSQIP then provides participating hospi-
tals with risk-adjusted morbidity and mortality data in
comparison to the other participating hospitals in order to
identify areas for improvement.15

All patients were identified from the ACS NSQIP
database from July 1, 2008 through June 30, 2009. We
examined two groups: (1) all patients who underwent a
general surgery operation and (2) all patients who under-
went a colorectal operation requiring resection of a part of
the colon or rectum. Assessment of colorectal operations
allows comparisons of a common group of procedures with
relatively high morbidity and mortality rates and minimizes
the issues related to case mix when examining all general
surgery operations. Only hospitals that reported at least 100
cases for each category were included to minimize issues
related to hospitals with small sample sizes as is done in
some quality improvement programs.16,17

Outcomes

Outcomes of interest were overall morbidity (occurrence of
any of 19 morbidity events collected by ACS NSQIP) and
mortality within 30 days of the index operation. Complica-
tions generally applicable to all operations are assessed by
ACS NSQIP and include superficial surgical site infection
(SSI), deep SSI, organ space SSI, wound disruption/
dehiscence, pneumonia, unplanned intubation, pulmonary
embolism, ventilator dependence more than 48 h, progres-
sive renal insufficiency, acute renal failure, urinary tract
infection, stroke or cerebrovascular accident, coma lasting
more than 24 h, cardiac arrest, myocardial infarction,
bleeding requiring transfusion, deep venous thrombosis,
sepsis, and septic shock.

Statistical Methods

Programs used a variety of methods (logistic regression,
hierarchical modeling, partitioning) and criteria (P<0.01,
P<0.05, P<0.10) to identify outliers. Separately for general
surgery and colorectal surgery, the standard ACS NSQIP
modeling approach was employed.15 Forward stepwise
logistic regression models were constructed for overall
morbidity and mortality. Demographics, comorbidities,
surgical subtype and/or indication, and preoperative labo-
ratory variables were used in the modeling (Table 1).
Missing data (almost entirely limited to laboratory values)
were imputed using the method of Buck.18 Regression
equations yield expected event probabilities for individual
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patients, and the sum of these probabilities for patients at
each hospital is the expected (E) in the hospital observed-
to-expected (O/E) ratio. P values for these ratios were then
computed using an exact procedure.19 An O/E ratio of 1.0
indicates that the number of observed events is equal to the
number of expected events. Ratios of less than 1.0 indicate
outcomes which are better than expected based on the
regression model, while O/E ratios greater than 1.0 indicate
outcomes which are worse than expected. If the O/E ratio
confidence interval does not include 1.0, then these differ-
ences are deemed statistically significant.

To determine whether the hospital was an outlier, we
reproduced the various strategies currently used by different
hospital surgical quality improvement programs as well as

some alternatives that have been suggested in the literature.
For standard logistic regression models, standard confi-
dence intervals of 99%, 95%, and 90% were examined.15 In
addition, the Bonferroni correction (P<0.05 divided by
number of hospitals) was used as a particularly rigorous
criterion for outlier detection.20 A false-discovery rate
criterion was also examined (controls for the expected
proportion of type I errors).20,21 Finally, we also assessed
the effect of multi-level random effects modeling applying
a P value <0.05. For each outcome, variables selected for
inclusion in the logistic model (P<0.05 and quadrature
estimation) were then included in a random intercepts, fixed
slopes hierarchical model using the adaptive quadrature
likelihood approximation method in SAS PROC GLIM-

Patient
demographics

Age (<65, 65 to 74, 75 to 84, 85+ years)

Gender

Race (white, black, Asian, Hispanic, other)

Lifestyle
factors

Smoking status (within 1 year of surgery)

Alcohol consumption (>2 drinks/day for 2 weeks before admission)

Overall health
assessments

ASA class (I/II—normal healthy/mild systemic disease, III—severe systemic disease,
IV/V—severe systemic disease that is a
constant threat to life/moribund),

Preoperative functional status (independent,
partially dependent, totally dependent)

Comorbidities Dyspnea (none, moderate exertion, at rest),

Body mass index (BMI: normal [<18.5 to ≤25], underweight [≤18.5], overweight [<25 to
≤30], three levels of obese
[<30 to ≤35, <35 to ≤40, <40]).

Ventilator dependence

Sepsis (systemic inflammatory response syndrome, sepsis, septic shock)

History of chronic obstructive pulmonary disease (COPD)

Hypertension requiring medication

Current pneumonia

Ascites

Coronary heart disease (includes angina, myocardial infarction within 30 days prior to
surgery, percutaneous cardiac intervention, or cardiac artery bypass surgery)

Peripheral vascular disease (includes revascularization for peripheral vascular disease,
claudication, rest pain, amputation, or gangrene)

Neurologic event/disease (includes stroke with or without residual deficit, transient
ischemic attack, hemiplegia, paraplegia, quadriplegia, or impaired sensation)

Diabetes (oral medication or insulin dependent)

Disseminated cancer

Steroid use

Weight loss (>10% in last 6 months)

Bleeding disorders

Current chemotherapy or radiotherapy

Surgical
factors

Operation (based on CPT groupings)

Wound class (clean, clean/contaminated vs. contaminated, dirty/infected)

Indication for surgery (based on ICD-9 codes)

Emergent procedure

Laboratories Sodium, albumin, blood urea nitrogen, creatinine, hematocrit, platelet count, white blood
count (WBC), partial thromboplastin time (PTT), and prothrombin (PT)

Table 1 Factors included in risk
models
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MIX.22–24 Patient level-predicted probabilities were esti-
mated using only the fixed portion of the model (SAS
GLIMMIX option NOBLUP), so that O/E ratios would
appropriately identify outliers.25 All data manipulation and
analyses were done with SAS version 9.1.3 (Cary, NC,
USA).

Results

For general surgery, 217,630 patients underwent operations
at 231 hospitals in the data. For colorectal surgery, 17,251
patients underwent operations at 109 hospitals. The smaller
number of hospitals examined for colorectal surgery was
due to the requirement to report at least 100 cases during
the year. The median number of cases per hospital was 951
(range: 110 to 2,785) for general surgery and 149 (range:
101 to 528) for colorectal surgery. The overall morbidity
was 10.3% for general surgery and 25.3% for colorectal
surgery. The mortality was 1.6% for general surgery and
4.0% for colorectal surgery.

Ten established surgical quality improvement programs
were examined to determine how they designated outliers.
Seven programs used standard logistic regression models
with various P values or confidence intervals including
P<0.01 or a 99% confidence interval (ACS and VA NSQIP
for morbidity16), P<0.05 or a 95% confidence interval

(ACS and VA NSQIP for morbidity, New York State
Cardiac Surgery Report Card26, California Office of
Statewide Health Planning and Development Quality
Ratings27, Surgical Care and Outcomes Assessment Pro-
gram [SCOAP]17, and the American Society of Clinical
Oncology’s Quality Oncology Practice Initiative28), and
P<0.10 or a 90% confidence interval (ACS and VA NSQIP
mortality, HealthGrades29). One program clearly noted that
they use hierarchical models to identify outliers and employ
a criterion of P<0.05 (Society for Thoracic Surgery30).
Some programs identified outliers as those hospitals in the
bottom quintile (Medicare31) or quartile (Leapfrog21 and
SCOAP). We reproduced the outlier methodology of each
of these programs using a single dataset.

For general surgery morbidity, we identified 17 outliers
with P<0.01, 33 outliers with P<0.05, 36 outliers with
P<0.10, 46 outliers with quintiles, 57 outliers with
quartiles, and 35 outliers by hierarchical modeling (Table 2).
For general surgery mortality, we identified one outlier with
P<0.01, five outliers with P<0.05, ten outliers with
P<0.10, 46 outliers with quartiles, 57 outliers by quintiles,
and six outliers with hierarchical modeling.

For colorectal surgery morbidity, we identified six
outliers with P<0.01, eight outliers with P<0.05, ten
outliers with P<0.10, 21 outliers with quintiles, 27 outliers
with quartiles, and eight outliers with hierarchical modeling
(Table 2). For colorectal surgery mortality, we identified

Table 2 Comparison of outliers identified using different detection methods and criteria for general surgery and colorectal surgery

Number (%) of high-outlier hospitals (poor performers)

General surgery Colorectal surgery

Morbidity
(22,485
patients)

Mortality
(3,395
patients)

Morbidity
(4,357
patients)

Mortality
(690
patients)

Methods currently utilized by hospital surgical quality assessment programs

Logistic regression

P value
≤0.01

(ACS and VA NSQIP morbidity) 17 (7%) 1 (<1%) 6 (6%) 1 (1%)

P value
≤0.05

(ACS and VA NSQIP morbidity, HealthGrades, New York
Cardiac Surgery, California OSHPD, SCOAP, QOPI)

33 (14%) 5 (2%) 8 (7%) 1 (1%)

P value
≤0.10

(ACS and VA NSQIP mortality) 36 (16%) 10 (5%) 10 (9%) 1 (2%)

Hierarchical modeling

P value
≤0.05

(Society for Thoracic Surgery) 35 (15%) 6 (3%) 8 (7%) 1 (1%)

Partitioning

Quintiles (Medicare) 46 (20%) 46 (20%) 21 (19%) 21 (19%)

Quartiles (Leapfrog, SCOAP) 57 (25%) 57 (25%) 27 (25%) 27 (25%)

Alternative methods proposed in the literature

P≤0.05 with Bonferroni correction 7 (3%) 0 4 (4%) 0

5% false discovery rate 20 (9%) 1 (<1%) 7 (6%) 0

Hospitals are considered for outlier determination if the number of patients reported is ≥100 per hospital
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one outlier with P<0.01, one outlier with P<0.05, one
outlier with P<0.10, 21 outliers with quintiles, 27 outliers
with quartiles, and one outlier with hierarchical modeling.

Though we did not find they were currently being used,
other methods have been suggested in the literature as
possibilities for hospital quality outlier identification, thus
these were examined as well. For general surgery morbid-
ity, the Bonferroni correction yielded seven outliers and the
false discovery rate criterion yielded 20 outliers (Table 2).
For general surgery mortality, the Bonferroni correction
yielded zero outliers and the false discovery rate criterion
yielded one outlier. For colorectal surgery morbidity, the
Bonferroni correction yielded four outliers and the false
discovery rate criterion yielded seven outliers. For colorec-
tal surgery mortality, the Bonferroni correction yielded zero
outliers and the false discovery rate criterion yielded zero
outliers.

Discussion

With increasing emphasis on quality assessment, numerous
programs have been developed to measure hospital surgical
quality and employ different statistical methodologies to
detect outliers. Many of the programs offer public compar-
isons and have an impact on where patients receive their
care.6 Alternatively, many quality assessment programs
provide hospitals with personalized quality improvement
data in order to facilitate targeted quality improvement
initiatives. In either case, there can be profound implica-
tions when hospitals are designated as outliers. We found
that the different methods used by these programs to
identify outlying hospitals resulted in substantial variation
in the number of outliers detected, when sequentially
applied to a single (ACS NSQIP) dataset.

In examining the established hospital surgical quality
assessment programs, the methods and criteria used to
identify outliers varied. Most commonly, programs used
standard logistic regression models with the typical
p value of 0.05 to identify hospitals with outlying
performance, and an example of how this is reported back
to hospitals by ACS NSQIP is shown in Fig. 1. A
distinction should be made between outlier detection
methods and criteria. Specifically, methodology refers to
the statistical approach used to analyze the data, while the
criteria refers to the significance threshold the different
methods employ. Three methods were used: logistic
regression, hierarchical modeling, and simple partitioning
(i.e., quartiles and quintiles). Within the regression and
hierarchical modeling, various criteria can be employed
(i.e., P<0.01, P<0.05, or P<0.10).

