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Keith A. Kelly

Almost 12 years ago, I was approached to consider
becoming an editor of the Society of Surgery of the
Alimentary Tract’s newly proposed journal, the Journal of
Gastrointestinal Surgery. On several occasions I declined,
until I learned there would be a coeditor, Dr. Keith Kelly. I
immediately accepted to have the opportunity to work with
Dr. Kelly. It was a wise decision. There have been two of
us, but Keith has been the principal architect, conscience,
soul, and driving force of the journal and has been the
major factor behind its meteoric rise to become the
outstanding surgical journal in the world devoted to
alimentary tract surgery. Now, after 11 successful and
productive years, Dr. Kelly has decided to step down.

Dr. Kelly has had a distinguished career in surgery. He
received his undergraduate degree from the University of
Illinois and his medical degree from the University of
Chicago. His surgical training was obtained at the University
of Washington School of Medicine Affiliated Hospitals. His
career as an outstanding operating surgeon and a productive
and insightful surgical investigator was spent at The Mayo
Clinic, both in Rochester and in Scottsdale. In both locations,

he rose to chair the Department of Surgery. He developed
into one of the most outstanding and respected alimentary
tract surgeons in the country and became known throughout
the world for his contributions to clinical and investigative
surgery. Dr. Kelly has received many honors, including the
Founders Medal of the SSAT, and he served as President of
the SSAT in 1992. He has received numerous teaching
awards and has a teaching award named after him! He has
served as visiting professor at institutions throughout the
world. He directed a productive research laboratory investi-
gating motility disorders of the digestive tract that was
funded by NIH for over 20 years.

This background provided a unique set of qualifications
for what became his most outstanding accomplishment, the
creation and nurturing of the Journal of Gastrointestinal
Surgery. The SSAT and JOGS have benefited immensely
from Keith’s leadership, and the journal stands as a
monument to his career. His careful and compulsive
editing, his vision for the structure and mission of the
journal, his constant ideas and suggestions for its improve-
ment have all led to its success. He has also educated his
coeditor to the point where Dr. Kelly feels it is safe to step
down! So now there is one. In the wings, however, are two
associate editors, Dr. Jeffrey B. Matthews and Dr. Charles
J. Yeo, who, again, will make it two coeditors when the
remaining editor steps down. They undoubtedly will elevate
the journal to even greater heights. Thank you, congrat-
ulations, and God Speed to Dr. Keith Kelly.

John L. Cameron
Editor
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Abstract
Background & Aims Wedevelopedagranulocyte-macrophage-colony-stimulatingfactor(GM-CSF)tumorvaccineforesophageal
cancer.Weevaluatedtheeffectivenessofthevaccineasapreventionoptioninasurgicalrefluxratmodelofesophagealcancer.
Methods A surgical model involving a jejuno-esophagostomywas used to create Barrett’s esophagus and esophageal cancer in rats.
No carcinogen exposure was utilized. Cell lines derived from these tumors were stably passaged in vitro. GM-CSF-secreting tumor
cells were generated using stable transfection. All rats underwent a total gastrectomy, followed by a jejuno-esophagostomy. The
surgery promoted the reflux of duodenal contents into the esophagus. All animals were administered either a GM-CSF secreting
whole cell vaccine or a phosphate-buffered saline (PBS) placebo injection 4, 6, 14, and 16 weeks post-surgery.
Results While 15 of 16 animals in the non-vaccinated placebo group developed esophageal cancer, 94% (15 of 16), animals
in the vaccine group had an incidence of cancer of 25% (4 of 16) (p<0.05). Barrett’s esophagus was seen in 100% (16 of
16) of the controls and 83% (13 of 16) of the vaccinated animals.
Conclusions A GM-CSF-secreting whole cell tumor vaccine impeded esophageal tumor growth, but not the development of
Barrett’s esophagus, in a clinically relevant surgical reflux model.
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ELISA enzyme linked immunosorbent assay
H&E hematoxylin and eosin
PBS Phosphate-buffered saline

Introduction

Animal models of carcinogenesis are valuable tools and
have been of particular interest to our group. To investigate
novel approaches to manage Barrett’s esophagus and
esophageal cancer, an animal model of surgically created
esophageal reflux was utilized.1–5 The model has the
distinct advantage of promoting rat esophageal tumor
growth without carcinogen that resembles human esopha-
geal carcinogenesis. In a previous study, we examined
tumors extracted from rats subjected to the surgical reflux
model. The harvested tumors exhibited histologic subtypes
of adenocarcinoma and squamous cell carcinoma and the
presence of premalignant and malignant tumors. Through
cytogenetic and karyotype analyses, tumor cells harvested
from rats subjected to the surgical reflux model were found
to share common morphologies, mucin features, pathways,
and the expression of differentiation markers with human
esophageal cancer.4,5 With the availability of an in vivo
clinically relevant surgical model, and thus, the ability to
test new therapies for Barrett’s esophagus and esophageal
cancer, we proceeded to investigate a tumor vaccine
approach to treat esophageal cancer.

Using our clinically relevant reflux model, we created
three cancer cell lines that appear histologically as
squamous cell carcinoma, but retain certain molecular
features of adenocarcinoma.4 Tumors were harvested and
grown in vitro. In development of this vaccine, rat tumor
cells growing in vitro were genetically modified to express
granulocyte-macrophage-colony-stimulating factor (GM-
CSF) to attract professional antigen-presenting cells
(APCs), such as macrophages or dendritic cells, to the site
of the vaccine. While multiple cytokines may be used to
activate APCs, previous research has demonstrated that
GM-CSF-producing vaccines give the most potent, specific,
and longest lasting anti-tumor immunity.6

Our group pioneered the use of GM-CSF secreting
whole-cell allogenic tumor vaccines for the treatment of
pancreatic,7 breast,8 renal,9 prostate cancers,10 and melano-
ma.11 Based on the promising work with these diseases, we
aimed to produce a similar vaccine for Barrett’s esophagus
and esophageal cancer. In a concurrent study, we found our
vaccine to be effective at impeding the development of
esophageal cancer when it was administered after the
development of Barrett’s esophagus (Miyashita et al., in
preparation). In the present paper, we describe the testing of
the GM-CSF vaccine as a preventive treatment strategy. The

vaccine was administered before the development of
Barrett’s esophagus in a clinically relevant rat surgical reflux
model of esophageal carcinogenesis to evaluate its efficacy.

Methods

All procedures were approved by the Animal Care and Use
Committee of Johns Hopkins University, and animals
received humane care in compliance with the “Guide for
Care and use of Laboratory Animals”, published by the
National Research Council (National Academy Press,
1996). Animals were acclimatized in a central animal
facility for 2 weeks before the experiments.

Establishment of Cell Lines

Tumors were harvested 9 months after surgical creation of
reflux in rats.4,5 Tumors were mechanically minced and
enzymatically digested using collagenase. The disaggre-
gated cells were plated in appropriate growth media as
primary cultures. The culture plates were checked for the
presence of cancer cells everyday. After adequate growth, a
single clone was picked using a cloning ring and transferred
to 96-well plates. We froze and stored aliquots of the
original lineage. Other cells continued to undergo passages
(over 40) without changing phenotype.4,5

Vaccine Creation

To create the vaccine cells, we used electroporation to transfect
a DNA expression vector, pCDNA3 [non-vaccinated pho-
phate-buffered saline (PBS) placebo] or mGM-pCDNA3.1
(with GM-CSF), from Invitrogen Life Technologies (Carlsbad,
CA) as previously described (Miyashita et al., in preparation).
The efficiency of the transfection was checked by estimating
the amount of GM-CSF secreted by the transfected cells
using a Quantikine enzyme linked immunosorbent assay
(ELISA) kit (R & D systems, Minneapolis, MN).

Animal Vaccination

Vaccine cells were irradiated with 5,000 Gy to prevent their
propagation. Animals were injected with 1×107 cells/
0.5 ml of irradiated tumor cells secreting GM-CSF or an
equivalent amount of phosphate buffer solution (PBS) into
both the upper limbs and the lower left limb. The rats were
vaccinated according to the schedule described in Fig. 1.

Rat Surgical Reflux Model

The rat reflux model was created by performing a total
gastrectomy on Sprague–Dawley rats, followed by a jejuno-
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esophagostomy, as established by Miwa et al. in 1996.2

Fifty-four animals were randomly divided into two groups:
a vaccine group (n=30) and a non-vaccinated PBS placebo
group (n=24). Rats were vaccinated 4, 6, 14, and 16 weeks
after surgery with 3×107 irradiated vaccine cells secreting
GM-CSF or an equivalent amount of PBS as shown in
Fig. 1. All rats were weighed every 4 weeks throughout the
experiment. All surviving animals were sacrificed 40 weeks
after surgery, and their esophagi were examined.

Tissue Preparation

The thyroid cartilage and the site of anastomosis were used
as landmarks during the resection of the esophagus and
jejunum. The specimen was cut longitudinally into three 1-
mm wide slices of the esophageal mucosa. The slices were
fixed in 10% formalin for 24 h and then embedded in
paraffin for hematoxylin and eosin (H&E) staining.

Pathological Assessment

As previously described, pathological assessment was
carried out on 5 μm H&E stained sections from each block
(Miyashita et al., in preparation). The pathological progres-
sion due to duodeno-esophageal reflux was categorized as
one of the following:

Proliferative squamous hyperplasia Proliferative hyperpla-
sia is a condition characterized by a thickened epithelium to
twice that of a normal epithelium with acanthosis, elongation
of the papillae, and parakeratosis. Other features include the
thickening of the basal layer of the squamous epithelium and
the preservation of a stratified appearance (Fig. 2a).

Barrett’s metaplasia Barrett’s metaplasia is defined by the
presence of columnar-lined epithelium with intestinal metapla-
sia replacing the esophageal squamous epithelium (Fig. 2b).

Figure 1 Experimental timeline. A vaccination or PBS injection was
delivered 4, 6, 14, and 16 weeks after surgery. The experiment ended
40 weeks after post-surgery, when all animals were sacrificed and any
remaining tumor masses were harvested from the animals.

Figure 2 A representative pho-
tomicrograph of an esophageal
carcinoma which resulted from
surgically induced duodenal
contents reflux a Proliferative
hyperplasia, b Barrett’s meta-
plasia (arrow), c Adenocarcino-
ma (arrow), d Squamous cell
carcinoma with keratin pearls
(arrow).
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Carcinoma Epithelial growth with cellular and structural
atypia, invading into the submucosal layer was defined as
carcinoma. Adenocarcinoma consists of malignant-appear-
ing glandular cell growth with both atypia and invasiveness
that has two types of histology: tubular adenocarcinoma
and mucinous adenocarcinoma (Fig. 2c). Squamous cell
carcinoma is a well-differentiated carcinoma marked by
cellular and structural atypia and squamous pearls
(Fig. 2d).

Statistical Analysis

A Fischer’s exact test was used for statistical analysis on
the incidence of pathological findings. Data management
and statistical analysis was performed using Sigma Stat
software (Systat Software Co., San Jose, CA), and differ-
ences were considered significant when the p value was
<0.05.

Results

Rat Surgical Reflux Model

Of the 54 operated animals, 32 rats survived 40 weeks post-
surgery and were included in the study. Of these, 16 were
part of the non-vaccinated PBS placebo group, while the
remaining 16 were subjected to a vaccine. A total of 22 rats
(8 in the non-vaccinated PBS placebo group and 14 in the
vaccine group) died of surgical complications, such as
malnutrition, pneumonia, and unknown causes. No differ-
ences in mortality were noted between the two groups.
Body weight did not differ between the two groups
(Table 1).

Macroscopic

In the non-vaccinated PBS placebo group, there was
pronounced thickening of the esophagi in all rats. The
esophageal epithelia displayed areas of irregularity
(Fig. 3a). On the other hand, vaccinated rats displayed
smooth distal portions of the esophagus with normal width
(Fig. 3b). These results are similar to our previously
reported findings (Miyashita et al., in preparation).

Microscopic

While 94% (15 of 16) of animals in the non-vaccinated
PBS placebo group developed esophageal cancer, animals
in the vaccine group had an incidence of cancer of 25% (4
of 16). Animals in the vaccine group had a significantly
lower chance of developing cancer than the placebo group
(p<0.05) (Table 1). In the placebo group, 14 rats displayed
adenocarcinoma, and one rat developed squamous cell
carcinoma, while four rats in the vaccine group developed
adenocarcinoma. Barrett’s metaplasia was found on 100%
(16 of 16) of the rats in the placebo group, but there was a
protective tendency in the vaccinated group with 82% (13
of 16) of the rats displaying signs of Barrett’s metaplasia.

Table 1 Comparison of Outcomes and Histopathological Findings

Parameters Non-vaccinated PBS placebo
group

Vaccine
group

Total surgeries 24 30
Survivors 16 16
Average weight±SE 272±81 g 273±73 g
Cancer 15 (94%)* 4 (25%) *
Adenocarcinoma 14 4
Squamous cell
carcinoma

1 0

Barrett’s metaplasia 16 (100%) 13 (82%)
Proliferative
hyperplasia

16 (100%) 16 (100%)

The incidence of cancer was significantly lower in the vaccine group,
as compared to the non-vaccinated PBS placebo group (*p<0.05).

Figure 3 Macroscopic findings. a The distal portion of an esophagus
in a non-vaccinated PBS placebo rat thickened. The epithelium was
rough and a transparent tumor (thick arrow) is visible near the
anastomosis (thin arrow). b The esophagus of a rat from the vaccine
group exhibited a slightly uneven surface, but displayed no tumor.
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All rats in the vaccine and placebo groups developed
proliferative hyperplasia.

Discussion

We have created an animal model of esophageal cancer
that enabled the establishment of stable tumor cell lines
for use in in vitro and in vivo studies of this devastating
disease.4,5 From this model, we created a whole-cell, GM-
CSF secreting tumor vaccine for the prevention of
Barrett’s esophagus and esophageal cancer in clinically
relevant animal surgical models. To create the vaccine,
tumor cells were transfected using electroporation to
stably express GM-CSF. Those cells were irradiated and
used to vaccinate animals.

We have confirmed the efficacy of the vaccine against
esophageal carcinogenesis when it is administered after the
development of Barrett’s esophagus. In a previous study,
we transplanted tumors subcutaneously in rats vaccinated
with the GM-CSF secreting whole cell vaccine used in this
experiment (Miyashita et al., in preparation). The vaccine
produced inflammatory infiltrates, granulomas, and eosino-
phils at the vaccination site. Histological examinations of
the implantation site showed infiltration with CD4+ and
CD8+ T cells around the tumor and tumor cell death. The
immune response effectively impeded tumor growth at the
implantation site. We confirmed in a clinically relevant
surgical reflux model the results we observed in our prior
subcutaneous tumor transplant study. Rats vaccinated after
the development of Barrett’s esophagus developed cancer at
a lower rate than rats administered an equivalent injection
of saline (Miyashita et al., in preparation).

In the present study, we aimed to determine the efficacy
of our vaccine when it is administered before the
development of Barrett’s esophagus. All rats underwent a
total gasterectomy, followed by an esophago-jejunostomy.
As reported previously, rats subjected to this surgical model
develop Barrett’s esophagus 20 weeks post-surgery.12

Animals were vaccinated or injected with a saline equiva-
lent before the development of Barrett’s esophagus or 4, 6,
14, and 16 weeks post-surgery. Regardless of treatment,
nearly all rats displayed signs of Barrett’s esophagus. The
vaccine was not effective at preventing the development of
Barrett’s esophagus. However, the vaccine impeded the
progression of Barrett’s esophagus to cancer. These results
suggest the potential of use of our vaccine as a preventive
option for Barrett’s associated esophageal cancer.

In considering the application of this type of vaccine in
humans, it is important to consider the similarities between
our surgically induced rat reflux tumors and human
esophageal cancers. Through karyotype analyses, we found
highly aneuploid cell populations with the derangement of

key chromosomes that encode for a variety of oncogenes
involved in esophageal carcinogenesis. The neoplastic
nature and gene expression profile of these rodent reflux-
induced tumors was found to be comparable to human
esophageal cancer.4 The expression levels of insulin growth
factor, vascular endothelial growth factor, polo-like factor,
cyclin-dependent kinase 4, hypoxia-inducible factor 1, and
the deletion of the Y chromosome were all similar to
findings observed in human esophageal cancer.4 A recent
paper by Su et al. showed that the tumors in the rat model
share critical features with human disease including mucin
features in the Barrett’s like lesions and keratin as well as
p53 and cyclooxygenase 2 expression in the cancers.13

Therefore, the rat model can be appropriately used to study
the processes involved in esophageal carcinogenesis in
humans. For further reference, the differentially expressed
genes are deposited at the NCBI’s Gene Expression
Omnibus (http://www.ncbi.nlm.nih.gov/geo/) and are acces-
sible through the GEO series accession number GSE1707.

This project was the first to develop a successful whole-
cell GM-CSF esophageal cancer vaccine for rodents. Other
investigators have successfully developed whole cell
vaccines and begun early clinical trials for pancreatic,7

breast,8 renal,9 prostate cancers,10 and melanoma.11 It is
clear from our experience with the whole cell vaccine
approach that the cells used in a vaccine do not have to be
identical to the tumor cells against which the vaccine is
directed. For instance, with pancreatic cancer, the initial
approach in humans was to create a vaccine using
autologous cells from each patient’s tumor, but then, it
became apparent that a nonspecific allogenic cell line could
be used with similar success to the autogenous cells and
with much greater convenience.7 There are at least two
well-known human esophageal adenocarcinoma cell lines,
namely, BIC and SEG. These cell lines would be candidates
for use in a future human trial.

Potential targets for the esophageal cancer vaccine would
be patients with an elevated risks of developing esophageal
cancer. This could include patients with known risk factors
such as gastro-esophageal reflux disease. The vaccination
schedule and lack of toxicity of the vaccine provides
physicians the opportunity to vaccinate individuals before
any clinical signs of Barrett’s esophagus. The use of this
vaccine has the potential to reduce the reliance on therapies
that have many unintended adverse effects.

Conclusion

In summary, this project was the first to develop a whole-cell
GM-CSF vaccine to prevent esophageal cancer in animals.
We were able to generate a stable esophageal cancer cell line.
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Although a GM-CSF-secreting cancer vaccine derived from
these cells was unsuccessful in preventing the development
of Barrett’s esophagus, the vaccine successfully inhibited
carcinogenesis in a surgical rat reflux model. Our vaccine
may represent a safe and potent option to prevent the
development of esophageal cancer.

Acknowledgement Funding Support: Johns Hopkins University
School of Medicine, Department of Surgery Pilot Grant to Dr.
Tomoharu Miyashita.
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Discussion

John G. Hunter, M.D. (Portland, OR): This is unique and
innovative work. I read this manuscript, and thank you for
sending it ahead of time, with more excitement than about
99% of all manuscripts I read these days, and I read a few.
We have had some experience with this model of
esophageal cancer induction when S. P. Bowers was
exploring the relationship of iron metabolism and DNA
hypermethylation in Barrett’s esophagus. We had some
trouble with the model, tangentially discussed in the
manuscript and in the presentation. So, several of my
questions may deal with the model. Here we go:

When sewing the small intestine to the esophagus, how
does one know whether the intestinalization that develops is
truly metaplastic, i.e., Barrett’s, and not overgrowth of the
intestinal epithelium above the anastomosis? Can you
demonstrate differences in gene prevalence or protein
expression between the intestinal and Barrett‘s epithelium?

Rats subjected to esophagojejunostomy developed ade-
nocarcinoma, adenosquamous carcinoma, and squamous
type cancers. The cancer vaccine was actually developed
from a tumor line with a distinctly squamous morphology.
Does the frequent appearance of squamous carcinoma in
this model suggest a mechanism of carcinogenesis that is
different from human adenocarcinoma developing as a
consequence of long-standing reflux?
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In the first set of experiments, the tumor injected into the
mouse was the tumor from which the vaccine was created.
The effects were remarkable. This might have some human
application if “auto” vaccines could be developed from
primary esophageal tumors before neoadjuvant therapy and
reintroduced after resection and recovery. When the vaccine
was used to prevent de novo Barrett’s and adenocarcinoma
in a rat with an esophagojejunostomy, your second set of
experiments, it was somewhat less effective. Would you
comment on why you think the vaccine was less effective
in this model?

Lastly, the mechanism for tumor kill is clearly and
convincingly demonstrated through the action of helper T
cells, but the mechanism for preventing esophageal meta-
plasia is not so clear, as, at least in humans, metaplasia is
thought to be a healing response to esophageal injury in a
low pH environment with bile acid exposure. So what is the
proposed mechanism for intestinal metaplasia in this model
where no acid is present and where metaplasia can be
suppressed by an antitumor vaccine?

Like most great papers, this paper asks more questions,
but I am out of time. I enjoyed it a lot. Thank you very
much, and congratulations.

Tomoharu Miyashita, M.D. (Baltimore, MD): The
vaccine cells were derived from the rat cell line that
expressed mainly squamous cell carcinoma features. How-
ever, a positive feature of the rat cell line is that it shared
important cytogenetic features with human adenocarcinoma
cells, which are not characteristic of Barrett’s epithelium.
This is a tumor vaccine, so it affected the adenocarcinoma
and not the Barrett’s. The incidence of Barrett’s was not
greatly affected by the vaccine, but the incidence of cancer
was significantly reduced.

John W. Harmon, M.D. (Baltimore, MD): I will
continue to address the series of thoughtful questions raised
by Dr Hunter.

How do you tell the Barrett’s? Our pathologist, Elizabeth
Montgomery is the authority on this. At the anastomotic
junction between the jejunum and the esophagus, it is a
difficult call. The intestinal cells in the jejunum look like
Barrett‘s epithelium. But when we see nests of columnar
epithelium appearing in areas of squamous epithelium, we
can show convincingly that there is Barrett’s metaplasia.
The ones that are convincing are the ones that are clearly
separated from the anastomosis, where you see a nest of
columnar cells surrounded by squamous epithelium.

Regarding the issue of squamous carcinoma being
produced in this model, it is true. You do see a few
adenosquamous cancers in humans also, but many more
here. It is just a fact of life with this model. But we

found that using our cell lines, which were mainly
squamous, we were nonetheless able to protect the
animals from developing adenocarcinoma. Our cytoge-
netic analysis, published previously, shows a lot of
similarities between our rat squamous cancer cells and
human adenocarcinoma cells.

Regarding using the patient’s own tumor as an auto-
vaccine, you raise an important point. In the first series, we
used the animal’s own tumor, grown from the cell line that
was used for the vaccine, and we got a really good effect.
When we were not using cells from the tumor itself, we got
less effect. Interestingly, in the adjuvant setting with
humans, it would be possible to use the patient’s own
tumor, as you suggested. You should know that this
approach is being used at Hopkins for both breast and
pancreas. I know that in the pancreas trial, they having been
doing that. They have been taking the resected specimen,
and making the vaccine from those cells. This is now a
phase 2 clinical trial.

David I. Soybel, M.D. (Boston, MA): I also had a
question about the model. Presumably, what you want to
do with the vaccine is to see if it will benefit a patient who
has something like a T3 lesion and positive nodes. You
would want to give the vaccine after resection to prevent
recurrence. So I am wondering, is there an animal model,
which gives you that kind of opportunity to look at
recurrence to really see the clinical applicability? I
imagine that with an implanted tumor, even in this
preventive model, the applicability to the general popula-
tion of people with esophageal cancer might be limited.
So, is there an animal model where you can address that
exact issue?

Dr. Harmon: I don’t think we have a good model that
mimics the adjuvant setting at this point. We are certainly
thinking of it. We think that is one place where the vaccine
could be useful. The other place for the vaccine would be
somebody with a high grade Barrett’s dysplasia.

We like the idea of using the vaccine in places where
there is no big tumor burden. I think that it is asking an
awful lot of a vaccine to wipe out a big tumor burden.

Reginald V. N. Lord, M.D. (Sydney, Australia): It is
likely that the reflux model rats that were given the
vaccines at later time points would already have
developed one of these types of tumors. My question
is, was there a difference in the proportion of tumors in
the rats according to the different time points at which
they were given the vaccine? The answer, of course, is
important for considering the possibility that the vaccine
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could be effective against established tumors rather than
just prevention.

Dr. Harmon: We have two series, this series and the
Post-Barrett’s vaccination series. In our model, rats get
Barrett’s at 20 weeks. So, these animals were vaccinated
presumably before the time that they actually got a cancer,

and before Barrett’s, and had the results that you saw. In a
subsequent experiment, we got slightly less efficacy when
we used the vaccine after week 20. After week 20, the rats
would have already developed Barrett’s metaplasia. When
the vaccine was used after week 20, post-Barrett’s, we still
got a statistically significant reduction in the incidence of
cancer.
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Abstract
Introduction This study investigates the ability of endoscopic ultrasound (EUS) and computed tomography (CT) to predict a
margin negative (R0) resection and the need for venous resection in patients undergoing pancreaticoduodenectomy (PD).
Methods Patients with pancreatic head adenocarcinoma undergoing surgery with intent to resect during the last 5 years were
identified. EUS and CT data on vascular involvement were collected. Preoperative imaging was compared to intraoperative
findings and final pathology. Contingency table analysis using Fisher’s exact test identified imaging features of EUS and CT
associated with unresectability and positive margins.
Results Seventy-six patients met study criteria. Forty-seven (62%) underwent potentially curative PD. The R0 resection rate
was 70%. There were 16 unresectable patients because of locally advanced disease. Venous involvement >180° and arterial
involvement >90° by CT had 100% positive predictive value for failure to achieve R0 resection (p<.01). If patients with
prestudy biliary stents were excluded, EUS venous abutment or invasion also predicted R0 failure (p=.02). Combined but
not individual EUS and CT findings were predictive of need for vein resection.
Conclusions Pancreas protocol CT imaging appears to be a better predictor of resectability compared to EUS. EUS accuracy
is affected by the presence of biliary stents.

Keywords Ultrasound . Computed tomography .

Resectability . Pancreatic cancer

Pancreatic cancer is the fourth leading cause of cancer-
related death in the United States. In 2007, there will be an

estimated 37,000 new cases and 33,000 deaths. It remains
one of the few cancers in which the death rate almost
parallels its incidence, and for all stages, 1- and 5-year
survival is a dismal 26% and 5%, respectively.1

The best chance for long-term survival occurs in patients
with localized disease undergoing surgical resection. Nu-
merous prognostic variables associated with survival have
been identified in surgical series such as tumor size, tumor
differentiation, lymph node positivity, and margin status.2

Although there is evidence that an adequate lymphadenec-
tomy is important for pathologic staging purposes,3 the
issue of radical or extended lymphadenectomy is contro-
versial and in metaanalysis has not been found to benefit
survival.4,5 Thus, within the surgeon’s purview, the primary
goal of surgical therapy is to achieve a margin-negative R0
resection with minimal postoperative complications.6 A
secondary goal is to avoid unnecessary laparotomy discov-
ering unresectable disease.

In this context, a preoperative assessment of R0
resectability becomes critically important. Radiologic stag-
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ing with endoscopic ultrasound (EUS) and computed
tomography (CT) is currently used to identify patients
who may be resectable. In addition to fine-needle aspiration
(FNA) for tissue diagnosis, EUS offers high-resolution,
local imaging of the pancreas and surrounding structures.
Current state-of-the-art CT utilizes a multiphase, multi-
detector technique to acquire thin image slices through the
abdomen. Imaging criteria for resectability that can be seen
by both EUS and CT include no evidence of distant
metastasis; no arterial involvement at the celiac axis,
hepatic artery, and SMA distributions; and a patent portal
and superior mesenteric vein.

Most older studies found EUS superior to CT in the
detection and American Joint Committee on Cancer (AJCC)
T-staging of pancreatic cancers.7,8 However, with the recent
2002 AJCC 6th Edition9 update, which establishes more
explicitly the relationship between T-stage and resectability,
recent comparative studies between EUS and CT examining
this issue present more varied and conflicting data.10–12 The
purpose of this study was to investigate the ability of EUS
and CT to predict a margin-negative R0 resection in patients
undergoing pancreaticoduodenectomy (PD). Tumor positiv-
ity at the retroperitoneal and vascular margins as well as
finding a patient unresectable at laparotomy because of
locally advanced disease were considered failures of local
primary tumor staging; thus, we sought to identify EUS and
CT features in these patients that may have altered their
surgical management. Image findings associated with the
need for portal-venous resection were also determined.

Materials and Methods

A retrospective review of patients from 2001 to 2006 with
adenocarcinoma of the pancreatic head undergoing surgery
with the intent to resect was performed. Patients were
identified using a pancreatic cancer database compiled from
the institutional cancer registry and surgical clinic records
under institutional review board approval. They were
required to have had both pancreas protocol CT and EUS

studies at our institution available for review. General
patient data recorded included age, sex, age at diagnosis,
time to surgery from diagnosis, and survival. Additional
specific information was noted regarding the presence of
preimaging biliary stenting, the use of neoadjuvant therapy,
and the presence of gastric outlet obstruction as docu-
mented in clinic notes. All procedure notes and surgical
pathology reports were reviewed for operative findings and
surgical results.

EUS was performed by one of two experienced gastro-
enterologists with a linear-scanning echoendoscope (Olym-
pus America, Inc., Melville, NY). Blinded to prior imaging
results and clinical outcome, they reviewed the procedure
video or note and classified EUS findings by involvement of
the superior mesenteric artery, superior mesenteric vein,
celiac axis, hepatic artery, portal vein, lymph nodes, and
liver. Vessel “abutment” was defined as a loss of the
hyperechoic interface between the tumor and vessel, whereas
vessel “invasion” was defined as visualization of tumor
within the lumen, vessel encasement, or vessel occlusion.
Lymph nodes were considered malignant if they were
hypoechoic, well-defined, round, and larger than 5 mm in
diameter. Likewise, well-defined hyper- or hypoechoic
lesions within the left hepatic lobe were considered
suspicious for metastasis. When possible, FNA was used to
sample these extrapancreatic lesions for diagnosis.

Pancreas protocol CT was defined as a dedicated multi-
detector contrast CT of the abdomen, with 3 mm cuts through
the pancreas. Image acquisition was obtained in the non-
contrast, arterial, and portal-venous phases of contrast admin-
istration. Two experienced gastrointestinal CT radiologists
blinded to prior imaging results, clinical history, and clinical
outcome then reviewed and scored the CTscans according to a
rubric designed to quantify the degree of vascular involvement
by tumor from 0° to 360° (Table 1). Ascites, liver lesions, local
invasion, and suspicious adenopathy at specific locations
were also noted (Table 2).

Table 1 Scoring Rubric for Pancreas Protocol Evaluation of Pancreatic
Head Masses

Vascular Involvement

None <90 90–180 181–360
SMA
SMV/Portal vein
Celiac artery
Hepatic artery

Vascular involvement is characterized as the circumferential degrees
of involvement by tumor.
SMA Superior Mesenteric Artery; SMV Superior Mesenteric Vein

Table 2 Scoring Rubric for Pancreas Protocol Evaluation of Pancreatic
Head Masses

Yes No

Liver metastasis
Peritoneal metastasis
Ascites
Invades stomach
Invades duodenum
Periportal nodes
Peripancreatic nodes
Celiac nodes
Aortocaval nodes
Mesenteric nodes
Stent present
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The two groups for statistical analysis were then the
patients who received an R0 resection compared to those who
had R1 resections at the retroperitoneal and vascular margins
or were found to be locally advanced and unresectable at
operation. EUS and CT findings separately and combined
were compared to intraoperative findings and surgical
pathology. Contingency tables were constructed to calculate
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and accuracy of imaging
features. Fisher’s exact test was used to analyze associations
between these categorical variables, with p<.05 considered
statistically significant. All calculations were performed
using STATA (Stata Corporation, College Station, TX).

Results

Seventy-six patients met study criteria (Table 3). The mean
age at diagnosis was 64 years and there were 45 males (59%)
and 31 females. Five patients had undergone neoadjuvant
chemoradiation protocols before surgery. Two patients had a
final histologic diagnosis of mucinous adenocarcinoma and
the remainder had ductal adenocarcinoma.

Mean time to surgery from date of diagnosis, excluding
the patients who underwent neoadjuvant therapy, was
25 days. The final stage distribution of patients is
summarized in Table 3 and the surgical results shown in
Table 4. Forty-seven PDs including 17 with additional vein

resection (PD-vein) were performed for an overall resect-
ability rate of 62%. Of these, an R0 resection was obtained
in 33 (70%). Of the 14 patients with a positive resection
margin, 13 (93%) were at the retroperitoneal margin and
one was at the vascular margin associated with a portal vein
resection. Median survival for R0 resection, R1 resection,
and unresectable patients was 16.5, 8.1, and 9 months,
respectively.

For the 29 patients found unresectable at operation, eight
(28%) were caused by liver metastases; three (10%) from
carcinomatosis; and two (7%) from distant nodal metastasis
outside the normal bounds of resection (one celiac node,
one para-aortic node). Sixteen (55%) patients were unre-
sectable because of locally advanced disease and an
inability to clear the tumor from the mesenteric or portal
vasculature. Of note, nine (31%) patients in the unresect-
able group had signs and symptoms of gastric outlet
obstruction or could not be palliated with an endobiliary
stent, but all were thought to have insufficient evidence by
imaging alone to preclude exploration with intent to resect.
Only four (25%) of the 16 patients with locally advanced
unresectable disease exhibited gastric outlet obstruction.
Diagnostic laparoscopy was utilized in 22 cases (35% of
patients without other indications to go to the operating
room such as gastric outlet obstruction). For the unresect-
able patients, laparoscopy identified two of three (67%)
liver metastases and one of four (25%) locally advanced
tumors.