We previously demonstrated that the number of outliers
identified by logistic and hierarchical methods does not
differ appreciably, and we found this to be generally true in
this study as well.25 There are multiple nuances of
hierarchical models that have also been shown to affect
the number of outliers, almost always reducing the number
of outliers in comparison to non-multilevel approaches.32,33

The various criteria employed with logistic regression
models resulted in a range of outliers for general surgery
morbidity (7 to 36), general surgery mortality (0 to 10),
colorectal morbidity (4 to 10), and colorectal mortality (0 to
1). The overall number of outliers differed between the
general surgery and colorectal groups primarily due to the
smaller sample sizes per hospital (median number of cases per
hospital: 951 vs. 149), where smaller samples lead to wider
confidence intervals and fewer definitive outliers, as well as
different event rates and differences in intra-institutional
correlation. However, simply partitioning the hospitals into
roughly equal size groups and denoting the lowest performing

Observed Rate: 
5.81%
Expected Rate: 
3.79%
O/E Ratio: 1.53
Status: NeedsNeeds
ImprovementImprovement 

Fig. 1 Sample graph demon-
strating how ACS NSQIP
presents hospitals as outliers to
participating institutions
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group as outliers led to a considerably more outliers than
when statistical methods were employed. The statistical
details of these approaches are highly technical, thus it is
simply important to note that different approaches exist and
result in a highly variable number of outliers.

Typically, the purpose of identifying hospital quality
outliers is either to help patients assess hospitals or to
help hospitals identify areas for quality improvement.
Although we could not review every piece of documen-
tation for each program, we found it rare that programs
explicitly justified their outlier identification methodolo-
gy. In principle, if the program could have detrimental
effects on a hospital designated as an outlier (i.e., if the
purpose of the program is to direct referrals, help patients
in selecting a hospital, or influence reimbursement), then
more strict criteria to identify outliers may be merited.
However, if the intent of the program is to help hospitals
identify quality improvement targets, then identifying
more hospitals as outliers may not be particularly
disadvantageous. For example, if a hospital in the 24th

percentile is identified as an outlier, having that hospital
make an attempt to improve care would likely be helpful
for the overall care of patients. In our assessment of the
ACS NSQIP hospitals, few if any hospitals were outstand-
ing for every outcome assessed. Thus, most hospitals have
room for improvement. Broader designation as outliers
may help trigger quality improvement initiatives. Howev-
er, it seems as though the intent does not often match the
outlier detection method as we might expect. Programs
like ACS NSQIP are using strict criteria for quality
improvement purposes; whereas, programs like LeapFrog
are using quartiles for public reporting. This is the
opposite of what is expected.

This study should be interpreted in light of certain
limitations. First, this is not an all-inclusive list of hospital
surgical quality assessment programs, but rather those that
are generally well-established and had their methodology
easily available on the internet. In addition, some programs
employ different criteria and methods depending on the
measure being examined. Furthermore, we used data from
more than 200 ACS NSQIP hospitals, but there may be a
hospital selection bias in this group as all of these
institutions elect to participate in the program. Thus,
assessing these hospitals may result in identification of
fewer outliers. Finally, detection of outliers is very sensitive
to the sample size of the hospital. In this study, we only
examined hospitals that reported a minimum of 100 eligible
cases. Including hospitals with smaller case numbers would
likely alter the number of outliers, but these estimates are
unreliable. Alternate methods such as reliability adjustment
have been described to resolve this issue with varying
sample sizes34, but the issues surrounding how to detect
outliers persists.

Conclusion

There is considerable variation in the number of outliers
identified by various hospital surgical quality assessment
programs when applying their approaches to a single data
set, resulting from differences in the outlier detection
methodologies and criteria employed. The different
approaches to identifying outliers may have advantages in
specific situations depending on the intent of the program.
Quality assessment programs should clearly define the
methods used to identify outliers and the reasoning for any
particular approach. Surgeons and hospitals should be
aware of variability in methods used to assess their
performance as these outlier designations will likely have
referral and reimbursement consequences.
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Discussant

Dr. Thomas J. Watson (Rochester, NY): The issue of quality assessment,
and how the data might be utilized by patients, payers, and regulatory
agencies for directing care, as well as by hospitals for targeting their
improvement initiatives, is certainly gaining a lot of attention among
surgeons. Yet as the authors so nicely demonstrate, the manner in which
quality outliers are identified varies widely based on lack of uniformity,
methodology, and cut-off criteria. We are all quite indebted to the authors
for bringing these inconsistencies into the light.

The manuscript is likely to fuel a significant debate regarding
which methods and boundaries are appropriate for different purposes.
The results of such a debate could have significant impact on
institutions that fall just above or just below established thresholds.

I have two questions for the authors.
Number one, is a certain methodologymore suitable than others based

upon the width or standard deviation of the outcomes’ distribution? As an
example, ranking hospitals in quintiles may not make sense when the
outcomes are clustered closely together. Perhaps setting a minimum
threshold would be more appropriate in such a circumstance.

Number two, if you were appointed health care czar today, which
methodology and cut-offs would you choose?

Closing Discussant

Dr. Karl Y. Bilimoria: I think that the method selected obviously
depends on the measure. And certainly, if it’s something like beta
blocker post MI, where everybody is 95% plus, the range is going to
be narrow. So setting up different criteria for that, a sort of a basement
threshold, would be better.

The vast majority of measures that we see that are like this-where
there is wide variation. I think it depends entirely upon the intent,
whether it’s for a quality improvement initiative or whether it’s to be
publicly disseminated with referral and reimbursement consequences.

Similarly, it would depend what I was using the measure for. But
for NSQIP, I favor using quintiles or quartiles.

Discussant

Dr. Keith D. Lillemoe (Indianapolis, IN): I’m not going to make you
the health care czar, but I’m going to make you the chair of a
department of surgery. I get these kind of numbers and they are not
made up. What would you recommend for either myself, your chair,
Dr. Soper and any other surgical chair do with this data and to try to
institute quality improvement, because this isn’t so much about
persecuting the bad people, it’s trying to lift up the quality.

Regardless of the metric that you look at, we are all going to have
some underperformers or outliers. What’s the step in instituting quality
improvement?

Closing Discussant

Dr. Karl Y. Bilimoria: I think the first step will be bringing it to light
and providing people their data and making sure it is high quality data.
I think that we have a lack of that right now. Although you may get
some reports, I think, providing detailed, high quality data back to the
individual performers is something that’s been lacking in general.

Also, it’s not about the absolute number or where you rank. It’s
about just showing, what half of the group you are in. And if you are
in the lower half, that’s something to act on.
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Finally, actually demonstrating performance improvement or at
least some activity toward improving performance is needed. In some
of these measures, the numbers are very small, so demonstrating
absolute improvement in outcomes would be difficult. But at least on
process measures, those are more absolute, and maybe we can
improve there in these circumstances.

Discussant

Dr. Sharon Weber (Madison, WI): I find this whole concept a little bit
disturbing in light of the era of public reporting of the outcomes. And
I would be even more disturbed if the hospitals identified as low

outliers changed when different methodologies were applied. Did you
evaluate the specific hospitals that were identified at each end of the
scale and whether they changed position when different methodolo-
gies were applied, especially for the low outliers?

Closing Discussant

Dr. Karl Y. Bilimoria: For the most part, the really low-performing
hospitals are the same across most of the models. When you get to
the better performing of the low-performers, there is some variation
in the nature of the hospitals. So some do flip in and out of being an
outlier.
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Abstract
Introduction This is a case series of erosion of the common bile duct by an in situ stent found incidentally during
laparoscopic cholecystectomy (LC). To the best of our knowledge, this is one of the first reported incidences of this nature.
Method Four individual case reports.
Results Thirty nine patients with an in situ CBD stent underwent LC for symptomatic gallstones in our institution over a
4-year time period (2005 to 2009). Four patients were found to have the stent eroding through the wall of the CBD. In these
four patients, endoscopic retrograde cholangiopancreatography (ERCP) had previously been performed — extracting stone
(s) — followed by sphincterotomy and insertion of a 7 Fr pigtail stent (measuring 4 cm). The operation was converted to
open in two patients, and the procedure was abandoned in one of these cases. In the other two patients, the anatomy of
Calots triangle was delineated well, and the operator was able to complete LC. The duration between initial pigtail stent
insertion and LC ranged from 32 to 400 days. None of our patients required a definitive surgical repair of the CBD or T-tube
placement. The stent was removed during surgery in one case, removed endoscopically at a later date in two patients, and
passed spontaneously in one patient. All four patients made a good postoperative recovery.
Conclusion CBD erosion is a complication of plastic biliary stent insertion. CBD stent erosion will make surgery more
hazardous especially if it remains in situ for a significant period of time. CBD erosion can generally be managed
conservatively without the need for surgical repair. Awareness of this complication should prompt earlier surgery or earlier
removal of plastic pigtail stents.

Keywords CBD . Stent . Erosion . Laparoscopic
cholecystectomy . Case series

Introduction

Laparoscopic cholecystectomy (LC) has become a standard
operation for gallstones. In the last 15 years, it has become
established practice to perform endoscopic retrograde
cholangiopancreatography (ERCP) in patients presenting
with the complications of gallstones in whom stones in the
common bile duct (CBD) are suspected. More recently,

some clinicians routinely insert a CBD stent at the time of
ERCP. These are usually plastic pigtail stents. Such patients
may then be presented for LC with CBD stents in situ for
an undefined time.

Materials and Methods

There were around 350 ERCPs performed per annum and
around 190 biliary stents placed per annum at our institute.
All endoscopies were performed by several experienced
consultant physicians (gastroenterologists and gastrointes-
tinal surgeons). 39 patients with an in situ CBD stent
underwent LC for symptomatic gallstones at our institution
over a 4-year time period (June 2005 to June 2009). Four
patients were found to have the stent eroding through the
wall of the CBD. This represents around 0.53% of the
population who were stented. To the best of our knowledge,
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this is one of the rare reports of CBD erosion by an in situ
stent found incidentally at LC.

Results

Case 1

A 50-year-old female underwent laparoscopic cholecystecto-
my (LC) for symptomatic gallstones. She had an in situ pigtail
CBD stent at the time of LC. The duration between initial
stent insertion and LC was 400 days. The reason for the delay
was continual nonattendance at clinic appointments and
deferring her operation date. She was known to have sickle
cell disease and was initially presented with acute cholecys-
titis with deranged liver function test (LFT: ALP 220, AST 84,
Bili 55) but normal amylase. Ultrasound scanning (USS)
revealed inflamed thick walled gallbladder and a markedly
dilated CBD (12 mm). ERCP was performed — extracting
one stone — followed by sphincterotomy and insertion of a
7 Fr pigtail stent (measuring 4 cm). The position of the stent
was confirmed to be in the correct position radiologically. At
laparoscopy, the anatomy of Calots triangle was indefinable
and hence the procedure was converted to open. In this
patient, the surgeon could see the stent eroding out of the CBD
and disappearing behind the first part of the duodenum. On
reviewing the previous imaging, it was clear that the stent had
been correctly positioned initially. The operation was aban-
doned as the anatomy of the biliary tree was dangerously
distorted. This patient made a good postoperative recovery
and was transferred to a tertiary hepato-biliary unit where
definitive treatment, including removal of the CBD stent, was
performed.