Table 3 Demographics of Study Patients Including Stage Distribution

Characteristic Number (%)

Total number of patients 76
Male 45 (59)
Female 31 (41)
Mean age 64 yrs
Neoadjuvant chemoradiation 5 (7)
Ductal adenocarcinoma 74 (97)
Mucinous adenocarcinoma 2 (3)
Stage
1A 5 (9)
1B 4 (5)
2A 8 (10)
2B 29 (37)
3 16 (21)
4 14 (18)
Mean time to surgerya 25 days
Median survival, R0 resection 16.5 months
Median survival, R1 resection 8.1 months
Median survival, unresectable 9 months

a From the time of original diagnosis by imaging and not receiving
neoadjuvant therapy

Table 4 Results of Surgery

Procedure (Total = 76) Number
(%)

Margin/Node
Status

Number
(%)

Pancreaticoduodenectomy 30 (39) R0N0 9
R0N1 14
R1N0 1
R1N1 6

PD + vein 17 (22) R0N0 4
R0N1 6
R1N0 1
R1N1 6

All resections 47 (62) R0 33 (70)
R1 14 (30)
N0 15 (32)
N1 32 (68)

Unresectable 29 (38) Cause
Liver metastasis 8 (28)
Carcinomatosis 3 (10)
Distant nodal
metastasis

2 (7)

Locally
advanced

16 (55)

R0: Margin Negative Resection; R1: Margin Positive Resection; PD:
Pancreaticoduodenectomy (Whipple procedure)
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EUS and CT Predictors of Resectability

Sixty-three patients either resected or found unresectable
due to locally advanced disease were analyzed. EUS
findings associated with R1 margins or locally advanced

unresectability are shown in (Table 5). Neither portal vein
or superior mesenteric vein abutment or invasion, separate-
ly or in combination, was significantly associated with
failure to obtain an R0 resection. EUS findings of arterial
involvement were even less accurate, with three of six

Table 5 EUS Predictors of Resectability

Vascular
Involvement

N (%) Margin Status n p Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Accuracy
(%)

Total = 63
Venous
Free 35 (56) R0 22 .08 57 67 61 63 62

R1+ 13
Abuts/Invades 28 (44) R0 11

R1+ 17
Arterial
Free 57 (90) R0 30 1 10 91 50 53 52

R1+ 27
Abuts/Invades 6 (10) R0 3

R1+ 3
Pre-stent EUS Total = 27
Venous
Free 12 (44) R0 9 .02 79 69 73 75 74

R1+ 3
Abuts/Invades 15 (56) R0 4

R1+ 11
Arterial
Free 24 (89) R0 12 1 14 92 67 50 52

R1+ 12
Abut/Invades 3 (11) R0 1

R1+ 2

R1+ : Retroperitoneal margin positivity or locally advanced and unresectable at operation

Table 6 CT Predictors of Resectability

Feature N (%)
Total = 63

Margin
Status

n p Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Accuracy
(%)

Venous
Free 28 (44) R0 14

R1+ 7
>90° 31 (49) R0 12 .09 73 54 61 67 63

R1+ 19
>180° 7 (11) R0 0 <.01 50 100 100 67 75

R1+ 7
Arterial
Free 50 (79) R0 29

R1+ 21
>90° 3 (5) R0 0 <.01 28 100 100 58 64

R1+ 8
Duodenal invasion 38 (60) .20
Stomach invasion 3 (5) 1
Indeterminate liver lesions 12 (19) .20
Ascites 8 (13) .71

R1+ : Retroperitoneal positivity or locally advanced and unresectable at operation
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patients originally determined to have arterial abutment or
invasion still achieving an R0 margin. For those three
patients, CT had not identified any SMA involvement in
two and <90° involvement in the third. EUS did identify
one patient with a concerning liver lesion that was later
confirmed as a metastasis.

To determine if the presence of a biliary stent could
contribute to the inaccuracy of EUS, patients who did not
have a pre-EUS stent were examined as a subgroup
(Table 5). There were 27 such evaluable patients, and in
this situation EUS venous abutment or invasion, but not
arterial involvement, was significantly associated with
incomplete resection, giving a sensitivity, specificity, PPV,
NPV, and accuracy of 79%, 69%, 73%, 75%, and 74%,
respectively.

Suspicious adenopathy was noted in eight patients for
the entire group, only two of which had a stent pre-EUS.
Three went on to R1, node positive resections, and one
received an R0 resection. Four were completely unresect-
able, with one caused by celiac node metastasis found at
laparotomy. The association between suspicious EUS
adenopathy and R0 resectability was suggestive, but not
significant, with p=.09, sensitivity 97%, specificity 17%,
PPV 58%, NPV 83%, and accuracy 60%.

In contrast, CT findings for vascular involvement were
associated with surgical outcome (Table 6). No patient with
mesenteric venous involvement greater than 180o had
successful R0 resection, with four being locally advanced
and three with R1 margin. This resulted in 50% sensitivity,

100% specificity, 100% PPV, 67% NPV, and 75% accuracy.
CT venous involvement greater than 90° approached
statistical significance as well with p=.09. Similarly,
arterial involvement in any distribution greater than 90°
was significantly associated with no patient achieving R0
resection giving 28% sensitivity, 100% specificity, 100%
PPV, 58% NPV, and 64% accuracy for surgical failure.

To examine if the presence of a biliary stent affected CT
results, the subgroup of 34 patients was also evaluated, but
with no significant change in outcome (data not shown).
Interestingly, biliary stents were associated with CT
adenopathy in general. In 42 patients with stents before
CT exam, all were found to have adenopathy by CT (PPV
100%, p<.01). However, adenopathy alone did not corre-
late with node positivity (p=1) or R0 resection (p=.70).
The rate of node involvement was exactly the same (5 of 7,
71%) after resection in unstented patients whether CT
identified adenopathy or not. Although not the primary
focus of the study, other CT findings such as stomach
invasion (p=1), duodenal invasion (p=.20), indeterminate
liver lesions (p=.20), and ascites (p=.71) were observed
infrequently and not associated with local resection failure.
Five of the eight (62%) patients unresectable because of
liver metastasis did have CT evidence for suspicious or
indeterminate liver lesions.

EUS and CT separately were not sensitive or specific
enough to predict the need for vein resection, even when
the presence of a biliary stent was considered (Table 7).
However, when EUS and CT findings were combined such

Table 7 EUS and CT Predictors of Vein Resection During Pancreaticoduodenectomy (PD)

Modality Feature N (%)
total=47

Resection n p PPV
(%)

NPV
(%)

Accuracy
(%)

EUS Vein-free 29 (62) PD
PD + vein

21
8

Abutment 9 (19) PD
PD + vein

5 .42 44 72 66
4

Invasion 9 (19) PD
PD + vein

4 .23 56 72 68
5

Abutment/Invasion 18 (38) PD
PD + vein

9 .21 50 72 64
9

CT Vein-free 17 (36) PD
PD + vein

14
3

Any involvement 30 (64) PD
PD + vein

16 .06 47 82 60
14

>90° 20 (43) PD
PD + vein

11 .09 45 82 62
9

>180° 3 (6) PD
PD + vein

1 .14 67 82 80
2

EUS-CT Any involvement by CT and EUS 17 (36) PD
PD + vein

8 .07 53 81 67
9

CT >90° and EUS abutment/invasion 10 (21) PD
PD + vein

4 .05 60 81 73
6
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that they had to agree on venous involvement, then the
finding of CT involvement more than 90° in addition to
EUS abutment or invasion had 67% sensitivity, 76%
specificity, 60% PPV, 81% NPV, and 73% accuracy for
needing vein resection. Stricter combinations such as CT
involvement >180° with EUS invasion to increase the
specificity of the tests resulted in too few observations for
meaningful analysis.

Discussion

This study examined our failures with pancreaticoduodenec-
tomy in pancreatic cancer, specifically R1 resections at the
retroperitoneal/vascular margin and locally advanced unre-
sectable disease, by reanalyzing the EUS and CT studies that
had already been used prospectively to proceed with
attempted resection. On critical review, especially with
systematic CT evaluation, it appears that there were indeed
imaging findings that would have predicted an inability to
achieve an R0 margin. These are the CT presence of tumor
venous involvement greater than 180° and arterial involve-
ment greater than 90°. Review of the original radiology
reports reveals that often little remark was made on the
degree of vascular involvement in such quantitative terms.
Our findings, however, are in agreement with recent
radiology literature addressing the issue of clinically signif-
icant vascular involvement on CT in pancreatic cancer.13,14

EUS is a dynamic study much more dependent than CT
on operator experience as well as patient factors that may
make a study difficult. Recent literature has suggested that
EUS is not as accurate as once thought when determining
vascular invasion with positive predictive values as low as
28%.15,16 It is also not clear how often the presence of a
biliary stent is considered in these studies. It is not
unexpected that biliary stenting contributes to local inflam-
mation and adenopathy and thus potentially obscures EUS
or CT visualization. When patients with stents before EUS
were excluded, we found that EUS venous abutment or
invasion was accurate to 74% and significantly associated
with local unresectability. From our results, adenopathy
cannot otherwise be used as a surrogate for unresectability.

Both EUS and CT demonstrated limited specificity
predicting the need for vein resection, which was
unexpected, particularly as CT had performed so well
with resectability. They clearly have higher negative
predictive values, and thus are much better classifying
vessels free of tumor encasement rather than vessels
involved with tumor. When combined, the modalities can
be complimentary and we did obtain a significant result
73% accurate for vein resection. However, this study did
not observe consistent correspondence between EUS and
CT across most features.

Conclusion

Pancreas protocol CT currently appears more accurate than
EUS in determining local resectability of pancreatic head
adenocarcinomas. We have identified specific CT findings
associated with failure to clear the retroperitoneal or vascular
margin. When prestudy biliary stenting is excluded EUS
vascular involvement is also predictive of resectability.
Although the R1 margin in 14 patients may have resulted
in part from surgeon-related technical factors, the 12 patients
with locally advanced unresectable disease and no gastric
outlet obstruction could potentially have been spared the
morbidity of operation without the fear of not giving them
the benefit of the doubt that resection could be achieved.
Laparoscopy has been proposed as one method to identify
unresectable patients before laparotomy. As we saw with this
series, laparoscopy can help identify liver metastasis, but it
has more difficulty ruling out locally advanced disease.
Indeed, laparoscopy precluded further operation in only one
of four patients with locally advanced unresectable disease,
and here laparoscopic ultrasound was also utilized.

To our knowledge, this is the first study to examine the
issue of local resectability as it relates to current standards
of preoperative staging because this is the primary concern
of the surgeon attempting curative resection. The study
population was relatively small, but statistically significant
results were obtained, and with more study power we
assume that additional predictive factors will be identified,
in particular those combinations of imaging findings most
specific for resectability.

Yovino et al.17 recently described a scoring system to
predict unresectability of pancreatic cancer. This study
examined essentially the same EUS and CT features as we
do now, although the authors considered both local and
metastatic unresectability. The scoring system will also need
to be subject to external validation. Particularly because our
EUS results are less consistent, we will likewise need to
validate our findings in a prospective manner. As patients
judged unresectable generally do not undergo surgical
exploration and confirmation of their staging, the best
validation for these types of investigations is then to look
for an improvement in the overall resectability and R0
resection rates as well as the associated survival of patients
undergoing operation with intent to resect.
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DISCUSSION

Attila Nakeeb, M.D. (Indianapolis, IN): In the surgical
management of pancreatic cancer, our objective is to
achieve a margin negative R0 resection. Therefore, it is
incumbent on surgeons to be able to accurately stage these
patients preoperatively. Endoscopic ultrasonography has
become the favorite tool of the gastroenterologist for
staging pancreatic cancer, whereas most surgeons still feel
that a CT scan is really all we need to determine
resectability. I believe your data confirm this opinion. I
have got a couple of questions that I would like to ask you.

Almost a third of your resected patients actually underwent
venous resection and reconstruction. Can you tell us the
margin status of those patients andwere you able to achieve an
R0 resection in those patients? Your data show that if you see
venous abutment or invasion on your endoscopic ultrasound,
it is a coin flip as to whether or not that patient can be resected
or not and does not give us any added information.

What it really comes down to is EUS may overestimate
tumor stage. The real question is are we overusing this
technology? If you have a patient that shows less than 90%
invasion on your CTscan of the vein, is there any reason to get
an EUS on that patient? Does it really change how you are
managing your patients? Should we go to our endoscopist and
tell them if you want to do an EUS, don’t put the stent in first
so we can get some accurate information out of it.

I really enjoyed the presentation.

Philip Bao, M.D. (Nashville, TN): Thank you for your
comments and questions. For our 17 patients who had vein
resection, we had one with a positive vascular margin. So I
think we were doing well at least for this patient cohort in
clearing the vascular margin.

As to the question of the utility of EUS, I don’t think by any
means we are arguing that EUS should be removed, mostly
because EUS-FNA is so important in obtaining a tissue
diagnosis. It is also sensitive identifying small pancreatic
lesions that may not be detected by CT. For better or for
worse, because of our referral patterns, most of these patients
already have had EUS and a biliary stent by the time they see
us in clinic, so it is hard to take the study back. But I agree, it
appears that it would be preferable for endoscopists who first
see these patients to perform the EUS before stenting.

I think as a diagnostic modality EUS will remain
important, but certainly as a staging modality, at least with
these results, we would trust a CT more.

16 J Gastrointest Surg (2008) 12:10–16



Telomere Shortening and Telomerase Expression
during Multistage Carcinogenesis of Intraductal Papillary
Mucinous Neoplasms of the Pancreas

Yasushi Hashimoto & Yoshiaki Murakami &
Kenichiro Uemura & Yasuo Hayashidani & Takeshi Sudo &

Hiroki Ohge & Emi Fukuda & Fumio Shimamoto &

Taijiro Sueda & Eiso Hiyama

Published online: 25 October 2007
# 2007 The Society for Surgery of the Alimentary Tract

Abstract Intraductal papillary mucinous neoplasm (IPMN) of the pancreas has been increasingly identified as a precursor
to infiltrating ductal adenocarcinoma. Telomerase activation in response to telomere crisis followed by telomere shortening
is thought to be a crucial event in the development of most human cancers. The aim of this study was to determine when
this event occurs in the context of histologically defined IPMN progression. We analyzed telomerase expression in 68 IPMN
samples and assessed telomere length by quantitative fluorescence in situ hybridization in samples taken from 17 sequential
IPMN patients that included 37 individual loci. Samples from pancreatic ductal adenocarcinomas (PDACs, n=15) and
chronic pancreatitis patients (n=10) were also examined. Telomeres were significantly shortened in 36 (97.3%) of 37 IPMN
loci, with average telomere length decreasing with IPMN progression. Notably, even adenoma IPMNs demonstrated a 50%
reduction of telomere length in 7 of 14 foci examined. Marked telomere shortening was observed from the in situ IPMN
carcinoma stage (P<0.001; vs borderline IPMNs) through the invasive stage, although telomerase had been activated,
indicating that telomeres had shortened to a critical length by this histological grade. Up-regulated human telomerase
reverse transcriptase expression was detectable and increased gradually with cancer development and was primarily
observed at the borderline IPMN stage and then in more advanced histopathologies. Progressive telomere shortening
predominantly occurs during early IPMNs carcinogenesis before telomerase activation and progression from borderline to
carcinoma in situ IPMNs is the critical stage of IPMNs carcinogenesis at which telomere dysfunction occurs.
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Abbreviations
IPMN intraductal papillary mucinous neoplasm
hTERT human telomerase reverse transcriptase
IHC immunohistochemistry
Q-FISH quantitative fluorescence in situ hybridization
TRAP telomeric repeat amplification protocol
PDAC pancreatic ductal adenocarcinoma
TS telomerase substrate
TPG total product generated
TFI telomere fluorescence intensity
ALT alternative lengthening for telomeres

Introduction

Intraductal papillary mucinous neoplasm (IPMN) of the
pancreas has been increasingly recognized as a cystic
neoplasm of the pancreas1,2 and is characterized by intra-
ductal papillary growth and mucin hypersecretion, resulting
in cystic dilation of the pancreatic ducts.3–5 The pathogen-
esis of IPMNs is thought to involve multiple stages, with
development from initial adenoma to borderline lesions,
followed by carcinoma in situ and ultimately invasive
carcinoma.3,6,7 However, little is known of the initiating
genetic events within the pancreatic ductal epithelium that
facilitate the progression of IPMN cancers.

Reported genetic alterations in IPMNs include mutations
in the TP53, KRAS, MUC, and DPC4 genes, loss of
heterozygosity at several chromosomal loci,8–12 and aber-
rant DNA methylation patterns that may contribute to the
inactivation of a subset of tumor suppressor genes.13

Recently, telomere dysfunction has emerged as a crucial
trigger for the complex chromosomal abnormalities that
occur in carcinogenesis.14–17 Thus, investigation into the
dynamic changes in telomere length and a temporal
relationship with telomerase activation during IPMN
development is a critical question.

Human telomeres are nucleoprotein complexes consist-
ing of 8–15 kb of TTAGGG repeats along with specific
binding proteins and are located at chromosomes ends.18,19

These structures prevent chromosome termini from being
recognized as double-stranded DNA breaks and are
essential to genomic stability.17 In somatic cells, telomeres
progressively shorten during each round of cell division
through replication-dependent loss of DNA termini until
one or more telomeres become dysfunctional.20,21 Consec-
utive telomere shortening ultimately leads to excessive

telomere erosion, loss of telomere capping function, and
eventually genetic instability and cellular senescence when
telomeres become critically short.14 Consequently, epithe-
lial cells with excessive telomere shortening are mostly
eliminated by protective mechanisms.17 However, rarely
some cells escape from this surveillance by activation of
telomerase and develop additional cancer hallmarks
through accumulation of multiple genomic and epigenetic
aberrations, which restore the minimal length of telomeres
required to maintain their function.22 Thus, telomere crisis,
defined as events that occur when cells lose telomere
function as a result of extended proliferation in the absence
of telomerase, is a critical rate-limiting and promoting event
for cancer progression.23,24 Telomeres can be maintained
through recombination or, as seen in the most human
cancers, by telomerase activation.18 Telomerase is an RNA-
dependent DNA polymerase that is generally inactivated in
normal human somatic cells and is under control of the
human telomerase reverse transcriptase (hTERT) gene that
encodes the catalytic component of telomerase.25,26 Simi-
larly, telomerase activation and up-regulated hTERT ex-
pression have been implicated in malignant cell
transformation in human tumor tissues.20,24,27 Accordingly,
ectopic hTERT expression precedes transformation in
human cancer development, which leads to unlimited yet
not tumorigenetic growth, and therefore, hTERT detection
has been proposed as a promising marker for carcinogen-
esis even if at precancerous stage.28

In the present study, we examined hTERT expression by
immunohistochemistry (IHC) and telomere length by
quantitative fluorescence in situ hybridization (Q-FISH) in
tissue microarrays containing a variety of IPMN precursor
lesions. We also analyzed telomerase activity semi-
quantitatively using the telomeric repeat amplification
protocol (TRAP) assay to investigate the relationship
between telomere dysfunction and histologic type or
malignancy grade, thereby identifying the role of telomere
biology in the carcinogenesis of IPMN of the pancreas.

Materials and Methods

Patients and Tissue Samples

Human tissue sections were collected from 68 patients who
underwent pancreatic resection for IPMN of the pancreas at
the Department of Surgery, Hiroshima University Hospital,
from January 1990 to December 2005. A retrospective,
consecutive, and single-center review of the clinicopatho-
logical factors of these cases was performed. Subsequently,
samples from different patients with pancreatic ductal
adenocarcinomas (PDACs; n=15) and chronic pancreatitis
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(n=10) were obtained from the resected pancreas tissues,
along with adjacent non-cancerous pancreatic tissues from
each patient (n=83). The study group included 15 patients
with IPMNs already published.8 Written informed consent
was obtained from all patients, and the study was conducted
according to the guidelines of the Helsinki Declaration.
When histologically defined IPMNs included various
grades of lesions, sometimes even within the same tumor,
we defined the highest dysplastic lesions as the final
diagnosis. All pathologic specimens were reviewed by
two independent pancreatic pathologists (F. S. and Y. H.).
Tumors were classified as adenoma (adenoma IPMN),
borderline lesion (borderline IPMN), carcinoma in situ
(carcinoma in situ IPMN), or invasive carcinoma derived
from IPMN (invasive IPMN) according to established
criteria of the World Health Organization on tumors of the
digestive system.29

Tissue samples were obtained immediately after surgical
resection. In each case, a portion of the tissue samples was
stored at −80°C until use for detecting telomerase activity,
while the remaining portion was fixed in 10% buffered
formalin and embedded in paraffin. Tissue microarrays
were constructed using a manual Tissue Puncher/Arrayer
(Beecher Instruments, Silver Spring, MD) and representa-
tive serial sections cut into 4-μm-thick sections for IHC and
Q-FISH, with adjacent sections used for H&E staining for
reference.

Cell Culture

Four tumor cell lines derived from pancreatic ductal
cancers, PK-1, PK-8, PK-9, and PK-59, were kindly
donated by the Cell Resource Center for Biomedical
Research Institute of Development, Aging and Cancer,
Tohoku University, Miyagi, Japan. The cell lines were
maintained in RPMI 1640 medium (Gibco BRL, Rockville,
MD), supplemented with 10% (v/v) fetal bovine serum
(Gibco BRL) and 10 μg/ml antibiotic–antimycotic (Gibco
BRL) in the presence of 5% CO2 at 37°C. The cell lines
were used as positive controls for IHC, and protein extracts
from PK-1 cells were used in each polymerase chain
reaction (PCR) run as a positive control. Cytospin slides to
confirm the staining properties of IHC were produced using
1×106 cells. Slides were air dried for 30 min and fixed in
95% ethanol until use.

Quantification of Telomerase Activity

Extraction of telomerase protein and evaluation of its
activity were performed using the TRAP assay as previ-
ously described.30 Telomerase activity levels were mea-
sured using the TRAPeze® XL telomerase detection kit
(Chemicon International, Temecula, CA) according to the

manufacturer’s protocol. Briefly, extracts from 40 to
100 mg samples of frozen pancreatic tissue were homog-
enized in 100–200 μl CHAPS lysis buffer and incubated on
ice. Lysates were centrifuged at 12,000×g for 20 min at 4°C,
and the supernatants rapidly frozen and stored at −80°C.
Aliquots of extract containing 1 μg protein were
then used for TRAP assay. Detection of telomerase
activity involves initial telomerase extension of the
telomerase substrate (TS) primer, which serves as the
substrate for the telomerase enzyme, followed by PCR
amplification of the telomerase products using reverse
primers labeled with fluorescein (telomerase-specific prod-
ucts) and sulforhodamine: TS forward (5′-AATCCGTC
GAGCAGAGTT-3′) and fluorescein-labeled Amplifluor
RP reverse primers (5′-CCCTTACCCTTACCCTTACCC
TAA-3′). Extension reactions by telomerase were per-
formed at 30°C for 30 min with PCR cycling parameters
of 94°C for 5 min to activate the Taq polymerase
followed by 36 cycles of 94°C for 30 s, 59°C for 30 s,
and 72°C for 60 s, and a final extension at 55°C for
25 min followed by incubation at 4°C. Fluorescent signals
produced by the amplification were directly proportional
to the amount of TRAP products generated. A fluores-
cence plate reader (Wallac 1420 ARVOsx, Perkin-Elmer,
Wellesley, MA) was used to detect the levels of fluorescein
and sulforhodamine. Telomerase activity levels were quan-
tified as the ratio of fluorescein intensity of the entire TRAP
ladder to the sulforhodamine intensity of the internal control
after correction for the negative control and background
fluorescence, and expressed as total product generated
(TPG) units. All samples were run in duplicate. Reaction
mixtures with 2 μl CHAPS lysis buffer instead of sample
extract were used as negative controls.

Immunohistochemical Detection of Human Telomerase
Reverse Transcriptase

IHC was performed using the streptavidin-peroxidase
technique and Dako EnVision+system (Dako Cytomation
GmbH, Hamburg, Germany) as described previously.31 An
affinity-purified polyclonal rabbit antibody against hTERT
(EST21A) was raised against a 16-amino-acid peptide
sequence that maps to the middle of hTERT (Alpha
Diagnostic International, San Antonio, TX) and used at a
concentration of 5 to 10 μg/ml. The validity of the
antibodies used in this has been discussed in previous
reports on Western blotting and immunostaining.31 Tissues
were cut as 4-μm serial sections from tissue microarray
paraffin blocks, deparaffinized in xylene, and rehydrated
through an alcohol dilution series. After antigen retrieval by
autoclaving (121°C, 15 min in 0.01 M citrate buffer),
sections were immersed in methanol containing 3%
hydrogen peroxide for 10 min and incubated in protein

J Gastrointest Surg (2008) 12:17–29 1919



blocking solution (Dako, Carpinteria, CA) for 60 min.
Sections were incubated with primary hTERT antibody at a
dilution of 5 to 10 μg/ml for overnight at 4°C, and then
incubated in labeled streptavidin-biotin polymer (Envision
Plus, Dako), followed by 0.05% 3,3′-diaminobenzidine
(DAB) in PBS with hydrogen peroxide as a substrate for
10 min. Sections were lightly counterstained with Mayer’s
hematoxylin and then mounted. Tissues with pancreatic
cancer known to be positive for hTERT and a pancreatic-
derived cell line were used as external positive controls.
Negative controls consisted of sections incubated without
the primary antibody.

Immunohistochemical Evaluation

IHC intensity was evaluated by light microscopy and
Image-Pro Plus version 4.0 software (Media Cybernetics,
Silver Spring, MD). Immunohistochemical evaluation of
hTERT expression was performed independently by two
authors (Y. H. and E. F.). As hTERT nuclear and/or nucleolar
staining formed specific patterns of staining intensity,
sections were classified into one of three categories as
previously described:31 + + (strong, IHC signals strongly
detected throughout the nucleus but not the nucleolus), +
(weak, IHC signals weakly detected or appearing as a
speckled/dotted pattern in the nucleus), and – (no staining).

Quantitative Fluorescence In Situ Hybridization

Telomere lengths were evaluated by Q-FISH, which
measures the proportional length of telomeric TTAGGG
DNA repeats32 using a flourescein isothiocyanate (FITC)-
labeled telomere peptide nucleic acid FISH kit and the
GenPoint Fluorescein system (Dako, Glostrup, Denmark)
according to the manufacturer’s protocol. Quantification of
telomere fluorescence intensity (TFI) was performed on
consecutive sections as used for H&E staining, allowing
quantification of TFI in different areas of histological
distribution. Briefly, deparaffinized 4-μm sections of tissue
microarray blocks underwent heat-induced antigen retrieval
in Dako Target Retrieval solution (Dako), proteinase K
pretreatment solution (diluted 1:1,000) added, and then
hybridized with a FITC-labeled, telomere-specific peptide
nucleic acid probe. Slides were then denatured using an
OmniSlide thermal cycler (Hybaid, Middlesex, UK) at 90°C
for 5 min and hybridized for overnight at 45°C.

Slides were washed at 52°C for 20 min with wash
solution (diluted 1:50) and incubated with 200 μl anti-
FITC-HRP solution (diluted 1:100) at room temperature for
20 min. After incubation with 200 μl fluorescyl tyramide
solution at room temperature in the dark, slides were
counterstained with 4′-6-diamidino-2-phenylindole (DAPI;
Vysis, Downers Grove, IL).

Quantitative Analysis of Digital Images

For telomere length assessment, serial H&E-stained slides
were used as guides for examination of Q-FISH slides.
Signal intensities were visualized with a Nikon Eclipse
E600 fluorescence microscope (Nikon, Tokyo, Japan)
equipped with the appropriate fluorescence filter sets.
Fluorescent images were captured with a charge-coupled
device camera using Leica ver. 4 software (Leica Micro-
system Imaging Solutions, Cambridge, UK) and digitized
fluorescent telomere signals quantified using TFL-TELO
V1.0 image analysis software, developed by P. Landsdorp.
In this method, the number of telomere spots and intensities
of each telomere spot in a given cell nucleus in the FITC
channel were automatically assessed and normalized to the
total DAPI signal. Unmodified black and white images
were used to assess mean TFI.

Statistical Analysis

For analysis of telomerase activity and telomere signals,
quantitative data were expressed as the mean±SD. Differ-
ences between categorical variables were evaluated by
Fisher’s exact test, and the Mann–Whitney U test used for
comparisons of telomerase activity levels and mean ratios
of telomere signal to DAPI between the various cell types
using Statview-J 4.11 software (Abacus, Concepts, Berkley,
CA). Statistical significance was defined as P<0.05.

Results

Patients and Tissue Samples

Sixty-eight representative tumor samples from IPMN
patients were examined for telomerase activity and hTERT
expression (Table 1). The samples included adenoma (n=19),
borderline lesions (n=14), carcinoma in situ (n=20), and
invasive IPMNs (n=15). Patients consisted of 51 male
(75.0%) and 17 female (25.0%), and median age was 66.5
(range, 35–84).

In the analysis of telomere length by Q-FISH, lesion
telomeres were directly compared to internal standard
within the same tissue section. Cases in which detectable
telomere signals were not found in controls or in which
excessive autofluorescence precluded assessment of telo-
mere signals were excluded from the study. Consequently,
we examined telomere signals in sequential samples from
17 patients with IPMNs of different histological grades
(Table 2): All of these samples were subjected to
appropriate fixation conditions that warrant the quality of
the Q-FISH analysis. We evaluated 37 individual loci by Q-
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FISH, including adenoma (n=14), borderline (n=8), carci-
noma in situ (n=11), and invasive (n=4) IPMN loci.

Observed telomerase activity and hTERT expression
increased gradually with cancer development, and were
primarily observed from the borderline IPMN stage through
to more advanced histopathologies (Fig. 1; Table 1).
Telomeres were significantly shortened in 36 (97.3%) of
37 IPMN loci and showed a gradual decrease with cancer
development. Notably, even adenoma IPMNs, the earliest
precursor lesion, demonstrated a 50% reduction in telomere
length in 7 of 14 foci examined (Table 2). Above the level
of carcinoma in situ, no further telomere shortening was
observed, such that carcinoma in situ IPMNs exhibited
significant telomere shortening compared to borderline
IPMNs (P<0.001) but not compared to PDACs. This
suggested that telomeres had shortened to a critical length
at the carcinoma in situ histological grade.

Telomerase Expression in Chronic Pancreatitis
and Non-cancerous Pancreatic Tissues

Levels of telomerase activity were assessed in samples of
chronic pancreatitis tissues and non-cancerous pancreatic
tissue (summarized in Fig. 1). Telomerase activity levels
were 2.42±2.98 TPG units in chronic pancreatitis tissues
compared to 0.57±0.48 TPG units in adjacent non-
cancerous pancreatic tissues, which represented a significant
difference (P=0.0018). In contrast, no hTERT expression
was detectable in adjacent non-cancerous pancreatic epithelia
or tissues with chronic pancreatitis, although activated
lymphocytes in tissues from severe chronic pancreatitis ex-
pressed intense hTERT signals, with one sample reaching
10.26 TPG units.

Telomerase Expression in Invasive Ductal Adenocarcinoma
of the Pancreas

Samples of PDAC showed significantly higher levels of
telomerase activity (64.14±37.09 TPG units) than both
adjacent non-cancerous pancreatic tissues (P<0.0001) and
chronic pancreatitis tissues (P=0.0002). Intense hTERT
expression was detectable in 14 (93.3%) of 15 PDACs
(Table 1).

Telomerase Expression in Intraductal Papillary Mucinous
Neoplasms of the Pancreas

Telomerase activity levels were 1.20±1.30 TPG units in
adenoma, 4.42±3.54 in borderline lesions, 14.66±12.01 in
carcinoma in situ, and 35.92±21.81 in invasive IPMNs,
such that levels increased with IPMN progression. Levels
of telomerase activity in invasive IPMNs were significantly
higher than in carcinoma in situ or borderline IPMNs and
approached that of PDAC (Fig. 1; P=0.0184 for carcinoma
in situ vs borderline IPMNs, P=0.0022 for invasive vs
carcinoma in situ IPMNs).

hTERT expression was detectable in 3 (15.8%) of 19
adenoma, 5 (35.7%) of 14 borderline, 17 (85.0%) of 20
carcinoma in situ, and 13 (86.7%) of 15 invasive IPMNs
(Table 1; Fig. 2). Cases positive for malignant IPMNs
showed significantly higher expression than borderline or
adenoma IPMNs (Table 1; P=0.0048 for carcinoma in situ
vs borderline IPMNs). Intensities of individual hTERT
signals in malignant IPMNs and those detected in PDAC
cells were stronger than those detected in adenoma IPMNs,
and appeared to reflect the biological invasiveness of each
tumor cell (Fig. 2).

Table 1 hTERT Expression in Intraductal Papillary Mucinous Neoplasms (IPMNs) of the Pancreas, Pancreatic Ductal Adenocarcinoma (PDAC),
and Chronic Pancreatitis

Histopathologic diagnosisa hTERT Expressionb Positive Rate of hTERT Expressionc

− + ++

IPMNs
Adenoma (n=19) 16 3 0 0.158
Borderline (n=14) 9 3 2 0.357d

Carcinoma in situ (n=20) 3 11 6 0.850e

Invasive (n=15) 2 7 6 0.867
PDACs (n=15) 1 6 8 0.933
Chronic pancreatitis (n=10) 10 0 0 0.000

hTERT Human telomerase reverse transcriptase; IPMN intraductal papillary mucinous neoplasm; PDAC pancreatic ductal adenocarcinoma
a This table includes 68 representative tumor samples with IPMNs from each patient, which defined the highest dysplastic lesions as the diagnosis
of each case.
b Immunohistochemical staining. The intensity of individual signals was assessed as follows: − no staining; + weak; and ++ strong expression.
c ++ , + positive; − negative.
dP=0.2379 for borderline vs adenoma IPMNs
eP=0.0048 for carcinoma in situ vs borderline IPMNs, Fisher's exact test
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In the same patients, hTERT expression was negative in
adenoma but positive in carcinoma in situ and invasive
IPMNs, apparently reflecting disease progression (Table 2).
About 3 of 16 adenoma IPMN samples showed hTERT
expression, and in most samples, telomerase activity was

below 1.0 TPG units (data not shown). Interestingly, abrupt
transitions of hTERT expression were observed between
adenoma IPMN and hTERT-negative normal ductal cells
(Fig. 2e). Furthermore, histologically “uniform” pancreatic
epithelial cells of adenoma IPMN exhibited heterogenous

Table 2 Summary of Telomere Length and Telomerase Expression from 17 Patients with Intraductal Papillary Mucinous Neoplasms (IPMNs) of
the Pancreas

Patient
No.

Age/
Sex

Diagnosisa hTERT
Expressionb

Telomere Fluorescence Intensity (Q-FISH)c

IPMN
mean

IPMN
SD

Normal
mean

Normal
SD

IPMN: Normal
ratiod

1 37/M Invasive carcinoma in situ
adenoma

++ 154.24 21.94 1,135.81 152.76 0.14
++ 148.43 10.07 0.13
+ 1021.59 181.06 0.90

2 76/M Invasive carcinoma in situ
borderline lesion

++ 82.32 5.24 1,076.12 45.89 0.08
+ 281.82 12.81 0.26
+ 566.84 142.81 0.53

3 75/M Invasive adenoma + 105.37 13.71 1,136.53 75.35 0.09
− 604.90 139.48 0.53

4 72/M Invasive borderline lesion
borderline lesion adenoma

++ 82.03 5.98 961.76 50.52 0.09
+ 798.06 126.89 0.83
+ 198.34 81.12 0.21
− 906.18 90.74 0.94

5 54/F Carcinoma in situ borderline
lesion adenoma

− 1306.32 54.60 1,243.38 92.16 1.05
− 1167.04 149.27 0.94
− 375.38 76.54 0.30

6 53/M Carcinoma in situ adenoma ++ 99.76 17.92 992.45 53.30 0.10
− 470.70 102.48 0.47

7 66/M Carcinoma in situ borderline
lesion adenoma

++ 116.44 10.45 1,364.88 92.16 0.09
ND 278.96 94.88 0.20
+ 519.37 107.05 0.38

8 69/M Carcinoma in situ adenoma − 105.36 12.88 910.86 32.46 0.12
− 243.47 69.79 0.27

9 74/F Carcinoma in situ borderline
lesion

+ 172.37 12.88 1,127.00 60.88 0.15
− 199.13 63.55 0.18

10 80/M Carcinoma in situ adenoma ++ 169.90 14.27 1,076.95 57.33 0.16
− 339.05 26.47 0.31

11 73/M Carcinoma in situ adenoma + 85.37 36.26 1,046.41 72.79 0.08
ND 331.43 61.06 0.32

12 72/F Carcinoma in situ borderline
lesion

+ 112.25 12.83 1,098.62 32.45 0.10
− 234.64 77.81 0.21

13 68/M Carcinoma in situ adenoma ++ 429.37 33.21 1,212.99 100.52 0.35
− 614.49 128.58 0.51

14 76/M Borderline lesion adenoma − 412.35 81.24 1,223.08 33.17 0.34
− 578.97 139.81 0.47

15 65/M Adenoma − 717.17 72.99 980.33 40.45 0.73
16 57/M Adenoma − 802.51 73.31 1,210.79 37.63 0.66
17 65/M Adenoma + 720.09 99.38 995.44 66.32 0.72

IPMN Intraductal papillary mucinous neoplasms; ND not done
a The diagnoses of IPMNs of the pancreas were established criteria by the World Health Organization on tumors of the digestive system, classified
as adenoma, borderline lesion, carcinoma in situ, and invasive carcinoma.29
b Immunohistochemical staining. The intensity of individual signals was assessed as follows: − no staining; +, weak; and ++ strong expression.
c Telomere hybridization was performed, and the maximum intensity projections of the acquired images were analyzed using the image analysis
software TFL-TELO V1.0, a telomere image analysis program developed by P. Landsdorp. Telomere signals in 10 to 25 nuclei from normal or
different pathological regions were measured separately, and then normalized by DAPI fluorescence intensity in corresponding areas.
d Telomere length in IPMN cells was expressed as ratios of the specific telomere fluorescent signals between them and adjacent normal control cells.
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hTERT expression with no visible differences in cellular
appearance (Fig. 2f).