Case 2

A 40-year-old female underwent laparoscopic cholecystec-
tomy (LC) for symptomatic gallstones. She had an in situ
pigtail CBD stent at the time of LC. She initially presented
to the general surgical clinic with a 1-year history of biliary
colic. As a result of a raised alkaline phosphatase (ALP,
162) and amylase (249), a magnetic resonance cholangio-
pancreatogram (MRCP) was performed which showed a
dilated CBD (7 mm) and multiple stones in the CBD
(largest measuring 4 mm). ERCP was performed —
extracting three stones — followed by sphincterotomy and
insertion of a 7 Fr pigtail stent (measuring 4 cm). The
position of the stent was confirmed to be in the correct
position radiologically. The duration between initial stent
insertion and LC was 32 days. At laparoscopy, the proximal
limb of stent was found eroding out of the CBD. As the
anatomy of the Calots triangle was delineated clearly, the
operator was able to complete LC. The stent was left alone

with a temporary drain beside it. The time from umbilical
port insertion to removal of all ports was 2 h. This patient
made a good postoperative recovery with no postoperative
pyrexia or bile leak. She was discharged on the third
postoperative day and was followed up with an ERCP
6 weeks later when the eroded stent was successfully
removed. It was noted on ERCP that there was free flow of
contrast into the duodenum after the procedure and normal
biliary anatomy with no evidence of retained stones. Further
follow-up visits in outpatient clinics were unremarkable.

Case 3

A 57-year-old female underwent laparoscopic cholecystec-
tomy (LC) for symptomatic gallstones. She had an in situ
pigtail CBD stent at the time of LC. The duration between
initial stent insertion and LC was 34 days. She initially
presented with recurrent epigastric pain and weight loss.
Esophagogastroduodenoscopy (OGD) revealed gastritis.
She did not respond to proton-pump inhibitors and the
pain persisted. She had a raised Ca19-9 level (55 ng/ml)
and erythrocyte sedimentation rate (ESR, 46 mm) but
normal LFT and amylase. Computed tomography (CT)
abdomen showed dilated CBD measuring 9 mm with mild
intrahepatic duct dilatation. MRCP revealed two stones in
the distal CBD. During ERCP, stones were extracted
followed by sphincterotomy and insertion of a 7 Fr pigtail
stent (measuring 4 cm). At laparoscopy, the anatomy of
Calots triangle was definable. The surgeon could see the
distal segment of the stent eroding partially out of the CBD
(see Fig. 1). On reviewing the previous imaging, it was
clear that the stent had been correctly positioned initially.
The operation was completed laparoscopically. The time
from umbilical port insertion to removal of all ports was 1 h
45 min. There were no postoperative problems such as

Fig. 1 CBD stent erosion for case 3 (arrowed).
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pyrexia or bile leak. She was discharged on the second
postoperative day. She had a follow-up ERCP 4 weeks later
when the eroded stent was successfully removed. It was
noted on ERCP that there was a free flow of contrast into
the duodenum after the procedure and normal bilary
anatomy with no evidence of retained stones. Further
follow-up visits in outpatient clinics were unremarkable.

Case 4

A 64-year-old female underwent laparoscopic cholecystec-
tomy (LC) for symptomatic gallstones. She had an in situ
pigtail CBD stent at the time of LC. The duration between
initial stent insertion and LC was 124 days. The reason for
the delay was constant deferral of operation and removal of
stent. She initially presented with acute cholecystitis. She
had deranged LFTs (AST 130, Bili 45, ALP 187) but
normal amylase. Subsequent USS abdomen revealed
multiple stones in the gallbladder and dilated CBD
(8 mm). During ERCP, stones were extracted followed by
sphincterotomy and insertion of a 7 Fr pigtail stent
(measuring 4 cm). At laparoscopy, the anatomy of Calots
triangle was indefinable and so was converted to open. The
patient was noted to have an edematous, thick-walled gall
bladder with adherent omentum. Dissection of Calots
triangle was made difficult by extensive fibrosis. There
was also a cholecysto-duodenal fistula which was repaired.
In this patient, the surgeon could see the stent eroding out
of the CBD (see Fig. 2). The protruding CBD stent was
reduced back into the duct but was not removed intra-
operatively. The patient did not require an intraoperative
T-tube or surgical repair of the CBD. The time from
umbilical port insertion to removal of all ports was 2 h
35 min. There was no postoperative bile leak although the
patient developed superficial wound infection which was
treated successfully with antibiotics. She was discharged

on the tenth postoperative day. She then had a follow-up
ERCP 6 weeks later when the eroded stent was not present
within the biliary tract. The patient presumably passed the
stent spontaneously through the enteral route. Further
follow-up visit in outpatient clinic was unremarkable.

Discussion

ERCP was first described in 1968. Since then, it has
increasingly become an established tool in the diagnosis
and management of pancreatic and biliary disease. It is
performed in patients presenting with the complications of
gallstones in whom stones in the CBD are present. More
recently, some clinicians routinely insert a CBD stent at the
time of ERCP after duct clearance. This is done to keep the
CBD patent and to prevent further occlusion by gallstone
until patients have their gall bladder removed. Biliary stents
are commonly used in obstructive malignant conditions and
less commonly in benign conditions to bypass bile flow. In
selected conditions, they are used preoperatively and also
form the mainstay in treating bile leak after LC.

CBD stents are of two types: (1) plastic and (2) metallic.
For benign stenosis and CBD stones, plastic pigtail stents
remain the standard,1, 2 while in a malignant disease, metal
straight stent (stainless steel or nickel–titanium alloy)
implantation can be performed for palliative purposes.3

Straight metallic stents are more likely to migrate distally
in around 7% cases,2 causing cases of gastrointestinal
perforation,4, 5 intestinal obstruction,6, 7 and intraabdominal
fistulae.8, 9 There have been reports of perforation of hollow
viscous including duodenum,10, 11 jejunum,12 and sigmoid
colon.12 Other reported complications of CBD stents include
hemobilia,13 cholangitis,14 and stent fracture.15 We report an
addition to the list of complications — stent erosion of CBD.

To the best of our knowledge, there are only four
published data addressing the issue of stent erosion of
the biliary tree. Dundee el al.16 described erosion of the
proximal arm of a 6-Fr JJ Zimmon stent through the
common hepatic duct and into the gallbladder. This was
detected incidentally 6 weeks later during LC. The stent
was removed laparoscopically and the cystic duct and
fibrous tract from around the stent were both ligated.
Jendresen et al. described one case of erosion of a stent,
inserted 3 months earlier, through the CBD wall. They
were able to demonstrate on MRI that the distal end of the
stent had impacted in the pancreas following proximal
migration.17 Liebich-Bartholain et al.18 reported proximal
migration and erosion of a biliary stent, inserted 3 months
earlier, through the liver capsule and pleural space
resulting in biliary pneumonitis. A case of portobiliary
fistula secondary to biliary ductal erosion by a stent of
10 days duration was reported by Chaitowitz et al.19Fig. 2 CBD stent erosion for case 4 (arrowed).
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On reviewing the previous imaging, it was clear that the
four patients in our series had their stents correctly
positioned initially. These pigtail stents are foreign bodies
and are made of plastic such as teflon, polyethylene, or
polyurethane.14 Unlike straight stents, pigtail stents are
more likely to travel proximally into narrower biliary
lumina with rates of up to 5% being reported in the
literature.20 This can compromise bile drainage with
resultant jaundice and cholangitis. Proximal migration also
increases the risk of developing biliary tract erosion. This is
because such migration creates an incorrect alignment in a
curved duct with the distal ends of the stent impinging
against the wall on the bend of the duct. All our patients
had endoscopic sphincterotomy. This is regarded as a risk
factor for distal but not proximal migration.18 The risk of
proximal stent migration has been reported to increase with
malignant strictures, as well as with the use of larger
diameter (>10 F) and shorter stents (<7 cm).21 The stent
used in our cases were small in diameter (7 F) and short 4-
cm French pigtail type. Therefore, the length of the stent
used in our patients may have contributed to the degree of
migration up the biliary tree and therefore biliary erosion.

We found that two of the four LC in our series had to be
converted to an open procedure. In both cases, the anatomy
around the Calots triangle was distorted due to dense
adhesions. Interestingly, in both cases, the stents were left
in situ for a significant period of time (>120 days). There
are currently no specific guidelines on the duration of time
that bile duct stents should remain in situ . Williams et al.22

published guidelines on the management of CBD stones but
only recommended the “short-term” use of stents prior to
surgery. These guidelines did not specify the maximum
duration of stent placement or whether these stents should
be removed prior to surgery. Despite this, most clinicians
electively remove stents prior to surgery. However, long-
term use of CBD stents are sometimes employed in patients
awaiting transplantation, where the goal is to avoid
gallbladder surgery pending availability of a new liver.23–25

We feel that the short term placement of an in situ stent
may help with dissection during LC as it allows early
identification of the CBD, especially in the presence of scar
tissues. However, the effect of long-term stent placement on
LC is unclear. There are various previous reports of
inflammation of the liver parenchyma in the presence of
biliary disease and stents.26–28; However, there are no
reports of the effects of biliary stents on the extrahepatic
tree. As a result, Karston et al.29 studied the effects of
biliary stents on the extrahepatic bile ducts in mongrel
dogs. They showed that 4 weeks of stenting of a normal or
obstructed CBD resulted in fibrosed bile ducts, showing
severe chronic inflammation with papillary hyperplasia of
the epithelium. Two months after stent removal, Karsten et
al.29 showed reduced inflammation was present in the

extrahepatic ducts. Another study by the same authors
looked at histopathological specimens in patients with
biliary obstruction secondary to tumor.30 They showed that
bile duct obstruction was associated with a mild inflamma-
tion, a moderate degree of fibrosis, and local epithelial
disintegration. The presence of a biliary stent, however,
induced severe inflammatory changes with considerable
fibrosis and ulcerative lesions, resulting in markedly
thickened ducts with lumina approximating the diameter
of the stent.30 Our study provides preliminary data
suggesting that the long-term use of stents may cause
subtle fibroproliferative reaction and erosion within the
CBD lumen. This may be enough to distort the extrahepatic
architecture, complicate elective LC, and result in a greater
chance of converting to an open procedure.

Most patients at our institute who had ERCP followed
by insertion of prophylactic biliary endoprosthesis were
followed up routinely around 6 weeks later with removal of
stents at this time. Cases 1 and 4 were unusual as they kept
deferring their appointments. Our study reinforces the need
to keep track of patients that have stents placed and then
skip appointments to have them removed. Extra efforts
must be made to inform these patients of the danger they
are placing themselves in by such lack of action to having a
stent removed in a timely fashion.

We considered removing the stent at the time of
performing open cholecystectomy in case 4, where suture
closure of a small hole can be done if necessary with
temporary subhepatic drainage. However, we felt that
removing the stent would be particularly difficult consider-
ing the dense adhesions around the biliary tree. Ultimately,
we felt that the presence of an in situ stent, together with
the intense fibrosis that it stimulates, would be helpful in
reducing the risks of postoperative bile leaks. This is why
we elected to wait for a period of time (4–6 weeks) before
endoscopic removal of the CBD stent. Removal of the
stents and repair of the bile duct will be more difficult to
perform laparoscopically; hence, we chose to delay removal
of stents in cases 2 and 3. In all three cases, there was no
evidence of leakage through the eroded segment of the bile
duct at the time of cholecystectomy as the defects were
small, so we felt that performing any intraoperative
manipulation and repair of the bile duct will pose an
unnecessary risk. The fact that none of our patients in this
series suffered from postoperative bile leak vindicates this
management approach.

It is plausible that there could have been biliary tract
leakage when these stents were removed endoscopically at
the delayed interval period due to perforation of the biliary
tree caused by the ductal erosion. However, there were no
further complications encountered after removal of the
stents, suggesting that the eroded segment was too small to
allow any free spillage of bile. In addition, we believe the
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inflammatory process that developed within the biliary tree
as a result of an in situ stent had reduced the incidence of
bile leak during the time of endoscopic removal of the
bilary endoprostheisis. As a result, we feel that, even if a
stent has migrated, observation and endoscopic removal at
a later date is a justifiable means of managing patients who
encounter problems with CBD erosion.