Quantitative Telomere Assessment by Telomere
Fluorescence In Situ Hybridization

To determine whether telomere dysfunction occurred
during the development of IPMNs, 17 representative
samples of IPMNs that included 37 different loci with
various histological grades were examined (Table 2).
Individual telomere lengths were analyzed for 10 to 25
nuclei of each locus. Cases in which detectable telomere
signals were not found in normal epithelial cells or in which
excessive background precluded assessment of telomere
signals were excluded from the analysis. The pancreatic
cancer cell line PK-1 was used as control for telomere length
and analyzed along with each sample and gave a constant
378.2±17.9 TFI. Telomeric signals produced a widely
distributed speckled pattern of nuclear signals. Telomeres
in IPMN lesions were directly compared to those within
normal pancreatic ductal epithelia and pancreatic acini (12
of 17 loci, 70.6%), or fibroblasts and endocrine cells (5 of
17 loci, 29.4%) within the same tissue sections.

Figures 3 and 4 show representative Q-FISH images. We
observed intense cellular TFI that were comparable be-
tween the different IPMN histological grades. No signifi-
cant differences in TFI were observed in regions of normal
pancreatic epithelia from patients with IPMNs (1,105.49±
66.57 TFI), chronic pancreatitis (1,132.60±60.22 TFI), or
PDACs (1,084.53±55.66 TFI). Lymphocytes and exocrine
cells displayed stronger TFI than pancreatic epithelial cells,
with lymphocytes exhibiting the most intense signals (data
not shown). TFI was significantly reduced in PDAC
samples and was scattered, weak, or absent in pancreatic
epithelial nuclei of all 15 PDAC loci examined (108.93±
31.53 TFI).

Figure 5 summarizes the ratios of average epithelial to
control telomere length obtained for each loci examined. In
IPMN samples, 36 (97.3%) of 37 loci from the 17 IPMNs
cases showed markedly reduced average telomere length
ratios. With disease progression to more advanced stages,
average telomere length ratios for the different IPMN
histological grades became significantly reduced for each
case investigated (r=0.55; P<0.0001).

Adenoma IPMN, the earliest precursor lesion, demon-
strated a 50% reduction in average telomere length ratio in

Figure 1 Quantitative analysis of telomerase activity in intraductal
papillary mucinous neoplasms (IPMNs) of the pancreas compared with
pancreatic ductal adenocarcinoma (PDACs), and chronic pancreatitis.
Results are presented as a box-and-whisker plot. Telomerase activity
levels gradually increase with progression from adenoma to invasive
IPMNs. Invasive IPMNs show significantly higher levels of
telomerase activity than other types of IPMN with lower-grade

atypia (P=0.0022 for invasive IPMNs vs carcinoma in situ IPMNs),
and approach that of pancreatic ductal adenocarcinomas (PDACs; P=
0.1409). Samples with chronic pancreatitis show significantly higher
telomerase activity levels than samples of adjacent non-cancerous
pancreatic tissues (P=0.0018), with 10.26 TPG units observed in a
patient with severe chronic pancreatitis.
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7 (50.0%) of 14 foci examined, but overall was highly
variable (0.54±0.22) such that two patients (no. 1 and 17)
showed high telomere length ratios even with demonstrated
hTERT expression (Table 2). Notably, loci from borderline
IPMNs had an average telomere length ratio of 0.43±0.30,
whereas most epithelial cells within carcinoma in situ
IPMN loci exhibited significantly weaker telomere signals
(0.24±0.28) although telomerase had been activated. This
indicated that telomeres had reached a critically short length
at this histological grade (Fig. 5; P<0.001 for carcinoma in
situ vs borderline IPMNs).

In patient 4, borderline IPMN loci demonstrated intra-
tumoral heterogeneity in telomere lengths over approxi-
mately half of the lesional nuclei. This indicated that the
premalignant cells had undergone further molecular or
genetic alterations despite unchanged histological manifes-
tations (Figs. 4a,b). Interestingly, a sample of carcinoma in

situ IPMN from patient 5 showed much stronger telomere
signals than loci with adenoma IPMN in the same tissue
sections without detectable hTERT expression, which
suggested the possibility of an alternate mechanism for
telomere lengthening (Figs. 4c,d).

Discussion

Telomerase activation, responsible for the elongation of
telomeric DNA sequences and transition through telomere
crisis, is thought to be a crucial event in the development of
the vast majority of human cancers, including pancreatic

Figure 3 Quantitative fluorescence in situ hybridization (Q-FISH) for
assessment of telomere lengths performed on IPMNs of the pancreas.
Telomeres are visualized by hybridization of FITC-labeled anti-
telomeric probes giving bright green colored spots. a Adenoma IPMN
without hTERT expression show intense telomeric signals in the
nuclei (inset, higher magnification). b Borderline IPMN shows weak
telomeric signals in the nuclei (inset), whereas intense telomeric
signals are retained in the adjacent normal epithelium. c Adjoining
areas of adenoma and carcinoma in situ IPMN. Weak telomeric
signals in carcinoma in situ (upper right) and adenoma with intense
signals (left below). d In invasive IPMN samples, telomeric signals are
significantly reduced and are scattered, weak, or absent in pancreatic
epithelial nuclei although intense hTERT expression is maintained
(inset). e Adenoma IPMN retaining intense telomeric signals shows
hTERT expression (Table 2, patient 1; inset). f Invasive IPMN exhibits
significantly decreased signals, compared with entrapped non-cancerous
endocrine cells (arrow). DAPI counterstain; original magnifications,
×400 (a–f), ×1,000 (inset, a, b), ×200 (inset d, e).

Figure 2 Immunohistochemical analysis of hTERT expression in
intraductal papillary mucinous neoplasms (IPMNs) of the pancreas.
hTERT expression in adenoma (a), borderline (b), carcinoma in situ
(c), and invasive (d) IPMNs. Strong nuclear immunoreactivity for
hTERT protein was observed in most of tumor cells. Note that the signal
intensities for each cell are weaker in adenoma IPMN compared more
advanced stages. e Abrupt transition of hTERT expression from normal
pancreatic ducts to adenoma IPMNs (inset, magnified view of transition
area). f Despite the “uniform” appearance of pancreatic epithelial cells
from a case with adenoma IPMN, heterogenous hTERT expression is
clearly visible. Magnified view demonstrating abrupt loss of hTERT
protein expression with no visible alteration in cellular appearance
(inset). Original magnifications, ×100 (a–f), ×400 (inset, f, e).
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cancer.33,34 Consistent with these findings, we detected up-
regulated hTERT expression more often in cases of
malignant IPMNs than in borderline IPMNs, but only
rarely in adenoma IPMNs, such that hTERT expression
increased with progression. Additionally, epithelial cells in
36 of 37 IPMN loci (97.3%) showed marked telomere
shortening even at the adenoma stage, the earliest stage of
precursor lesion, similar to that observed for PDACs. This
result, together with the finding of hTERT expression
associated with advanced IPMN stages indicated a time
lag between telomere erosion and onset of telomere
activation, which could accelerate telomere loss during the
early stages of IPMN carcinogenesis. Although activation
of telomerase was universally observed in malignant
IPMNs, malignant cells showed abnormally short telomeres
compared with precursors cells, which suggested that the
telomerase activity acquired by malignant cells maintains
telomere equilibrium at shortened levels rather than
mediating the lengthening of TTAGGG repeats.

The timing of telomeric dysfunction during the IPMN
development has not been clearly determined. Meeker et
al.35 reported that telomere abnormalities occurred even at
the early stages of the oncogenic process in various types of
human cancers, such as prostate, breast, and pancreatic
cancers, and revealed dramatic telomere shortening in
97.1% of cases with preinvasive stages of human epithelial
carcinogenesis.34 In the present study, disease progression

from borderline to carcinoma in situ IPMNs led to
significant telomerase activation, which indicated that
telomerase activity may reach a critical point at the
carcinoma in situ stage, and could be prominent during
latter stages that display significant decreases in telomere
length (Fig. 6). Although the level of telomerase activity in
borderline IPMNs was confirmed to be significantly lower
than that observed in malignant IPMNs by TRAP assay,
immunohistochemical analysis revealed up-regulated
hTERT expression primarily at the stage of borderline
IPMNs and increasing gradually during progression, with
the difference between borderline and adenoma IPMNs
being not statistically significant. Taken together, our data
suggested that borderline IPMNs with short telomeres
represent the earliest truly neoplastic lesion in the progres-
sion of IPMN carcinogenesis that could serve as the
representative form from which the carcinogenesis origi-
nated. Once telomerase activation was acquired at the
borderline stage IPMN development, it appeared to be
sustained through subsequent stages.

Interestingly, abrupt transitions in hTERT expression
were observed at junctions between adenoma IPMNs and

Figure 4 Telomere length heterogeneity in IPMNs of the pancreas.
a Telomere length heterogeneity is clearly visible in a case with
borderline IPMN (Table 2, patient 4). b Same region as shown in a,
stained for H&E. Histologically “uniform” pancreatic epithelia with
no visible alterations in cellular appearance (asterisk, location marker
for comparison with b). c Transition area between adenoma and
carcinoma in situ IPMN (arrow). d High power image of the transition
between adenoma and carcinoma in situ IPMN (Table 2, patient 5).
DAPI counterstain; original magnifications, ×100 (a, c), ×200 (b),
×400 (d).
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Figure 5 Mean telomere length of IPMN nuclei was measured for
each individual sample and expressed as an epithelial/control ratio.
For each sample, 10 to 25 nuclei were analyzed. Each mark represents
the mean value of an individual sample. Average telomere length
ratios decrease with increasing disease progression for each case
investigated (r=0.55; P<0.0001). At the carcinoma in situ IPMN
stage, no telomere shortening is found, similar to invasive IPMNs (P<
0.001 for carcinoma in situ vs borderline IPMNs). Note that
significantly higher telomere lengths ratios are observed in loci with
carcinoma in situ IPMNs compared to adenoma IPMNs in the same
sample from patient 5 (triangles), suggesting the activation of an
alternate mechanism for telomere lengthening. Intratumoral heteroge-
neity is observed in borderline lesion from patient 4 (asterisk, marker
indicating individual borderline loci in the same patient). Gray circles
Loci with hTERT expression; white circles hTERT-negative loci; black
circles not examined hTERT expression. The total mean value for
each group is shown (horizontal line).
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normal pancreatic ductal cells, with hTERT expression
associated with disease progression. The low proportion of
adenoma IPMN cells that expressed hTERT but without
detectable telomerase activity was probably due to the
telomerase levels dropping below the sensitivity of the
TRAP assay. In addition, heterogeneous hTERT expression
was observed in the histologically “uniform” pancreatic
epithelia with no visible alterations in cellular appearance,
indicating the presence of histologically undetectable
immortal precancerous cells within these lesions. Therefore,
we propose that ectopic expression of hTERT in premalig-
nant pancreatic epithelia is indicative of extensive tumor
cell proliferation that may precede transformation as a
“regional tumorigenesis” event, predisposing that lesion to
cancer development.28 Clinically, up-regulated hTERT
expression in premalignant cells would be a useful marker
for detecting the subset of patients at risk of carcinoma
development, such that lesions positive for hTERT expres-
sion would be evaluated aggressively to exclude malignancy.

The role of telomerase in cancer progression seems to be
involved in telomere stabilization, preventing telomere
exhaustion.17 However, more recent evidence points to a
novel function of hTERT in contributing to carcinogenesis
independent of telomere-stabilization. Transgenic mice that
expressed TERT in a broad variety of tissues promoted
spontaneous development of mammary intraepithelial neo-
plasia and invasive mammary carcinomas independent of
telomere length.33 In addition, hairpin siRNA that targeted

human telomere RNA rapidly inhibited growth of human
cancer cells independently of p53 or telomere length.36 In
the present study, two cases of adenoma showed hTERT
expression although telomere length was maintained, which
suggested that telomerase may affect proliferation of cells
not only by stabilizing telomeres, but also by affecting the
expression of growth-controlling genes.37

However, we also identified a patient with abnormally
long telomeres that expressed undetectable hTERT protein.
Nonetheless, significant telomere shortening was still found
in adenoma loci obtained from the same patients. This
result might suggest the presence of alternative lengthening
for telomeres (ALT), an alternate mechanism for telomere
extension activated during relatively late phases of IPMN
carcinogenesis.38

In summary, we studied the temporal sequence of
telomere shortening and hTERT expression during devel-
opment of IPMNs of the pancreas. Our findings suggested
that progressive telomere shortening represented an early
and prevalent genetic abnormality acquired during IPMNs
carcinogenesis and that hTERT expression was up-regulated
after substantial losses of telomeric DNA. Notably,
transition from borderline to carcinoma in situ IPMNs
appeared to be the critical stage at which telomere
dysfunction occurred during IPMNs carcinogenesis. Pro-
gressive telomere shortening, together with telomerase
activation may eventually drive the full transformation of
IPMNs.

Figure 6 Schematic diagram representing telomere dynamics during
the carcinogenesis of intraductal papillary mucinous neoplasms
(IPMNs) of the pancreas. During development of IPMN lesions,
progressive telomere shortening occurs at the adenoma IPMN stage
before telomerase activation and further cell division that requires
activation of telomerase to maintain telomere length at sufficient

levels, supporting the “telomere hypothesis” of human carcinogene-
sis.21 With disease progression from borderline to carcinoma in situ
IPMNs, telomerase is substantially up-regulated after critical telomere
shortening, indicating that transition from borderline to carcinoma in
situ IPMNs may be the critical stage at which telomere dysfunction
occurs during IPMN carcinognesis.
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Discussion

C. Max Schmidt, M.D. (Indianapolis, IN):Dr. Hashimoto,
congratulations on a very elegant study and important
contribution to the literature. IPMN is a poorly understood
clinical entity and its treatment remains controversial. Recent-
ly, IPMN treatment guidelines were published based upon the
recommendations of an international consensus conference.
The treatment guidelines, as pointed out in presentations at
this meeting, are suboptimal. This underscores why studies
like yours correlating biomarkers with grade of IPMN
dysplasia are so important. I have two questions for you.

Your study was conducted in surgical pathology speci-
mens. Optimally, surgeons would have information about
stage of dysplasia before operating on patients to help guide
clinical decision-making. How do you see your study
findings being applied in the clinical setting? Will telomer-
ase activity be able to be determined reliably by tissue
biopsy? How about in pancreatic ductal or cyst fluid?

The management of side branch IPMNs as opposed to
main duct IPMNs is more controversial predominantly
because the incidence of cancer is considerably less. Have
you looked specifically at the subgroup of side branch
IPMNs to see if telomerase activity or telomere shortening
is effective in that subgroup of patients with IPMN?

Yasushi Hashimoto, M.D. (Hiroshima, Japan): Thank
you for your kind comments. The primary goal of our study

is to find better diagnostic markers for cancer diagnosis. As
you know, telomerase activity or hTERT mRNA detections
are highly sensitive and reliable biomarkers for cancer
diagnosis, but the assays are so complicated that we
couldn't apply these assays to clinical usage. Moreover,
the assays are limited in its usage for whole tissue analysis,
so we cannot detect a small amount of cells or heteroge-
neous activity due to the sensitivity of these assays.
Besides, immunohistochemistry can examine at in situ
levels. Immunohistochemistry offers some advantage in
terms of labor and cost-time saved. As you know, accuracy
of a conventional cytological examination is quite low, so
we would like to use this assay to improve diagnostic
accuracy. This assay would also be applicable for detecting
high risk patients as an adjunct to EUS-FNA or pancreatic
juice cytology, perhaps even more reliable than telomerase
activity. I’m afraid I do not have enough data to your
question whether the assay is feasible, and is not, for
pancreatic cystic fluid analysis. The current studies are
ongoing prospectively, and I will be able to show you data
soon.

For the second question, as I understand your question
correctly, you are referring to the difference of hTERT
expression between main duct type and branch duct type?
With reference to the difference of hTERT expression
between main duct type and branch duct type, as you know,
branch duct type do have a lower incidence of invasive
carcinoma than main duct type, but not by much. We have
an incidence of 40% malignant disease in overall IPMNs in
the last 70 IPMN patients, but the risk of invasive
malignancy of branch duct type is 7%, only one case.
From our study, we could not see any difference of the
telomerase activity levels between branch duct type and
main duct type. The answer to this question is going to
need further study.

Michael G. Sarr, M.D. (Rochester, MN): Dr.
Hashimoto, what a beautiful presentation, and I would
challenge anyone in the audience to give as beautiful a
presentation in Japanese as you did in English, okay?

My question is this. Is this a marker of malignancy or are
you suggesting that telomerase activity actually causes
malignant transformation?

Dr. Hashimoto: Thank you for your kind comments.
Your referring to the hTERT expression to be a biomarker?

Dr. Sarr: Yes.
Dr. Hashimoto: In our previous study, telomerase

activity in the pancreatic juice is a highly sensitive
biomarker. In IPMN, one of the impressive findings of this
study relates to the distribution of hTERT expression in the
precursor regions. Concerning hTERT-positive adenoma,
such lesions appear to be biologically closely related to
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borderline or more aggressive lesions rather than to
adenomas. Therefore, I suppose hTERT expression
precedes transformation in cancer development, so we
propose that ectopic hTERT expression in pre-malignant
cells is indicative of extensive proliferation, and such
lesions are likely to develop invasive disease, which is to
say, a promising diagnostic marker including high-risk
patients.

Dr. Sarr: And along the therapeutic lines that Max asked,
have you looked at intracystic fluid and analyzed telomer-
ase activity or even expression of that protein in the cells in
non-resected specimens?

Dr. Hashimoto: The study is ongoing to examine the
pancreatic juice and cystic fluid for hTERT analysis
preoperatively. I do not have enough data to show you.

L. William Traverso, M.D. (Seattle, WA): Dr.
Hashimoto is being sent by the Japanese Society of
HBP Surgery to study in this country for 18 months,
and I look forward to continued expert activity like you
have shown here today. Nice job.As was mentioned,
main pancreatic duct IPMN has a high incidence of
cancer, and therefore, all those patients should be resected
if a surgical candidate. In addition, side branch disease has
less chance of cancer, therefore, observation in many of
these patients is recommended if they are asymptomatic.

Preoperatively, if one takes the pancreatic juice, Dr.
Hashimoto, and looks for a telomere crisis, how do we
know that in the pancreatic juice that this would be
coming from a side branch or a main duct origin?

Dr. Hashimoto: That is a very important question. It is a
matter of concern as to where I could pick up these cells, by
ERCP or FNA. I do not have enough of that to examine
which part of the cells we picked up, and we are now
thinking of these methods.

Dr. Traverso: One last question. In reverse logic, it
appears that your telomere studies have justified the WHO
classification. The borderline WHO type would have no
telomere crisis. More than borderline then there is a telomere
crisis. With your work we should become more comfortable
using the WHO classification. Would you agree?

Dr. Hashimoto: I suppose so. I did not have enough time
to present today. As you mentioned, we found the
transitions of hTERT expression between borderline lesions
and carcinoma in situ, indicating the disease progression.
As we presented in this study, some lesions showed
heterogeneous expressions in telomere length and hTERT
expression in histologically “uniform” appearing ducts,
possibly, I think, indicating that histologically undetectable
immortal pre-cancerous cells, in turn, biological invasive-
ness. Once telomerase is activated, it appears to be
sustained through subsequent stages.
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Abstract Hepatocellular carcinoma (HCC) causes >600,000 mortalities per year worldwide. Previous studies from our lab
provide evidence for altered mitogen-activated protein kinase and extracellular signal-regulated kinase kinase (MEK) signaling
in HCC pathogenesis. We hypothesized that pharmacologic targeting of MEK may prevent HCC. Transforming growth factor-
alpha-transgenic mice (CD1-MT42) exposed to diethylnitrosamine were randomized to 20 (trial I) or 35 (trial II) weeks of
MEK inhibitor PD0325901 (1, 10 mg/kg) or control via orogastric gavage. Ten HCC (44%) formed in trial I controls versus 0
in treatment arms (p<0.05). Fourteen HCC (50%) formed in trial II controls versus 1 (9%) in treatment arms (p<0.05). Mean
HCC volume was 578 mm3 in control versus 46 mm3 in the single tumor formed in trial II. In trial I, foci of altered
hepatocytes (FAH) formed in 78% of control versus 40% and 0% (1 and 10 mg/kg PD0325901) in treatment arms (p<0.05).
In trial II, incidence of FAH was 80% in control versus 20% and 50% (1 and 10 mg/kg PD0325901) in treatment arms
(p<0.05). Hepatocyte expression of phosphorylated extracellular signal-regulated kinase dose-dependently decreased in trial I
but remained the same in trial II. Control and treated HCC demonstrated similar proliferation rates, but apoptosis appeared
increased with treatment. MEK targeting is effective HCC chemoprevention, perhaps by lowering the apoptotic threshold.
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Introduction

Worldwide, hepatocellular carcinoma (HCC) is the fifth most
common solid organ malignancy and the third leading cause
of cancer-related death.1,2 HCC had the highest increase in
incidence of any solid organ malignancy in the USA from
1980–2000, and its incidence is predicted to rise with the
prevalence of hepatitis C virus infections.3 Risk factors for
HCC include infections with hepatitis B or C viruses (HBV,
HCV); exposure to alcohol, tobacco, aflatoxin, oral contra-
ceptives, or fluorinated hydrocarbons; genetic metabolic
enzyme deficiencies; bile stasis; obesity; and type II
diabetes.4,5 HCC mortality rates remain unchanged despite
advances in chemotherapeutics, surgical techniques, and
other minimally invasive procedures because of the tumor’s
insidious onset and late presentation at diagnosis. The most
promising therapeutic option for HCC is orthotopic liver
transplantation, but few patients are candidates, and the
donor population size remains inadequate.

Transforming growth factor-alpha (TGF-α) is an
inflammation-induced cytokine upregulated in liver regener-
ation after partial hepatectomy and hepatic insult and
regulates cellular proliferation, migration, and differentia-
tion.6,7 TGF-α overexpression alone has been demonstrated
to cause HCC tumorigenesis in aged mice,6 classifying
TGF-α as a proto-oncogene.8 TGF-α is a member of the
epidermal growth factor (EGF) mitogen superfamily and
binds to the EGF receptor, the upstream intramembrane
receptor of the mitogen-activated protein kinase kinase/
extracellular regulated kinase (MEK/ERK) pathway, which
is upregulated in human HCC.2,6 Recent reports have
implicated the two most common risk factors for HCC
tumorigenesis, HBV and HCV, in hepatocyte TGF-α over-
expression,7,9 resulting in increased levels of phosphorylat-
ed ERK (P-ERK, activated ERK).

The MEK/ERK pathway is a promising target in HCC
chemoprevention, and several small molecule inhibitors of
this pathway have been developed. MEK inhibitors,
including PD98059, PD184161, PD184352 (CI-1040),
and PD0325901 inhibit MEK1/2 by binding to an ATP-
independent binding site. PD0325901 is a derivative of the
first MEK inhibitor to demonstrate in vivo tumor growth
inhibition (CI-1040) and has demonstrated in vitro effec-
tiveness in melanoma cell lines harboring mutations of
upstream ERK effectors.10,11

In the present study, we hypothesized that short- and long-
term inhibition with the novel MEK inhibitor PD0325901
would demonstrate chemopreventative effects on HCC and/or
precancerous foci of altered hepatocytes (FAH) in an HCC
developmental animal model employing TGF-α-transgenic
mice. We demonstrate that PD0325901 has chemopreventa-
tive effects on gross HCC and microscopic FAH formation,
possibly by increasing intra-tumor apoptosis rates.

Materials and Methods

Animal Model

A TGF-α-transgenic mouse model of HCC has been
previously characterized in the literature.12 Briefly, a vector
composed of the human TGF-α gene and a metallothionein
promoter was transfected into CD1 mice, creating the TGF-
α-transgenic (MT42) mouse. Without co-carcinogens, HCC
develops in 65% of mice age 10–15 months. With single-dose
DEN injection (5 mg/kg body weight) at age 15 days,
carcinogenesis can be accelerated to as early as age 23 weeks.13

Developmental Protocol

Forty-two male TGF-α-transgenic mice were bred and
housed at a maximum of three per cage in American
Association for Accreditation for Laboratory Animal Care
(AAALAC)-approved facilities, and animal research and
handling were in strict conformance with federal Institu-
tional Animal Care and Use Committee (IACUC) guide-
lines. At age 14 days, mice were weaned and fed a basal
diet of mouse chow. At age 15 days, animals received an
intraperitoneal injection (5 mg/kg body weight) of the
carcinogen diethylnitrosamine (DEN). At age 10 weeks,
animals were randomized to trial I (20 weeks, 20 mice) or
trial II (35 weeks, 22 mice). Within each trial, animals were
randomized to vehicle (hydroxymethylethylcellulose) or
MEK inhibitor PD0325901 (1 or 10 mg/kg body weight
suspended in vehicle with sonication, kindly provided by
Pfizer Global Research and Development) administered via
orogastric lavage once daily. After 20 or 35 weeks on
protocol (ages 30 or 45 weeks, respectively), animals were
sacrificed via lethal intraperitoneal injection of pentobarbi-
tal, and livers were harvested. At sacrifice, livers were
inspected for tumor formation, and tumor size was assessed
using calipers measuring to the nearest 0.1 mm. For each
animal, three representative liver sections from different
lobes were fixed in 10% formalin (Sigma, St. Louis, MO,
USA). After 48 h, fixed tissues were transferred to 70%
ethanol, paraffin-embedded, and serially cut (5 μm).

Tissue Staining

Liver tissue slides were stained with hematoxylin and eosin
(H & E) according to standard protocol. Liver tissue slides
were immunostained for Ki-67 (rabbit anti-human Ki-67
IgG, LabVision, Fremont, CA, USA) and P-ERK (mouse
anti-human IgG, Santa Cruz Biotechnology, Santa Cruz,
CA, USA) as follows. Slides were deparaffinized and
hydrated under running water. Slides were placed in antigen
retrieval citrate, pH 6.0 (Dako North America, Carpinteria,
CA, USA), in a pressure cooker for 15 min, 3% hydrogen
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peroxide for 10 min, and Protein Block (Dako North
America) for 15 min. Slides were then incubated in either
P-ERK antibody (1:500, 60 min) or Ki-67 antibody (1:200,
30 min). Slides were incubated in mouse (P-ERK) or rabbit
(Ki-67) envision polymer for 30 min (Dako North
America), after which, slides were counterstained and
dehydrated. Liver tissue slides were stained for DNA
fragmentation using ApopTag® Peroxidase In Situ Apopto-
sis Detection Kit (Millipore, Billerica, MA, USA) per
manufacturer’s protocol.

Lesion Analysis

Fixed liver tissues were microscopically inspected (Micro-
master Microscope, Fisher Scientific, Waltham, MA, USA)
for foci of altered hepatocytes (FAH), adenoma, and HCC
using the established descriptions of Frith and Ward.14 FAH
were subtyped as eosinophilic (increased hepatocyte size
with granular cytoplasm), basophilic (decreased hepatocyte
size without granular cytoplasm), vacuolated (hepatocytes
with vacuoles of varying sizes and nuclei located periph-
erally), or clear cell (“lacy” or “ground glass” cytoplasm
suggestive of glycogen and nuclei located centrally).

FAH, adenoma, and HCC previously identified on H &
E-stained slides were located on Ki-67-stained slides.
Lesion-specific proliferative rates were assessed by count-
ing the positively staining nuclei per high-power field
[×200 magnification, 1 high-power field (HPF)/lesion], and
a percentage was calculated (positive nuclei/total nuclei,
×100). P-ERK and ApopTag®-stained slides were analyzed
in similar fashion. Non-lesion (normal) tissues were
analyzed with counts from three randomly selected fields
of hepatocytes per animal.

Biostatistical Analysis

Biostatistical data analyses were performed using Prism
3.02 software (Graphpad, San Diego, CA, USA). Data were
analyzed using Fisher’s exact test or Student’s t test at the
95% confidence interval.

Results

Drug Toxicity and Animal Deaths

We observed no drug-induced toxicity or treatment-related
mortality during this study. Furthermore, there were no
differences in animal weights among treatment groups. We
observed one death in the short-term trial (placebo) and five
deaths in the long-term trial (four in 1 mg/kg PD0325901,
one in 10 mg/kg PD0325901). We attribute these deaths to
traumatic orogastric lavage and/or the known frail consti-

tution of these homozygous transgenic mice. The systemic
effects of PD0325901 have been extensively characterized,
with toxicity at doses over 100 mg/kg body weight and
death at doses over 300 mg/kg body weight.15

P-ERK and Ki-67 in Progressive Hepatocyte Dysplasia

Figure 1 depicts P-ERK and Ki-67 expression in progres-
sively dysplastic hepatocellular lesions. In controls, mice at
age 30 weeks (trial I) demonstrated an eightfold increase in
P-ERK expression within HCC hepatocytes compared to
“normal” hepatocytes. At age 45 weeks (trial II), P-ERK
expression within HCC hepatocytes was elevated 4.5-fold
compared to normal hepatocytes. Adenoma had P-ERK
expression increased 3.5-fold compared with normal he-
patocytes in mice age 30 weeks, and by age 45 weeks,
adenoma P-ERK expression approached normal levels.
FAH P-ERK expression levels were similar to those of
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Figure 1 P-ERK and Ki-67 in progressive hepatocyte dysplasia.
Columns represent the average counts of all identifiable untreated
lesions (FAH foci of altered hepatocytes, A adenoma, HCC hepato-
cellular carcinoma) or three randomly selected fields of normal
hepatocytes (N) per animal for trials I and II. Error bars represent
the standard error of the mean (SEM). a P-ERK immunohistochem-
istry demonstrated increasing hepatocyte expression in progressively
dysplastic lesions, particularly in HCC in trials I and II. n=24, 8, 1,
and 1 for N, FAH, A, and HCC in trial I, and n=24, 10, 6, and 6 for N,
FAH, A, and HCC in trial II. b Ki-67 immunohistochemistry
demonstrated increased proliferation rates in progressively dysplastic
lesions similar to P-ERK expression. *p<0.05 compared to normal
hepatocytes. n=24, 12, 1, and 1 for N, FAH, A, and HCC in trial I,
and n=24, 9, 9, and 6 for N, FAH, A, and HCC in trial II.
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normal hepatocytes at ages 30 and 45 weeks. Ki-67
expression within progressively dysplastic hepatocellular
lesions mirrored the trends observed with P-ERK staining.

PD0325901 Biologic Activity

P-ERK immunohistochemistry of normal hepatocytes on
short-term (trial I) MEK inhibition with PD0325901
demonstrated a dose-dependent P-ERK decrease in treat-
ment arms compared to control animals (p<0.05). P-ERK
suppression, however, was not observed in treatment arms
receiving long-term (trial II) MEK inhibition (Fig. 2).

Gross Findings

In trial I, gross tumor incidence was 44% (4/9) in the
control arm compared to 0 and 0% in the treatment arms (0
of 5 and 0 of 5; p<0.05, combined treatment arms versus
control). Overall, there were ten HCC in the controls
compared to 0 in the combined treatment arms (Fig. 3a).
Control tumor multiplicity was 1.1±0.5 tumors/animal
compared to zero tumors per animal in the treatment arms
(p<0.05, combined treatment arms versus control; Fig. 3b).
Mean volume of control tumors was 163±145 mm3 (Fig. 3c).
In trial II, gross tumor incidence was 50% (5 of 10) in the
control arm compared to 9% in treatment arms (p<0.05,
combined treatment groups compared to control). Overall,
there were 14 HCC in control animals, compared to 0 in the
1 mg/kg arm and 1 in the 10 mg/kg arm (Fig. 3d). Control
tumor multiplicity was 1.4±0.5 tumors per animal compared
to 0 and 0.17±0.17 tumors per animal in 1 and 10 mg/kg

arms (p<0.05, combined treatment groups compared to
control; Fig. 3e). The mean volume of trial II control tumors
was 578±309 mm3 compared to a single tumor volume of
46 mm3 on 10 mg/kg PD0325901 (Fig. 3f). Histopathologic
analysis confirmed gross tumor findings.

Proliferation and Apoptosis within HCC

Analysis of proliferation and apoptosis in control and
treatment arm tumors was limited by the profound absence
of tumors in treated animals. In the single HCC which
formed on long-term 10 mg/kg PD0325901, the prolifera-
tion rate (Ki-67 staining) was 17.9%, similar to the average
proliferation rate of 18.9±2.7% in the control HCCs. The
apoptosis rate (ApopTag® staining) of control HCCs was
0.4±0.04%, whereas in the 10 mg/kg arm, the HCC
apoptosis rate was 95%.

Foci of Altered Hepatocytes Analysis

In rodents, foci of altered hepatocytes represent an early stage
of neoplastic development, and FAHs are used frequently as
endpoints in carcinogenicity testing and as indicators of
chemoprevention.16 In trial I, FAH incidence dose-depen-
dently decreased from 78% (7 of 9) in the control arm to
40% (2 of 5) and 0% (0 of 5) in 1 and 10 mg/kg arms,
respectively (p<0.05, combined treatment groups compared
to control; Fig. 4a). Control FAH multiplicity was 3.6±1.6
lesions per animal compared with 2.6±2.1 and 0 lesions per
animal in 1 and 10 mg/kg arms, respectively (Fig. 4b). In
trial II, FAH incidence was 80% (8 of 10) in the control arm
compared to 20% (1 of 5) and 50% (3 of 6) in 1 and 10 mg/
kg PD dose groups (p<0.05, combined treatment groups
compared to control; Fig. 4a). Control FAH multiplicity was
1.7±0.4 lesions per animal compared to 0.2±0.2 and 1.2±
0.6 in 1 and 10 mg/kg arms (p<0.05, combined treatment
groups compared to control; Fig. 4b).

FAHs have been classified into four histologic subtypes
(eosinophilic, basophilic, vacuolated, clear cell), with baso-
philic foci having the greatest proliferation rates and closest
association with HCC.17,18 We analyzed the effect of
PD0325901 on FAH histologic subtype prevalence. Only
two animals in the treated arms of trial I had FAH; thus, we
only analyzed FAH in trial II. In trial II, the control arm FAH
histologic subtypes were 77.5% basophilic (11 of 15) and
22.3% eosinophilic (4 of 15) compared to 37.5% basophilic
(3 of 8) and 62.5% eosinophilic (5 of 8) in the treatment arms.

Discussion

HCC is one of the deadliest and most prevalent cancers
worldwide because of its difficulty to detect and treat. In
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Figure 2 PD0325901 biologic activity. P-ERK-positive normal
hepatocyte counts were used to confirm biologic activity of
PD0325901. Columns represent the average counts of three randomly
selected fields of normal hepatocytes per animal for trials I and II.
Error bars represent the standard error of the mean (SEM). In trial I,
P-ERK-positive normal hepatocytes demonstrated a dose-dependent
decrease in expression (p<0.05) with PD0325901; however, P-ERK
suppression was not observed in normal hepatocytes in trial II. *p<
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10 mg/kg PD0325901 in trial I, and n=24, 6, and 9 for 0, 1, and
10 mg/kg PD0325901 in trial II.
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the developing world, aflatoxin-contaminated foods and
hepatitis can be unavoidable risk factors, whereas in the
USA, HCC prevalence is expected to escalate with the
HCV epidemic. Thus, it is prudent to examine potential
chemopreventative measures for high-risk populations
through targeted drug therapy. The MEK/ERK pathway is
upregulated in the majority of human HCC tumors and
represents a potential chemoprevention target.

Clinically, primary prevention of human HCC has been
through public health efforts to minimize risk factors,
namely HBV infection, with universal childhood HBV
vaccination and heightened blood donor screening. Since
its inception, HBV vaccination has markedly reduced the
childhood infection rates in Taiwan, Gambia, Malaysia,
South Africa, and the USA, and childhood mortality from

HCC in Taiwan has decreased 60–70%.19 Secondary HCC
prevention or prevention of recurrence after orthotopic liver
transplantation has focused on HBV and HCV antiviral
therapies (interferons, lamivudine), with success in select
patient populations.20–22

Relatively few studies of primary HCC chemoprevention
in experimental animal models exist. Chemopreventative
agents have included retinoids, tamoxifen, and COX-2
inhibitors. The use of retinoids as HCC chemoprevention
has yielded contradictory results, with one study demon-
strating marked decreases in HCC formation, whereas
another study demonstrated increased numbers of HCC
and the development of more clinically aggressive angio-
sarcomas in some cases.23,24 Tamoxifen has been investi-
gated in clinical trials as HCC chemotherapy with minimal
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Figure 3 Gross tumor data.
Columns represent the inci-
dence (a and d), multiplicity (b
and e), and volume (c and f) of
tumors, and error bars represent
the SEM (b, c, e, f). *p<0.05
combined treatment arms com-
pared to control. a Trial I gross
tumor incidence. n=9, 5, and 5
animals per group for 0, 1, and
10 mg/kg PD0325901. b Trial I
tumor multiplicity. n=10, 0, and
0 tumors per group for 0, 1, and
10 mg/kg PD0325901. c Trial I
average tumor volume. n=10, 0,
and 0 tumors per group for 0, 1,
and 10 mg/kg PD0325901. d
Trial II gross tumor incidence. n
=10, 5, and 6 animals per group
for 0, 1, and 10 mg/kg
PD0325901. e Trial II tumor
multiplicity. n=14, 0, and 1
tumors per group for 0, 1, and
10 mg/kg PD0325901. f Trial II
average tumor volume. n=13
and 1 tumors per group for 0
and 10 mg/kg PD0325901.
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success,25,26 but a single study investigating its chemo-
preventative potential has demonstrated promising results.24

COX-2 inhibitors are potential chemopreventative agents,
given the inflammatory basis of most cases of HCC, and
one in vivo study of racemic etodolac’s chemopreventative
effects in a mouse model of fatty liver demonstrated
decreased HCC formation in low- and high-dose treatment
groups.27

In this study, we examined the chemopreventative effects
of the novel MEK inhibitor PD0325901 in an HCC
developmental animal model overexpressing TGF-α. P-
ERK expression and proliferation rates increased in progres-
sively dysplastic lesions in controls, supporting MEK as a
plausible chemoprevention target. Dose-dependent decreases
in P-ERK with short-term treatment demonstrate that
PD0325901 is biologically active in mouse liver. Relatively
low-dose (1, 10 mg/kg) PD0325901 was effective HCC
chemoprevention in TGF-α-transgenic mice in short- and
long-term trials. Additionally, precancerous FAH were
decreased in the treatment arms of both trials compared to
the control, and with long-term PD0325901, there was a shift
away from highly transformed basophilic FAH to less-
transformed subtypes. FAH have been observed in human
livers and in animal models of HCC, with strong inter-species
similarities regardless of the inciting agent,28 and are closely
linked to cirrhosis and HCC.29 Thus, this information may
provide further support of the chemopreventative role of
MEK inhibition in HCC.

Our lab has further studied the effects of PD0325901 in
a nude mouse xenograft model employing Hep3B flank
tumors. This model differs from the TGF-α-transgenic
model in that TGF-α is not constitutively overexpressed,
and the Hep3B cell line is human-derived and is infected
with the hepatitis B virus. We observed significantly

decreased tumor growth rates with 5 weeks of orogastric
lavage with PD0325901 in low- and high-dose treatment
groups. These data will be published in a separate report
and further support the efficacy of PD0325901.

ERK has a number of well-characterized effector
proteins, including c-myc and beta-catenin. We did not
study the effects of MEK inhibition on these downstream
proteins; however, other groups have elegantly analyzed c-
myc and beta-catenin in hepatocellular carcinogenesis. C-
myc is a proto-oncogene upregulated in many human
tumors, including HCC.30 C-myc is phosphorylated, acti-
vated, and stabilized by P-ERK. Co-expression of c-myc
and TGF-α has been frequently observed in human HCC,
and in double-transgenic mice, co-expression synergistical-
ly accelerated HCC formation and decreased survival.31

Aberrant expression and mutations of beta-catenin can
be observed in a subset of human and animal HCCs.32 This
protein is critical for embryonic development and is
involved in cell adhesion, anti-apoptotic, and proliferative
processes. In studies of tumors of c-myc/TGF-α double-
transgenic mice treated with phenobarbital, nuclear beta-
catenin was localized to cells forming the invasion front.
Beta-catenin-positive tumors showed increased prolifera-
tion and tumor sizes compared to beta-catenin-negative
tumors, whereas apoptosis rates were unchanged.32 Addi-
tionally, others have demonstrated that the HBX protein
from the hepatitis B virus causes ERK phosphorylation and
subsequent upregulation of beta-catenin through inactiva-
tion of its degradation pathways.33 In vitro studies employ-
ing anti-fibroblast growth factor antibodies demonstrated
inhibition of ERK and beta-catenin.34 In summary, the
intracellular signaling in HCC shows complexity and
redundancy, which suggests that multi-targeted chemother-
apy may be an optimal therapeutic strategy for patients.
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Conclusion

In this study, we show that P-ERK dose-dependently
decreased in short-term PD0325901 treatment groups
compared to the control. Suppression of P-ERK in long-
term treatment groups was not observed. Short-term MEK
inhibition with PD0325901 resulted in a complete absence
of HCC tumor formation in low- and high-dose treatment
groups. Similarly, short-term MEK inhibition resulted in
decreased FAH formation compared to the control. Long-
term MEK inhibition with PD0325901 resulted in near-
complete absence of tumors, with a single small tumor
forming in the high-dose treatment group. Furthermore,
FAH formation was decreased in treated animals compared
to the control. With high-dose, long-term treatment, FAH
subtypes shifted away from highly transformed basophilic
foci to less-transformed types. Tumor proliferation rates
were similar between the control and the long-term high-
dose PD0325901, whereas tumor apoptosis was markedly
increased with long-term high-dose drug compared to the
control. Thus, in this study, both short- and long-term MEK
inhibition with PD0325901 significantly abrogates tumor
and FAH formation, possibly by lowering the apoptosis
threshold, and in longer-term treatment, there appears to be
a relative loss of sensitivity to drug.

To the best of our knowledge, this is the first HCC
chemoprevention study targeting the MEK/ERK pathway in
a developmental animal model. The chemopreventative
benefits of PD0325901 demonstrated in this study may
prompt investigation of this drug in human HCC chemo-
prevention.
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Discussion Staveley-O’Carroll, M.D. (Hershey, PA): I want to
congratulate you on an excellent study and a very nice presentation.
In particular, I am impressed with the model that you have chosen to
test the efficacy of this drug. I mean, arguably, hepatocellular cancer is
the most deadly cancer worldwide, but it occurs in a population that is
easily identified, the cirrhotic, and they might be amenable to this kind
of chemopreventive strategy. I have a couple of questions for you.
I was surprised to see that phospho-ERK did not go down in your
long-term trials, although you showed efficacy of your drug long-
term. Do you have any explanations for that?
Sabrina C. Wentz, M.D. (Indianapolis, IN): We think there may be a
loss of sensitivity with long-term administration, as evidenced by one
tumor forming with long-term treatment. We have used this drug in
some human HCC cell lines, and we have seen a similar loss of
sensitivity with long-term administration.
Dr. Staveley-O’Carroll: So you have looked in other models, human
cell lines being transferred into nude mice?
Dr. Wentz: We have looked at cell lines in vitro, and we have also
looked at the Hep3B cell line in a nude mouse, and we have also seen
a regression of tumor size with administration of PD0325901.
Dr. Staveley-O’Carroll: Is this drug being tested in humans in any
phase I or II clinical trials in hepatocellular cancer or any other
cancers?

Dr. Wentz: It has been studied in phase I trials, and there is not much
toxicity. As far as phase II trials, it is being studied for melanoma,
which has upregulation of the MEK–ERK pathway in these cases. As
far as HCC, not yet. Our institution is working hard to get a phase II
trial started, but it has not happened quite yet.
Dr. Staveley-O’Carroll: Thank you very much.
Roderich E. Schwarz, M.D. (Dallas, TX): I much enjoyed your
presentation and your model as well, but your model, I think, is
precisely focused on TGF-α. So, the question is in the human
correlate, as Dr. Stavely-O’Carrol has mentioned, that is hepatitis B
and hepatitis C driven, which role does TGF-α play in the early
carcinogenesis mechanism versus the later progression of cancer
mechanism? Because most of the viral implications rely on dysfunc-
tion of p53 and other oncogenic signaling events, whereas other
growth promoting factors may only start to be overexpressed in an
established invasive hepatocellular cancer and then lead to quicker
growth of the established cancer. So, in other words, can you use an
approach like this to prevent cancer, or would you speculate that TGF-
α is possibly a later factor that gets overexpressed and you can in fact
use it for treatment?
Dr. Wentz: I cannot comment on TGF-α and its role in early versus
late disease progression, but as I mentioned earlier, we looked at this
in the Hep3B cell line, which does have the hepatitis B virus, and we
found that the drug was effective there. We know that in hepatitis B
and hepatitis C, the MEK–ERK pathway is upregulated. So, the drug
would possibly work in those patients.
Dr. Schwarz: And the frequency of the TGF-α overexpression or the
MEK and ERK pathway activation is a common one, or is it seen in a
subset of the human hepatocellular cancer?
Dr. Wentz: In human hepatocellular carcinoma, the MEK–ERK
pathway is upregulated in approximately 80% of the cases. For
TGF-α, it is a similar percentage.
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Abstract Obtaining endolumenal closure of hollow visceral defects may complement conventional, incision-based, surgical
alternatives and benefit the experimental field of natural orifice translumenal endoscopic surgery (NOTES). Endoscopic
tissue plicating devices (TPD) represent a promising closure technology; however, the long-term integrity of resultant
closures is uncertain. Swine (n=10) underwent survival transgastric NOTES peritoneoscopy procedures with TPD
gastrotomy closure while device performance and closure integrity were evaluated. Following uncomplicated procedures,
no animals revealed leakage on upper gastrointestinal contrast fluoroscopy immediately following closure and on post-
operative days 2 and 7. Necropsy performed on the 14th postoperative day revealed a subclinical colonic injury for one
animal; the remaining nine animals had no complications. Gastric burst testing revealed the strength of closure was
comparable to that of nonsurgical control stomachs (85.1 vs. 85.3 mm Hg, p=0.98). For six of nine (66%) TPD animals,
bursting occurred remote to the closure site in nonsurgical tissue, indicating that closure strength equaled that of native
tissue. Endoscopic TPD closure of standardized NOTES gastric defects results in strong, leak-proof closure; however, injuries
can occur. These findings support evaluation of TPD closure in human trials involving noncontrolled gastric defects.

Keywords Endoscopy .Minimally invasive surgery .

Stomach . NOTES
Introduction

Obtaining endolumenal closure of hollow visceral defects
may be an attractive alternative to conventional, incision-
based surgery. Perhaps the largest beneficiary of an endo-
lumenal defect closure technique may be natural orifice
translumenal endoscopic surgery (NOTES). NOTES is a
unique surgical platform promising abdominal surgical ac-
cess without external skin incisions by allowing transmural
passage of flexible endoscopes through hollow viscera into
the peritoneal cavity.1 NOTES has largely been relegated
to experimental practice for lack of reliable endoscopic
devices to provide closure at the transvisceral point of peri-
toneal access.2

The current standard of care dictates that anastomotic
leaks, gastrogastric fistulas, and gastroduodenal perforations
requiring surgery are repaired via laparoscopy or laparoto-
my, which can subject patients to wound complications such
as infection, pain, hernia, and the physiologic burdens of
surgery and anesthesia. Moreover, these gastric defects may
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be postoperative complications typically set in a formidable
surgical field with active infection and adhesions. An endo-
lumenal approach to managing such defects may spare pa-
tients the added morbidity of reoperation in these often
complicated and contaminated reoperative fields.

The tissue plicating device (TPD) (NDO Plicator, NDO
Surgical, Mansfield, MA, USA) (Fig. 1) is an FDA-approved
endoscopic device that provides endolumenal treatment of
gastroesophageal reflux disease.3–5 The reusable flexible
device is introduced per oral access into the stomach and
used to cinch the esophagogastric junction (GEJ) under
endoscopic visualization by plicating adjacent gastric tissue.
Preloaded, polytetrafluoroethylene (PTFE)-pledgeted, poly-
propylene suture implants are placed with the assistance of
an integrated tissue grasper, ensuring full-thickness serosal
approximation of the plicated tissue. Plicated augmenta-
tion of the GEJ requires 180° retroflexion of the TPD for
adequate visualization. Using the device in an anteflexed
configuration, however, has resulted in unique endoscopic
applications. The TPD has demonstrated feasibility and
conceptual proof of gastric defect closure in the acute
swine model, but the long-term efficacy of TPD closure in
chronic surviving models is uncertain.6 The goal of this
study was to evaluate the long-term efficacy of closing
standardized gastric defects in a NOTES animal model.
Acutely created, transmural, gastric defects were used to
simulate perforations, fistulae, or points of NOTES access,
and they underwent attempted TPD closure. A secondary
goal was to characterize intraoperative performance of the
TPD by quantitatively assessing the time and number of
implants necessary to obtain closure of each defect.

Materials and Methods

Experiments were conducted following approval from Case
Western Reserve University’s Institutional Animal Care and
Use Committee (Protocol #2006-0109). Ten, 40-kg female
domestic swine were obtained from a USDA-approved local

vendor and underwent a 7-day quarantine and acclimation
period at the authors’ institution. During this period of time,
veterinary personnel evaluated each animal to ensure
baseline health. All animals were subjected to the same hus-
bandry procedures. Animals were individually caged with
woodchip bedding, fed the same diet, and had unlimited
access to water.

Animals were removed from woodchip bedding 72 h
prior to the scheduled date of surgery. Animals were fasted
from solid food 24 h prior to surgery but allowed to drink
water ad libitum. Following restraint, animals were sedated
with 8 mg/kg intramuscular tiletamine HCl and zolazepam
(Telazol, Fort Dodge, Animal Health, Fort Dodge, IA, USA).
Endotracheal intubation was then performed with a #6
French endotracheal tube, and animals were mechanically
ventilated at 12 respirations/minute, with a tidal volume of
15 mL/kg, and FiO2 of 100%. Inhaled isoflurane (AErrane,
Baxter Healthcare, Deerfield, IL, USA) was administered at
1.5% for the duration of the surgery. Following intubation,
all animals underwent preprocedural 5-L gastric lavage with
0.9% sterile saline via a 40 French stomach evacuator/lavage
tube (Lavacuator II, Mallinckrodt, St. Louis, MO, USA) to
assist with removing gastric bezoars and debris.

Creation of a Standardized Gastric Defect

Following gastric lavage, NOTES peritoneoscopy was per-
formed using the previously described CASE-T technique.7

A standard forward-viewing single-channel video endo-
scope (Olympus, Center Valley, PA, USA, EVIS Type 100
Q140) was passed via the mouth and gastroscopy was per-
formed. Utilizing transillumination verified by external pres-
sure dimpling performed by an assistant, a 12-gauge needle
and catheter were passed through the left upper quadrant
abdominal wall into the stomach under direct endoscop-
ic visualization. Once the needle tip was intralumenal, a
0.89-mm×400-cm access Jag wire (Boston Scientific, Natick,
MA, USA) was passed through the needle and secured intra-
luminally by an endoscopic snare. The needle and catheter

Figure 1 The TPD (NDO
Plicator, NDO Surgical).
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were subsequently removed, and the Jag wire, snare, and
endoscope were removed as one unit through the mouth. With
the transabdominal access wire coursing from the external
abdomen through the abdominal wall into the stomach and
out through the mouth, the endoscope was reintroduced
alongside the wire into the stomach and the gastric site con-
taining the access wire entrance was visually inspected. A
novel modified endoscopic needle knife electrocautery/access
wire incised the adjacent gastric tissue surrounding the wire,
resulting in a 3-mm transmural slit enveloping the trans-
abdominal access wire. The needle knife/access wire was then
advanced 10 cm through the enlarged gastric defect into the
peritoneal cavity. An 18- to 20-mm esophageal/colonic
dilating balloon (CRE ESO 18 to 20 mm×240 cm balloon
#5850, Boston Scientific, Cork, Ireland) was passed over
the electrocautery/access wire and dilated the 3-mm gastro-
tomy slit to a 12-mm-diameter circular gastrotomy. The
balloon and needle knife were then withdrawn from the
endoscope and the endoscope tip was directed through
the gastric defect into the abdominal cavity. Previous stud-
ies have demonstrated that the resultant gastric defect is
consistently circular and 12 mm in diameter.8 Systematic
NOTES peritoneoscopy was performed to exclude the pres-
ence of intra-abdominal injury caused from NOTES access.

Upon the completion of NOTES peritoneoscopy, the
endoscope was withdrawn from the peritoneal cavity into
the stomach. The percutaneous transabdominal access wire
was intentionally left coursing from the anterior abdom-
inal wall through the defect and out through the mouth to
assist with both endoscopic and subsequent radiographic
identification of the closure site. A Savary spring-tipped
metal guidewire (Cook Medical, Bloomington, IN, USA)
was introduced into the stomach through the endoscopic
accessory channel, and the endoscope was removed leav-
ing the wire in place. Upon withdrawal of the endoscope,
the distance from the GEJ to the incisors was noted. Care was
taken to ensure the Savary wire did not protrude through the
NOTES defect and remained in an intragastric position.

TPD Closure of the Gastric Defect

The TPD was advanced beyond the measured length of the
GEJ over the Savary wire, and the wire was subsequently
exchanged for a 5.9-mm-diameter pediatric flexible gastro-
scope (GIF-XP 160, Olympus) to provide endoscopic
visualization. Each defect was closed with a variable num-
ber of sequential firings of the device until closure appeared
adequate under endoscopic visualization, with the trans-
abdominal access wire left in place. Ideally, the first implant
location was selected to bisect the defect, and subsequent
implants were placed to close residual gaps. The u-stitch
design of the suture implant enabled approximation of the

defect edges without entrapment of the transabdominal
access wire.

Postoperative Evaluation of Closure

Once closure appeared complete, multiplanar, real-time,
upper GI contrast fluoroscopy was performed under anes-
thesia in the operative suite. In the prone animal, a large
bore orogastric tube was blindly passed into the stomach
and 240 mL of water-soluble radiopaque contrast [MD-
Gastroview (diatrizoate meglumine and diatrizoate sodium
solution), Mallinckrodt] was infused. The percutaneous
transabdominal access wire was left in place to serve as a
radiopaque marker of the closure site to assist with fluo-
roscopic visualization. Anterior–posterior, lateral, and 45°
oblique views of the stomach were obtained evaluating for
intraperitoneal contrast leakage from the gastrotomy site.
Results were immediately interpreted by the operating endo-
scopist. If leakage was noted, the closure process was
repeated and additional implants were placed with the TPD.
For animals with leak-proof closure on contrast fluoroscopy,
anesthesia was terminated and the animal was recovered.
The transabdominal access wire was then removed from
each animal by simply pulling either extracorporeal end.
All animals received one dose of Enrofloxacin 2.5 mg/kg
(Baytril, Bayer Healthcare LLC, Shawnee Mission, KA,
USA), a once-daily antibiotic administered intramuscularly.

Postoperative Recovery and Screening Upper GI
Contrast Fluoroscopy

Animals were extubated when clinically appropriate and
followed a standardized care path. Animals were permitted
to eat and drink without restriction immediately following
the surgery. All animals were evaluated daily by Case
veterinary and surgical staff for food intake, pain, bowel
and urinary function, and overall wellbeing. Pain medicine
was not routinely administered and was dosed on a case-
by-case basis at the shared discretion of surgical and vet-
erinary personnel.

On postoperative days 2 and 7, animals received repeat
upper GI contrast fluoroscopic exams (UGI). Conscious
sedation was obtained following intramuscular injection of
4 mg/kg of intramuscular tiletamine HCl and zolazepam
(Telazol, Fort Dodge, Animal Health). Animals were se-
dated to facilitate handling and examination; however, they
remained conscious enough to swallow, cough, and maintain
a protected airway. Each animal underwent repeated upper
GI contrast fluoroscopy following the aforementioned tech-
niques. The presence or absence of intra-abdominal leakage
was recorded for each animal at each time point. Animals
returned to their housing facility following each fluoroscopic
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exam and were recovered. Following each exam, animals
were permitted to eat and drink ad libitum.

Necropsy and Closure Bust Testing

After 14 days, animals were euthanized with intravenous
sodium pentobarbital (Fatal Plus, Vortech Pharmaceuticals,
Dearborn, MI, USA) and a laparotomy was performed.
The gastric closure was evaluated for injury to adjacent
organs and adhesions. The peritoneal cavity was explored
for abscess formation or evidence of infection. Follow-
ing thorough intra-abdominal exploration, the foregut was
excised en bloc and underwent pressurized burst testing of
the stomach to evaluate long-term strength of the TPD
closure. Pressurized oxygen gradually inflated the stomach
through tubing fastened in the esophagus, while intragastric
pressures were simultaneously recorded with a digital central
venous pressure/arterial blood pressure transducer (Hewlett
Packard, Palo Alto, CA, USA, model 68 #M1176a and
#M1006b) secured in the duodenum. The stomach was
submerged in a basin of water and failure was defined at
the first sign of bubbling from the serosal surface of the
stomach. Pressures were recorded in millimeters of mercury
for each stomach at the point of failure, as well as the
location of each failure. Gastric burst testing was also per-
formed on a control group of 40-kg pigs (n=10) originally
used for another series of nonsurgical experiments.

Endpoints and Data Analysis

In the postoperative period, clinical data were reported by
veterinarians in conjunction with surgical staff. Evidence of
peritonitis, pain, food intolerance, bowel movements,
urination, and activity level were documented for each
animal during the postoperative period, and treated as
binary variables. All fluoroscopic imaging was reduced to
binary data depending upon the presence or absence of
leak. Variations from the experimental protocol were doc-
umented. At the end of the study period, all animals were
weighed and postoperative weight gain was recorded as a
binary variable.

Binary data collected at time of necropsy were presence of
abscesses and injury to adjacent organs from TPD closure.
Gastric bursting pressure was recorded as continuous nu-
merical data expressed as mean +/− standard deviation and
were compared between study and control groups. For study
animals, the location of bursting failure was classified as
occurring at the closure or remotely. Gastric burst pressure
data was compared between study and control groups with a
Student’s t test. For the remainder of the categorical and bi-
nary data, statistical comparison was performed with Fisher’s
exact test. For all statistical comparisons, significance was
defined to be p<0.05.

Intraoperatively, recorded endpoints for each animal were
the categorical number of suture implants required and the
binary presence of intra-abdominal injury from NOTES
peritoneoscopy. The number of implants required for each
closure was represented as median +/− standard deviation,
whereas the presence of abscess was represented as per-
centage of total animals. Time required for each implant
placement was calculated after each experiment upon time-
coded videotape review and treated as a continuous variable
listed in minutes:seconds format. The necessary time for
implant placement was compared between first, second, and
subsequent placements for each animal. Additionally, total
closure time was compared between the first and the second
half of animals to determine if a learning curve existed. Time
per implant and total time of closure were converted to dec-
imal format and were compared between groups using a
Student’s t test.

Results

Gastric NOTES access was easily achieved in all study ani-
mals, and peritoneoscopy revealed no injury related to obtain-
ing peritoneal access. All animals appeared to thrive in the
postoperative period. No animals required supplemental
analgesics, and no animals deviated from the experimental
protocol. Seventy percent of animals gained weight in the
postoperative period; there were no deaths. Upper GI contrast
fluoroscopy (Fig. 2—representative UGI) revealed no leak-
age from any animals on postoperative days 0, 2, and 7.

Necropsy revealed one iatrogenic injury introduced during
gastric closure. A small piece of colonic serosa was found
incorporated into one gastric closure, with a small degree of
gastrocolic fistulization. The narrow (<2 mm) fistula tract
appeared to involve one corner of a PTFE pledget. Three
subcentimeter, well-circumscribed, walled-off abscesses were
found in the omentum adjacent to the site of the fistula. There
was no evidence of peritonitis, peritoneal bile staining, remote
abscess, or obstruction. The remainder of the animals demon-
strated only loose, flimsy adhesions to the serosal aspect of
each closure (Fig. 3).

Following one exclusion for gastrocolic fistula, gastric
burst testing was conducted on 9 of the study animals and
10 control animal stomachs. The mean failure pressure for
study and control animals was 85.1+/−16 and 85.3+/−
26.9 mm Hg, respectively (p=0.98). Six of nine (66.7%)
study animals failed at a nonsurgical site remote to the healed
closure defect. For study animals failing at the closure defect,
the mean burst pressure was 83.3 mm Hg. There was no
difference in mean burst pressure between study animals
failing at remote sites vs. those failing at the closure (86.0+/−
19.6 vs. 83.3+/−8.1 mm Hg, p=0.78).
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NOTES gastrotomies were closed with a median of 3+/−
0.74 suture implants (range, 2 to 4), requiring a total mean
time of 45:00+/−16:42 per animal (range=25:49–01:07:16);
intraoperative data are listed in Table 1. Overall, mean time
per implant placement was 14:28+/−09:00 (range=3:04 to
36:50). Time analysis was performed on only nine animals;
videotape failure forced the exclusion of the first animal.

The mean time for first, second, and subsequent implant
placements was analyzed across all animals and is listed in
Table 2. For all animals, the mean time for the first implant
was 23:19, whereas the mean time for second implant place-
ment was 12:30 (p<0.002). As the number of implants re-

quired to close a particular gastrotomy increased, the time
for each fire decreased. For closures requiring three implants
(n=8) and four implants (n=3), mean time for each implant
was 7:30 and 10:00, respectively (p=0.59). The time to fire

Figure 2 Upper GI fluoroscopy evaluating for leakage at the plicated
gastric defect. The transabdominal access wire was left in place to
guide fluoroscopic evaluation for contrast extravasation.

Figure 3 Representative sample of loose omental adhesion to
external surface of gastrotomy closure.

Table 1 Intraoperative Data

Animal
Number

Total Time for
Closure

Implant
Number

Time for
Implant

1a – – –
2 0:30:44 1 0:20:47

2 0:03:12
3 0:06:45

3 0:52:42 1 0:36:50
2 0:15:52

4 1:07:16 1 0:21:49
2 0:25:40
3 0:12:45
4 0:07:02

5 0:58:11 1 0:31:32
2 0:15:05
3 0:03:04
4 0:08:30

6 0:20:25 1 0:13:21
2 0:03:54
3 0:03:10

7 1:01:49 1 0:17:48
2 0:20:03
3 0:09:30
4 0:14:28

8 0:39:33 1 0:20:22
2 0:07:00
3 0:12:11

9 0:48:28 1 0:28:15
2 0:15:09
3 0:05:04

10 0:25:49 1 0:19:11
2 0:06:38

Mean 0:45:00 3 0:14:28

Standard
deviation

0:16:42 0.74 0:09:00

a Video recording malfunction, timed data not available. Three total
fires used

Table 2 Implant Order vs. Time for Implant

Implant Firing Order Number of Animals Average Timea

1rst Implant placed 10 23:19b

2nd Implant placed 10 12:30
3rd Implant placed 8 7:30
4th Implant placed 3 10:00

a Timed closure data not available for one animal
b Time for 1st implant was longer than for 2nd, 3rd, and 4th implants
(p<0.005)
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the first implant took significantly longer than that of the
second, third, or fourth implants (p<0.005). Total closure
time did not differ significantly between the first and the
second half of study animals (52:13 vs. 39:13, p=0.27).

Discussion

Endolumenal therapies have long afforded alternatives to
incision-based surgical approaches, sparing patients the added
morbidity and mortality associated with conventional surgery.
Endoscopic retrograde cholangiopancreatography, endoscop-
ic colonic polypectomy, and percutaneous endoscopic gastro-
stomy tube are a few examples of surgical endoscopy that
have revolutionized standards of surgical care, and each has
became a powerful tool in the armamentarium of general sur-
geons. Tissue approximation and defect closure is an emerg-
ing application of contemporary endoscopic technology with
a wide range of potential applications.

A variety of endoscopic tools are available to assist with
closure or coverage of endolumenal defects. Endoscopic
clips, plugs, stents, tissue fasteners, staplers, and suturing
devices have been used to close tissue defects but no one
technology has demonstrated superiority, as evidenced by a
lack of routine clinical use.9–18 This current report is an
intermediate step in the continuation of our experiments
to determine the long-term efficacy of the TPD in survival
animal models. Potential applications include closure of
transgastric NOTES access points, gastric anastomotic leaks,
and gastric perforations. In previous reports, our group has
developed a technique and demonstrated feasibility of using
the TPD in an anteflexed configuration to provide leak-proof
closure of gastrotomies in nonsurvival models.6 The long-
term efficacy of this technique, however, was unknown.

In this preclinical, survival swine NOTES model, stan-
dardized gastric defects were closed using the TPD. Intra-
operative and postoperative UGI fluoroscopy demonstrated
leak-proof closure for all animals intraoperatively and on
postoperative days 2 and 7. All animals thrived in the post-
operative period without clinical evidence of complica-
tions (Table 3). Upon ex vivo gastric burst testing, mean
failure pressure of plicated closures was commensurate
with controls consisting of normal, nonsurgical gastric tis-
sue (Table 4). In the 10 stomachs closed with the TPD, six
stomachs failed burst testing at a nonsurgical site remote to

Table 3 Postoperative Data

Animal Number Gained Weight Death Abscess Present Injury During Closure Fluoroscopic Contrast UGI Study

Leak
Day 0

Leak
Day 2

Leak
Day 7

1 No No No No No leak No leak No leak
2 Yes No No No No leak No leak No leak
3 Yes No No No No leak No leak No leak
4 Yes No No No No leak No leak No leak
5 Yes No No No No leak No leak No leak
6 Yes No No No No leak No leak No leak
7 Yes No Yes Yes No leak No leak No leak
8 Yes No No No No leak No leak No leak
9 No No No No No leak No leak No leak
10 No No No No No leak No leak No leak
Percent 70% 0% 10% 10% 0% 0% 0%

Table 4 Ex Vivo Bust Testing

Control
Stomachs

TPD Closed Stomachs

Burst Pressure
(mm Hg)

Burst Pressure
(mm Hg)

Location of
Failure

56 76 Closure site
105 106 Remote
51 108 Remote
91 82 Closure site
115 92 Closure site
53 87 Remote
85 – –
131 86 Remote
80 72 Remote
86 57 Remote

Mean 85.3 85.1
Standard
deviation

26.9 16.1

% Failure at
closure site

– – 33%
(3 of 9)

Animal #7 from the plicated closure group had gastrocolic fistula,
which precluded burst testing
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the gastrotomy, indicating that the strength of the plicated
closure equaled or exceeded that of native, nonsurgical
gastric tissue. There was one subclinical injury noted at
necropsy, as one pledget was found incorporated into adja-
cent colon with evidence of a possible gastrocolic fistula.
The current study leads the authors to draw several con-
clusions regarding the new application of defect closure
with the TPD.

Gastric defect closure with the TPD results in strong,
leak-proof closure of gastric defects in the immediate post-
operative period. Unlike other endoscopic closure tech-
nologies available, tissue plicating technology results in
full-thickness serosal apposition and binding. Compared
with other mucosa-based endoscopic closure techniques,
such as endoscopic clips, the full-thickness purchase of the
TPD is hypothesized to be the primary source of closure
strength. The resultant robust closure is composed of the
former defect edges invaginated into the gastric lumen
bound with nonabsorbable, pledgeted, full-thickness su-
tures. The configuration of this closure results in a closure
that becomes stronger as gastric distention pulls the edges
apart. One risk of full-thickness closure is blindly incorpo-
rating adjacent organs into the closure. It is likely that the
one injury encountered in this series of animals was due to
colonic tissue inadvertently incorporated within the gastric
closure. It is hypothesized that improvements with the
device’s tissue grasper would eliminate the risk of collateral
damage by allowing for improved tissue manipulation and
selectivity prior to implant delivery.

Using time as a surrogate for technical difficulty, endo-
scopic closure of these defects appears to be an advanced
endoscopic skill. In the hands of two experienced endo-
scopists working simultaneously, plicated closure of gastric
defects took, on average, 45 min. Several technical factors
and properties inherent to the TPD add to the time neces-
sary to perform this procedure. As illustrated in the pre-
vious feasibility studies performed by the authors, each
single-fire suture implant requires an extracorporeal reload-
ing of the device, which adds greatly to the time required to
close each defect. Thus, for each implant placed, a guide-
wire needs to be replaced and the device is reintroduced.
The mean time for each suture implant in this study was
14:28, which was is nearly 2.5 times longer than the time
per implant in our previous acute study.