Conclusion

We report four cases of CBD erosion by in situ plastic stent
found incidentally during laparoscopic cholecystectomy. To
the best of our knowledge, there are only four previous
reports of similar cases in the literature. If stents are placed
in the CBD for a long period of time, this can make LC
more difficult to perform. Most cases of CBD erosion
found during LC can be managed conservatively without
the need for a T-tube or surgical repair. In some cases,
biliary stents can be safely removed endoscopically at a
later date. Awareness of CBD erosion should prompt earlier
surgery and/or removal of biliary stents.
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Abstract
Objective An intrathoracic linear stapled side-to-side anastomosis for gastroesophageal junction malignancy is feasible,
results in low leak rates and less stenosis.
Design Retrospective case series.
Setting University tertiary care center.
Patients Between March 2008 and January 2009, six patients with gastroesophageal junction malignancy undergoing
minimally invasive esophagectomy with an intrathoracic linear stapled side-to-side anastomosis were identified and their
clinicopathological data analyzed.
Main Outcome Measures Technique of a 6-cm side-to-side stapled intrathoracic esophagogastric anastomosis.
Results Six patients underwent a minimally invasive esophagectomy with a side-to-side stapled intrathoracic esophago-
gastric anastomosis. Median age was 61.5 years. All patients had gastroesophageal junction adenocarcinoma and completed
neoadjuvant chemoradiation therapy. The median operative time was 360 min. No patient received a blood transfusion. The
30-day mortality was 0. The median length of hospital stay was 8 days. The median number of nodes harvested was 18. At a
median follow-up of 9 months, all patients were alive. There have been no anastomotic strictures to date.
Conclusion A 6-cm side-to-side stapled intrathoracic esophagogastric anastomosis is feasible and is associated with a low
anastomotic leak rate.

Keywords Minimally invasive esophagectomy .

Intrathoracic anastomosis

Introduction

Minimally invasive esophagectomy was first described by
Depaula and colleagues in 1995.1 Since then, a number of
authors have contributed to the description of the technique
and outcomes. Luketich et al. first described the combined
thoracoscopic esophageal mobilization followed by fashion-
ing of the gastric conduit laparoscopically and construction

of a cervical esophagogastric anastomosis.2 In his large
series, he was able to illustrate that a minimally invasive
esophagectomy results in a low incidence of mortality,
respiratory complications, blood loss, and length of hospital
stay, while still maintaining a similar oncological principle to
the open technique.3 Subsequently, the same authors
published their approach for minimally invasive Ivor Lewis
esophageal resection and intrathoracic anastomosis and
concluded that this type of procedure is feasible. Similarly,
the rate of perioperative complications, including anastomotic
leak, pneumonia, and mortality were low and comparable
with their established technique of minimally invasive
esophagectomy4 and cervical anastomosis. While the ideal
type of minimally invasive esophageal resection and
intrathoracic anastomosis is not known, most have reported
the use of end to end anastomotic (EEA) stapler to facilitate
the procedure. Nguyen and colleagues published their series
of Ivor Lewis esophageal resection with a thoracoscopic

K. Ben-David (*) :G. A. Sarosi : J. C. Cendan : S. N. Hochwald
Department of Surgery,
University of Florida College of Medicine,
1600 SW Archer Road, P.O. Box 100109, Gainesville,
FL 32610, USA
e-mail: kfir.bendavid@surgery.ufl.edu

J Gastrointest Surg (2010) 14:1613–1618
DOI 10.1007/s11605-010-1244-5



anastomosis using a circular 25-mm stapled esophagogas-
trostomy reconstruction. Their anastomotic leak and stricture
rates were 9.6% and 26%, respectively.5 During open
esophagectomy, many experienced esophageal surgeons
have moved away from EEA stapled anastomosis in the
right chest due to the small anastomotic lumen and need to
use the end of the esophagus with possible higher leak rates
and, instead, favor a stapled or sutured side-to-side anasto-
mosis. However, a minimally invasive thoracoscopic linear
side-to-side stapled anastomosis is technically more difficult
than an EEA stapled anastomosis. We present our technique
and outcomes in patients undergoing an intrathoracic linear
stapled side-to-side anastomosis for gastroesophageal (GE)
junction malignancy.

Methods

Our protocol for patient evaluation includes an endoscopic
ultrasound followed by a positron emission tomography
(PET) and computerized tomography (CT) scans to
determine if they are appropriate surgical candidates.
Patients receive preoperative neoadjuvant chemoradiation
therapy as determined by our multidisciplinary team for any
GE junction malignancy staged as T2–T4 or regional node
positive. Following neoadjuvant therapy, patients are
reassessed with an additional PET/CT scan to evaluate
response and to ensure that there is no evidence of
metastatic disease. Our standard approach to minimally
invasive esophagectomy includes thoracoscopic mobilization
of the esophagus and peri-esophageal lymph nodes, laparo-
scopic gastric conduit formation and lymph node dissection
and a cervical anastomosis. All patients in this series were
not appropriate candidates for our routine minimally invasive
esophagectomy due to previous extensive left carotid
surgery, the size of the tumor at the GE junction with
extension on to the cardia of the stomach, previous
esophageal or gastric surgery such as Nissen fundoplication
or previous vagotomy, and inability for the gastric
conduit to reach up to the neck. Hence, it was decided
preoperatively that a thoracoscopic esophagogastrostomy
would be performed using an intrathoracic 6-cm linear
stapled anastomosis.

Operative Description

Abdominal Dissection

The patient is placed in the supine position and intubated
with a double lumen endotracheal tube. The abdominal
cavity is accessed via a 5-mm left subcostal incision under
direct visualization with the aid of a 5-mm visiport. Three

additional trocars are placed under direct visualization. A
5-mm 30° angle scope is utilized throughout the duration
of the case. A 5-mm trocar is placed in the supraumbilical
region just left of the midline for the laparoscope. A
12-mm trocar is placed in the right mid abdominal region
and an additional 12-mm trocar is placed in the right
subcostal region along the mid clavicular line for surgeon's
right and left hand respectively. The Nathanson liver
retractor is utilized through a 5-mm subxiphoid incision in
order to elevate the left lobe of the liver and expose the GE
junction. The surgeon stands on the patient’s right side
with the assistant on the opposite side operating the
camera and retraction instruments via the left subcostal
5-mm trocar.

Initially, the abdomen is explored for any metastatic
disease by carefully evaluating the peritoneum and liver
surface. Any questionable lesions are biopsied and
evaluated by our pathologist at the time of the operation.
The patient is placed in a reverse Trendlenburg position
and the gastrohepatic ligament is divided in order to
expose the GE junction. A retrogastric window is created
from the right crus to the angle of His and a Penrose is
placed around this area which will later allow retraction of
the GE junction during this dissection. The right and left
crus of the diaphragm are widely and freely dissected
from the phrenoesophageal ligament. Care is taken not to
enter the thoracic cavity during this portion of the procedure.
Following the utilization of neoadjuvant chemoradiation
therapy, there may be inflammatory changes at the GE
junction with thickening of the phrenoesophageal ligament.
Care must be taken to identify the diaphragmatic crura and
dissect them away from the GE junction. On occasion, it is
helpful to mobilize the greater curvature of the stomach
prior to attempting to define the retrogastric plane.

Next, the greater curvature of the stomach is mobilized
from the origin of the right gastroepiploic artery and vein to
the angle of His while preserving the right gastroepiploic
arcade. All adhesions between the stomach and pancreas
are divided. A limited mobilization of the first and second
portions of the duodenum is performed. The left gastric
artery and vein and associated lymph nodes are then
elevated and both are mobilized to the origins of these
vessels. Nodes along the superior border of the pancreas are
reflected towards the specimen. The left gastric pedicle is
then divided using a vascular load on a 60-mm stapler. On
occasion, the planes near the left gastric pedicle may be
edematous or difficult to visualize due to the use of
neoadjuvant chemoradiotherapy or with extensive nodal
disease. In this situation, meticulous dissection to separate
the left gastric vein from the artery should be done with
early division of the left gastric vein. Subsequently, the left
gastric artery is further mobilized and lymphatic tissue
along the superior border of the pancreas mobilized en bloc
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with the artery. The nodal tissue is then separated from the
artery utilizing the Enseal and the artery stapled and
divided. The right gastric artery is also divided using a
vascular stapler. A point approximately 3 cm proximal to
the pylorus is chosen along the lesser curvature as the start
of the formation of the gastric conduit. This is constructed
with multiple firings of a laparoscopic 60-mm stapler
towards the angle of His ensuring appropriate margins
from the tumor. Care is taken to keep the gastric conduit
approximately 6–7 cm in diameter. Three to four Lembert
sutures are placed along the gastric staple line junctions to
reinforce it and to provide a handle for further manipulation
in the right chest. The gastric conduit is completely
transected and then re-sutured to the proximal stomach
along the lesser curvature side. Following completion of the
gastric conduit, the distal aspect of the esophagus in the
posterior mediastinum is circumferentially dissected.

A 16 French T-tube is used for our feeding jejunostomy
which is placed approximately 30 cm distal to the ligament
of Treitz. None of the patients had a pyloroplasty
performed, while two patients underwent an intraoperative
Botox injection to the pylorus. All trocars and retractors are
removed, and the skin incisions are reapproximated.

Thoracic Dissection

The patient is placed in the left lateral decubitus position
and the right lung is collapsed. The right chest cavity is
entered through a 5-mm incision in the subscapular region.
This trocar is for the 5-mm 30° angled scope. Four
additional trocars are placed under direct visualization. A
12-mm trocar is placed in the seventh intercostal space
anterior to the mid axillary line and is used to retract the
lung anteriorly. A 5-mm port is placed in the fifth
intercostal along the same axes as the previously placed
port and is used by the assistant for retraction. A 5-mm
trocar is placed in the seventh intercostal space posterior to
the mid axillary line and is used as the surgeon's left while
standing posterior to the patient. Lastly, a 12-mm port is
placed in the ninth intercostal space along the mid axillary
line which is used as the surgeon's right hand when using
the stapler and suturing (Fig. 1).

The posterior mediastinum is opened at the level of the
inferior pulmonary ligament and the esophagus is circum-
ferentially dissected with the aid of a Penrose drain and the
Realize™ dissector to a point above the level of the azygos
vein (Figs. 2 and 3). The azygos vein is circumferentially
dissected and divided using a vascular stapler through the
12-mm trocar placed in the 10th intercostal space (Fig. 4).
Once the esophagus is completely mobilized from the
hiatus to 3 cm above the azygos vein, it is divided using a
60-mm stapler. The gastric conduit is delivered from the
abdominal cavity up to the transected esophagus. The

previously placed sutures on the gastric tube are utilized to
help deliver the stomach into the right chest. The transected
proximal esophagus and gastric conduit are aligned with
2–0 non-absorbable braided suture. An esophagotomy is
created at the distal end of the transected esophagus. To
facilitate this, a large bore nasogastric tube or bougie
dilator is carefully placed down the esophagus and an
esophagotomy performed using the tube as a guide.
Similarly, a gastrotomy is performed 8 cm proximal to the
end of the gastric conduit. With the aid of the previously
placed traction sutures, a side-to-side intrathoracic 6-cm
linear stapled esophagogastrostomy is performed (Fig. 5) by
placing the envil portion of the stapler through the
esophagotomy and the cartridge through the gastrotomy.

Once the isoperistaltic anastomosis is completed, the
common opening of the gastrotomy and esophagotomy are
sutured with an absorbable braided inner layer followed by
a non-absorbable outer layer suture using the Endo Stitch™
device. This enables us to suture with fewer difficulties and
at various angles within the thoracic cavity. The anastomo-
sis is then inspected with endoscopy to ensure patency and
that no leak is present during insufflation of intraluminal air
while submerging the anastomosis under fluid. The gastric
tube is sutured to the diaphragm with two sutures and to the
pleura if necessary. Following this, the specimen is
removed through a 3-cm non-rib spreading incision along
the sixth intercostal space. A 24 French thoracostomy tube
is placed along the posterior mediastinum. The nasogastric
tube was left in place for four days. All six patients
underwent a gastrograffin swallow on postoperative day5

Fig. 1 Thoracoscopic trocar placement.