Also adding to the length of the procedure were
difficulties initially visualizing the defect and apposing tis-
sue. This may not necessarily reflect poor performance of
the TPD device but, rather, difficulty inherent to the endo-
scopic nature of the procedure. The time to place the first
implant for each closure took nearly twice as long as that of
the second implants. This discrepancy indicates that
obtaining initial visualization, apposition, and delivery of

the first implant is the most challenging step of obtaining
closure. The authors suspect that inadequate gastric insuf-
flation, which is caused by intra-abdominal leaks through
the open gastrotomy, is probably the single largest factor
adding to the time necessary for closure. Moreover, im-
provements in the TPD’s integrated tissue grasper may
improve closure times by temporarily apposing defect
edges prior to implant delivery and improving intragastric
insufflation. Once one implant was placed, partial closure
permitted adequate insufflation and visualization, as evi-
dence by a marked reduction in time necessary to place
subsequent implants. Additionally, the resultant invaginated
tissue tent formed by placement of the first implant makes
subsequent fires of the device easier because the tissue
already protrudes into the jaws of the device, unlike the
first firing.

Several limitations of the study model exist. First, the
model utilized acutely created 12-mm circular NOTES de-
fects with fresh tissue edges to simulate gastric perforations.
Although adequate for studying device performance in
NOTES, most gastric perforations and anastomotic defects
and fistulas will not consist of fresh, clean-cut tissue edges.
In the absence of a realistic, inflamed gastric perforation or
fistula model, the current study demonstrates that the TPD is
capable of closing defects with clean-cut, healthy tissue;
however, device performance in the setting of potentially
inflamed and friable tissue has not been studied. Predicated
upon the encouraging findings of the current study, subse-
quent work will be necessary to validate actual TPD perfor-
mance in non-NOTES applications involving potentially
inflamed human tissue. Additionally, identifying the exact
site of perforation or anastomotic leak solely with endoscopy
may be difficult with the crude dissecting capabilities in the
absence of haptics. Another limitation of the study is lack of
long-term follow-up, as animals survived only to 14 days.
The chronic performance of the nonabsorbable suture-
pledget assembly was not evaluated. Migration, erosion,
and fistulization may occur beyond the 2-week study
period utilized in the current study. It should be noted,
however, that human trials have demonstrated no implant
migration at 36 months of follow-up.5 Use of absorbable
pledgets and suture materials may reduce the risk of such
untoward events.

The notoriously low sensitivity, specificity, and diag-
nostic yield of contrast fluoroscopy to evaluate enteric leaks
are other limiting factors for the present study. In the
absence of standardized evaluation techniques to evaluate
NOTES closures for leak, contrast fluoroscopy was chosen
because of its familiarity, ease, and low cost. Both the
surgical and radiological literature, however, is replete with
reports describing the limitations of contrast fluoroscopy.
The false negative rates of upper GI contrast following
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esophagectomy approach 60%, whereas lower GI exams
report false positive rates of 12%.19,20 Multislice CT scan-
ning may improve diagnostic yield; however, the costs of
such studies limit experimental use.21

Conclusion

TPD closure of standardized gastric defects results in strong,
leak-proof closure in the survival swine model. As with any
closure technology, injury to adjacent organs can occur, and
they may be minimized with subsequent improvements to
the device platform. These results support the development
of human trials testing the TPD’s ability to close uncon-
trolled gastric defects such as fistulas, anastomotic leaks,
and human NOTES access sites.
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Abstract Appendectomy is the most common non-gynecologic surgery performed during pregnancy. Little data exist on
the accuracy of imaging studies in the diagnosis of appendicitis in pregnancy. The objective of this study was to evaluate the
probability of ultrasound and computed tomography (CT) scan in diagnosing appendicitis in pregnancy, as reflected in the
negative appendectomy rate. We retrospectively reviewed the charts of 86 pregnant women who underwent an
appendectomy between January 1, 1997 and January 1, 2006. Patients were divided into three groups: clinical evaluation,
ultrasound, and ultrasound followed by a CT scan. The clinical evaluation group had 13 patients, with a negative
appendectomy rate of 54% (7/13). Fifty-five patients underwent an ultrasound alone, with a negative appendectomy rate
36% (20/55). In the ultrasound/CT group (n=13), the negative appendectomy rate was 8% (1/13). There was a significant
reduction in the negative appendectomy rate in the ultrasound/CT scan group compared to clinical evaluation group (54 vs
8%, p<0.05). This reduction was not achieved in the ultrasound group when compared to the clinical evaluation group or
the ultrasound/CT group (p=0.05). A significant reduction was achieved when the ultrasound/CT group was compared to
the patients in the ultrasound only group who had a normal or inconclusive ultrasound (p<0.05). Our data documents a very
high negative appendectomy rate in the pregnant patient. We recommend an ultrasound followed by a CT scan in patients
with a normal or inconclusive ultrasound.

Keywords Appendicitis . Pregnancy . Ultrasound . CT

Introduction

The incidence of acute appendicitis during pregnancy
ranges from 0.06 to 0.1%, making appendectomy the most
common non-gynecologic surgery performed during preg-
nancy.1,2 The anatomical and physiological changes that
occur during pregnancy make the diagnosis of acute
appendicitis in this patient population more challenging
than in their non-pregnant counterparts.3,4 Signs and

symptoms such as anorexia, nausea and vomiting, and
mild leukocytosis are seen in normal pregnancy, but they
can also be symptoms of acute appendicitis.1 It is
imperative that acute appendicitis is rapidly diagnosed and
managed in the pregnant patient.

Diagnostic imaging studies have been shown to be
accurate techniques for detecting acute appendicitis in the
general population.6 Ultrasound is reported to have a
sensitivity and specificity of 86 and 81%, respectively.6

Although this test is non-invasive, rapid, inexpensive, and
does not use ionizing radiation, it is operator-dependent and
often difficult to interpret due to patient limitations, such as
obesity or a retrocecal appendix. CT has been shown to be
even more accurate in diagnosing acute appendicitis, with a
reported sensitivity and specificity of 94 and 95%,
respectively.6 Although these imaging studies have been
extensively studied and compared in the general population,
their accuracy in diagnosing acute appendicitis in the
pregnant population remains unknown.3,7–9 Potential en-
thusiasm for routine use of CT scans in diagnosing
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appendicitis in pregnancy is of set by concerns for ionizing
radiation exposure to the mother and fetus.3,10

In the general population, the reported overall negative
appendectomy rate (NAR) after an appendectomy for clinical
diagnosis of acute appendicitis without imaging is reported to
be as high as 25%.11 The increased use of ultrasound (US)
and/or computed tomography (CT) scan has reportedly
improved the overall NAR in the general population to
<15%.11 However, little data exist evaluating the impact of
these imaging techniques on reducing the NAR in preg-
nancy. Our objective is to evaluate the influence of US and
CT imaging in diagnosing acute appendicitis in pregnancy,
as reflected in the NAR. We chose this measurement over
other evaluations, such as predictive values, as it provides a
readily meaningful clinical outcome measure.

Materials and Methods

Patients

After receiving institutional approval, we retrospectively
reviewed and analyzed the charts of every pregnant woman
who underwent an appendectomy at the Brigham and
Women’s Hospital between January 1, 1997 and January 1,
2006, for a total of 86 patients. Information collected included
the age of patient, gestational age, white blood cell (WBC)
count, any imaging modality that was used to help with the
diagnosis, type of operation, length of stay, and the final
pathology report. Patients were divided into three groups:
those who underwent an appendectomy based on clinical
evaluation alone (CLIN, n=13); based on clinical evaluation
plus US (n=55), or based clinical evaluation and an US
followed by a CT scan (US-CT, n=13). A small number of
patients underwent a CT scan alone (CT, n=5) before
appendectomy, but were excluded from further analysis.

Imaging

The US and CT imaging studies were interpreted as either
diagnostic of appendicitis or as normal/inconclusive. All
imaging studies were reviewed and interpreted by radiolo-
gists. The graded compression technique was used for the US
studies. For each CT scan, the spiral helical technique was
used scanning from the second lumbar vertebra to the pubic
symphysis. With the exception of one, all patients received
oral, intravenous, and/or rectal contrast for preparation. No
patients had a magnetic resonance imaging (MRI).

Pathology

Definitive diagnosis of acute appendicitis was made by
histo-pathological examination of the resected appendices.

The pathological findings were classified as either a normal
appendix (normal) or as acute appendicitis/perforation/
gangrenous (appendicitis).

Statistical Analysis

The NAR was calculated for each group of patients (CLIN,
US, US-CT, and CT) by dividing the number of patients
with a pathologically confirmed normal appendix by the
total number of patients in the group. To control the overall
Type I error rate at 5%, Fisher’s exact test for a 4×2
contingency table was used to simultaneously compare the
four groups of patients (CLIN, US, US-CT, and CT) with
respect to NAR, taking p<0.05 as significant. Comparisons
between pairs of groups were performed used Fishers Exact
test for (2×2) tables. In a second analysis, the US-CT was
compared to each of the two subgroups of US using two
separate Fisher’s exact test; to control the overall Type I
error rate at 5% for this second analysis, we used a
Bonferonni adjustment so that each p value is significant if
p<0.025. The data analysis was reviewed by our depart-
mental statistician (see Acknowledgements).

Results

There was no difference between the groups of patients
with respect to WBC on presentation, gestational age, or
length of stay. Of the 86 patients, 13 had no imaging
performed and underwent an appendectomy based on
clinical evaluation alone (CLIN), 55 underwent US only
(US), 13 had an US followed by CT scan (US-CT), and 5
underwent a CT scan alone (CT).

Pathology Correlation

Appendicitis was pathologically confirmed in 6 of the 13 in
the CLIN, 35 of the 55 in the US group, 12 of the 13 in the
US-CT group and 2 of 5 in the CT group.

In the US group, 18 of the 34 patients that had a normal
or inconclusive US actually had acute appendicitis on
pathology. Also in the US group, four patients who had an
US reporting acute appendicitis were found to have normal
appendices on pathology (Table 1). All patients in the US-
CT group had a normal/inconclusive US. Nine of these
patients had a CT report of acute appendicitis, all of which
were confirmed to have acute appendicitis on pathological
examination. The remaining four patients had a CT report
of normal/inconclusive, one of which had a normal
pathology report (Table 1). Three patients in the CT group
had reports of acute appendicitis, one of which had a
normal appendix on pathology. Interestingly, the two cases
where the CT was interpreted as normal went to the
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operating room based on the surgeon’s clinical evaluation
and were found to have normal appendices on pathological
examination.

Overall NAR

Independent of imaging, our overall NAR was 37% (32/86)
compared to 25% in the general population. The overall
NAR per year varied over the observed 10 years and had no
correlation with the use of CT scans.

NAR of each Patient Group

Table 2 lists the NAR for each group (CLIN, US, US-CT,
and CT). Of the 13 in the CLIN group, 7 had a
pathologically normal appendix, with a NAR of 54%. The
NAR in the US group was 36% (20/55). In the US-CT
group, the NAR was 8% (1/13).

The overall p value for the 4×2 Fisher’s exact test was
significant at p=0.038. When performing the paired
comparisons, there was a statistically significant reduction
in the NAR in the US-CT group compared to the CLIN
group (54 vs 8%, p<0.05). This reduction was not achieved
in the US group when compared to the CLIN or when
compared to the US-CT group (p>0.05). The small group
of patients in the CT only group (n=5) was found to have
an NAR of 60% (Table 2).

NAR based on Specific Imaging Findings

There was no statistically significant reduction in the NAR
of the US group when compared to the US-CT group. A

subgroup analysis was performed based on the specific
findings in the US group (Table 3). In the US group, 21
patients had a report of acute appendicitis, 4 of which had a
normal pathology. This calculated to a NAR of 19% (4/21).
When this rate was compared to the NAR in the US-CT
group (regardless of the CT results), no significant
difference was appreciated (19 vs 8%, p>0.025; Table 3).
However, there was a significant reduction when the NAR
of US reporting normal/inconclusive findings [NAR=53%
(18/34)] was compared to the NAR of the US-CT group
(regardless of CT results; 53 vs 8%, p<0.025; Table 3).

Discussion

The use of diagnostic imaging, specifically US and CT, has
helped to reduce the rate of negative appendectomies in the
general population. We set out to determine the influence of
US and CT on the NAR in suspected cases of acute
appendicitis in our pregnant patient population. Our data
document a very high NAR in the pregnant patient, which
is substantially higher than that seen in the general
population. This highlights the inaccuracy of clinical
examination alone, especially in the pregnant patient, in
diagnosing appendicitis. Imaging studies are essential in
reducing the NAR in the general patient population. Our
data also support the use of such imaging studies in
pregnancy, showing a statistically significant reduction in
the NAR of the US-CT group when compared to the CLIN
group. The fact that we did not observe a statistically
significant reduction in the NAR of the US group when
compared to the US-CT suggests that an approach of an US

Table 2 Comparison of the NAR Between the Groups

Group NAR

CLIN 54% (7/13)
US 36% (20/55)
US-CT 8% (1/13)*
CT 60% (3/5)

*p<0.05 CLIN vs US-CT

Table 3 Comparison of the NAR Between the US Group and the US-
CT Group Based on the Specific Ultrasound Findings

NAR p value

USAppendicitis vs US-CT 19% (4/21) 8% (1/13) 0.6272
USNorm/Incon vs US-CT 53% (18/34) 8% (1/13) *0.0166

*p<0.05 USNorm/Incon vs US-CT

Table 1 Correlation of the Imaging and Pathology Findings in the US, US-CT, and CT Groups

Imaging

Pathology US US-CT CT

Appendicitis Norm/Incon Appendicitis Norm/Incon Appendicitis Norm/Incon

Appendicitis 17 18 9 3 2 0
Normal 4 16 0 1 1 2
Total 21 34 9 4 3 2
Group total 55 13 5
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followed by a CT is superior to obtaining an US alone.
Some may suggest that going directly to a CT scan in all
patients may be the best approach. This would, however,
expose the patient and the developing fetus to potentially
unnecessary radiation. Furthermore, data from our small
group of patients who had a CT alone would suggest that
this approach could still result in a high NAR. We clearly
have to raise concerns about putting too much emphasis on
the 60% NAR, as the numbers in this group were very
small (n=5), and in the majority of the cases, the physicians
overruled a negative CT. To help develop a diagnostic
algorithm that avoids exposure of all patients to radiation
and a costly test, we decided to perform a subgroup
analysis in those patients that had an US only and compare
it to the US-CT group. Our data showed that if the US
suggested acute appendicitis, obtaining a follow-up CT did
not significantly reduce the NAR (19 vs 8%, p>0.05).
However, if the US was interpreted as normal or inconclu-
sive, obtaining a follow-up CT did decrease the NAR
significantly (53 vs 8%, p<0.02), suggesting an increased
accuracy in the diagnosis of acute appendicitis in the
pregnant patient when both imaging tools are used together.
Therefore, we propose an algorithm that subjects pregnant
patients suspected of acute appendicitis to an US first. If
this cheap and radiation-free procedure diagnoses acute
appendicitis, no further imaging is indicated, and the patient
can go directly to surgery. However, if the US is normal or
inconclusive, the specificity for appendicitis is low, and
therefore, a CT should be obtained to definitively rule out
appendicitis (Fig. 1). Of note, the negative predictive and
positive predictive values of these imaging studies were
neither calculated nor discussed. We aimed to measure a
clinically meaningful outcome measure (NAR) and propose
a practical algorithm whereby surgeons can rapidly decide
on the most appropriate treatment for pregnant patients with
acute appendicitis.

Because ionizing radiation is a potential hazard to the
developing fetus, avoidance of unnecessary radiation
exposure in a pregnant patient is standard practice. The
radiation exposure during a CT scan is well below the level
required to cause fetal malformations.7 However, there is a
slight increase in the risk of childhood cancer, specifically
leukemia.7 Therefore, radiation exposure via diagnostic
medical imaging should be avoided in a pregnant patient
and used only when absolutely necessary. Our results
suggest that a CT should be obtained only when the US
report is normal or inconclusive. In these cases, the
potential risks of radiation to the fetus are outweighed by
the serious, immediate complications that could result from
the missed diagnosis of acute appendicitis in the pregnant
patient. We also recognize that there are risks of general
anesthesia to the developing fetus, such as teratogenic
effects of anesthetic drugs, alterations in uteroplacental
blood flow, and maternal hypoxia.13 These risks are
especially higher when surgery is performed during the
first trimester, which denotes the period of organogenesis.
Appendicitis in pregnancy most commonly presents during
the second trimester, however.2 The risks of anesthesia to
the fetus can be minimized if meticulous care is taken in
choosing the most appropriate drugs to administer, main-
taining adequate uteroplacental blood flow and preventing
maternal hypoxia.13

MRI is being used more often now as an alternative to
CT. This is largely because it avoids ionizing radiation. In a
recent study, MRI was reported to have a sensitivity and
specificity of 100 and 93.6%, respectively, in the diagnosis
of acute appendicitis in pregnancy.12 The impact of such
imaging modality on the NAR is not known. Furthermore,
MRI is not readily available in every hospital. At our
institution, MRI is not routinely used in the diagnosis of
acute appendicitis, and none of the patients in our study had
an MRI performed.

Because our study is a retrospective review, we were
unable to determine if there were also patients who were
examined and found not to exhibit signs and symptom of
acute appendicitis. Obtaining this information would have
allowed us to determine the negative predictive value of the
clinical evaluation group. The retrospective analysis also
prohibited us from knowing who examined the patients
(junior/senior residents vs surgical attendings) and what
determined whether a patient received an imaging study.

Conclusions

Based on our results, we suggest an algorithm, where every
pregnant patient with a clinical suspicion of acute appen-
dicitis undergoes an US first. If the US reports acute
appendicitis, the patient should undergo an appendectomy

US

OR CT

OR OBSERVE

+

+

-

-

Clinical suspicion

Figure 1 Algorithm for the management of acute appendicitis in the
pregnant patient.
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without further imaging. However, if the US report is
normal or inconclusive, a CT scan should be obtained for
confirmation, and the patient should be taken to the
operating room based on the results of the CT scan. This
could potentially reduce the number of unnecessary
operations in the pregnant patient.
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Abstract The aim of this prospective study was to clarify differences in postoperative changes of serum or drainage fluid
pancreatic amylase levels and serum C-reactive protein (CRP) levels between patients with a soft pancreatic texture and
those with a hard pancreatic texture undergoing pancreatoduodenectomy (PD) with pancreaticogastrostomy. A total of 61
consecutive patients with resectable periampullary tumors undergoing PD were recruited. This population was divided into
27 patients with a hard pancreatic texture and 34 patients with a soft pancreatic texture. Drainage fluid total amylase or
pancreatic amylase levels, serum total amylase or pancreatic amylase levels, and serum CRP levels were measured
postoperatively. Clinicopathological data were also compared between two groups. Postoperative complications more
frequently occurred in patients with a soft pancreatic texture compared with those with a hard pancreatic texture (P=0.029).
Serum or drainage fluid pancreatic amylase levels and serum CRP levels of patients with a soft pancreatic texture were
significantly higher than those of patients with a hard pancreatic texture after PD on postoperative days 1 and 2 (P<0.05). A
soft pancreatic texture was identified as an only independent predictive factor of increased drainage fluid pancreatic amylase
levels (P=0.006) and serum CRP levels (P=0.047). A soft pancreatic texture is closely associated with increased drainage
fluid pancreatic amylase and serum CRP levels after PD. More careful post-PD management is needed for patients with a
soft pancreatic texture.

Keywords Pancreatoduodenectomy .

Soft pancreatic texture . Hard pancreatic texture .

Drainage fluid pancreatic amylase . C-reactive protein

Introduction

The operative mortality rate after pancreatoduodenectomy
(PD) is reported to range from 0 to 5% at major surgical

institutes.1–6 The major cause of operative death is sepsis
and hemorrhage resulting from pancreaticoenteric anasto-
motic failure, which occurs in 0 to 18% of patients
undergoing PD.2–18 To prevent this unfortunate complica-
tion after PD, various modifications of pancreaticoenteric
reconstruction have been proposed: pancreticojejunostomy
or pancreaticogastrostomy, invagination or duct-to-mucosa,
stented or nonstented, end-to-end or end-to-side, and use of
fibrin glue or not. However, no universal consensus has been
reached regarding the particular variation of pancreatico-
enteric reconstruction that is safer and less prone to
anastomotic failure.

Several investigators have attempted to find useful
predictors of pancreatic fistula after PD, and a soft
pancreatic texture has been reported to be one of the most
important predictors, according to the previous litera-
ture.6,13,17 However, to our knowledge, there have been
few detailed comparative studies between patients with a
soft pancreatic texture and those with a hard pancreatic
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texture undergoing PD. Shyr et al.19 reported that a soft
pancreatic parenchyma was associated significantly with
higher drainage fluid amylase levels than a fibrotic pancreas
in patients after PD. The aims of this prospective study
were to clarify differences in postoperative changes of
serum or drainage fluid pancreatic amylase levels and C-
reactive protein (CRP) levels between patients with a soft
pancreatic texture and those with a hard pancreatic texture
undergoing PD.

Patients and Methods

Sixty-one consecutive patients with resectable periampul-
lary tumors undergoing pylorus-preserving PD with pan-
creaticogastrostomy at the Hiroshima University Hospital
were recruited into this study from December 2003 to
December 2006. Appropriate informed consent was
obtained from all patients. According to intraoperative
findings of the texture of the remnant pancreas (pancreatic
body or tail) and postoperative pathological findings of the
pancreatic cut margins, this patient population was divided
into two groups: patients with a hard pancreatic texture and
patients with a soft pancreatic texture. All patients with a
hard pancreatic texture developed obstruction of the main
pancreatic duct at the head of the pancreas because of
tumor invasion by preoperative imaging examinations and
had a fibrotic pancreas because of obstructive pancreatitis
pathologically, whereas all patients with a soft pancreatic
texture did not. Data concerning patient characteristics (age,
gender, pathological diagnosis, and preoperative HbA1c

level), operative procedures (partial portal vein resection),
perioperative parameters (operating time, blood loss, and
blood transfusion), and postoperative complications were
recorded. A pancreatic fistula was defined as reported by
the International Study Group on Pancreatic Fistula
Definition [output via an operatively placed drain of any
measurable volume of drain fluid on or after postoperative
day (POD) 3, with an amylase content greater than three
times the upper normal serum value].20 A biliary fistula was
defined as persistence of biliary drainage for more than
5 days, confirmed by fistulography.16 Gastric emptying was
considered delayed when postoperative gastric suction was
required for more than 10 days or when the patient was not
able to tolerate a solid diet on or before POD 14.16,17

Operative mortality was any death occurring within 30 days
of the procedure.

In all patients, total amylase levels or pancreatic amylase
levels in the fluid from the drainage tube near the
pancreaticogastric anastomosis were measured on POD 1,
2, and 5. The quality of the drainage fluid was also
recorded. Serum total amylase levels, serum pancreatic
amylase levels, and serum CRP levels were examined on

POD 1, 2, 5, and 7. The cutoff value for normal serum total
amylase levels and serum pancreatic amylase levels in our
hospital were <110 and <46 U/l, respectively.

Pancreaticogastrostomy was performed using the duct-
to-mucosa method. After pancreatoduodenal resection with
or without preservation of the pylorus, the pancreatic stump
was dissected from the superior mesenteric and splenic vein
for a distance of 2 cm. An incision of 3 cm was made in the
seromuscular layer of the posterior gastric wall, and a row
of interrupted 4–0 nonabsorbable monofilament sutures was
placed between the seromuscular layer of the posterior
gastric wall and the anterior wall of the pancreas (approx-
imately 0.5 cm from the cut edge of the pancreas). A 0.5-cm
incision of the exposed gastric submucosa/mucosa was made
at the opposite side of the main pancreatic duct. Then, a row
of interrupted 5–0 absorbable monofilament sutures was
placed between the gastric submucosa/mucosa and the main
pancreatic duct, which was completed by a total of eight 5–0
absorbable monofilament sutures, including the posterior
and anterior sutures. The duct-to-mucosa method was
completed by applying a row of interrupted 4–0 nonabsorb-
able monofilament sutures between the seromuscular layer
of the posterior gastric wall and the posterior wall of the
pancreas. A pancreaticogastric stent was placed for an
internal drain of the pancreatic juice to the stomach. This
stent was, in most cases, removed spontaneously within 1 or
2 months after surgery. After pancreaticogastrostomy, end-
to-side choledochojejunostomy and end-to-side duodenoje-
junostomy were performed in antecolic fashion. All patients
had two drains placed at the time of surgery, one near the
choledochojejunostomy and one near the pancreaticogas-
trostomy. These drains were removed on POD 6 if a
pancreatic fistula and a biliary fistula were not found. All
patients received histamine H2-receptor antagonists during
their postoperative hospitalization as prophylaxis for marginal
ulcerlation. However, no patients received somatostatin
analogues during their perioperative periods.

Data were presented as mean ± standard deviation or
mean ± standard error. Statistical differences between the
groups were verified using the chi-square test and the
Mann–Whitney U test for univariate analysis. Multivariate
analysis was performed using a multiple logistic regression
model. Significance was defined at the P<0.05 level.
Statistical analysis was carried out using the Macintosh
version of StatView (version 5.0; SAS Institute, Cary, NC).

Results

Pancreaticogastrostomy after PD was performed for a total
of 61 patients (27 with a hard pancreatic texture and 34
with a soft pancreatic texture). There was no mortality in
both groups. There was no significant difference between
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the two groups in age, gender, and preoperative HbA1c

levels. Pancreatic carcinoma occurred more frequently (P<
0.001) in patients with a hard pancreatic texture than in
patents with a soft pancreatic texture. Partial resection of
the portal vein was performed more frequently (P<0.001),
and the operative time (P=0.003) and blood loss (P=0.010)
was significantly higher in patients with a hard pancreatic
texture than in patients with a soft pancreatic texture. More
patients with a hard pancreatic texture than patients with a
soft pancreatic texture required perioperative blood trans-
fusion (P<0.001). Postoperative complications occurred
more frequently (P=0.029) in patients with a soft pancre-
atic texture (surgical site infection in three, biliary fistula in
four, enterocolitis in one, delayed gastric emptying in three,
and pancreatic fistula in three) than in patents with a hard
pancreatic texture (pancreatic fistula in two and biliary
fistula in one). However, the incidence of pancreatic fistula
did not differ between two groups (Table 1). The pancreatic
fistulae of five patients (three with a soft pancreatic texture
and two with a hard pancreatic texture) were judged as

grade A according to the clinical grading system of the
International Study Group on Pancreatic Fistula Defini-
tion.20 The total drainage fluid amylase levels of the four
patients with pancreatic fistula were 1,100, 767, 484, and
416 U/l after POD 3. However, they were managed by slow
removal of the operatively placed drains, and no further
treatment was required. The other patient, who had a hard
pancreatic texture, developed pus-like drainage fluid on
POD 5. The total amylase level and pancreatic amylase
level of this patient were 13,400 and 5,670 U/l on POD 7 in
the drainage fluid, respectively. The patient was treated
conservatively by leaving the drain in place and was cured
within 2 weeks.

In all 61 patients, serum total amylase levels were
significantly higher than serum pancreatic amylase levels
on POD 1, 2, 5, and 7 (P<0.001). In 22 of 61 patients
(36%), serum total amylase levels were more than three
times the serum pancreatic amylase levels on POD 1.
However, there was no significant difference between
the drainage fluid total amylase levels and the drainage
fluid pancreatic amylase levels during the study period
(Fig 1).

In comparison between patients with a soft pancreatic
texture and those with a hard pancreatic texture, drainage
fluid pancreatic amylase levels of patients with a soft
pancreatic texture were significantly higher than those of
patients with a hard pancreatic texture on POD 1, 2, and 5
(P<0.001). However, the drainage fluid pancreatic amylase
levels of both groups decreased to lower levels on POD 5.
In addition, serum pancreatic amylase levels of patients
with a soft pancreatic texture were significantly higher than
those of patients with a hard pancreatic texture on POD 1,
2, 5, and 7 (P<0.001). The serum pancreatic amylase levels
of patients with a soft pancreatic texture decreased to the
normal range on POD 5 (Fig 2). Serum CRP levels of
patients with a soft pancreatic texture were significantly
higher than those of patients with a hard pancreatic texture

Table 1 Perioperative Characteristics of Patients with a Hard or Soft
Pancreatic Texture Undergoing Pancreatoduodenectomy

Pancreatic texture P value

Hard
(n=27)

Soft
(n=34)

Age (years) 65±12 67±12 0.293
Gender
Male 15 22 0.467
Female 12 12
Pathological diagnosis
Pancreatic carcinoma 21 3 <0.001
Non-pancreatic
carcinoma

6 31

Preoperative
HbA1c levels (%)

6.4±2.0 5.4±1.0 0.058

Partial portal vein resection
Yes 11 2 <0.001
No 16 32
Operative time
(minutes)

423±88 360±68 0.003

Blood loss (ml) 1,481±1,798 934±683 0.010
Blood transfusion
Yes 11 2 <0.001
No 16 32
Pancreatic fistula
Yes 2 3 0.841
No 25 31
Postoperative complications
Yes 3 12 0.029
No 24 22

Data are presented as mean ± standard deviation.

Figure 1 Comparison between total amylase levels and pancreatic
amylase levels in patients undergoing pancreatoduodenectomy. Data
are presented as mean ± standard error. **P<0.01.
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on POD 1 (P=0.044) and 2 (P<0.018). No significant
difference existed between the two groups on POD 5 and 7
(Fig 3).

Table 2 lists univariate analysis of perioperative factors
influencing postoperative maximum drainage fluid pancre-
atic amylase levels undergoing PD. Preoperative serum
HbA1c levels (<5.5%; P=0.014), absence of partial resec-
tion of the portal vein (P=0.002), a soft pancreatic texture
(P<0.001), absence of blood transfusion (P=0.039), pres-
ence of postoperative complications (P=0.003), and a
pathological diagnosis of non-pancreatic carcinoma (P<
0.001) were significantly associated with higher drainage fluid
pancreatic amylase levels (Table 2). These six factors were
entered into multivariate analysis with a multiple logistic
regression model. A soft pancreatic texture was identified as
an only independent factor influencing postoperative maxi-
mum drainage fluid pancreatic amylase levels (P=0.007,
relative risk 28.4, and 95% confidence interval of 2.6–313.4),
additionally, preoperative serum HbA1c levels (<5.5%; P=
0.029) and a soft pancreatic texture (P were significantly
associated with higher maximum serum CRP levels by
univariate analysis (Table 3). A soft pancreatic texture was
identified as an only independent factor influencing postoper-
ative maximum serum CRP levels (P=0.047, relative risk 3.1,
and 95% confidence interval of 1.0–9.7).

Discussion

Postoperative hyperamylasemia has been noted in a variety
of surgical procedures, including cardiac surgery21 and
abdominal surgery.22,23 However, elevation of the serum
total amylase concentration does not reflect pancreatic
injury because the elevated serum total amylase concentra-
tion consists of both pancreatic and salivary amylase.
Several authors reported that hyperamylasemia during the
early days after surgery was frequently of salivary origin.21–23

In this study, serum total amylase levels were significantly
higher than serum pancreatic amylase levels on POD 1, 2, 5,
and 7, although no significant difference existed between
drainage fluid total amylase levels and drainage fluid
pancreatic amylase levels. Additionally, in 36% of the
patients, the serum total amylase levels were more than
three times the serum pancreatic amylase levels on POD 1.
Based on these results, measurement of the pancreatic
amylase in serum or drainage fluid is mandatory for
evaluating pancreatic injury in patients undergoing PD. For
these reasons, we analyzed not the total amylase concentra-
tion but the pancreatic amylase concentration in the current
study.

There has been only one report regarding the daily
change in drainage fluid total amylase levels after PD in the
published literature.19 According to this report, drainage
fluid total amylase was significantly higher in the group
with a soft pancreatic parenchyma than in the group with a
hard pancreatic parenchyma on POD 1–7. The results of the
current study were similar to that report. Not only drainage
fluid pancreatic amylase levels but also serum pancreatic
amylase levels of patients with a soft pancreatic texture
were significantly higher than those of patients with hard
pancreatic texture throughout the study periods. In addition,
a soft pancreatic texture was an only independent factor
influencing increased drainage fluid pancreatic amylase
levels after PD. Based on these results, we believe that soft
pancreatic parenchyma is closely associated with higher
drainage fluid pancreatic amylase levels after PD.

Figure 2 Comparison of serum and drainage fluid pancreatic amylase
levels between patients with a soft pancreatic texture and those with a
hard pancreatic texture undergoing pancreatoduodenectomy. Data are
presented as mean ± standard error. **P<0.01.

Figure 3 Comparison of serum CRP levels between patients with a
soft pancreatic texture and those with a hard pancreatic texture
undergoing pancreatoduodenectomy. Data are presented as mean ±
standard deviation. *P<0.05.
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To our knowledge, there have been no previous English
reports concerning the relationship between pancreatic
texture and serum CRP levels after PD. Many investigators
have used postoperative serum CRP levels as a systemic
inflammation parameter to compare the invasiveness of
various surgical procedures.24–26 In this study, serum CRP
levels of patients with a soft pancreatic texture were
significantly higher than those of patients with a hard
pancreatic texture on POD 1 and 2 after PD. In addition, a
soft pancreatic texture was identified as an only independent
factor influencing postoperative higher serum CRP levels,
whereas operative time, blood loss, blood transfusion, and
postoperative complications did not correlate with elevation
of postoperative serum CRP levels. A soft pancreatic texture
appears to be one of the most important factors that
accelerates elevation of serum CRP levels after PD.

In this study, patients with a soft pancreatic texture
developed postoperative complications more frequently
than patients with a hard pancreatic texture, although the
incidence of pancreatic fistula did not differ between

both groups. As mentioned above, patients with a soft
pancreatic texture exhibited higher levels of drainage
fluid pancreatic amylase and serum CRP. Much of intra-
peritoneal pancreatic amylase induces acceleration of
locoreginal inflammation, and higher serum CRP levels
indicate acceleration of systemic inflammation. Higher
incidence of postoperative complications in patients with
a soft pancreatic texture after PD might be caused by
acceleration of rocoreginal and systemic inflammation.

Conclusions

In conclusions, a soft pancreatic texture accelerates not only
elevation of serum or drainage fluid pancreatic amylase
levels but also serum CRP levels after PD. Postoperative
complications occurred more frequently in patients with a
pancreatic texture than in patients with a hard pancreatic
texture. More careful post-PD management is needed for
patients with a soft pancreatic texture.