J Gastrointest Surg (2010) 14:1613–1618 1615



with no evidence of leak and adequate emptying of the
stomach confirmed. All were discharged on postoperative
day eight tolerating a diet.

Results

Six male patients underwent the procedure with a median
age of 61.5 years (range=43–66). The median American
Society of Anesthesiologists (ASA) grade was 3 and body

mass index was 23 (range=22–28). All six patients had
gastroesophageal junction adenocarcinoma and completed
neoadjuvant chemoradiation therapy for ≥T2 or node
positive disease as noted by endoscopic ultrasound or
imaging. Two patients had a previous Nissen Fundoplication

Fig. 5 Side-to-side intrathoracic stapled esophagogastric anastomosis.

Fig. 4 Division of the azygos vein.

Fig. 3 Mobilization of the intrathoracic esophagus.

Fig. 2 Circumferential dissection of the esophagus with the aid of a
Penrose drain and the Realize™ dissector.
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and the remaining four patients had a large gastroesophageal
junction tumor extending 3 to 5 cm onto the proximal
stomach. The median duration of operation was 360 min
(range=300–480). No patients received a blood cell transfu-
sion. The 30-day mortality was 0 (Table 1). Transient
postoperative dysphagia developed in one patient, and there
were no documented incidences of aspiration or delayed
gastric empting. The median length of hospital stay was
8 days (range=7–8). The median number of nodes harvested
was 18 (range, 6–30). The wide range in nodal yield
appeared to be related to the use of neoadjuvant chemo-
radiotherapy. The sites of the tumors resected and pathologic
stages are given in Table 2. At a median follow-up of
9 months, all six patients were alive. There have been no
postoperative strictures to date. One patient had complaints

of dysphagia in the early postoperative period that has
subsequently resolved.

Discussion

Various laparoscopic, thoracoscopic, and robotic techniques
for minimally invasive esophagectomy have been described
with varying opinions regarding the location and technique
of esophagogastric anastomosis.5–15 Avoiding anastomotic
complications is essential for minimizing the morbidity and
maximizing the operative outcome. Anastomotic leaks have
been reported to occur up to 15% of the time and are the
most frequent cause of immediate postoperative mortality. In
addition, anastomotic leaks can result in long-term stricture
formation in up 50% of resected patients16,17 impacting
long-term functional results and quality of life.18,19 Behzadi
et al. concluded that a linear stapled anastomosis is
associated with lower leak rates and need for long-term
dilatation as compared to a hand sewn anastomosis
regardless of the anastomotic location.16 Similarly, the Mayo
Clinic and University of Pittsburgh have both shown that a
side-to-side isoperistaltic anastomosis resulted in lower rates
of stenosis.16,20,21 Hence, a successful anastomosis is
essential for decreasing long-term morbidity associated with
patients undergoing an esophagectomy. It is for these
reasons, that we perform an intrathoracic 6-cm side-to-
side linear stapled anastomosis for patients that are not
appropriate candidates for our traditional thoracoscopic
esophageal mobilization, laparoscopic gastric conduit
formation, and cervical esophagogastrostomy. Therefore,
this procedure is best suited for patients with gastric
cardia, GE junction or distal esophageal tumors or for
patients where there is not enough stomach available for
a cervical anastomosis.

Although our results are very compelling, yet limited by
our sample size, the difficulty of performing this procedure
is challenging and requires expertise in both minimally
invasive surgery and esophageal surgery. This technique

Table 1 Characteristics of the Six Patients

Age Median, 61.5 years
(range, 43–66)

Gender 6 males

American Society of
Anesthesiologists grade

3

Body mass index 23 kg/m2 (range, 22–28)

Neoadjuvant chemoradiation 6

Operative time 360 min (range, 300–480)

Blood transfusion 0

Pyloroplasty 0

Intraoperative Botox 2
Injection to pylorus

30-day mortality 0

Active smoker 4 yes, 2 no

Neoadjuvant therapy 4 docetaxel, cisplatin,
fluorouracil

2 cisplatin, fluorouracil

RT dose, 4,500–5,400

Time from neoadjuvant therapy
to surgery

Median 7 weeks (range, 5–8)

Length of hospital stay Median 8 days (range, 6–8)

Patient Preoperative
clinical stage

Postoperative
pathologic stage

Postoperative pathologic
diagnosis

Number of lymph
nodes harvested

1 T3N0 T3N1 Poorly differentiated adenocarcinoma 17

2 T3N1 T2N1 Moderately differentiated
adenocarcinoma

6

3 T2N1 T2N1 Moderately differentiated
adenocarcinoma

19

4 T2N0 T0N0 No residual tumor 10

5 T2N0 T2N1 Moderately differentiated
adenocarcinoma

21

6 T3N1 T2N0 Poorly differentiated adenocarcinoma 30

Table 2 Tumor Characterization
and Survival
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requires being able to suture in the thoracic cavity that is
not as easily adaptable as the abdomen. Potential advan-
tages of a long (6 cm) side-to-side stapled anastomosis
results includes lower leak rates and long-term stenosis.
The disadvantages of an intrathoracic esophagogastric
anastomosis are well known including increased morbidity
to the patient if a leak were to occur. The advantages of an
intrathoracic anastomosis include avoidance of cervical
dissection of the esophagus with increased risk for recurrent
laryngeal nerve injury and postoperative strictures.

In summary, we describe a new and technically feasible
thoracoscopic technique for construction of an esophago-
gastrostomy using a 6-cm side-to-side linear stapled
anastomosis. This method is applicable to patients who
require an intrathoracic anastomosis. More importantly, the
large size of the anastomosis should result in decreased
anastomotic leaks and strictures. Although performing this
complex procedure requires a unique learning curve, this
procedure can be mastered when performed by surgeons
interested in performing intrathoracic side-to-side stapled
anastomosis rather than a circular stapled anastomosis. As
with any new technique, having the prerequisite technical
skills will ensure safe and similar results as those described
in this article.
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Abstract
Introduction The purpose of this review was to assess the incidence and risk factors for adhesive small bowel obstruction
(SBO) following laparotomy.
Methods The PubMed database was systematically reviewed to identify studies in the English literature delineating the
incidence of adhesive SBO and reporting risk factors for the development of this morbidity.
Results A total of 446,331 abdominal operations were eligible for inclusion in this analysis. The overall incidence of SBO
was 4.6%. The risk of SBO was highly influenced by the type of procedure, with ileal pouch–anal anastomosis being
associated with the highest incidence of SBO (1,018 out of 5,268 cases or 19.3%), followed by open colectomy (11,491 out
of 121,085 cases or 9.5%). Gynecological procedures were associated with an overall incidence of 11.1% (4,297 out of
38,751 cases) and ranged from 23.9% in open adnexal surgery, to 0.1% after cesarean section. The technique of the
procedure (open vs. laparoscopic) also played a major role in the development of adhesive SBO. The incidence was 7.1% in
open cholecystectomies vs. 0.2% in laparoscopic; 15.6% in open total abdominal hysterectomies vs. 0.0% in laparoscopic;
and 23.9% in open adnexal operations vs. 0.0% in laparoscopic. There was no difference in SBO following laparoscopic or
open appendectomies (1.4% vs. 1.3%). Separate closure of the peritoneum, spillage and retention of gallstones during
cholecystectomy, and the use of starched gloves all increase the risk for adhesion formation. There is not enough evidence
regarding the role of age, gender, and presence of cancer in adhesion formation.
Conclusion Adhesion-related morbidity comprises a significant burden on healthcare resources and prevention is of major
importance, especially in high-risk patients. Preventive techniques and special barriers should be considered in high-risk
cases.

Keywords Adhesive small bowel obstruction . Early small
bowel obstruction . Late small bowel obstruction .

Postoperative small bowel obstruction

Introduction

In 2006, almost 1.4 million patients underwent a surgical
procedure involving the digestive system in the USA,
including colectomy, appendectomy, cholecystectomy, and
lysis of peritoneal adhesions.1 Additionally, almost 1.3
million women underwent cesarean section during the same
year. The development of intra-abdominal adhesions fol-
lowing such procedures is considered an inevitable conse-
quence. In a postmortem study conducted in the early
1970s, Weibel and Majno found that of all subjects who
had previously undergone a minor, a major, or multiple
operations, 51%, 72%, and 93%, respectively, had intra-
abdominal adhesions.2 Menzies and Ellis found that, of a
series of 210 patients who had previously had one or more
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abdominal procedures, 93% had intra-abdominal adhesions
at re-laparotomy.3

Prevention of the development of intra-abdominal
adhesions has been the focus of several investigators, and
various products have been tested. While the efficacy of
such products remains under evaluation, the true incidence
of adhesive-related morbidity and especially that of
adhesive small bowel obstruction (SBO) has not been fully
assessed. Additionally, since it is known that most
adhesions remain silent, the factors that may make patients
more prone to developing adhesion-related morbidity are
not fully understood.

In the present review, we aim to comprehensively assess the
incidence of adhesive SBO and report the available evidence
identifying risk factors predisposing to this condition.

Methods

The National Library of Medicine MEDLINE database was
utilized to identify all articles related to the incidence and
risk factors associated with adhesive SBO. English lan-
guage citations published from January 1980 to May 2009
were included. The “related articles” option in the PubMed
Entrez interface was utilized. The bibliography in the
identified articles was also reviewed. Case reports, letters
to editors, and review articles were excluded.

To identify risk factors related to the development of
adhesive morbidity, we utilized the search terms “abdom-
inal adhesions AND risk factors” and “adhesive small
bowel obstruction AND risk factors“. In addition, specific
risk factors that possibly predispose to adhesion develop-
ment were queried to identify their association with
intestinal obstruction. These risk factors included age,
gender, immunosuppression, gallstone spillage, use of
starch-containing surgical gloves, and closure of the
peritoneum following laparotomy.

Incidence

Determining the true incidence of adhesion-related morbid-
ity following a laparotomy is difficult. While it is known
that the vast majority of patients undergoing an abdominal
procedure will develop intra-abdominal adhesions, the
short- and long-term risks for developing adhesion-related
morbidity cannot be predicted. The complex natural history
of the disease, in addition to the significant heterogeneity
between the studied populations and the failure of a reliable
follow-up, enhance the difficulty of assessing the true risk
associated with the presence of intra-abdominal adhesions.

The incidence of adhesion-related readmissions and
adhesive SBO is available in the literature from several

sources. One major source is the trilogy of the Surgical and
Clinical Adhesions Research (SCAR) studies, which uti-
lized the Scottish National Health Service medical record
linkage database.4–9 These large-scale studies had the
endpoint “adhesion-related readmissions”. Retrospective
reports with a non-standardized follow-up, having as
endpoints “early or late SBO requiring surgical interven-
tion” is another source. A third source is the reported
incidence of adhesive SBO in control patients of random-
ized controlled trials assessing the efficacy of adhesion
preventive methods. Finally, patients enrolled in random-
ized controlled trials which aim to assess the cost-efficacy
and safety of laparoscopic vs. open abdominal surgical
procedures, comprise another source of data.

The Surgical and Clinical Adhesions Research Studies

One of the most comprehensive efforts to evaluate the
burden of adhesion-related morbidity was undertaken by
the SCAR group. The investigators of this group utilized
the Scottish National Health Service Medical Record
Linkage Database, which holds data on individual linked
patients' records on every inpatient and day-case hospital
admission from 1981 onwards in Scotland, excluding
psychiatric or maternity admissions.

The first SCAR study4 focused on assessing the frequency
of complications from adhesions in the general population.
Patients undergoing initial abdominal or pelvic surgery in
1986 were analyzed, excluding those who had undergone
abdominal or pelvic surgery in the previous 5 years. All
patients were followed up for readmissions for defined
outcomes over a period of 10 years. Despite all efforts to
eliminate overestimation of the burden of adhesion-related
readmissions, it was found that over 5.7% of all readmissions
were directly related to adhesions, with 66.7% of these
patients requiring adhesiolysis (Table 1). Overall, 7.3% of
patients who had undergone a mid- and hindgut procedure
were readmitted for reasons directly related to adhesions. This
proportion was lower among patients who had undergone for
gut or other abdominal procedures (4.6%) or female
reproductive tract procedures (4.4%). One in three patients
was readmitted at least twice over the 10-year study period,
and at least one in 18 outcome readmissions (for operative
and non-operative) were directly related to adhesions.

Parker et al.5 used subsequently the same data and
methodology to look specifically at patients who had
undergone lower abdominal surgery (mid- and hindgut). It
was found that patients who had undergone an initial
operation involving the rectum had the highest rate of
readmissions directly related to adhesions (8.8%), followed
by those who had undergone an operation involving the
small bowel (7.6%) and the colon (7.1%). Similarly, Lower
et al.6 examined specifically patients who had undergone an
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open gynecological operation and found that patients who
had undergone an ovarian operation had the highest risk for
readmission directly related to adhesions, at 7.1% (Table 2).

An additional significant finding from these studies was
that the greatest percentage of readmissions (22.1%)
occurred in the first year after the index operation and
continued to rise steadily over the 10-year follow-up for all
outcome measures.4–6

The SCAR-2 study7 aimed to examine the real-time
burden of adhesion-related readmissions following colorec-
tal surgery and to assess the impact of previous surgery on
adhesion-related outcomes. The findings of this study
demonstrated that the rates of adhesion-related readmis-
sions (directly and possibly related) were 12.4%, 19.5%,
25.7%, and 29.7% at 1, 2, 3, and 4 years after the index
surgery, respectively (Table 3). Lower et al.8 used subse-
quently the same methodology to examine these outcomes
in female patients undergoing open or laparoscopic gyne-
cological procedures. The results from this examination
demonstrated that with the exception of laparoscopic
sterilization, which is considered a low-risk gynecological
procedure for adhesion development, open and laparoscopic
gynecological procedures are associated with comparable
risks for adhesion-related readmissions (Table 4).

The SCAR-3 study9 focused on aspects such as the
nature of the surgery, age, comorbid conditions, and history
of previous surgery. The findings of this study will be
discussed in the following sections (Table 5).

Despite the serious limitations of registry-based studies,
the SCAR studies comprise the first and most comprehen-

sive to date efforts to quantify the problem of adhesion-
related readmissions. A major benefit of utilizing this
database was the demography of Scotland, which, geo-
graphically, is self-contained and has a stable population of
about 5.1 million, with less than 1% annual migration.10

Risk Factors

Identification of patients who are at high risk of developing
adhesions is important in prevention strategies. True risk
factors that predispose patients to develop adhesion-related
morbidity, however, and especially adhesive SBO, have not
been clearly identified. Several have been proposed, but
level I evidence is lacking in most instances.

Type of Surgery

The type of surgery may be the most important factor that
determines the incidence of adhesion-related morbidity,
especially adhesive SBO. As mentioned, the SCAR studies
have demonstrated a higher incidence of adhesion-related
admissions for patients undergoing a mid- and hindgut
surgery. Additionally, the SCAR-3 study demonstrated that
patients undergoing an index surgery involving the ileum
had the highest risk (7.7%), followed by those having
abdominal wall and colorectal surgery (Table 5).

In our collective review of the literature, we analyzed 62
published studies in the English literature with 448,718
patients who underwent an abdominal operation. Overall,

Table 1 Summary of the Results from the First Study from the Surgical and Clinical Adhesions Research (SCAR) Group4

Readmissions directly
related to adhesions

Readmissions possibly
related to adhesions

Readmissions directly or
possibly related to adhesions

Operation/adhesions 808 (2.7%) 3,186 (10.7%) 3,994 (13.4%)

Non-operative management 401 (1.4%) 5,054 (17.0%) 5,455 (18.4%)

Total 1,209 (4.1%) 8,240 (27.7%) 9,449 (31.7%)

Incidence of adhesion-related readmissions after open abdominal or pelvic surgery (N=29,790)

The study population comprises of patients who had undergone open abdominal or pelvic surgery in the year 1986 and no other abdominal or
pelvic surgery in the previous 5 years. Patients were followed up for 10 years

Table 2 Incidence of Adhesion-Related Readmissions After Open Surgery to the Reproductive System6

Readmissions directly
related to adhesions

Readmissions possibly
related to adhesions

Readmissions directly or
possibly related to adhesions

Operation/adhesions 245 (2.9%) 1,278 (15.1%) 1,523 (18.0%)

Non-operative management – 1,201 (14.1%) 1,201 (14.1%)

Total 245 (2.9%) 2,479 (29.2%) 2,724 (31.1%)

Results from the Scottish National Health Service Medical Record Linkage Database (N=8,489)

Study population: Women with open surgery to the reproductive system
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20,635 patients (4.6%) required adhesion-related readmis-
sion, mostly due to adhesive SBO (Table 6). The incidence
varied widely according to procedure. The highest inci-
dence was reported in patients with open adnexal surgery
(23.9%), followed by patients with ileal pouch–anal
anastomosis (19.3%), open total abdominal hysterectomy
(15.6%), and open colectomy (9.5%).

The method of operation (open vs. laparoscopic) also
plays an important role in the development of adhesive
SBO. Collective review of the literature shows an incidence
of 7.1% in open cholecystectomy vs. 0.2% in laparoscopic
cholecystectomy, 15.6% in open total abdominal hysterec-
tomy (TAH) vs. 0.0% in laparoscopic TAH, and 23.9% in
open vs. 0.0% in laparoscopic adnexal operations. In the
case of appendectomies, it seems that there is no difference
between the open and laparoscopic techniques (1.4% vs.
1.3%; Table 6).

Due to the high incidence of SBO associated with
colectomies, it would be expected that the beneficial effect
of laparoscopy would be apparent. Despite the fact, however,
that laparoscopy has been shown to be associated with a
decreased adhesion formation,11 this has not been shown to
be associated with a lower incidence of SBO in colorectal
surgery. A recent Cochrane meta-analysis assessing the

long-term results of colorectal cancer resection failed to
show a benefit with regards to reoperation for adhesions in
patients undergoing a laparoscopic procedure when com-
pared with those undergoing an open procedure.12 In
addition, the conventional vs. Laparoscopic-Assisted Sur-
gery In Colorectal Cancer trial, which is attempting to
evaluate the incidence of adhesion-related complications,
particularly SBO, after laparoscopic and open colorectal
surgery has failed to date to show any significant difference
between the two approaches.13

In our collective review of the literature, however, we
found that the incidence of SBO is twofold higher in open
when compared with laparoscopic procedures (Table 6). It
should be noted, however, that the studies reporting the
incidence of SBO after the various types of surgery are
highly heterogeneous. The follow-up is insufficient in most
instances, while comorbid conditions are rarely accounted
for. Selection bias puts into question the reported incidence.

Gender

Only a few studies examining the role of gender in the
development of adhesion-related complications were identi-
fied, and the reported results were significantly conflicting.
Riber et al.14 examined the role of gender in patients
undergoing open appendectomy and found that female
patients had an almost fourfold higher overall risk for SBO
requiring surgical intervention. Contrarily, Andresson15

found that female patients were at a slightly lower risk for
developing this complication [adjusted hazard ratio 0.8 (0.8–
0.9)] in a similar population. The SCAR-3 study9 did not
report the results of the effect of gender on readmissions
directly related to adhesions due to the significant skewness
of the data towards women. Therefore, conclusions with
regards to the role of gender cannot be withdrawn.

Table 3 Summary of the Results from the Second Study of the
Surgical and Clinical Adhesions Research (SCAR) Group7

Years
following
operation

Readmissions
directly related
to adhesions (%)

Readmissions
possibly related
to adhesions (%)

Total
readmissions
(%)

1 2.1 6.1 8.2

2 3.2 9.4 12.6

3 4.1 11.3 15.4

4 4.5 12.5 17.0

The results represent the directly and possibly adhesion-related
readmissions for the subgroup of patients who had not undergone
abdominopelvic procedure in the previous 5 years (N=2,067)

Study population: Patients with open colorectal surgery in 1996–1997
and no abdominal surgery in the previous 5 years

Table 4 Adhesion-Related Readmissions within 4 Years After Open
or Laparoscopic Gynecological Surgery8

Method of
operation

Readmissions
directly related
to adhesions (%)

Readmissions
possibly related
to adhesions (%)

Total
readmissions
(%)

Laparoscopic
(N=15,197)

1.5 16.1 17.6

Open
(N=8,849)

2.0 14.5 16.5

Results from the Scottish National Health Service Medical Record
Linkage Database (N=24,046)

Table 5 Summary of the Results from the Third Study of the Surgical
and Clinical Adhesions Research (SCAR) Group9

Site of surgery Admissions directly related to
adhesions within 5years of
operation (%)

Duodenum (N=685) 1.8

Ileum (N=912) 7.7

Colon (N=3176) 5.0

Rectum (N=1,690) 5.2

Abdominal wall (N=2,180) 5.4

Appendix (N=4,113) 0.9

Readmissions directly related to lower abdominal surgery (excluding
gynecological procedures) according to site and type of operation
(N=12,756)

Study population: Patients with open lower abdominal surgery
(excluding gynecological operations) during the period 1996–1997
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Age

The role of age as a risk factor predisposing to adhesion-
related morbidity has been examined in very few studies.
The SCAR-3 study9 found that patients <60 years old
undergoing a colorectal surgery had a higher overall risk for
readmission directly related to adhesions compared with
their ≥60-year-old counterparts, even after censoring the
data for mortality. This difference applied both, to patients
who had or had not undergone an abdominopelvic
procedure in the previous 5 years. Additionally, it was
found that patients ≥16 years old undergoing an appendec-
tomy were at higher risk for readmission directly related to
adhesions over the following 5 years, when compared with
young patients <16 years old. Contrarily, Andersson found
that of all patients undergoing appendectomy, those in the
age group 20–39 years had the lowest risk for SBO
requiring surgery, while patients >70 years old had a
twofold higher risk, compared with patients <20 years
old.15

Age <40 years was identified as an independent risk
factor for recurrence of adhesive SBO in a multicenter
prospective study conducted in France with a median
follow-up of 41 months (range, 1–75 months).16

Immunosuppression and Comorbidities

Whether the difference in the risk for adhesion-related
morbidity between the various age groups is attributed to
immunosuppression associated with age, cannot be easily
determined. Several studies suggest that immunosuppressed
patients undergoing transplantation may have a decreased
risk for adhesion formation due to the suppression of the

inflammatory response. In a retrospective review of 4,001
patients undergoing orthotopic liver transplantation, only
19 (0.5%) had postoperative SBO directly related to
peritoneal adhesions.17 Similarly, pancreas transplant recip-
ients18 demonstrate comparative low incidence of adhesive
SBO.