Table 2 Univariate Analysis of Perioperative Factors Influencing
Postoperative Maximum Drainage Fluid Pancreatic Amylase Levels in
Patients Undergoing Pancreatoduodenectomy

Maximum drainage
fluid pancreatic
amylase levels (U/l)

P value

Preoperative serum HbA1c level (%)
<5.5 (n=29) 3,374±9,335 0.014
≥5.5 (n=32) 826±1,562
Partial portal vein resection
Yes (n=13) 295±687 <0.001
No (n=48) 2,513±7,314
Pancreatic texture
Soft (n=27) 3,552±8,448 <0.001
Hard (n=34) 184±322
Operative time (minutes)
<380 (n=33) 1,353±1,899 0.422
≥380 (n=28) 2,810±9,374
Blood loss (ml)
<1,000 (n=30) 1,560±2,034 0.113
≥1,000 (n=31) 2,475±8,922
Blood transfusion
Yes (n=13) 559±840 0.039
No (n=48) 2,440±7,330
Postoperative complications
Yes (n=15) 5,153±12,992 0.003
No (n=46) 1,083±1,790
Pathological diagnosis
PCA (n=24) 370±608 <0.001
Non-PCA (n=37) 3,141±8,276

Data are presented as mean ± standard deviation.
PCA Pancreatic carcinoma

Table 3 Univariate Analysis of Perioperative Factors Influencing
Postoperative Maximum Serum CRP Levels in Patients Undergoing
Pancreatoduodenectomy

Maximum serum CRP
levels (mg/dl)

P value

Preoperative serum HbA1c level (%)
<5.5 (n=29) 17.4±4.3 0.029
≥5.5 (n=32) 15.0±4.5
Partial portal vein resection
Yes (n=13) 14.9±4.7 0.283
No (n=48) 16.5±4.5
Pancreatic texture
Soft (n=34) 17.4±4.5 0.018
Hard (n=27) 14.6±4.6
Operative time (minutes)
<380 (n=33) 16.0±4.9 0.772
≥380 (n=28) 16.2±4.3
Blood loss (ml)
<1,000 (n=30) 15.7±5.0 0.415
≥1,000 (n=31) 16.6±4.1
Blood transfusion
Yes (n=13) 16.4±4.1 0.805
No (n=48) 16.1±4.7
Postoperative complications
Yes (n=15) 16.8±4.7 0.525
No (n=46) 15.9 ±4.6
Pathological diagnosis
PCA (n=24) 15.0±4.7 0.104
Non-PCA (n=37) 16.9±4.4

Data are presented as mean ± standard deviation.
CRP C-reactive protein, PCA pancreatic carcinoma
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Abstract Vascular endothelial growth factor (VEGF) is a crucial pro-angiogenic component in pancreatic ductal
adenocarcinoma (PDA), and its high expression levels have been correlated with poor prognosis and early postoperative
recurrence. We have recently shown that high levels of angiotensin II (AngII) type 1 receptor (AT1R) correlate and
colocalize with VEGF in invasive PDA and that AngII induces VEGF expression in PDA cell lines. In this study, we
explored the signaling mechanisms involved in the AngII-mediated VEGF induction and correlated AT1R and VEGF
expression in noninvasive precursor lesions. An AT1R antagonist significantly (p<0.05) inhibited the AngII-mediated
induction of VEGF messenger RNA and protein in all PDA cell lines. AngII-VEGF induction was inhibited by the tyrosine
kinase inhibitor genistein, suggesting a mitogen-activated protein kinase signaling mechanism. AngII activated the
phosphorylation of extracellular signal-regulated kinase 1/2 (ERK1/2), but not p38 or c-Jun NH2-terminal MAP kinases.
Inhibition of ERK1/2 activation reduced the AngII-induced VEGF synthesis. Immunohistochemical analysis of precursor
lesions showed increased expression of AT1R in most ductal cells undergoing metaplasia. Pancreatic intraepithelial
neoplasms showed more intense AT1R staining when compared to intraductal papillary mucinous neoplasms, which showed
heterogeneous immunoreactivity. VEGF followed the same distribution pattern of AT1R in both lesions. AT1R expression
in the premalignant pancreatic lesions suggests its involvement in tumor progression and angiogenesis. Our mechanistic
findings provide the first insight into an AngII-initiated signaling pathway that regulates PDA angiogenesis. An AT1R-
mediated VEGF induction suggests the possibility of AT1R blockade as a novel therapeutic strategy to control angiogenesis
in PDA.

Keywords Angiotensin II .

Vascular endothelial growth factor . Pancreatic cancer .

Angiogenesis

Introduction

Pancreatic ductal adenocarcinoma (PDA) is a devastating
disease with long-term survival limited only to patients
with early stage tumors who are candidates for surgical
resection. The poor prognosis typically associated with
PDA is related to several factors including the delayed
symptomatic presentation, the tumor’s aggressive propen-
sity to metastasize early, and its resistance to conventional
therapies.1 Thus, effective strategies for early diagnosis and
treatment are urgently needed to improve survival.

Vascular endothelial growth factor (VEGF) has been
associated with tumor progression and resistance in several
types of cancers including PDA.2,3 VEGF acts as a survival
factor for certain tumor cells, causing them to be more
radioresistant.4 Recent studies have shown that targeting
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angiogenesis in PDA animal models could have a tumor-
suppressing effect.5,6 Thus, targeting VEGF and the various
pathways involved in tumor angiogenesis in PDA may offer
effective therapeutic strategy.

The circulating renin–angiotensin system (RAS) is well
known to play important roles in the nervous, cardiovascular,
and renal systems. The circulatory RAS cascade contains
several key components, namely, the precursor angiotensi-
nogen, the critical Zn2+-dependent metallopeptidase, angio-
tensin I-converting enzyme, angiotensin I (AngI), and the
bioactive octapeptide AngII, as well as multiple G protein-
coupled receptor subtypes including AngII receptors 1 and
2 (AT1R, AT2R).7 AT1R and AT2R belong to the hetero-
trimeric G protein-coupled receptor superfamily. Activation
of AT1R leads to coupling with heterotrimeric G proteins
and activation of phospholipase C-β, receptor tyrosine
kinases, and non-receptor tyrosine kinases.8 AngII signal-
ing through AT1R activates mitogen-activated protein
(MAP) kinase,9 activates nuclear factor-kappa B (NF-κB),
and increases the expression of NF-κB-dependent genes.10

NF-κB triggers the expression of angiogenic genes such as
VEGF.11 AT2R activation is associated with increased
tyrosine phosphatase activity.12,13

In addition to the circulating RAS, numerous tissues,
including the pancreas,14,15 possess their own AngII-
generating systems that may finely tune specific functions
via paracrine/autocrine actions.16,17 Recent data from our
lab have demonstrated that AngII plays a role in PDA
angiogenesis through induction of VEGF.18 The aim of the
present work was to investigate the potential role of AT1R
in PDA progression and angiogenesis. We explored the
signaling mechanisms involved in AngII-mediated induc-
tion of VEGF. We also investigated the expression and
localization of AT1R with VEGF in two noninvasive
precursor lesions of PDA: the pancreatic intraepithelial
neoplasms (PanINs) and intraductal papillary mucinous
neoplasms (IPMNs).

Materials and Methods

Materials AngII was purchased from AnaSpec Inc. (San
Jose, CA, USA). Losartan was from Merck (Whitehouse
Station, NJ, USA), and PD123319 was from Sigma (St.
Louis, MO, USA). Genistein and sodium orthovanadate
were obtained from Sigma, and the mitogen-activated
protein kinase (MAPK) inhibitor PD098059 and MAPK/
extracellular signal-regulated protein kinase (ERK) kinase
1/2 (MEK1/2) inhibitor U0126 were from Cell Signaling
Technology, Inc. (Beverly, MA, USA). Goat polyclonal
immunoglobulin G (IgG) antibodies for AT1R were from
Santa Cruz Biotechnology (Santa Cruz, CA, USA), and
human-specific VEGF enzyme-linked immunosorbent as-

say (ELISA) kit was from Assay Design (Ann Arbor, MI,
USA). Horseradish peroxidase-conjugated donkey anti-goat
and anti-rabbit IgG were from Vector Laboratories, Inc.
(Burlingame, CA, USA). Rabbit polyclonal antibodies for
total and phospho-ERK1/2 (Thr185/Tyr189), total and phos-
pho-c-Jun NH2-terminal protein kinase (phospho-JNK;
Ser473), and total and phospho-p38 (Thr180/Tyr182) were
purchased from Cell Signaling Technology.

Cell lines and culture We used the PK9 and Panc 10.05
cells, originally established from a primary PDA,19 and
HS766T and AsPC-1 cells, originally established from PDA
metastasis. The PK9 and HS766T cells were generously
donated by Dr. Scott Kern, Johns Hopkins University
School of Medicine, Baltimore, MD, and the Panc10.05
and AsPC-1 cells were purchased from the American Type
Culture Collection. Cells were cultured at 1×104 to near
confluence in 96-well plate and maintained in Dulbecco’s
modified Eagle’s medium supplemented with 10% fetal
bovine serum in a humid atmosphere of 5% CO2/95% air.
Cells were treated with AngII (10−7 mol/l) for 3 h then
collected and examined for VEGF messenger RNA
(mRNA) expression. To examine VEGF protein secretion
in the media, cells were treated with AngII for 48 h, after
which the media were harvested and analyzed. To examine
AT1R protein expression, cells were treated with AngII for
24 h, after which the cells were collected and examined. To
evaluate the effect of AngII blockade on VEGF production,
cells were pre-incubated for 1 h with or without an AT1R
blocker, losartan (10 μM) before stimulation with AngII.
Cells were also pre-incubated with the AT2R blocker,
PD123319 (10 μM). The concentrations used were based
upon our preliminary concentration studies, with references
to the values of VEGF mRNA and protein expression and
based upon our previous studies.18

Immunostaining of PDA cells PDA cells grown on the
coverglasses were washed with Hanks balanced salt
solution, pH 7.4, at 37°C after aspiration of the culture
medium. Cells were fixed in 4% formaldehyde in phos-
phate-buffered saline (PBS) at room temperature for
10 min, washed three times with PBS for 2 min each, and
incubated in blocking solution (1% bovine serum albumin
in PBS) for 30 min. Cells were then incubated for 1 h at
room temperature with AT1R rabbit polyclonal antibody
diluted 1:100 in blocking solution. Negative controls were
incubated with blocking solution without primary antibody.
Cells were then washed three times for 5 min each with
PBS and incubated for 30 min at room temperature with
biotinylated goat anti-rabbit IgG, diluted 1:200 in PBS
(Vector Laboratories), as the secondary antibody. 3,3′-
Diaminobenzidine tetrahydrochloride chromogenic sub-
strate (Vector Laboratories) was used according to the
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manufacturer’s protocol to visualize the chromogenic
reaction. Cells were rinsed three times for 5 min each with
PBS, counterstained with hematoxylin, mounted on glass
slides, and viewed by light microscopy.

RNA extraction and real time reverse transcription poly-
merase chain reaction Total RNA was isolated from cells
using Trizol reagent (Life Technologies, Gaitherburg, MD,
USA), according to the manufacturer’s protocol. RNAs
were quantified, and input amounts were optimized for each
amplicon. Primers and probes were designed with the help
of Primer Express Software (Applied Biosystems, Foster
City, CA, USA). The specificities of AT1R primers were
validated using semi-quantitative polymerase chain reaction
(PCR). Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as the house keeping gene. VEGF
and GAPDH were purchased as ‘assays on demand’
(Applied Biosystems) and were utilized according to the
manufacturer’s instructions. Complementary DNA was
prepared, diluted, and subjected to real-time PCR using
the TaqMan technology (7500 Sequence Detector; Applied
Biosystems). Probes were labeled with a reporter and a
quencher. Each sample was analyzed in at least two
independent assays with duplicate samples, and the
corresponding no-reverse transcriptase mRNA sample was
included as a negative control. The GAPDH primers were
included in every plate to avoid sample variations. The
mRNA level of each sample for each gene was normalized
to that of the GAPDH mRNA. The relative mRNA levels
were presented as unit values of 2 [CT (GAPDH)−CT (gene of

interest)], 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.

Enzyme-linked immunosorbent assay VEGF concentration
in the media was measured using a human-specific ELISA
kit (Assay Design). Spectrophotometric evaluation of
VEGF levels was made by Synergy HT multi-detection
Microplate reader (BioTeck, Winooski, VT, USA).

Protein isolation and Western blot analysis Cells were lysed
in modified radioimmunoprecipitation assay lysis buffer,20

and the protein concentrations in the supernatant were deter-
mined using the bicinchoninic acid protein assay reagent
(Pierce, Rockford, IL, USA). Equal protein concentrations
(40 μg) were denatured in a gel loading buffer at 85°C
for 5 min, loaded onto 10% sodium dodecyl sulfate-
polyacrylamide slab gels, transferred to polyvinylodene
difluoride membranes, and incubated at 4°C overnight
with rabbit polyclonal antibodies diluted in PBS-Tween
20 against AT1R (1:2,000) and VEGF (1:2,000). Proteins
from PDA cells treated with or without AngII were
blotted with anti-total and anti-phospho-ERK1/2 MAPK,

anti-total and anti-phospho-p38 MAPK, and anti-total
and anti-phospho-stress-activated protein kinase (SAPK)/
JNK (Cell Signaling Technology). Lysates from the same
experiment were separated on two gels and probed with
either phospho-specific or total antibody as control for
sample variation in protein content. To avoid sample
loading errors, β-actin expression was determined in the
blots to adjust and normalize the amount of sample
loaded. The protein bands were visualized with enhanced
chemiluminescence reagents (ECL Plus Western Blotting
Detection System; Amersham Pharmacia Biotech), ana-
lyzed and intensity quantified using Kodak Electropho-
resis Documentation and Analysis System 290 (EDAS
290).

Tissue acquisition Histologically confirmed human PanINs
(n=5), IPMNs (n=5), and nonmalignant tissues were
obtained from patients who underwent surgical resection
at Thomas Jefferson University Hospital between 2005 and
2007. Tissue samples were fixed in neutral formaline for
histological processing. All patients signed an appropriate
consent for tissue acquisition and study. The study was
approved by the Institutional Review Board at Thomas
Jefferson University.

Immunohistochemistry To localize AT1R and study its rela-
tionship to VEGF in normal tissues and in the PanIN and
IPMN lesions, formalin fixed, paraffin-embedded tissue
blocks were prepared. Serial sections at 5 μm were incubated
overnight at 4°C with rabbit polyclonal antibodies against
human AT1R (1:100) and human VEGF (1:500; Santa Cruz
Biotechnology). A VectaStain universal elite ABC kit and
3,3′-diaminobenzidine tetrahydrochloride chromogenic sub-
strate (Vector Laboratories) was used according to the
manufacturer’s protocol to visualize the tissue reaction.
Antibody specificities were validated with nonimmune
isotype serum. Negative control sections where the primary
or secondary antibodies were omitted were also prepared.
For quantitative assessment of staining of AT1R and
VEGF, images were captured using a color SPOT camera
(Diagnostic Instruments, Inc, Sterling Heights, MI, USA)
and analyzed using ImagePro plus software. Digital images
were captured, and color segmentation was performed to
highlight the stained area. The software then calculated this
as a percentage of the total defined area. All histological
assessment and image analysis were performed on coded,
randomized sections by a blinded observer.

Statistical analysis All experiments were performed four
to six times. Data were analyzed for statistical significance
by analysis of variance (ANOVA) with post hoc Student’s
t test analysis. These analyses were performed with the
assistance of a computer program (JMP 5 Software SAS
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Campus Drive, Cary, NC, USA). Differences were consid-
ered significant at p≤0.05.

Results

AngII-mediated stimulation of VEGF mRNA accumulation
and protein secretion in PDA cell lines is AT1R depend-
ent We have shown previously that AngII at the physiolog-
ical concentration of 10−7 mol/l significantly induces VEGF
mRNA accumulation and protein secretion in PDA cell
lines.18 In this study, in addition to reproducing our data,
we determined the receptor that mediates the AngII-induced
VEGF gene expression. The AT1R blocker, losartan, and
the AT2R blocker PD123319 were added for 1 h before
addition of AngII to the cells. Losartan at 10 μM signifi-
cantly prevented the increase in VEGF by AngII. Pretreat-
ment of the cells with PD123319 had a similar effect on two
cell lines (HS776T and Panc 10.05) and no effect on the

other cell lines (PK9 and AsPC-1; Fig. 1a). Addition of
losartan or PD 123319 alone did not affect VEGF mRNA
levels.

Extracellular VEGF protein concentration showed be-
tween five- to sevenfold increase in PDA cells after 48 h of
AngII stimulation. Losartan at 10 μM prevented the increase
in VEGF by AngII in all PDA cell lines (Fig. 1b). The results
for AngII-treated cells were expressed as a fold-induction
of VEGF protein, taking control (no AngII added) value as
1. These data suggest that the induction of VEGF gene and
protein expression in PDA cells by AngII is mediated
through AT1R.

AT1R protein expression in PDA cells To evaluate the
expression and localization of AT1R in PDA cells, we
analyzed the basal AT1R protein expression by Western
immunoblotting and stained the cells by immunohisto-
chemistry. As see in Fig. 2a, there was a considerable
amount of AT1R protein in PDA cells. AT1R immunore-

Figure 1 a AngII-induced
VEGF mRNA expression in
PDA cells is blocked by an
AT1R blocker. Cells were pre-
incubated for 1 h with AT1R
blocker losartan or the AT2R
blocker PD123319 before addi-
tion of AngII (10−7 mol/l) for
3 h. VEGF mRNA content was
analyzed by real time reverse
transcriptase PCR. Values are
expressed as mean±SEM of
three experiments. *p<0.05 vs.
AngII alone treated cells using
one-way repeated ANOVA with
subsequent all pairwise compar-
ison procedure by Student’s
t-test. b VEGF protein in culture
media was measured using
human-specific ELISA kit after
adding losartan (10 μM) or
PD123319 (10 μM). Significant
reduction of VEGF protein se-
cretion by losartan is seen in all
PDA cells at 48 h. Relative
protein secretion was calculated
as a fold-induction of taking
control (no AngII added) value
as 1. Each experiment was per-
formed three times and repeated
three times for reproducibility.
*p<0.05 vs. AngII treatment,
using one-way repeated
ANOVA with subsequent all
pairwise comparison procedure
by Student’s t-test.
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activity was seen localized mainly on the cell membrane
and, to a lesser extent, in the cytoplasm (Fig. 2b).

AngII induces AT1R mRNA and protein expression in PDA
cell lines It is not known whether AngII itself could have

a regulatory effect on AT1R in PDA cells, an effect that
could consequently affect the AngII-VEGF induction.
Thus, we evaluated the mRNA expression levels of
AT1R in PDA cells in the presence or absence of AngII.
Adding AngII induced a significant increase in AT1R
mRNA levels (Fig. 3a). These data suggest that increasing
AT1R expression by AngII could be one of the mechanisms
through which it influences VEGF expression. Analysis of
the AT1R protein levels indicated that AngII induced ∼1.5-
fold upregulation of AT1R protein levels after 24 h
(Fig. 3b).

AngII-induced VEGF gene expression requires tyrosine
kinase activity AngII signals through AT1R and induces
protein tyrosine phosphorylation in many cell types.21 We
investigated whether a similar signaling pathway mediates
AngII-induced VEGF gene expression in PDA cells. To
determine the involvement of protein kinase in AngII-
induced VEGF expression, PDA cells were pretreated with
or without the specific tyrosine kinase inhibitor genistein
(60 μM) for 30 min. AngII-induced VEGF mRNA
accumulation was significantly inhibited by genistein in
all PDA cell lines (Fig. 4). Genistein alone also reduced the
basal VEGF mRNA levels (Fig. 4). To determine whether
an increase in tyrosine phosphorylation induces VEGF
mRNA accumulation, PDA cells were exposed to the
protein tyrosine phosphatase inhibitor, sodium orthovana-
date (100 μM) for 3 h. Sodium orthovanadate induced a

Figure 2 Expression of AT1R protein in PDA cells. a Representative
Western immunoblot showing the expression of variable levels of
AT1R protein in PDA cells. b Immunohistochemical staining of PDA
cells shows that AT1R is localized mainly to the cell membrane with
some intracytoplasmic expression (×200 original magnification).

Figure 3 AngII induces AT1R mRNA in PDA cells. Cells were treated
with AngII (10−7 mol/l) for 3 h. Twenty- to 60-fold upregulation of AT1R
mRNA in PDA cells. Values are expressed as mean±SEM of three

experiments. *p<0.002, #p<0.05 vs. control levels. b Representative
Western immunoblot showing ∼1.5-fold induction of AT1R protein in
PDA cells. Cells were treated with AngII (10−7mol/L) for 24 h.
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significant increase in VEGF mRNA accumulation in all
PDA cell lines (Fig. 4). Sodium orthovanadate alone also
significantly increased VEGF mRNA expression. These
data suggest that protein tyrosine phosphorylation is
essential for the induction of VEGF by AngII.

AngII-induced VEGF gene expression requires ERK1/2
MAP kinase activity AngII signaling through AT1R acti-
vates members of the MAPK family, ERK1/2, p38 MAPK,
and JNK/SAPK in different tissues.22,23 We tested whether
AngII-induced VEGF mRNA expression involves activa-
tion of MAPK in PDA cells. After washing, the cells were
lysed and 40-μg protein aliquots were subjected to Western
blot analysis. We probed the blots with antibodies specific
for phosphorylated ERK1/2 (Thr183/Tyr185), phosphory-
lated p38 (Thr180/Tyr182), and phosphorylated JNK/SAPK
(Thr183/Tyr185).

AngII increased ERK1/2 phosphorylation within 5–
30 min of treatment in the different cell lines (Fig. 5a),
but not p38 or JNK (data not shown). Preincubation of the
cells with MAPK inhibitor PD098059 or the MEK1/2
selective inhibitor U0126 abolished the AngII-induced
VEGF gene expression (Fig. 5b). This suggests that specific
activation of ERK1/2 kinase may play an important role in
AngII-induced VEGF expression in PDA cells.

Expression of AT1R and VEGF in PDA precursor lesions As
shown in Fig. 6a, in the normal pancreas, immunoreactivity
of AT1R was focally detected in some ductal cells and in
some stromal cells, whereas VEGF expression could be
detected in the connective tissue surrounding the ducts and
in most of the ductal cells. AT1R protein showed increased
expression in the ductal cells undergoing metaplasia. In
PanIN-3 lesions, intense expression of AT1R could be seen
in the transforming cells. VEGF expression followed the

same pattern. In IPMNs, a more heterogeneous expression
of AT1R and VEGF could be seen; however, the two
proteins maintained their colocalization in all the ductal
cells. The close proximity between an AngII receptor and
VEGF supports their potential paracrine/autocrine interac-
tion in the premalignant lesions in vivo. Figure 6b shows
quantitation of ductal AT1R (I) in PanIN and IPMN lesions.
Both lesions showed higher immunoreactivity than normal
ducts with more significant difference in the PanINs.
Similar data are shown for ductal VEGF (II).

Discussion

The molecular and cellular mechanisms that contribute to
the insidious nature of PDA are poorly understood. VEGF
is an angiogenic factor that plays an important role in
supporting the aberrant growth of PDA through maintain-
ing its blood supply.2,24,25 Previous studies have shown that
high levels of VEGF correlate with lymph node metastasis
and poor prognosis in PDA.25,26 We recently demonstrated
that AngII is a potent stimulator of VEGF expression in
PDA cells.18 In the current study, we investigated the
signaling cascades involved in regulation of VEGF by
AngII. We provide the first insight into an AngII-initiated
signaling pathway that regulates PDA angiogenesis and
introduce AT1R as a novel participant in PDA progression
and angiogenesis.

We show here that AngII-induced VEGF gene expres-
sion occurs through an AT1R-mediated mechanism (Fig. 1a
and b). Addition of losartan, an AT1R antagonist prevented
the AngII-VEGF production in all PDA cell lines, an effect
that was observed in only two of the cell lines when
PD123319, an AT2R antagonist, was added. The fact that

Figure 4 AngII-induced VEGF
gene expression requires tyro-
sine kinase activity. PDA cells
were pretreated with protein
tyrosine kinase inhibitor genis-
tein (60 μM) for 1 h or protein
tyrosine phosphatase inhibitor
sodium orthovanadate (100 μM)
for 2 h then exposed to AngII
(10−7 mol/l) for 3 h. VEGF
mRNA levels were determined
by real time PCR. Sodium
orthovanadate induced VEGF
mRNA accumulation in PDA
cells. *p<0.05, #p<0.02 vs.
AngII treated cells using one-
way repeated ANOVA with
subsequent all pairwise compar-
ison procedure by Student’s
t-test.
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each cell line expresses different levels of AT1R receptor
might explain their different responses to the receptor
antagonists. AT1R and AT2R belong to the heterotrimeric
G protein-coupled receptor superfamily. Several studies
have shown that elevated levels of AT1R mRNA increase
the cell functional response to AngII.27,28 We hypothesized
that AngII could have a regulatory effect on AT1R in PDA
cells that could influence stimulation of VEGF by AngII.
Our data show that all PDA cell lines express AT1R mRNA
and protein. AT1R protein was localized mainly on the cell
membrane and, to a lesser extent, in the cytoplasm
(Fig. 2b). We demonstrate for the first time that the addition
of AngII to PDA cells significantly increased AT1R mRNA
and protein expression, suggesting that upregulation of
AT1R could be one of the mechanisms by which AngII

induces VEGF in PDA cells. It would be of interest to
investigate the effect of AngII on the expression levels of
AT2R and to determine whether AngII-mediated regulation
of AT2R is another mechanism of influencing VEGF
production and contributing to the final cell response.
Studies in this regard are currently ongoing in our laboratory.

MAPKs encoded by the ERK genes are a family of
serine/threonine protein kinases activated as early responses
to a variety of stimuli involved in cell growth, transforma-
tion, and differentiation.29 They are also involved in the
activation of AP-1 and NF-κB.30 Two isoforms of ERK
referred to as p44 (ERK1) and p42 (ERK2) are activated by
phosphorylation of threonine and tyrosine residues by
MAPK, also called MEK.31,32 AngII rapidly activates
MAPKs, particularly ERK1 and ERK2, in vascular smooth

Figure 5 AngII-induced VEGF
gene expression requires
ERK1/2 MAPK activity. a
Time-dependent activation of
ERK1/2 MAPK signaling path-
way by AngII in PDA cells.
Representative Western blot
probed with phospho-antibody
against the activated from of
ERK1/2 showing increased
phosphorylation of ERK1/2 af-
ter incubation of AngII
(10−7 mol/l) between 5 and
30 min. Blots were stripped and
developed with anti-total ERK1/
2 as control for equal protein
loading. b Effect of MAPK
kinase inhibitor PD098059 and
MEK1/2 inhibitor, U0126, on
AngII induced increase in
VEGF mRNA. Cells were pre-
treated with the inhibitors
(10 μM) for 10 min before
incubation with AngII
(10−7 mol/l) for 3 h. Data rep-
resent three independent experi-
ments. *p<0.02, #p<0.05 vs.
AngII treated cells using one-
way repeated ANOVA with
subsequent all pairwise compar-
ison procedure by Student’s
t-test.

J Gastrointest Surg (2008) 12:57–66 6363



muscle cells.29,33 Using selective inhibitors for MAPK
activation, PD098059 and U0126, we demonstrated that
AngII-induced VEGF mRNA occurs through a MEK-
sensitive mechanism (Fig. 4b). AngII had no effect within
this time period on the phosphorylation of either p38 or
SAPK/JNK. Further studies are now required to delineate
the specific signaling pathway by which AngII ultimately
modulates VEGF synthesis in the PDA cells.

Morphologic studies in conjunction with molecular
analysis have helped establish distinct noninvasive precur-
sor lesions of PDA: the microscopic PanINs, which usually
involve ducts smaller than 5 mm, and the macroscopic

IPMNs, which usually involve the main duct and are
associated with mucin accumulation and pancreatic ductal
dilatation. Diagnosis of pancreatic lesions at the precursor
level and their resection is often curative.34 No data have
been reported previously concerning the regulation of
AT1R in PDA precursor lesions and its correlation with
VEGF. In the present study, we demonstrate for the first
time that high levels of AT1R are constitutively expressed
in PanIN and IPMN lesions, colocalizing with VEGF, and
suggesting an endogenous autocrine/paracrine interaction.

Several studies have shown that the use of angiotensin
blockade therapies could reduce tumor growth and metas-

Figure 6 a Localization of
AT1R and VEGF in normal
human pancreas and PDA pre-
cursor lesions. Paraffin-
embedded pancreatic serial
sections were stained with AT1R
and VEGF antibodies. In the
normal tissues, AT1R expres-
sion is seen focally in some
ductal cell. Normal pancreatic
ductal epithelial cells express
VEGF. In PanIN lesions, AT1R
staining was more intense when
compared to IPMNs, which
showed heterogeneous immuno-
reactivity. VEGF colocalized
with AT1R in both lesions.
Negative control samples where
the primary antibody was not
added did not show nonspecific
reaction (×200 original magnifi-
cation). b Pancreatic ductal
staining of AT1R (I) and VEGF
(II). Staining was analyzed by
image analysis and expressed as
percentage area of ductal cells
stained as described in
“Materials and Methods.” There
was minimal staining in normal
ducts. PanIN lesions showed
markedly significant increase in
ductal staining.
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tasis in xenograft models of cancer.7,35 The mechanism(s)
mediating these effects are not clearly understood. AngII
itself influences cell survival and proliferation,18,36 but the
impact of the long-term effects of AngII on the precursor
lesions in the pancreas is yet to be determined.

The novel data from our study add new information about
the role of the AT1R as an effective participant in PDA
angiogenesis and suggest that targeting AT1R could be used
as a novel therapeutic strategy to reduce VEGF levels in the
ductal cells. Such studies are currently ongoing in our lab.

Our study demonstrates that AngII elicits a proangio-
genic response in PDA cells by stimulation of VEGF
production through an AT1R-ERK1/2-dependent mecha-
nism. We also show that high expression levels of AT1R
colocalize with VEGF in PDA precursor lesions. The
existence of AT1R as a potential mediator of AngII
induction of VEGF in PDA cells is unique and could
provide a novel target for suppressing angiogenesis in PDA
postoperatively or in individuals with a strong family
history of pancreatic cancer.
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Abstract Non-invasive pulse spectrophotometry to measure indocyanine green (ICG) elimination correlates well with the
conventional invasive ICG clearance test. Nevertheless, the precision of this method remains unclear for any application,
including small-for-size liver remnants. We therefore measured ICG plasma disappearance rate (PDR) during the anhepatic
phase of orthotopic liver transplantation using pulse spectrophotometry. Measurements were done in 24 patients. The
median PDR after exclusion of two outliers and two patients with inconstant signal was 1.55%/min (95% confidence
interval [CI]=0.8–2.2). No correlation with patient age, gender, body mass, blood loss, administration of fresh frozen
plasma, norepinephrine dose, postoperative albumin (serum), or difference in pre and post transplant body weight was
detected. In conclusion, we found an ICG-PDR different from zero in the anhepatic phase, an overestimation that may arise
in particular from a redistribution into the interstitial space. If ICG pulse spectrophotometry is used to measure functional
hepatic reserve, the verified average difference from zero (1.55%/min) determined in our study needs to be taken into
account.

Keywords Indocyanine green . Pulse spectrophotometry .

Orthotopic liver transplantation . Small-for-size liver remnant
Introduction

In addition to the expected volume of the liver remnant,1

quantitative (or “dynamic”) liver function tests have been
used to predict the risk of hepatic failure after liver
resection.2,3 Indocyanine green (ICG) is a nontoxic dye
extracted exclusively by hepatic parenchymal cells without
enterohepatic circulation and excreted entirely into the
bile.2,4 The ICG elimination test was originally invented to
determine hepatic blood flow, but it is in fact an integrative
measure of both hepatic perfusion and excretory function.5–7

Therefore, ICG elimination testing has been used for the past
20 years in the context of hepatic resection8 and to assess
liver functional reserve in hepatic injury and septic states; in
addition, it was found to be as accurate as more complex
scores (e.g., APACHE II and SAPS II) with respect to
outcome prediction.9–11 Moreover, ICG elimination tests are
intended to determine the suitability of a potential donor liver
and to recognize early graft dysfunction resulting from, for
example, primary delayed or nonfunction of the graft,
technical complications, and acute or chronic graft rejection
in the transplant setting.12–14
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Noninvasive pulse spectrophotometry15 allows the moni-
toring of appearance and disappearance of ICG by a
photometric device performing transcutaneous measurements
in real time. It is supposed to correlate well with the
conventional invasive ICG clearance test.16–18 In the
postoperative course, a plasma disappearance rate (PDR)
>5.0%/min seems to indicate hepatic recovery after extended
liver resections.19 In particular, in small-for-size liver
remnants (<0.8% of body weight)1,20 and in fulminant
hepatic failure, real-time prognostic tests are urgently needed
as a decision aid for indication of artificial liver support
systems like the molecular adsorbent recirculating system
(MARS).21,22 To date, clear indications for the postoperative
initiation of MARS treatment and criteria for the discontin-
uation of therapy have not been established.19

Unfortunately, data are thus far lacking about the
precision of ICG elimination tests in situations with limited
residual hepatic functional reserves.5,7 We sought to test the
accuracy of ICG-PDR measurements by pulse spectropho-

tometry in a situation without hepatic perfusion and/or
excretion and thus tested the hypothesis that ICG-PDR is
zero or close to zero in patients during the anhepatic phase
of orthotopic liver transplantation (OLT).

Materials and Methods

A total of 24 consecutive patients who underwent OLT
between March 2005 and April 2007 in our institution were
included in the current study after giving informed consent
(institutional approval: 1.05.01.30.-17).

During the anhepatic phase of OLT, noninvasive
measurement of ICG-PDR was performed in all patients.
We rapidly injected 25 mg of ICG (Monopeak Indocyanine
Green, SERB SA, Paris) in a constant volume of 10 ml
saline via the jugular catheter. Urine concentrations of ICG
were measured in four patients after ICG injection.

ICG Pulse Spectrophotometry

Pulse-dye densitometry (LiMON, Pulsion Medical Sys-
tems, Munich, Germany) was used for transcutaneous
noninvasive measurement of the blood ICG concentration.
During the first 5–10 min after intravenous injection, ICG
concentrations were monitored at every pulse interval via
pulse spectrophotometry. ICG-PDR as a relative measure
describes fading of the initial ICG concentration (normal-
ized to 100%) and is expressed as percentage change over
time. Because ICG-PDR=100×k=100×ln 2 / t1/2, k (elim-
ination rate constant) and t1/2 (half-life), which have been

Table 1 The Demographic Data of all Patients

N Diagnosis Age (years) Gender BMI (kg/m2)

1 CHC 64 F 25.8
2 CHC/HCC 49 M 28.0
3 CHC 47 M 27.0
4 CHC/ETC 39 F 25.1
5 CHB/HCC 48 M 27.9
6 NASH 53 M 46.0
7 CHC/HCC 66 M 20.8
8 CHC/CHB 50 F 29.3
9 IP 40 F 20.9
10 CHC 62 M 29.4
11 PBC 63 F 22.1
12 CC 56 F 24.0
13 ETC 55 M 24.1
14 MCLC 62 F 25.5
15 CHC 57 M 34.8
16 ETC 53 F 24.7
17 IP 57 F 25.0
18 CHB/HCC 49 F 30.4
19 CHC/HCC 68 M 27.0
20 PBC 59 F 19.0
21 AIH 69 F 22.0
22 UC 61 M 24.0
23 CHB 41 M 28.0
24 NASH 59 F 29.0
Mediana – 56 (49–62) – 26.4 (24.7–28.0)

CHC: chronic hepatitis C, CHB: chronic hepatitis B, ETC: ethyltoxic
cirrhosis, PBC: primary biliary cirrhosis, NASH: nonalcoholic steato-
hepatitis cirrhosis, CC: cryptogenic cirrhosis, MCLC: multiple
congenital liver cysts, IP: intoxication with paracetamol, AIH:
autoimmune hepatitis, UC: diagnosis unclear, F: female, M: male,
BMI: body mass index
aMedian is without patients 11 and 15 (the outliers), and 9 and 12
(unstable signal). Values in parentheses are the 95%CI.