Wasserberg et al.19 in an experimental study in which
groups of rats underwent small bowel transplantation and
were subsequently randomized for tacrolimus immunosup-
pression versus no immunosuppression, it was found that
postsurgical adhesion formation was significantly reduced
in the immunosuppressed group of rats.19

Very few studies have evaluated this factor in the general
surgery population and most of them have only looked at
cancer patients. The SCAR-3 study demonstrated that
patients with colorectal cancer had a significantly lower
risk for adhesion-related readmissions.9 The authors,
however, attributed this difference to the type of surgery
performed in this group, which was mostly right hemi-
colectomy and which was associated with a lower overall
incidence of adhesion-related readmissions. Most of the
other studies have demonstrated that patients with cancer
are at higher risk for adhesive SBO. Park et al.20 in a
randomized controlled trial evaluating the efficacy of
Seprafilm® reported an incidence of 7% for early in-
hospital SBO and 4.6% for readmissions for SBO in the
control group of cancer patients undergoing radical resec-
tion of their sigmoid or rectal cancer. However, there was
no comparative group with no cancer patients in this study.
Shin et al.21 found that poor general condition, defined as
American Society of Anesthesiologists (ASA) grade ≥3 and
local remnant tumor were factors independently associated
with early adhesive SBO in patients undergoing pelvic

Table 6 Overall Incidence of Adhesion-Related Readmissions According to the Type of Surgery

Surgery Total number of patients Adhesion-related readmissions References

Open appendectomy 266,695 3,663 (1.4%) 5,9,14,15,22,23,45–65

Laparoscopic appendectomy 4,445 57 (1.3%) 16,22,45,46,48–60,62,63,66

Open cholecystectomy 141 10 (7.1%) 67,68

Laparoscopic cholecystectomy 7,103 11 (0.2%) 66–68

Open colectomy 121,085 11,491 (9.5%) 4,5,7,9,23,69–73

Laparoscopic colectomy 930 40 (4.3%) 66,72,74

Ileal pouch–anal anastomosis 5,268 1,018 (19.3%) 75–89

Laparotomy for trauma 1,913 48 (2.5%) 23–25,90,91

Gynecological procedures 38,751 4,297 (11.1%)

Open TAH 20,377 3,182 (15.6%) 6,8,92

Laparoscopic TAH 303 0 (0.0%) 6,92

Open adnexal surgery 4,621 1,105 (23.9%) 6,8,92

Laparoscopic adnexal surgery 470 0 (0.0%) 6,92

Cesarean section 12,980 10 (0.1%) 6,8,92

Overall incidence 446,331 20,635 (4.6%)
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surgery for colorectal cancer. Recently, Leung et al.
reported that for patients undergoing an appendectomy,
the risk for SBO is more than sevenfold higher in those
with pathology of cancer or chronic appendicitis.22 It is of
note though, that other parameters, such as radiotherapy or
chemotherapy, have not been accounted for.

The role of other comorbid conditions has been
evaluated by the SCAR-3 study.9 Patients with diverticulitis
(without peritonitis) or Crohn's disease, conditions associ-
ated with inflammatory reaction in the abdomen, were not
at higher risk for readmissions directly related to adhesions.
The presence of peritonitis in patients who underwent
appendectomy had a slightly higher risk to be readmitted
when compared with patients who did not have peritonitis.
This difference was most prominent in patients who had
undergone previous surgery.

Abdominal Trauma

Table 7 summarizes the incidence of SBO associated with
negative or non-therapeutic laparotomy for trauma. Pene-
trating injuries and injuries to the small bowel seem to
increase the risk of early SBO requiring surgery.23. Tortella
et al.24 in a prospective study of 298 patients undergoing
celiotomy for penetrating trauma found that the incidence
of SBO in these patients was high, reaching 7.3%. In the
same study, gunshot wounds and injury of the small or
large bowel were found to increase this risk. In a
prospective observational study of trauma patients under-
going laparotomy, Weigelt et al. found that only five of the
248 patients developed SBO during their follow-up.25 All
five patients had intra-abdominal injuries and underwent
extensive exploration of the abdominal cavity, with access
to the retroperitoneum.

Closure of the Peritoneum After Midline Laparotomy

The association between suturing of the peritoneum on
abdominal closure and adhesion formation is highly
debated due to the lack of clinical evidence. Several studies
in the general surgery literature have suggested that non-
closure of the peritoneum after midline laparotomy is
associated with reduced operative time and decreased rate
of wound-related postoperative complications.26–28 Evalu-

ation of adhesion formation in these patients, however, was
not feasible, and SBO was not reported as an outcome.

In obstetrics, however, several studies have evaluated
this association. Komoto et al.29 randomized 124 women
undergoing cesarean section into two groups, closure vs.
non-closure of the peritoneum. These patients were evalu-
ated at a second cesarean section for adhesion formation.
The study reported that patients who had their peritoneum
sutured had a higher incidence of extensive adhesions and
required more frequently adhesiolysis. This study, however,
did not utilize a scoring system for the adhesions, and the
exclusion criteria were not adequate. Recently, a meta-
analysis from Cheong et al.30 which utilized strict quality
criteria for inclusion of the studies, concluded that accord-
ing to current data in the literature, there is some evidence
to suggest that non-closure of the peritoneum after cesarean
section is associated with more adhesion formation com-
pared with closure.

Malvasi et al.31 in a prospective, randomized study of
women undergoing cesarean sections found that at repeat
operation, women with peritoneal closure had a significantly
higher incidence of adhesions compared with those with
non-closure (57.0% vs. 20.6%, p<0.05). Although no
scoring system was utilized, these investigators found on
microscopy increased mesothelial hyperplasia, fibrosis, and
neoangiogenesis in the group with peritoneal closure, and
they concluded that this practice may predispose to
inflammatory reaction and adhesion formation.

Despite the conflicting results of the available literature,
it seems that non-closure of the peritoneum might be
beneficial in reducing the incidence of postoperative intra-
abdominal adhesions.

Use of Starch-Free Gloves

Since the introduction of starch gloves in the late 1940s, the
association between starch granules and adhesion formation
has been studied extensively. Starch is an absorbable
material and does not remain in the peritoneal cavity
indefinitely. The time for this absorption to occur, however,
has not been clarified. Sheikh et al.32 showed that most of
the starch powder granules had been disappeared by the
fourth week in rats undergoing a laparotomy. Cade and
Ellis, however, found that, in rats undergoing laparotomy,

Study Number of patients SBO Mean follow-up

Tortella et al.24 154 5 (2.3%) 6 months

Weigelt et al.25 186 5 (2.7%) 57 months

Renz et al.90 254 6 (2.4%) 36 months

Morrison et al.91 80 0 (0.0%) 36 months

Total 674 16 (2.4%)

Table 7 The Incidence of Small
Bowel Obstruction (SBO) After
Negative or Non-Therapeutic
Laparotomy for Trauma
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starch granules could be detected even after 15 months, but
only with PAS staining of the peritoneal tissue.33 Examin-
ing the association of starch-powdered gloves with the
development of adhesions in the clinical setting is hardly
feasible. Cooke et al.34 excised peritoneal nodules and band
adhesions for pathological examination from patients
undergoing re-laparotomy for several reasons. It was found
that, in the vast majority of patients who had undergone the
first laparotomy within the previous 2 years, starch
granulomas could be detected and they were responsible
for the development of intestinal obstruction. In most
patients who had undergone the first laparotomy more than
2 years before the second laparotomy, starch granules could
not be detected, but the associated band adhesions
persisted. Luijendijk et al.35, in a similar study, found that,
when granulomas were present, the median interval
between present and most recent laparotomy was signifi-
cantly shorter than when no granulomas were found.
Additionally, in patients with adhesions who had had the
previous operation less than 6 months previously, granulo-
mas were present in 71%. In contrast, only 13% of the
patients operated upon longer than 6 months previously had
granulomas.

Gallstone Spillage During Cholecystectomy

Iatrogenic perforation of the gallbladder during laparoscopic
cholecystectomy is common. In a review of the literature,
Woodfield et al.36 estimated that, in a total of 7.3% of
patients undergoing laparoscopic cholecystectomy, gall-
stones will be spilt in the peritoneal cavity and approxi-
mately 33% of these patients will be discharged having
retained gallstones.

The presence of gallstones in the peritoneal cavity has
been associated with serious complications, including several
types of intra-abdominal abscesses, postoperative fever, and
development of enterocutaneous fistulae.37 Despite the
availability of animal data suggesting an association between
retained gallstones and adhesion formation, such clinical
consequences are rarely reported.38,39 Examining this phe-
nomenon in patients can be hardly achieved. Gallstone ileus
due to stone erosion into the small bowel is a known entity,
but the development of adhesions due to the presence of
gallstones is far from understood. Adhesion formation after
gallstone spillage may be highly related to the inflammatory
response that the gallstones provoke as foreign bodies. In
one of the largest series examining the complications
associated with gallstone spillage during laparoscopic chole-
cystectomy, only one out of 547 patients developed ileus.40 It
is unclear however, if this ileus was due to adhesion
formation. In a prospective study over a 7-year period of
106 patients who had gallstone spillage, none developed
complications directly related to adhesions.41 Similarly,

Manukian et al.42 reported on 21 such patients who were
followed up for a period of 121 months. None of these
patients had any complication related to adhesion formation.
Hui et al.43 also found that retained gallstones did not have
any significant effect on patients after a median follow-up
of 44 months, while Assaff et al.44 found that spillage of
gallstones did not affect the overall in-hospital course of
patients.

In summary, with the exception of small number of case
reports, the overall association of gallstone spillage with
formation of intra-abdominal adhesions in humans has not
been clearly determined. Due to the available animal data
and the rare, but serious other complications associated
with retained gallstones, every effort should be made to
remove any spilt stones in the peritoneal cavity during
laparoscopic cholecystectomy.

Conclusion

Adhesion-related morbidity comprises a significant burden
on healthcare resources, and prevention is of major
importance, especially in high-risk patients. The most
important risk factor is the type of surgery, with open
surgical interventions in the lower abdomen carrying the
highest risk. Laparoscopic procedures appear to be associ-
ated with lower incidence of adhesive SBO when compared
with open procedures. This, however, does not apply to
appendectomy. Closure of the peritoneum, use of gloves
containing starch granules, and gallstone spillage during
cholecystectomy all increase the risk for adhesion forma-
tion. Further understanding of the risk factors for develop-
ing adhesion-related morbidity is important for the
development of preventive strategies.
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Abstract Bile duct hamartomas (von Meyenburg complex) are the rare benign neoplasm of the liver due to
dysembryogenesis; constituted historically, cystic dilatations of the bile duct encompassed by fibrous stroma. Usually,
they are asymptomatic and are not detected on routine radiological examinations including ultrasound or CT scan. Magnetic
resonance cholangiography has been suggested as the best investigation for their imaging diagnosis. Their presence can
cause diagnostics confusion and complicate the patient’s management. We report a 45-year-old female with symptomatic
cholelithiasis, whose liver on laparoscopy mimicked multiple hepatic metastases.

Keywords Bile duct hamartomas .

von Meyenburg complex . Ductal plate abnormalities . Liver

Clinica Data

A 45-year-old female suffering with gall-stone-induced acute
cholecystitis was referred to us following an abandonment of
laparoscopic cholecystectomy elsewhere. Procedure was
abandoned due to confusing intraoperative findings of
numerous irregular whitish lesions of various sizes scattered
on the hepatic surface imitating metastatic deposits; however,
examination of the peritoneal cavity failed to reveal any
abnormality or peritoneal carcinomatosis. Review of preop-
erative clinical and laboratory tests showed no abnormality
except an increase in total leukocyte count. Preoperative
abdominal ultrasonography revealed multiple gallbladder
calculi with slight thickening of the gallbladder wall,
characteristic of acute cholecystitis, but did not display any
alterations in the hepatic parenchyma. Contrast-enhanced CT
scan (abdomen) showed innumerable subcentimeter low-
density lesions scattered diffusely throughout the liver
representing tiny cysts. Consequently, patient was counseled

and the laparoscopic cholecystectomy with wedge biopsy of
liver was performed (Fig. 1). Liver biopsy was suggestive of
multiple bile duct hamartomas with pus cells in few bile
ducts (cholangitis) and bridging fibrosis (trichrome positive;
Fig. 2a and b). Postoperative course was uneventful and
currently, she is doing well 12 months post-surgery.