Figure 1 The indocyanine green plasma disappearance rate (ICG-
PDR) values during the anhepatic phase of orthotopic liver transplan-
tation in 22 patients are shown. The extent of the box indicates the
25th and 75th percentiles (inner-quartile range). The line inside the
box shows the value of the 50th percentile (median). Capped bars
indicate the last observations that are within the inner fence (25th or
75th, respectively, ±1.5 times the inner-quartile range), and symbols
mark outliers (beyond inner fence).
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used in earlier publications, can easily be derived. Normal
values for ICG blood clearance are considered to be
>18%/min.6

Spectrophotometric Measurement of ICG in Urine

Urine was collected for 115 to 210 min after injection of the
dye. Samples were afterwards centrifuged. The ICG
concentration in the supernatant was read against the blank
at 800 nm on a Perkin Elmer Lambda 15 (Waltham, MA,
USA) photometer.

Renal ICG-PDR (ICG-PDRr) was calculated from the
absolute ICG amount in urine (u) collected over a time
period (t) after the injection of a dose (d) according to the
equation:

ICG�PDRr ¼ 100� 1� d � uð Þ=dð Þ1=t
� �

Statistical Analysis

Data are presented as the median with the 95%CI in
parentheses. Values beyond the inner fence (25th or 75th

Table 2 Results of Spectrophotometry and Possible Influencing Parameters

N ICG PDR
(%/min)

PCSa NEb (μg/h) Blood lossc (ml) FFPd (unit) Albumine (g/l) Δ weightf (kg)

1 2.2 Yes 1,200 1,000 0 26 4.3
2 2.6 No 0 300 0 25 3.8
3 0.2 Yes 1,000 1,000 4 30 0.2
4 2.5 Yes 800 2,000 6 24 0.2
5 0.8 No 400 300 0 25 4.1
6 1.0 No 1,500 2,500 22 24 −1.0
7 0.9 No 0 500 0 43 4.2
8 1.9 Yes 1,200 1,500 2 19 8.0
9 i.s. No 1,000 200 0 n.a. n.a.
10 2.5 Yes 800 1,700 4 18 −0.9
11 5.4 Yes 600 150 0 10 3.7
12 i.s. Yes 400 1,200 3 n.a. n.a.
13 0.8 Yes 240 1,700 0 25 0.5
14 2.9 Yes 140 1,200 0 20 5.6
15 7.8 Yes 80 5,000 9 28 −0.2
16 0.2 Yes 0 2,250 0 25 9.1
17 2.0 No 100 1,300 0 21 0.7
18 2.5 Yes 0 1,000 0 21 0.8
19 1.5 No 600 2,300 0 22 −3.0
20 0.6 Yes 100 800 5 21 n.a.
21 1.0 Yes 200 1,000 0 19 5.6
22 1.7 Yes 360 500 8 27 0.7
23 1.6 Yes 50 PE 2,300 5 24 3.1
24 0.7 Yes 180 3,000 5 21 1.1
Mediang 1.55

(0.8–2.2)
n.a. 240

(100–800)
1,250
(1,000–2,000)

0 (0–5) 24 (21–25) 1.1 (0.2–4.2)

Correlation
with ICG-PDR
(R2)h

n.a. p>0.05i 0.003
(p>0.05) j

0.023 (p>0.05) j 0.021 (p>0.05) j 0.112 (p>0.05) j 0.008 (p>0.05) j

ICG-PDR: indocyanine green plasma disappearance rate, i.s.: instable signal, PCS: portacaval shunt, NE: norepinephrine, PE: phenylephrine,
FFP: fresh frozen plasma, n.a.: not available
a Application of PCS during anhepatic phase.
b Application of NE dose during anhepatic phase.
c Blood loss from the beginning of the operation until the anhepatic phase.
d Administered units of FFP from the beginning of the operation until the anhepatic phase.
e Albumin (serum) on third postoperative day.
fΔ weight = difference of body weight before and 3 days after the operation.
gMedian is without patients 11 and 15 (the outliers), and 9 and 12 (unstable signal). Values in parentheses are the 95%CI.
h Coefficient of determination.
iWilcoxon rank-sum test.
j t-test.
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percentiles, respectively, ±1.5 times the inner-quartile
range) were defined as outliers. Normality of data was
proved with the Kolmogorov–Smirnov and D’Agostino
Kurtosis tests. Descriptive statistics, group comparisons
(Wilcoxon rank-sum test), and linear regressions were made
using statistical software (NCSS 2004, Kaysville, Utah,
USA). To test the linear regression, the coefficient of
determination (R2=square of the correlation coefficient)
was determined and its significance tested with a t-test.

Results

The indications for OLT and the demographic data of all 24
patients are shown in Table 1. Two patients had to be
excluded from further analysis because of an unstable
percutaneous ICG signal.

After exclusion of two outliers as shown in Fig. 1 (ICG-
PDR=5.4%/min and 7.8%/min), the median ICG-PDR was
1.55%/min (95%CI=0.8–2.2).

We performed univariate linear regression analysis with
the following independent variables: norepinephrine during
the anhepatic phase of OLT, blood loss, units of fresh
frozen plasma given until the anhepatic phase, serum
albumin on the third postoperative day, body weight before
and 3 days after the operation, the time course of liquid
balance (not depicted), and the tidal volume during the
anhepatic phase (not depicted). As Table 2 shows, we
identified no correlation of any of these variables with ICG-
PDR (%/min); all coefficient of determination (R2) values
were close to zero and p>0.05. Furthermore, we found no
difference in ICG-PDR between the groups with or without
application of a temporary portacaval shunt (p>0.05).

The renal ICG-PDRr was found to be minute in
comparison to the ICG-PDR values derived from the pulse
spectrometer (Fig. 2, Table 3).

Discussion

Using a commercially available bedside monitor system,
we unexpectedly found that ICG-PDR values showed
considerable variability and differed from zero in the
anhepatic phase of OLT in 22 patients. Of all the examined
clinical cofactors, we found no correlation with ICG-PDR.
Because neither blood loss nor administration of fresh
frozen plasma before the anhepatic phase seemed to
influence ICG-PDR, dilution during the measurement as a
consequence of volume challenge after hemorrhage does
not explain the ICG-PDR values different from zero.
Alterations of the otherwise high protein binding of ICG
as a consequence of volume or fresh frozen plasma
administration are thus also very unlikely as an explanation
for our findings.23

In addition, the tidal volume and therefore hypocapnia or
hypercapnia do not affect ICG elimination by mechanisms
other than changes in hepatic flow and hepatic function, as
has already been established in an animal model.24

Catecholamines and a temporary portacaval shunt seem to
influence ICG-PDR only via changes in hepatic perfu-
sion.25,26 The extremely low amounts of ICG found in urine
in our experiments also exclude renal excretion as a reason
for the observed plasma disappearance of ICG. Technical
failure because of detecting probe malpositioning and
patient movement are excludable because the pulse spec-
trophotometer system used in this study does not allow
measurements with weak or inconsistent signals. Sponta-
neous decay of ICG is also a rather implausible explanation

Figure 2 Histogram of ICG-PDR values with density trace (black
line) and dot plot along the horizontal axis (raw data).

Table 3 ICG Measurement in Urine in Four Patients

ICG-PDRa

(%/min)
Timeb (min) ICG in urinec (mg) ICG-PDRr

d

(%/min)

1 115 0.050 0.0017
1.7 120 0.011 0.0004
1.6 120 0.003 0.0001
0.7 210 0.047 0.0009

a ICG-PDR was measured by pulse spectrophotometry (LiMON).
b Urine was collected during roughly (time) 2 h after ICG injection.
c The total amount of ICG in urine was determined by photo-
spectrometry.
d Based on this amount of ICG, the renal ICG-PDRr was then
calculated according to the equation described in the “Materials and
Methods” section and was found to be minute in comparison to the
ICG-PDR values computed by LiMON.
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for the disappearance of ICG because it remains stable for
at least 4 h.27

However, our results are consistent with the findings
of Stehr et al.23 who described in a hyperdynamic porcine
endotoxemia model an ICG-PDR increase although hepatic
function assessed by measurement of biliary ICG excretion
clearly decreased. Diffusion of the free or even the
albumin-bound fraction of ICG to the interstitial space
through an endothelial leak in the context of a perioper-
ative systemic inflammatory response syndrome may
explain the overestimation of ICG-PDR.28 Furthermore,
as reported by other authors, considerable temporary
redistribution of ICG in animal models into extrahepatic–
extravascular tissue may also assume importance in this
context.29,30 To explain the outcome in this study,
therefore, we postulated a capillary leak with extravasation
of protein-bound ICG into the interstitial space.31,32 Thus,
we examined the correlation of ICG-PDR to (1) sequential
postoperative serum albumin values, (2) differences in
body weight before and after OLT, and (3) the post-OLT
course of liquid balances. Neither albumin nor the clinical
parameters correlated statistically with the ICG-PDR
values. However, the difficulty of quantitatively assessing
the capillary leak is well recognized.33

According to our findings, the precision of the correla-
tion of ICG-PDR and functional hepatic reserve must be
questioned. Our results are even more remarkable because
hepatic perfusion was eliminated as a parameter influencing
PDR. Overestimation of residual liver function may occur
in situations with a possible capillary leak (e.g., sepsis,
anaphylaxis, or perioperative systemic inflammatory re-
sponse syndrome). Because misinterpretation of hepatic
function is a crucial issue, especially in the small-for-size
liver remnant scenarios with marginal residual hepatic
reserves, a possible inaccuracy of up to 1.55%/min on
average has to be taken into account if ICG pulse
spectrophotometry is used to determine functional hepatic
reserve. It is important to recognize that this value
corresponds to 31% of an ICG-PDR of 5.0%/min, which
is considered the crucial cutoff point for a favorable
outcome after major liver resection.19

Conclusion

During the anhepatic phase of OLT, ICG-PDR values were
unexpectedly found to be considerably different from zero.
Apart from hepatic perfusion and functional hepatic
reserve, other factors seem to influence real-time ICG-
PDR determined by pulse spectrophotometry. These cofac-
tors increase in importance with low ICG-PDR values and
must be taken into account when determining the functional
hepatic reserve in liver insufficiency or when assessing the

minimally required hepatic mass during extended liver
resection.
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Abstract The short bowel syndrome (SBS) can result from a variety of conditions, including postoperative complications
and malignancy. Continence-preserving operations are generally performed for either ulcerative colitis (UC) or familial
polyposis (FAP). These procedures can be associated with high morbidity and the potential for future malignancy. Our aim
was to determine the causes and consequences of SBS in patients undergoing these procedures. Twenty-four patients (12
men and 12 women) 18 to 64 years of age were identified with SBS after continence-preserving procedures. Eighteen had
pelvic procedures, and six had continent ileostomies. All SBS patients had a proximal ostomy. Remnant length measured
<60 cm in five patients, 60–120 cm in ten patients, and >120 cm in nine patients. Overall 13 patients required long-term PN.
Four FAP patients with desmoid tumors died. One patient with UC underwent intestinal transplant and expired. Follow-up
ranges from 6 to 192 months. Overall 14 patients had UC, nine had FAP, and one had functional disease. Eight patients with
an initial diagnosis of UC had subsequent Crohn’s disease necessitating further resection and pouch excision. Eight patients
(five with UC, two FAP, and one with functional disease) had postoperative complications, including obstruction or
mesenteric ischemia requiring resections. One UC patient developed adenocarcinoma in a continent ileostomy. Seven of the
nine FAP patients required resection for desmoid tumors. Six of these underwent resection alone. Three died at 10, 11, and
13 months after SBS from liver failure and sepsis while awaiting transplant. One patient has recurrent desmoid at
30 months, another is alive and well at 48 months, and the other patient, who was not a transplant candidate, died from an
unrelated cardiac operation at 23 months. A single patient underwent resection with simultaneous multivisceral
transplantation. SBS can develop after continence-preserving procedures. This occurs with inflammatory bowel disease
when unsuspected Crohn’s disease is present or complications occur. SBS related to desmoid tumors has a poor prognosis in
patients undergoing resection alone. A more aggressive approach to intestinal transplantation in these patients may be
warranted.

Keywords Short bowel syndrome . Familial polyposis Introduction

The short bowel syndrome (SBS) can result from a variety of
conditions, including postoperative complications and ma-
lignancy.1 While most instances of postoperative SBS occur
after fairly common surgical procedures, certain operations
might be expected to be at higher risk. Continence-
preserving operations are generally performed for either
ulcerative colitis (UC) or familial polyposis (FAP). These
procedures can be associated with high morbidity and the
potential for future malignancy.2 Our aim was to determine
the causes and consequences of SBS in patients undergoing
these continence-preserving procedures.
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Methods

We reviewed the records of 300 adult patients with SBS
evaluated at the University of Nebraska Medical Center
between January 1982 and March 2007. The SBS was
defined as an intestinal remnant <180 cm with associated
malabsorption. The causes of the SBS in this group of
patients are given in Table 1. Twenty-four patients
developed SBS after continence-preserving procedures
(pelvic pouch and continent ileostomy). Only three of the
pouch procedures were performed at our institution. There
were 12 women and 12 men ranging from 18 to 64 years of
age. Records were reviewed to determine the initial
operation, postoperative course and long-term outcome of
SBS. Follow-up from the diagnosis of SBS ranged from 6 to
192 months with a mean of 43 months. Statistical compar-
isons were made using chi-square analysis with P<0.05
signifying statistical significance.

Results

Twenty-four patients were identified with SBS after
continence-preserving procedures. Eighteen had pelvic
procedures and six had continent ileostomies. Overall, 14
patients had an initial diagnosis of UC, 9 had FAP, and 1
had functional disease (Table 2). The interval from the
continence-preserving procedure to the development of
SBS ranged from 1 to 212 months with a mean of
69 months.

All SBS patients had a proximal ostomy with no residual
colon. One patient still has the pouch in place. Remnant
length is shown in Table 2. Patients with FAP were
significantly more likely to have shorter remnants. Overall,
13 (54%) patients required long-term PN. Patients with
FAP were more likely to be on long-term parenteral
nutrition. Overall, five patients died. Four patients with
FAP and desmoid tumors died. One patient with UC under-
went intestinal transplantation and subsequently expired.

Eight (57%) of the 14 UC patients had the subsequent
diagnosis of Crohn’s disease necessitating pouch excision

and further resection (Table 3). Five other UC patients had
postoperative complications, including obstruction (n=3) or
mesenteric ischemia (n=2) requiring resections. Two of the
obstructions was due to adhesions and repeated operations,
and the other was a volvulus involving the pouch. Two
patients developed mesenteric vein thrombosis during the
early postoperative period. The final UC patient developed
adenocarcinoma in a continent ileostomy 14 years after
construction. Excision of the pouch and subsequent enter-
ectomy for obstruction led to SBS. Overall, four (29%) UC
patients with remnant lengths of 30, 70, 90, and 100 cm
required long-term PN, and one underwent intestinal
transplantation.

Seven of the nine patients undergoing pelvic procedures
for FAP required resection for desmoid tumors. The tumors
were all based in the mesentery and occurred from 1 to

Table 1 Causes of Short Bowel Syndrome

Causes Number

Postoperative 84 (28%)
Irradiation/malignancy 63 (21%)
Mesenteric vascular disease 63 (21%)
Crohn’s disease 49 (16%)
Trauma 22 (8%)
Other 19 (6%)
Total 300

Table 2 Etiology and Outcome

Parameters Ulcerative
Colitis

FAP Functional Total

Number 14 9 1 24
Female 7 (50%) 4 (44%) 1 (100%) 12 (50%)
Age
(mean, range)

40 (18–64) 34 (18–57) 40 (40) 38 (18–64)

Interval to SBS
(months)

80 (1–180) 56 (1–212) 132 (132) 74 (1–212)

Remnant length (cm) small intestine
<60 1 (7%) 4 (44%)* 0 (0%) 5 (21%)
60–120 5 (36%) 4 (44%)* 0 (0%) 9 (38%)
>120 8 (57%) 1 (12%)* 1 (100%) 10 (42%)

Parenteral Nutrition 4 (29%) 9 (100%)* 0 (0%) 13 (54%)
Death 1 (7%) 4 (44%)* 0 (0%) 5 (21%)

*P<0.05 vs others

Table 3 Etiology and Mechanism of SBS

Parameters Ulcerative
Colitis

FAP Functional Total

Procedure
IPAA 10 (71%) 8 (89%) 0 (0%) 18 (75%)
Continent ileostomy 4 (29%) 1 (11%) 1 (100%) 6 (25%)
Cause of resection
Crohn’s disease 8 (57%)* 0 (0%) 0 (0%) 8 (33%)
Tumor 1 (7%) 7 (78%) * 0 (0%) 8 (33%)
Obstruction 3 (21%) 2 (22%) 1 (100%) 6 (25%)
Mesenteric
Ischemia

2 (14%) 0 (0%) 0 (0%) 2 (8%)

*P<0.05 vs others
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72 months postoperatively (1, 1, 12, 13, 24, 48, and
72 months). Six underwent resection alone. Five of these
patients underwent near total enterectomy (<30 cm rem-
nant) for obstruction or fistula with later intestinal trans-
plantation planned. Three died from liver failure and/or
sepsis 10, 11, and 13 months after resection while awaiting
intestinal transplantation. One refused transplantation and
has recurrent desmoid at 30 months. The other patient is
alive and doing well on PN at 48 months. The other patient
was not a transplant candidate and died from an unrelated
cardiac operation at 23 months with persistent desmoid. A
single patient with SBS before excision of the desmoid
underwent multivisceral transplantation at the time of
resection. The two FAP patients without desmoids had
postoperative complications (volvulus and perforated)
leading to further resection and the SBS. Both are alive
and well on PN at 11 and 12 months.

The patient with functional disease had an initial
colectomy for constipation. She eventually had an ileos-
tomy converted to a continent ileostomy. She subsequently
underwent resection for recurrent obstructions. She has a
150-cm remnant and was weaned off parenteral nutrition.

Discussion

SBS after continence-preserving procedures accounted for
8% of our total patients with SBS. However, SBS remains a
fairly infrequent complication of these procedures. Fazio
et al.2 found only one patient with SBS out of 1,005 having
ileal pouch–anal anastomosis (IPAA). This was due to
recurrent obstruction, a recognized complication of this
procedure. One-fourth of our patients had this etiology.
Patients with inflammatory bowel disease are known to be
hypercoagulable and are at risk for mesenteric vein
thrombosis as well. Remzi et al.3 reported that 45% of
patients undergoing computed tomography (CT) scan after
IPAA had evidence of portal vein thrombi. However, only
one of their patients developed pouch ischemia, and no
intestinal resections were required. Two of our patients had
mesenteric ischemia as the cause of SBS.

Recurrent Crohn’s disease in patients undergoing pouch
procedures for presumed ulcerative colitis was the most
frequent reason for subsequent resection and SBS in our
patients. As reported previously, this misdiagnosis was the
mechanism for SBS in 17% of patients who developed SBS
with Crohn’s disease.4 Regimbeau et al.5 found that 10% of
patients undergoing IPAA for Crohn’s disease required
excision of the pouch. Prudhomme et al.6 reported that 15%
of their patients requiring pouch excision had Crohn’s
disease. Patients, 5–10%, undergoing pouch procedures
will eventually be found to have Crohn’s disease.7 Thus,
this is not in an unusual clinical situation.

One-third of our patients had pouch procedures for FAP.
Desmoid tumors were the most common cause for SBS in this
group, accounting for three-fourths of patients. Prudhomme
et al.6 found that desmoid tumors caused 60% of pouch
excisions in FAP patients. In our series, FAP patients were
more likely to have tumors, had shorter remnant length, and
were more likely to require PN than the other groups. One-
half of the patients with desmoid tumors expired during the
follow-up period.

The poor outcome of resecting desmoid tumors after
IPAA has been reported by others. Soravia et al.8 found that
desmoids occur in 12% of FAP patients having IPAA. They
resected one-half of the tumors with significant morbidity
(23%) and mortality (8%). Sogar et al.9 found that
desmoids developed in 6% of their IPAA patients.
Mesenteric desmoids resulted in pouch failure in more than
half of their patients.

Our surgical strategy in desmoid patients has been to
resect the tumor, and then, plan intestinal transplantation as
a staged procedure. We felt this was an appropriate
approach when intestinal remnants would be <30 cm, and
complications, e.g., fistula was present. However, three
patients expired before transplantation could be achieved,
and one refused transplantation. Two patients developed
recurrent desmoids. More recently, we have performed
excision of the tumor and multivisceral transplantation
simultaneously. Chatzipetrou et al.10 reported survival in
seven of nine patients undergoing a similar approach with
transplantation at the time of resection. Thus, a more
aggressive approach to intestinal transplantation in these
patients may be warranted.

One of our patients with UC developed adenocarcinoma
in a continent ileostomy 14 years after construction. This
resulted in extensive resection. This is an unusual compli-
cation which has also been reported in conventional
ileostomies and pelvic pouches.11–12

Patients undergoing continence-preserving procedures are
at risk for developing SBS. This develops after continence-
preserving procedures for inflammatory bowel disease when
Crohn’s disease is present or complications occur. SBS related
to desmoid tumors in FAP patients is another common cause.
Resection alone in this group has a poor prognosis and
simultaneous intestinal transplantation should be considered.
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Abstract The impact of lymphadenectomy in prognosis and staging in periampullary malignancies remains largely
undefined. We examined all pancreaticoduodenectomies for periampullary carcinomas in the SEER cancer registry from
1993 through 2003. Overall, 5465 pancreaticoduodenectomies for nonmetastatic periampullary carcinomas were identified.
The cohort was comprised of 62.5% pancreatic, 18.9% ampullary, 11.6% distal bile duct, and 7.0% duodenal cancers. A
linear association between the number of lymph nodes (LNs) examined and overall survival was observed overall and for
pancreas and ampullary cancers for node-negative (N0) disease. Median survival for all patients with localized, N0 disease
improved from 24 to 31 months, with sampling of a minimum of 10 LNs, whereas 2 and 5-year survival improved from 52
and 29%, with <10 nodes examined to 58 and 37% with 10+ nodes examined (P<0.001). A 1-month median survival
advantage was seen in patients with node-positive disease when more than 10 lymph nodes examined (15 versus 16 months,
P<0.001). Significantly better median survival and cure rates are observed after pancreaticoduodenectomy for localized
periampullary adenocarcinoma when a minimum of 10 lymph nodes are examined. This benefit likely represents more
accurate staging. To optimize the prognostic accuracy and prevent stage migration errors in multicenter trials a minimum of
10 lymph nodes should be obtained and examined before the determination of node-negative disease.

Keywords Lymph node .Whipple . Periampullary .

Outcomes . SEER
Introduction

Periampullary cancers include those tumors arising in the
head of the pancreas, periampullary duodenum, extrahepatic
bile duct, and the ampulla of Vater.1 Pancreatic adenocarci-
noma accounts for 60% of tumors arising in the periampul-
lary region.2 The other three periampullary malignancies
are often unable to be differentiated from pancreatic
adenocarcinoma before surgery. Surgical resection by
means of pancreaticoduodenectomy provides the only
chance of cure for all patients with periampullary malig-
nancies.3–6 The impact of the degree of lymphadenectomy
on patient outcomes remains undefined for these malignan-
cies.7,8 Studies examining this question in pancreatic cancer
have suggested that examination and removal of additional
lymph nodes may be associated with improved survival.
Whereas both prospective and retrospective studies regard-
ing the extent of extended lymph node dissection have
disagreed, the best data suggest no survival advantage for
pancreatic cancer when more than 10 to 15 lymph nodes are
removed and examined.9–14
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Of note, the reported number of lymph nodes examined
in individual institutional series for pancreatic cancer and
other periampullary malignancies along with patient out-
comes vary greatly.15–17 We hypothesized that differences
in reported prognoses between institutional series are
largely caused by a stage migration phenomenon secondary
to differences in the extent of lymph node sampling. Our
objective was to determine the effect of the number of
lymph nodes examined on stage-specific prognoses for
patients undergoing pancreaticoduodenectomy for periam-
pullary adenocarcinomas. We further hypothesized that
should a minimal number of lymph nodes be identified to
more accurately stage patients, an improved framework to
better examine patient therapies and outcomes, particularly
between series, would result.

Material and Methods

The Surveillance, Epidemiology, and End Results (SEER)
Program of the National Cancer Institute (NCI) is an
authoritative source of information on cancer incidence
and survival in the United States.18 SEER currently collects
and publishes cancer incidence and survival data from 17
population-based cancer registries encompassing approxi-
mately 26% of the U.S. population. With just more than
6,100,000 incident cancer cases, SEER represents the
largest cancer database in the country. The SEER program
registries routinely collect data on patient demographics,
primary tumor site, tumor morphology and stage at
diagnosis, first course of treatment, and follow-up for
survival status. The SEER program is the only comprehen-
sive source of population-based information in the United
States that includes stage of cancer at the time of diagnosis
and patient survival data. NCI staff work with the North
American Association of Central Cancer Registries
(NAACCR) to guide all state registries to achieve data
content and compatibility acceptable for pooling data and
improving national estimates. The SEER program is
considered the prevailing standard for quality among cancer
registries around the world.

Statistical analysis was performed with SPSS Statistical
Package version 14.0 (SPSS Inc., Chicago, IL). Correla-
tions between demographic or clinical data and number of
lymph nodes examined were made using the Chi-square
test. Median, 2-year and 5-year overall survival rates were
calculated by the Kaplan–Meier method. Survival was
calculated from the time of the initial diagnosis to the date
of last contact (or the date of death, if the patient was
deceased). The effect of the number of lymph nodes
examined on survival was tested by using the Log-rank
test. A multivariate analysis by means of the Cox
proportional hazards model was used to further test the

significance of prognostic factors on survival. Specifically
gender, age, race, tumor size, anatomic site, lymph node
status, SEER summary stage, the inclusion of radiotherapy
in treatment, and the number of lymph nodes examined
were included in the multivariate analysis.

Results

The April 2006 release of the SEER data base was used to
identify all incident cases of periampullary adenocarcinoma
diagnosed from 1993 to 2003 based on the representative
ICD-O-3 morphology codes.19 Specifically, those cases
arising in the periampullary duodenum, extrahepatic bile
duct, ampulla of Vater or the head of the pancreas were
included. A detailed algorithm outlining the data extraction
process is shown in Table 1. Incident cases were limited to
those undergoing pancreaticoduodenectomy for adenocar-
cinoma of the pancreatic head, ampulla of Vater, periam-
pullary duodenum, or extrahepatic bile duct with at least

Table 1 Sample Selection Criteria

Selection Criteria Number (N)

SEER 17 Regs Public Use, Nov 2005 Sub 6,113,961
↓
Periampullary adenocarcinomas 60,396
↓
Year of diagnosis 1993–2003 34,265
↓
Pancreaticoduodenectomy 6,827
↓
Complete staging data 6,755
↓
M0 disease only 6,330
↓
More than one LN examined 5,465

SEER = Surveillance, Epidemiology, and End Results; LN = lymph
node

Figure 1 Anatomic distribution of tumors.
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one lymph node removed for pathologic examination.
Patients with metastatic disease (M1) or incomplete staging
data were excluded from the investigation. A total of 5,465
periampullary carcinoma cases were extracted for analysis.
There were no duplicate cases in the study sample.

The fractional breakdown of cases by tumor anatomic
location is shown in Fig. 1. Patients with disease arising from
the head of the pancreas made up the majority of the cohort
with 3,418 tumors (62.5%), whereas lesser numbers of
tumors were found to arise from the ampulla of Vater (N=
1,031, 18.9%), extrahepatic bile ducts (N=633, 11.6%), and
duodenum (N=383, 7.0%). The median follow-up time was
14 months for all patients and 19 months for survivors only.

Patient demographics and clinical data were extracted
from the database. Figure 2 depicts a graphical comparison
between the total number of lymph nodes examined and the
total number of positive lymph nodes reported for each
individual patient. A linear association between the number
of lymph nodes examined and the number of positive
lymph nodes was observed until an average of 10–15
lymph nodes were examined. To further define the impact
of the number of nodes examined on prognosis, median
survival was calculated for different patient groups using 5,
10, 15, 20, and 25 lymph nodes as the cutoff for the two

groups (Table 2). Based on these observations, a minimum
of 10 lymph nodes examined appeared to be associated with
improved diagnostic accuracy in the staging of both node-
negative and node-positive periampullary malignancies.

Demographic and clinical data were analyzed for all patients
according to the number of lymph nodes examined—patients
with one to nine and 10 or more lymph nodes were compared
(Table 3). A slightly larger percentage of males were present
in the one-to-nine LN group (54.1%) than in the ≥10-LN
group (50.9%, P=0.020). The median age at the time of
diagnosis was 67 years in the one-to-nine LN group
compared to 65 years in the ≥10-LN group (P=0.004).
There were no differences in the racial characteristics of the
two groups. Patients in the one-to-nine LN group had twice
the number of extrahepatic bile duct tumors than did those in
the ≥10-LN group (14.7 vs. 7.2%, P<0.001), as well as
significantly less pancreatic head tumors (58.3 vs. 68.4%,
respectively, P<0.001).

The average tumor size was smaller in the one-to-nine LN
group than in the ≥10-LN group (2.93 vs. 3.13 cm, P<0.001).
There was a greater percentage of node positive disease in
the ≥10-LN group than in the one-to-nine LN group (64.8
vs. 46.5%, P<0.001). Similarly, there was a greater
percentage of regionally advanced disease in the ≥10-LN
group than in the one-to-nine LN group (88.7 vs. 82.5%,
P<0.001). Radiation therapy was used more often in the
≥10-LN group than in the one-to-nine LN group (45.3 vs.
35.9%, P<0.001). The percentage of those patients receiving
preoperative radiation therapy was similar between the two
groups (2.0% in the ≥10-LN group and 1.6% in the one-to-
nine LN group).

Median, 2-year, and 5-year overall survival rates are
shown in Table 4. Patients with 10 or more lymph nodes
examined had an improved median survival compared to
those patients with less than 10 lymph nodes examined in
both N0 (31 vs. 24 months, P<0.001) and N1 subgroups
(16 vs. 15 months, P=0.035). These results translated into
similar improvements in both 2-year and 5-year survival
rates in these same groups. In the group of individuals with
adenocarcinoma of the head of the pancreas, those patients
with 10 or more lymph nodes examined also had an

Figure 2 Comparison between the total number of lymph nodes
examined and the total number of positive lymph nodes for each
patient (LNs = lymph nodes).

Table 2 Overall Median Survival by Number of Lymph Nodes Examined (All Tumor Locations)

Tumor Stage Number of Lymph Nodes Examined

< 5 vs. ≥ 5 < 10 vs. ≥ 10 < 15 vs. ≥ 15 < 20 vs. ≥ 20 < 25 vs. ≥ 25

N0 23 vs. 28 24 vs. 31 25 vs. 37 26 vs. 36 26 vs. 42
P value < 0.001 < 0.001 < 0.001 0.005 0.208
N1 14 vs. 15 15 vs. 16 15 vs. 16 15 vs. 16 15 vs. 16
P value 0.050 0.035 0.073 0.109 0.312

Values represent median survival in months for node-negative (N0) and node-positive (N1) disease. P value shown for Log rank test examining
the effect of number of lymph nodes examined on median survival.
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improved median survival compared to those patients with
less than 10 lymph nodes examined in both N0 (22 vs.
18 months, P<0.001) and N1 subgroups (14 vs. 13 months,
P=0.002). A similar, yet larger improvement was demon-
strated in patients with an ampullary malignancy, in which
median survival in N0 patients improved from 47 months in
the one-to-nine LN group to 88 months in the ≥10-LN

group (P=0.044). A trend toward improved overall survival
with an increase in the number of lymph nodes examined
was also observed for patients with N0 disease of the
extrahepatic biliary ducts and the duodenum. Kaplan–Meier
survival curves for these data are shown in Fig. 3.

Step-wise multivariate analysis of all demographic,
clinical, and treatment variables was undertaken using the
Cox regression model (Table 5). Increasing age at diagno-
sis, tumor size over 2.0 cm, and node-positive or regionally
advanced disease were all independent predictors of lower
overall survival. Duodenal, extrahepatic bile duct, and
ampullary tumors were each independently associated with
improved survival when compared to pancreatic head
tumors. Radiation therapy was also independently associ-
ated with an improved outcome. Finally, examination of 10
or more lymph nodes was an independent predictor of
improved overall survival.

Discussion

Accurate staging is of paramount importance in developing
a therapeutic plan for cancer patients and in the evaluation
of novel therapies. The number of lymph nodes examined
during a curative surgical procedure has been shown to be
very important in identifying the extent of disease for virtually
all carcinomas. Such reports include those of improved
survival rates with an increased lymph node evaluation for
gastric,20–23 colon,24–27 and breast cancers.28,29 Whether
these results are simply reflective of a more accurate staging
or an indication of improved clearance of regionally
advanced disease remains debatable.

In spite of the unclear therapeutic benefit for increased
lymphadenectomy, the impact of the number of lymph
nodes examined on the accurate staging for adenocarcino-
mas of the periampullary region remains undefined. A 2006
study by Schwarz et al.14 examining the extent of lymph
node retrieval and pancreatic cancer in the SEER database
found stage-based survival improvements with increasing
numbers of lymph nodes examined. This study was limited
to pancreatic cancers ignoring the other common malig-
nancies of the periampullary region. We sought to extend
the observations of Schwarz et al. and define the impact of
the extent of lymph node examination to outcomes for
periampullary cancers.

Additionally, the number of lymph nodes examined in
individual series and survival data after resection reported
to date can often vary greatly from series to series. Such
inconsistencies may complicate and potentially invalidate
comparisons made between these reports and make the
interpretation of newer therapies difficult. For example, the
benefit for 5-FU chemotherapy many years after its first
report remains unclear.16 We hypothesized that differences

Table 3 Comparison of Demographic and Clinical Data by Number
of Lymph Nodes Examined

Number of LNs
Examined

P value *

1–9 ≥10
N=3,178 N=2,287

Gender
Male 54.1 50.9 0.020
Female 45.9 49.1
Age (years)
Median 67 65
< 50 11.4 12.9 0.004
51–60 19.1 21.3
61–70 31.2 32.4
71–80 32.0 28.3
> 80 6.2 5.1
Race
White 81.7 82.8 0.119
Black 8.5 9.0
Other 9.8 8.2
Tumor size (cm)
Mean 2.93 3.13
<2.0 cm 22.7 15.8 <0.001
≥2.0 cm 77.3 84.2
Primary tumor site
Duodenum 7.1 6.9 <0.001
Extrahepatic bile duct 14.7 7.2
Ampulla of Vater 19.8 17.5
Head of pancreas 58.3 68.4
LN Status
N0 53.5 35.2 <0.001
N1 46.5 64.8
SEER summary stage
Localized 17.5 11.3 <0.001
Regional 82.5 88.7
Radiotherapy
Preoperative therapy 1.6 2.0 <0.001
Intraoperative therapy 0.6 0.6
Pre and postoperative
therapy

0.2 0.1

Postoperative therapy 33.4 22.1
Sequence unknown 0.3 0.3
None given 64.1 54.7

Values shown represent percentage of each group.
*P value for Chi-square test examining the association between
variables (LNs = lymph nodes, SEER = Surveillance, Epidemiology
and End Results)
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in reported outcomes between institutional series might in
part be largely caused by a stage migration phenomenon
secondary to differences in the extent of lymph node
sampling. Using a large multi-state population-based cancer
registry, we sought to determine the effect of the number of
lymph nodes examined on stage-specific prognosis for
patients undergoing pancreaticoduodenectomy for periam-
pullary adenocarcinoma.