Discussion

Multiple bile duct hamartomas (MBDHs), also known as von
Meyenburg complexes are infrequently observed benign
hepatic tumor-like lesions, consisting of dilated bile ducts
structures with a surrounding fibrous stroma.1 They were first
described by von Meyenburg in 1918. These are considered
to be part of the spectrum of ductal plate abnormalities and
are caused by arrest or perturbation of the ductal plate
remodeling during the embryogenesis of intrahepatic bile
ducts. Embryologically, intrahepatic bile ducts develop from
the hilum of the liver to the distal parts and undergo
remodeling. It seems that arrest occurs in the later phases, as
their morphology represent the partially fibrosing remnant of
the smaller, more peripheral, and interlobular bile ducts.2

They may occur in otherwise normal liver or in association
with other ductal plate abnormalities such as Caroli’s
disease, congenital hepatic fibrosis, and autosomal dominant
polycystic kidney disease.2 Trichrome positivity in the
present case may represent the association between MBDHs
and hepatic fibrosis.
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Usually, they are detected as an incidental finding on
laparotomy or autopsy, or diagnosed during the manage-
ment of patients with other ductal plate malformations.1–4

The incidence based on a study of consecutive autopsies is
approximately 5.6% in adults and 0.9% in children.1

Among adults with APKD, biliary hamartomas were found
in 97% and hepatic cysts in 88%. Because APKD can
account for only 11% of the patients with biliary hamarto-
mas, authors suggested that MBDHs, in the absence of
APKD, are a manifestation of other disease, which could be
genetic or secondary to inflammation or ischemia.1 How-
ever, these genetic or non-genetic factors are not known.

MBDHs are small (0.1–1.0 cm), grayish-white or green,
multiple nodular lesions below the Glisson’s capsule,
usually scattered in both lobes.1–3 Microscopically, the
lesions are discrete, round to irregular in shape, and
typically paraportal in location. They comprise of cluster
of dilated bile ducts of various sizes, peri-ductal glands, and
encompassed by fibrous stroma.4,5

Being small in diameter (0.5–1.0 cm), they are often not
detected on routine radiological examinations including
ultrasound, or CT scan.6 If detected, on ultrasonography,
appear as multiple small areas of high and low echogenicity,
which assume the appearance of target lesions, with a
hyperechogenic center and a hypoechogenic periphery, and a
posterior echo resulting from the presence of cholesterol
crystals in the interior of the dilated bile duct.6 On CT,
appear as small intrahepatic cystoid lesions and are
frequently located adjacent to the portal veins.7 A magnetic
resonance cholangiography is the best imaging investigation
for diagnosis of biliary hamartomas.8,9 It can also distinguish
the different forms of dilatation of the bile duct, such as
sacular dilatation of the biliary system (Caroli disease), peri-
ductal cystic dilatation (multiple abscess or polycystic
disease) and can even detect the presence of intrahepatic
cholangiocarcinoma or diffuse metastases.8,9

Generally, they are asymptomatic with normal liver
function tests and are not considered of any pathological
value. However, a case report has described a patient who
suffered with fever, jaundice, and right upper quadrant pain
due to biliary hamartomas with microabscess formation
associated with biliary stones and biliary tract infection.10

Multifocal occurrence may occur and mimic multiple hepatic
metastases as observed in our patient necessitating histo-
pathological examination for diagnosis.11,12 In addition,
recent reports suggested their potential of malignant trans-
formation to intrahepatic cholangiocarcinoma.13–16 Fine
needle aspiration is not diagnostic owing to sampling errors
and performance difficulties due to very small size of the
lesions. Liver biopsy is the gold standard for diagnosis of
this rare hepatobiliary condition and underlines the impor-
tance of exact diagnostic measures in cases of unexpected
intraoperative findings.

Fig. 1 Macroscopic appearance of multifocal bile duct hamartomas.

Fig. 2 a Microscopic appearance (hematoxylin–eosin staining) of bile
duct hamartomas. b Bile duct hamartomas with bridging fibrosis
(trichrome positivity).
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Conclusion

von Meyenburg complexes are rare benign liver lesions,
usually subcentimeter in size that can escape preopera-
tive routine radiological diagnostics. Their association
with other congenital anomalies, resemblance with liver
metastases causing diagnostic dilemma, and potential of
malignant transformation underlines the importance of
histopathological diagnosis by liver biopsy or intraoper-
ative frozen sections.
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To the Editor:
We read with great interest the article entitled “Not Just for
Trauma Patients: Damage Control Laparotomy in Pancreatic
Surgery” by authors Morgan, Mansker, and Adams.1This
manuscript discusses the authors’ experience with damage
control laparotomy (DCL) by describing eight patients who
received various elements of a damage control procedure
after either massive hemorrhage (6) or intraperitoneal/
systemic sepsis (2) during elective pancreatic operations.
While Dr. Stone and colleagues2are appropriately credited
with the first published report describing the early termina-
tion of laparotomies for multiply injured patients with major
coagulopathies (non-mechanical bleeding), the conceptual
underpinning for DCL was introduced by Lucas and
Ledgerwood3before a meeting of the American Association
for the Surgery of Trauma in 1975. This report detailed their
experience using hemostatic techniques in liver injury with
an emphasis that the most crucial determinant of survival
was control of bleeding, regardless of technique. In three
patients (1%), perihepatic packing followed by ongoing
resuscitation and reoperation 3 to 5 days later proved
successful. The validity of this strategy was confirmed
in 1981 by Feliciano and Mattox4detailing their experi-
ence in ten patients (2.2%) where “following all attempts
at surgical control, the technique of intra-abdominal
packing to the liver was then applied as a last desperate
maneuver to control exsanguinating hepatic hemorrhage.”
An unexpectedly robust 90% survival rate was reported in
this highly selected, critically ill patient population. Of

note is that these groups of authors collectively represent
some of the most influential minds in the history of trauma
and critical care.

These seminal concepts have evolved to our current level
of understanding where damage control is now viewed as a
philosophy, not a destination. As a result, damage control
resuscitation (DCR) is now the preferred terminology and
incorporates multiple facets including: (1) early initiation of
blood product transfusions (massive transfusion protocols),
(2) reduced administration of crystalloid fluid resuscitation,
(3) permissive hypotension in selected (e.g., penetrating torso)
patients, (4) immediate hemorrhage control (angiographic or
operative), and (5) a structured, team-based system that
functions independently of a patient’s hospital location
(Emergency Department, Angiography Suite, Operating
Room, Intensive Care Unit). Although the foundation of this
extended philosophy remains the prompt control of bleeding
with restoration of blood volume and correction of hypother-
mia and acidosis, the role of coagulopathy has become a
dominant concept in modern DCR. While the conventional
view of DCL focused on reversing acidosis and hypothermia
to prevent the development of a coagulopathy, recent
evidence5, 6suggests that up to one third of all severely
injured patients actually arrive to the ED with a coagulop-
athy, even those who do not suffer from a prolonged
prehospital “lag time”.

Stimulated by this paper, we reviewed our own
experience using DCR over a 5-year period in 178 patients
undergoing operative debridement for necrotizing pancrea-
titis. Of these, 12 (7%) patients required an open abdomen/
laparotomy (6=hemorrhage; 6=repeat debridements). The
need for DCR was limited to cases of massive hemorrhage
with concurrent physiologic exhaustion (6/178, 3%), as
evidenced by a mean base deficit of −18 in this patient
cohort. Among the four survivors, only half underwent
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primary abdominal fascial closure (mean=6.9 days) during
their initial hospitalization. While the risk of uncontrolled
exsanguinating hemorrhage during elective pancreatic
surgery is always present, based on both Morgan’s series
(1% in all pancreas cases),1as well as our own data (3% in
necrotizing pancreatitis operations), the need to initiate
DCR is relatively uncommon. This point is particularly
important because, while we fundamentally support the life-
saving power of DCR when applied for specific well-defined
criteria, over-utilization can have deleterious effects on both
patients and hospital systems. In high-volume trauma centers,
indications for initiating DCR are an initial body core
temperature less than 35°C, arterial pH less than 7.2, and/or
an initial base deficit greater than −15.7, 8Adherence to these
principles results in a civilian DCR rate of less than 3% in all
severely injured patients (7% in military).9Furthermore, in
patients who stabilize and begin correcting these phys-
iologic variables once bleeding has been controlled, DCR
should be reversed and operations/repairs completed with
primary fascial abdominal closure at the end of the
operation.

Based on the above-stated criteria, only three patients
(#1 [temp], #5 [pH, temp], #6 [pH]) in this current series
appeared to be approaching physiologic exhaustion and
therefore qualify for DCR. Do the authors have
corresponding base deficit values (Table 3) for these
patients to justify the initiation of DCR? Progression of a
patient’s base deficit can be particularly helpful not only in
assessing for physiologic exhaustion but also in predicting
subsequent mortality.10Were there any patients in the
authors’ experience where DCR was initiated, then reversed
due to stabilization, adequate resuscitation, and correction
of physiologic parameters? Seventy-five percent (6/8) of
their patients had primary fascial closure during their initial
hospitalization, a higher percentage than we would have
anticipated given the level of physiologic insult inherent
with the use of DCL. Can the authors tell us how many
days from initial operation to subsequent abdominal wall
closure did each of these patients require? This time
interval can often be used as a surrogate indicator for the
“sickness” of a patient, providing insight into their
physiologic status at the time of injury or clinical

decompensation. Lastly, in the two patients (#7, #8) who
required reoperations following their prior elective pancreatic
surgeries where sepsis initiated the DCR, were not these
simply truncated operations following source control rather
than true DCR—please comment? We subscribe to the DCR
philosophy and commend the authors for highlighting its
potential utility in the context of elective pancreatic surgery.
As we move forward, it will be important to apply these
principles based on defined criteria and not simply on the
intuitive judgment of experienced pancreatic surgeons. We
very much appreciate the opportunity to comment on the
manuscript.
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We appreciate your excellent commentary on damage
control surgery and particularly the appropriate acknowl-
edgement of the icons of modern trauma surgery.

The magnitude of your experience with acute pancreatitis
at Indiana is as always impressive. This large volume makes
your descriptive data an important contribution to the accurate
understanding of this challenging disease. Certainly, much
can be learned from your conduct in the management of these
ill patients. It is notable that we excluded patients undergoing
laparostomy or debridement for severe acute pancreatitis with
necrosis from our report on elective pancreas surgery. The
inflammatory process is a likely contributor to the physiologic
derangements surrounding perioperative events. Presumably,
patients with necrotizing pancreatitis are a sicker subgroup of
pancreas surgery patients.

The trauma literature is robust with helpful guidelines
for the institution of damage control surgery, given the large
numbers of evaluable patients. The criteria for application
of damage control in the previously healthy trauma warrior,
however, are potentially quite different from the criteria for
its optimal use in a patient with catastrophe while

undergoing elective pancreatic surgery, with the attendant
metabolic disadvantage of chronic illness (cancer or
pancreatitis) and the resultant limited physiologic reserve.
Therefore, the appropriate parameters for applying damage
control in the pancreas surgery patient are currently
uncertain, and the judgment of the experienced pancreatic
surgeon remains important.

We reported pH as a marker of acidosis. The median
base deficit in our series was 11.1 (range 0.4 to 16.6). The
interval to abdominal closure in those patients who
achieved it was a median of 3 days (range 1 to 3 days).
Patient #7 was relegated to damage control due to intra-
operative coagulopathy from sepsis. Patient #8 underwent
damage control as a result of intraoperative acidosis and
coagulopathy also due to sepsis.

We greatly appreciate your thoughtful comments and
common interest in taking optimal care of the pancreas
surgery patient. Given the relatively rare need for damage
control in elective pancreas surgery, perhaps more experi-
ence or more likely a collaborative effort could help to
more precisely define the role of damage control.
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