A total of 5,465 patients in our study had between one
and 57 lymph nodes examined at the time of pancreatico-
duodenectomy for a periampullary adenocarcinoma. As
expected, a linear association was observed between the
number of lymph nodes examined and the number of
positive lymph nodes reported (Fig. 2). However, this
relationship appeared to deteriorate beyond 10–15 total
lymph nodes examined, where additional lymphaden-
ectomy failed to produce an increased number of positive
nodes. A significant improvement in survival was noted
with greater than 10 lymph nodes examined for all patients
with periampullary adenocarcinoma (Tables 2 and 4).
Although this benefit was most pronounced in the setting
of node-negative disease (Fig. 3a), a statistically significant
but clinically questionable survival improvement was also
seen in patients with N1 cancers (Fig. 3b). Examination of
at least 10 or more lymph nodes was also shown to be an
independent predictor of decreased mortality by multivar-
iate analysis (hazard ratio 0.847, P<0.001, Table 5).

We subsequently performed a subgroup analysis based
on the type of periampullary cancer. Patients with lesions in

the head of the pancreas demonstrated results similar to the
entire cohort regarding the number of lymph nodes
examined and survival, irrespective of their N status
(Figs. 3c,d). Patients with N0 disease of the ampulla of
Vater also benefited significantly from the examination of
10 or more lymph nodes versus the comparison group
(Fig. 3g). Although no statistically significant survival
benefits were seen for duodenal or extrahepatic bile duct
tumors, a trend toward improved outcomes was observed
for N0 disease in both locations (Fig. 3e,i).

The disproportionately increased survival benefit ob-
served in the setting of N0 disease compared to N1
disease may be partly explained by a stage migration
phenomenon. Patients with N0 status had fewer lymph
nodes examined than did their N1 counterparts (data not
shown), raising the possibility of a significant number of
these individuals being understaged. Lesser numbers of
lymph nodes analyzed increases the likelihood of missing
a greater number of involved lymph nodes. Whereas we
cannot dismiss the possibility of a therapeutic benefit to
an extended lymphadenectomy for these patients, it
seems more reasonable to propose that harvesting 10 or
more lymph nodes provides improved staging informa-
tion to more accurately guide subsequent treatment
strategies.

It is important to address some important differences
between our treatment groups. Those patients with greater
than 10 lymph nodes examined had larger tumors, an
increased incidence of N1 or regionally advanced disease,

Table 4 Overall 2-year, 5-year and Median Survival by Stage of Disease and Number of Lymph Nodes Examined

1–9 Lymph Nodes ≥10 Lymph Nodes

N 2 years 5 years Med N 2 years 5 years Med P*

% SE % SE % SE % SE

Overall
N0 1,701 52 .01 29 .01 24 804 58 .02 37 .02 31 <0.001
N1 1,477 30 .01 11 .01 15 1,483 34 .01 13 .01 16 0.035
HOP
N0 894 39 .02 17 .02 18 487 47 .02 27 .03 22 <0.001
N1 960 24 .02 7 .01 13 1,077 31 .02 10 .01 14 0.002
EBD
N0 293 60 .03 35 .04 31 70 67 .06 44 .07 46 0.077
N1 175 31 .04 10 .03 15 95 30 .05 10 .04 16 0.721
Amp
N0 389 67 .03 43 .03 47 182 76 .03 52 .05 88 0.044
N1 241 45 .04 20 .03 19 219 43 .04 19 .04 20 0.961
Duo
N0 125 71 .04 53 .05 60 65 80 .06 69 .07 NYR 0.087
N1 101 53 .05 27 .06 26 92 56 .06 31 .06 30 0.544

*P value shown for Log rank test examining the effect of number of lymph nodes examined on median survival
HOP = head of pancreas, EBD = extrahepatic bile duct, Amp = ampulla of Vater, Duo = duodenum, SE = standard error, Med = median, NYR =
not yet reached
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Figure 3 Kaplan–Meier curves comparing overall survival between
patients with one to nine lymph nodes examined and ≥10 lymph nodes
examined for (a) all periampullary tumors, N0 disease; (b) all
periampullary tumors, N1 disease; (c) pancreatic tumors, N0 disease;
(d) pancreatic tumors, N1 disease; (e) extrahepatic bile duct tumors,

N0 disease; (f) extrahepatic bile duct tumors, N1 disease;
(g) ampullary tumors, N0 disease; (h) ampullary tumors, N1 disease;
(i) duodenal tumors, N0 disease; (j) duodenal tumors, N1 disease (P
values shown for Log-rank test for association between median
survival and treatment group).
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and a larger proportion of pancreatic head tumors than
those patients with nine or fewer lymph nodes examined.
When one considers the number of lymph nodes examined
as a surrogate for adequacy of surgical resection, it is
reasonable to speculate that these patients in the 10+ lymph
nodes group may have received higher quality or at least
more aggressive surgical care than the comparison group.
Whether such factors as hospital or surgeon procedure
volume may be responsible for these differences in care are
impossible to address using these data.

Differences in the utilization rate of adjuvant therapies
were also observed between the two groups. Radiation
therapy was more frequently administered in patients with
greater than 10 lymph nodes examined than in the
comparison group, with the majority of treatments given
in the postoperative period (Table 3). These differences are

likely because of the increased percentage of regionally
advanced disease in this group. However, the rate of
preoperative radiation therapy was virtually identical
between the two groups, suggesting that neoadjuvant
therapy was not a factor in down-staging patients from
one treatment group to another.

The SEER registry, although considered a gold standard
by many and an excellent database for comparative
outcomes analysis, is nonetheless without its share of
limitations. Many of the shortcomings in this study are
similar in type and scope to those using other similar large
cancer registries. Omissions in data reporting by individual
registries to SEER have resulted in incomplete information
on tumor size, stage, and grade. This results in a significant
selection bias toward those patients who make it through
the selection process. Unfortunately, no information regard-

Table 5 Cox Proportional Hazards Model for Risk of Death from All Periampullary Adenocarcinomas

N Hazard Ratio 95% CI P value

Gender
Male 2,435 Reference group Reference group Reference group
Female 2,247 0.943 0.876–1.014 0.115
Age
< 50 549 Reference group Reference group Reference group
51–60 952 1.076 0.933–1.241 0.311
61–70 1,486 1.221 1.069–1.394 0.003
71–80 1,436 1.404 1.228–1.605 <0.001
80 + 259 1.515 1.243–1.846 <0.001
Race
White 3,852 Reference group Reference group Reference group
Black 386 1.089 0.956–1.241 0.199
Other 444 0.997 0.876–1.136 0.969
Tumor size (cm)
≤2.0 934 Reference group Reference group Reference group
>2.0 3,748 1.434 1.291–1.594 <0.001
Tumor site
HOP 3,053 Reference group Reference group Reference group
Duo 332 0.350 0.295–0.416 <0.001
EBD 415 0.750 0.654–0.860 <0.001
Amp 882 0.502 0.449–0.560 <0.001
LN status
N0 2,134 Reference group Reference group Reference group
N1 2,548 1.704 1.564–1.858 <0.001
SEER stage
Localized 685 Reference group Reference group Reference group
Regional 3,997 1.288 1.135–1.463 <0.001
Radiotherapy
Yes 1,927 Reference group Reference group Reference group
No 2,755 1.659 1.532–1.797 <0.001
# LNs examined
1–9 2,652 Reference group Reference group Reference group
≥10 2,030 0.847 0.785–0.913 <0.001

Multivariate analysis is limited to patients with all variables available from the database (N=4,682)
CI = confidence interval, HOP = head of pancreas, EBD = extrahepatic bile duct, Amp = ampulla of Vater, Duo = duodenum, LN = lymph node,
SEER = Surveillance, Epidemiology and End Results
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ing the status of surgical resection margins or patient
comorbidities was available from the registry. Finally,
SEER does not include information on chemotherapy in
its database.

Based on an analysis of the most recent SEER data, we
nonetheless have demonstrated improved overall survival
and cure rates after surgery for localized periampullary
adenocarcinoma when a minimum of 10 lymph nodes are
examined. This phenomenon is most likely representative
of more accurate staging with increasing numbers of lymph
nodes analyzed. A minimal benefit was also observed after
additional lymphadenectomy in the setting of node-positive
disease. Thus, we suggest that all patients after pancreati-
coduodenectomy for periampullary malignancies should
receive resections and pathological evaluation that includes
10 lymph nodes. This is particularly important in making
the diagnosis of node-negative disease as without the
evaluation of 10–15 lymph nodes diagnostic accuracy
remains uncertain.
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Abstract
Complex multivisceral resections in major hepatic and pancreatic surgery are relatively infrequent, and information
regarding the morbidity and mortality associated with such resections is scant. The purpose of this paper is to describe the
outcomes following such aggressive surgical treatment. A retrospective review of the outcomes following multiorgan
resection in the setting of major liver or pancreatic resection was conducted from 2002 until July 2006. Patients who had a
major hepatic or pancreatic resection plus resection of at least one other organ were included. The primary outcome
measures analyzed were the postoperative morbidity and mortality. Secondary outcomes included recurrence rates and
survival. Twenty-seven patients met the inclusion criteria. There were two postoperative deaths (7%). Complications
occurred in 59% of patients. Complications were minor in 26% and severe in 33%. Complications were more frequent in
older patients and in patients with pancreatic resections. Mortality was significantly increased in the setting of a
pancreaticoduodenectomy. These more aggressive procedures should be considered to carry a higher risk of complications,
particularly in patients undergoing pancreaticoduodenectomies. Patients should be selected carefully when undertaking
complex multivisceral resections in major hepatic and pancreatic surgery.

Keywords Multivisceral . Simultaneous . Liver . Pancreas .

Surgery

Introduction

Multivisceral resections in hepatic and pancreatic surgery
are relatively infrequent, and information regarding the
morbidity and mortality associated with such resections is
scant. These resections can occur in the setting of an en-

bloc resection for tumors that have directly invaded other
organs or in the setting of simultaneous resections of
primary tumors along with separate sites of metastatic
spread. En-bloc resection of the distal pancreas and spleen
as part of a gastrectomy has been shown to significantly
increase morbidity and mortality.1,2. With regards to the
morbidity and mortality of pancreatic resections requiring
en-bloc resection of adjacent organs, there are few available
reports. For hepatic resections, simultaneous resections of
primary tumors and distant sites of metastasis is the more
common scenario. However, despite the fact that approxi-
mately 20% of patients with colorectal cancers are
diagnosed with synchronous metastases at the time of
presentation,3,4 the performance of simultaneous multiorgan
resections is relatively uncommon. The safety of such an
aggressive approach remains a controversial subject, and
patients should be very carefully selected when considering
simultaneous multiorgan resection.5

In order to select patients appropriately when consider-
ing such aggressive treatment, it is imperative to consider
the surgical risks. The purpose of this study was to describe
the morbidity and mortality associated with complex
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multivisceral resections in major hepatic and pancreatic
surgery to further aid patient selection.

Materials and Methods

Design

This was a retrospective analysis of the outcomes following
multivisceral resection in complex hepatic and pancreatic
surgery at a single tertiary-care hospital (Foothills Medical
Centre, Calgary, Alberta, Canada). The study was approved
by the University of Calgary Conjoint Health Research
Ethics Board.

Subjects

All patients who underwent multivisceral resection in the
setting of major hepatic resection or pancreatectomy from
January 2002 until December 2006 were included. Eligi-
bility criteria included patients with and without cancer
diagnoses, although it was anticipated that the patient
population would consist almost exclusively of patients
with cancer. A multivisceral resection was defined as a
major hepatectomy or pancreatic resection plus the resec-
tion of at least one other organ that is not routinely removed
during the procedure. For example, patients who had
removal of the distal stomach or gallbladder during a
pancreaticoduodenectomy were not considered to have had
a multivisceral resection and were not included in the study.
Similarly, patients undergoing a distal pancreatectomy and
splenectomy without removal of additional organs were not
considered to have had a multivisceral resection. Major

hepatectomy was defined as removal of at least two
Couinaud segments, and patients undergoing pancreatecto-
my included patients having either a distal pancreatectomy
or pancreaticoduodenectomy. The time frame of the review
was chosen because the three hepatobiliary surgeons
comprising the Hepatobiliary and Pancreatic Surgery Unit
began working as a group in 2002.

Procedure

Eligible patients were identified through a database main-
tained by a surgical oncology center (Tom Baker Cancer
Centre, Calgary, Alberta, Canada). The surgeons’ own
private charts as well as the hospital charts were reviewed.
Demographic information, the diagnoses and indications
for surgery, operative details, information about the hospital
stay, postoperative complications, recurrence, and survival
were extracted from the charts.

The primary outcome measure of the study was the
morbidity and mortality after such resections. Recurrence
rates and survival were secondary outcomes. Postoperative
morbidity was graded according to a previously validated
classification system.6 Mortality was defined as either
30-day or in-hospital mortality, as mortality as a result of
postoperative liver failure in major hepatic surgery may
occur well beyond 30 days,7 which is a commonly used
end-point.

Results

A total of 27 patients were identified. There were 13 men
and 14 women with a mean age of 61 years (median 64;

Table 1 Pathologies of
Patients Undergoing Multi-
visceral Resection According
to Primary Operations Per-
formed

a Includes one gastrointestinal
stromal tumor, one angiosar-
coma of the liver, one sarcoma
of bile duct, and one retroper-
itoneal sarcoma

Pathology n Primary Operation Performed (n)

Liver
Resection

Pancreaticoduodenectomy Distal
Pancreatectomy

Neuroendocrine Tumor 6 3 1 2
Pancreatic Adenocarcinoma 2 2
Pancreatic CystadenoCA 1 1
Gastric Adenocarcinoma 3 3
Sarcomaa 4 1 2 1
Colorectal Adenocarcinoma 2 2
Renal Cell Carcinoma 2 2
Inflammatory Mass Mimicking
Cholangiocarcinoma

2 2

Cholangicarcinoma 1 1
Adrenal Cortical Carcinoma 1 1
Gall Bladder Adenocarcinoma 1 1
Desmoid 1 1
Melanoma 1 1
Total 24 12 6 9
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range 21 to 86). Twelve multivisceral resections were done
in the setting of major liver resections (median of four
segments resected), whereas six were performed in the
setting of a pancreaticoduodenectomy, and nine were
performed in the setting of a distal pancreatectomy. Three
of the distal pancreatectomies were performed as part of a
total gastrectomy. For one patient who had a right
trisegmentectomy plus a pancreaticoduodenectomy for a
cholangiocarcinoma, the pancreaticoduodenectomy was
considered to be the primary operation, and the patient
was included this group of six patients. Another patient
who underwent both a right hepatectomy and distal
pancreatectomy was included in the group of 12 patients
who had liver resections as the primary procedure. Table 1
shows the primary procedure performed according to the
various pathologies. Table 2 shows the organs resected as
part of the primary procedure performed. A median of three
organs was resected (range 2 to 7). In all but five cases, the
multivisceral resection was mandated by the presence of
direct local invasion into adjacent organs. In the remaining
five cases, simultaneous resections occurred at two sites
(the primary tumor and sites of metastatic disease).

Median operating time was 420 min (mean 448, range
191 to 683), and the median blood loss was 1,000 ml (mean
1,352 ml, range 300 to 5,000). Forty-eight percent of
patients received blood transfusions in the operating room,
with a median of 2 units transfused (mean 3, range 1 to 8).
Three patients (11%) were admitted to the intensive-care
unit (ICU) postoperatively for a median of 2 days (range 1
to 3). The median duration of hospital stay was 14 days
(mean 22, range 7 to 60). There were no significant
differences in these variables according to the primary type
of operation performed.

There were two postoperative deaths (7% operative
mortality). Postoperative complications occurred in 59%
of patients and are listed in Table 3. These were minor in
26% and severe in 33%. One of the deaths occurred in a 75-
year-old patient who underwent a pancreaticoduodenec-
tomy in conjunction with a right trisegmentectomy for what

proved to be a sarcoma of the bile duct. This patient was
sent to a high-observation unit postoperatively, but when
her condition deteriorated, she refused admission to the
ICU and died on the seventh postoperative day due to
postoperative liver failure, sepsis, and multisystem organ
failure. The second postoperative death occurred in a 45-
year-old patient with metastatic melanoma who underwent
a pancreaticoduodenectomy in conjunction with a segmen-
tal liver resection (segments 4b and 5) and a right
hemicolectomy. The patient died of recurrent disease
2 months after surgery.

Overall complications, including mortality, were more
frequent in patients who underwent pancreatic resections
compared to patients who underwent liver resections,
occurring in 12 of 15 patients (80%) compared to 6 of 12
patients (50%). Similarly, patients over age 70 had more
frequent complications, occurring in 6 of 7 patients (86%)
compared to 11 of 19 patients (58%). Complications were
not more frequent with increasing operating time or

Table 2 Additional Organs Resected According to Primary Procedure performed

Organs Resected

Primary Procedure
Performed

Liver Head of
Pancreas

Duodenum Distal
Pancreas

Spleen Stomach Colon Small
Bowel

Kidney Diaphragm Peritoneuma

Liver Resection
(n=12)

12 2 2 1 5 3 1 1

Pancreaticoduodenectomy
(n=6)

4 6 6 1 1 2 4 1

Distal Pancreatectomy
(n=9)

1 9 9 5 6 6 3 1

a This patient had peritoneal cytoreductive surgery at the same time as a liver and colon resection.

Table 3 Most Frequent Complications Experienceda

Complication n (%)

Mortality 2 (7)
Minor Morbidity 7 (26)
Major Morbidity 9 (33)
Intra-abdominal Abscess 5 (19)
Anastomotic Stricture 3 (11)
Pancreatic Fistula 3 (18)b

Line Infection 2 (7)
Pneumonia 2 (7)
Deep venous thrombosis 2 (7)

a Less frequent complications that occurred in one patient each (3%)
include a pleural effusion, acute renal insufficiency, sepsis, an
anastomotic leak, a Clostridium difficile infection, cholangitis, an
empyema, a gastrointestinal bleed, an ileus, a urinary tract infection,
ascites, and a wound infection. Some patients experienced more than
one complication.
b The percentage refers to the percentage of the subgroup of 17
patients who underwent pancreatic resections.
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increasing blood loss. Postoperative mortality was more
common when a pancreaticoduodenectomy was performed.

After a mean follow-up of 10 months (median 6, range
0.3 to 46), six patients have suffered recurrent disease (local
and/or distant recurrences) with a range of 2 to 46 months
after surgery. Four patients died of disease between 2 and
46 months postoperatively. Disease-free and overall surviv-
al rates at 3 years were 68% (95% CI=37 to 86%) and 79%
(95% CI=52 to 91%), respectively.

Discussion

Multivisceral resections in hepatic and pancreatic surgery
are relatively infrequent, and evidence regarding the
morbidity and mortality associated with such resections is
scant. In our series, the postoperative mortality rate was
7%, and the overall rate of morbidity was 59%, with a
minor complication rate of 26% and a major complication
rate of 33%. This is in contrast to a mortality rate of 3% and
an overall morbidity rate of 37% for patients who
underwent liver resections in the same institution between
2001 and 2004.

Patients over the age of 70 and patients who underwent
pancreatic resections tended to have more frequent compli-
cations. A pancreaticoduodenectomy in conjunction with
resection of other organs was associated with a higher
mortality rate than other types of resection in our series.

In a series of 17 patients who underwent either
pancreaticoduodenectomy or distal pancreatectomy in con-
junction with major hepatectomy for a variety of tumor
types, D’Angelica et al.8 noted a higher morbidity (47%)
and mortality (18%) with such an aggressive approach.
Similar to our series, all of the deaths occurred in patients
who underwent a pancreaticoduodenectomy in conjunction
with a liver resection, giving a mortality rate of 50% in this
subset of patients. On the other hand, Sasson et al.9 report
no difference in morbidity and mortality between 79
patients who underwent a standard pancreatectomy and 37
patients who underwent simultaneous resection of other
organs. The other resected organs were most commonly
vascular structures but also included colon, adrenal, liver,
and stomach. Morbidity and mortality in the group that had
an extended resection were 35 and 2.7%, respectively.

In the setting of gastric cancer, distal pancreatectomy has
been performed both as part of a D2 lymphadenectomy1,2

and in cases of locally advanced disease.10–12 Whereas
some have found an increased morbidity with such multi-
visceral resections including pancreatectomy for gastric
cancer,1,10,12 others have not.11 A large randomized trial
comparing D1 to D2 lymphadenectomy found that the
addition of splenectomy and distal pancreatectomy led to
increased morbidity and mortality and possibly poorer

overall survival.1,13 These procedures have now largely
been abandoned as part of routine D2 lymphadenectomy of
gastric cancer. When multivisceral resection is needed for
gastric cancer because of local invasion of other structures
by advanced tumors, complications are also increased.
When two or more organs, most commonly the pancreas
and/or spleen, must be resected for gastric cancer, compli-
cations are increased significantly.10

For hepatic surgery, the most common scenario is that of
colorectal cancer with synchronous liver metastases. Some
authors recommend multiorgan resection in order to avoid
repeat laparotomy. They have reported similar rates of
morbidity and mortality regardless of whether the primary
lesion and the liver metastases are resected together or as
staged procedures, even when a major hepatectomy is
performed in conjunction with removal of a left-sided
primary.14–18 However, patient selection appears to play a
role in some of these reports as these resections were more
commonly performed for right colonic primaries, for
smaller and fewer liver metastases, and for less extensive
liver resections.17,18

Other publications have documented significantly in-
creased morbidity and mortality when hepatectomy is done
in conjunction with other major organ resection. In a series
of 67 patients who underwent major liver resection under
total vascular isolation, complications were increased by up
to 14 times when an associated gastrointestinal procedure
was performed.19. Tanaka et al.20 reported that complica-
tions are increased when more than one segment of liver is
removed. The safety of such an aggressive approach
remains a controversial subject, and patients should be
very carefully selected when considering simultaneous
multiorgan resection.5

There is a critical difference between en-bloc multi-
visceral resections that are performed for direct invasion of
a tumor into contiguous organs and multivisceral resections
performed for disease at different sites, as in the example of
a colorectal cancer with synchronous liver metastases. In
the former scenario, there is no option to perform a delayed,
or staged, procedure. In such instances, the increased
morbidity and mortality of a multivisceral hepatic or
pancreatic resection is a necessary risk to the procedure.

In the latter scenario, there is an option to offer a staged
procedure and avoid a simultaneous multivisceral resection.
This decision can be quite difficult. Whereas in many cases,
such an approach may be safe, properly defined selection
criteria are lacking. Besides this question of which patients
can be selected to safely undergo such resections, some
have questioned whether certain patients would benefit
from a staged procedure to allow adjuvant systemic treat-
ments prior to liver resection. Fujita et al.21 reported that
the presence of six or more metastatic lymph nodes
associated with a primary colorectal lesion was a poor
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prognostic factor and suggested that perhaps such patients
would benefit from systemic chemotherapy prior to liver
resection for synchronous metastases. Unfortunately, this
prognostic factor cannot be determined preoperatively.
Capussotti et al.22 have found that negative prognostic
factors for overall survival in patients with synchronous
colorectal liver metastases include T4 lesions, greater than
three metastases, and invasion of contiguous structures by
the metastases themselves. They suggest that perhaps such
patients would benefit from neoadjuvant chemotherapy
with the timing of resection of the primary lesion dictated
by symptoms. At this point in time, however, validated
selection criteria remain undefined.

This study has many limitations, and the results must be
interpreted with these in mind. This is a relatively small,
retrospective review with a heterogeneous patient popula-
tion. Analyzing predictive factors of morbidity and mortal-
ity is difficult due to the small sample size. In our series, all
but five patients had multivisceral resections due to local
invasion of contiguous organs. For the remaining five
patients, this study cannot answer the question of whether a
staged procedure would have been safer. In addition, it is
not possible to make comparisons to a control group of
patients who underwent hepatic or pancreatic surgery
without a multivisceral resection.

Nonetheless, the study does demonstrate that the risk of
such aggressive surgical treatment is significant, and
multivisceral resections should be considered to have
increased morbidity and mortality. Patients undergoing a
pancreaticoduodenectomy along with resection of other
organs appear to be at a particularly high risk.
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Abstract
Background We evaluated the feasibility and efficacy of neoadjuvant chemotherapy and radiation for patients with locally
unresectable pancreatic cancer.
Materials and Methods From October 2000 to August 2006, 245 patients with pancreatic adenocarcinoma underwent
surgical exploration at our institution. Of these, 78 patients (32%) had undergone neoadjuvant therapy for initially
unresectable disease, whereas the remaining patients (serving as the control group) were explored at presentation (n=167).
All neoadjuvant patients received gemcitabine-based chemotherapy, often in conjunction with docetaxal and capecitabine in
a regimen called GTX (81%). Seventy-five percent of neoadjuvant patients also received preoperative abdominal radiation
(5,040 rad).
Results Neoadjuvant patients were younger than control-group patients (60.8 vs 66.2 years, respectively, p<0.002).
Seventy-six percent of neoadjuvant patients were resected as compared to 83% of control patients (NS). Concomitant
vascular resection was required in 76% of neoadjuvant patients but only 20% of NS (p<0.01). Complications were more
frequent in the neoadjuvant group (44.1 vs 30.9%, p<0.05), and mortality was higher (10.2 vs 2.9%, p<0.03). Among the
neoadjuvant patients, all but one of the deaths were in patients that underwent arterial reconstruction. Mortality for patients
undergoing a standard pancreatectomy without vascular resection was 0.8% in this series. Of patients resected, negative
margins were achieved in 84.7% of neoadjuvant patients and 72.7% of NS. Within the cohort of neoadjuvant patients,
radiation significantly increased the complication rate (13.3 vs 54.6%, p<0.006), but did not affect median survival (512 vs
729 days, NS). Median survival for patients who received neoadjuvant therapy (503 days) was longer than NS that were
found to be unresectable at surgery (192 days, p<0.001) and equivalent to NS that were resected (498 days).
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Conclusions Resection rate, margin status, and median survivals were equivalent when neoadjuvant patients were compared
to patients considered resectable by traditional criteria, demonstrating equal efficacy. Surgical resection with venous
reconstruction following neoadjuvant therapy for patients with locally advanced pancreatic cancer can be performed with
acceptable morbidity and mortality. This approach extended the boundaries of surgical resection and greatly increased
median survival for the “inoperable” patient with advanced pancreatic cancer.

Keywords Pancreas . Cancer . Neoadjuvant . Vascular .

Gemcitabine

Introduction

Pancreatic adenocarcinoma is a lethal disease with an
annual death rate that approaches the incidence.1 Over half
of the patients have metastases on presentation, whereas
only 15% of patients will have resectable disease.2 For
every patient that presents with a resectable tumor, there are
two patients that will have locally advanced but non-
metastatic disease.3 Strategies to recruit this patient popu-
lation have the potential to triple the surgical impact on
pancreatic cancer. Two such strategies include preoperative
cytoreduction with neoadjuvant therapy and more aggres-
sive surgery with vascular resection and reconstruction.

Gemcitabine-based chemotherapy for pancreatic cancer
has shown a minor but significant improvement over pre-
vious therapies.4 At our institution, we developed a three-
drug regimen for patients with pancreatic cancer including
gemcitabine, docetaxal, and capecitabine (RLF) called
GTX.5,6 Using this regimen in patients with metastatic
disease to the liver and/or lung, we observed a 40% partial
response rate and an 11% complete response rate at metas-
tatic sites after nine cycles in previously untreated patients.7

We also observed significant reduction in the primary tumor
size in many of the patients while on therapy. With this
preliminary data, we developed a neoadjuvant protocol for
patients with locally advanced, nonmetastatic pancreatic
cancer consisting of GTX for three cycles followed by
standard conformal radiation to 5,040 rad with low-dose
weekly gemcitabine as a radiosensitizer.

In this paper, we describe our total experience and
outcomes with patients explored for pancreatic adenocarci-
noma over the past 6 years. Patients explored after
neoadjuvant therapy are specifically compared to those that
went to surgery with lesions that appeared resectable at
presentation.

Materials and Methods

Data Review

Data were gathered prospectively within our clinical
database of patients with pancreatic neoplasms. After

approval from the Columbia University Internal Review
Board in accordance with Health Insurance Portability and
Accountability Act regulations, the de-identified dataset
was retrospectively reviewed. From October 2000 to
August 2006, 245 patients with pancreatic adenocarcinoma
underwent surgical exploration at our institution. Of these,
78 patients (32%) had undergone neoadjuvant therapy for
initially unresectable disease, whereas the remaining
patients (serving as the control group) were explored at
presentation (n=167). The records were reviewed for
demographic information, therapy delivered, operative
findings and interventions, postoperative outcomes, patho-
logic findings, and overall survival.

Definition of Unresectable

The definition of unresectable varies among authors. For
the purpose of this investigation, unresectable was defined
as invasion of the superior mesenteric or portal vein or
arterial abutment (superior mesenteric artery, hepatic artery,
or celiac artery) of ≥180° of the vessel circumference.
Venous invasion included those patients found to have
invasion of the portal or superior mesenteric vein at the
time of initial exploration, those with endoscopic ultraso-
nographic evidence of tumor within the wall or lumen of
the vein, and patients with encasement of the vein on
crossectional imaging. The unresectable group also includ-
ed patients with thrombosis of the portal venous system.
The patients are stratified based on spectrum of disease in
Table 1.

Patients were found to be unresectable either by imaging
studies including computed tomography with contrast,
magnetic resonance imaging with gadolinium and endo-
scopic ultrasound (61%), or by previous surgical explora-
tion (39%). All imaging studies were systematically
reviewed by Columbia University surgeons, gastroenterol-
ogists, and radiologists during weekly conference. The
quality of imaging studies was varied depending on the
institution of origin, and studies were repeated at Columbia
if necessary. Of the patients previously explored, 43% had
their initial surgery at Columbia by a qualified pancreatic
surgeon (JC, JA, BS), whereas the remaining patients were
initially explored at outside institutions. Approximately half
of these patients were explored at high-volume centers,
whereas the remainder underwent their initial surgery in
community hospitals.
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Neoadjuvant Protocol

Patients enrolled in the neoadjuvant protocol all had biopsy-
proven adenocarcinoma of the pancreas. Neuroendocrine
carcinoma was ruled out by immunohistochemical analysis.
Patients determined to be unresectable by imaging studies
alone were not laparoscoped prior to entry into the study.
Chemotherapy consisted of gemcitabine, capecitabine, and
doctaxal delivered as outlined in Table 2.

One cycle of chemotherapy consisted of the drug
schedule outlined in Table 2 followed by 1 week of rest.
Neoadjuvant protocol patients underwent three cycles of
chemotherapy followed by chemoradiation using low-dose
gemcitabine as a radiosensitizer. Abdominal radiation
consisted of 4,500 cGy in 180 cGy fractions followed by
540 cGy in 180 cGy fractions focused on the mass using
standard conformal techniques, resulting in a total dose of
5,040 cGy. Patients were restaged radiographically and then
brought to the operating room for exploration if there was
no evidence of disease progression after a 5-week rest
period. The treatment algorithm is outlined in Fig. 1.

Nonneoadjuvant Patient Group

The nonneoadjuvant (control) group consisted of all
patients explored with pancreatic adenocarcinoma during
the index time interval who were thought to be resectable
based on preoperative imaging studies.

Complications

For the purpose of this review, pancreatic fistula or leak
was defined as the presence of amylase rich fluid in the

abdominal drain greater than three times the serum
amylase. Drain amylase was measured selectively based
on the judgment of the operating surgeon and not routinely.

Delayed gastric emptying was defined as failure of the
patient to tolerate solid food by the tenth postoperative day.
Postoperative mortality was defined as any death within
30 days of the operation or death prior to discharge from
the hospital.

Postoperative portal vein imaging by ultrasound was
performed selectively based on the clinical course of the
patient and the drain output in patients that underwent
venous reconstructions.

Pathology Review

Over the 6-year time interval during which these patients
underwent surgery, pancreatic resection specimens were
evaluated by using a standard grossing protocol and
reporting form. The following parameters were assessed
in all cases: tumor size, degree of tumor differentiation,
presence or absence of vascular invasion, presence or
absence of lymph node metastases, and surgical margin
status. Surgical margins evaluated included pancreatic neck,
common bile duct, and posterior/radial margins.

Pancreatic resection specimens from patients that under-
went vascular resection were also reviewed retrospectively.
Hematoxylin and eosin (H&E) slides of the resection
specimens were microscopically reviewed by two patholo-
gists (HR, EV) to evaluate the viability index of the tumors.
The viability index was determined by calculating the
percent of viable tumor cells identified microscopically
on a representative H&E slide sampling the largest focus
of tumor. Percent pathologic response was defined by the
percent of the tumor composed of fibrotic or necrotic
tissue.

Survival

Overall survival was calculated from the time of diagnosis.
For nonneoadjuvant patients, the date of diagnosis was
defined as the day of operation. For the neoadjuvant
patients, survival was calculated from the time neoadjuvant
therapy was initiated.

Table 2 Drug Regimen Dosing and Timing for Patients Formally
Enrolled in the Phase II Neoadjuvant GTX Protocol

Drug Days Delivered Dose

Capecitabine 1–14 750 mg/m2/bid/po
Gemcitabine 4 and 11 750 mg/m2 over 75 min
Docetaxal 4 and 11 30 mg/m2 over 30 min

Days 15–21, patients are off all therapy.

Table 1 Patients Undergoing Surgical Exploration After Neoadjuvant Therapy Stratified by Extent of Disease

Extent of Disease Number of Patients (%)

Invasion of SMV/portal vein onlya 32 (43)
Short segment venous occlusion or arterial abutment <180° 12 (16)
Venous occlusion without technical options for reconstruction or >180° of arterial abutment 30 (41)

a Venous invasion included those patients found to have invasion of the portal or superior mesenteric vein at the time of initial exploration, those
with endoscopic ultrasonographic evidence of tumor within the wall or lumen of the vein, and patients with encasement of the vein on cross-
sectional imaging.
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Statistics

Student’s t test was used to assess significance of differ-
ences in age and complication rate between the neoadjuvant
therapy and nonneoadjuvant therapy groups. The Wilcoxon
Mann–Whitney test was used to assess the differences in
estimated blood loss, and chi-square analysis was used to
determine differences in sex, resection rate, resection type,
concomitant vascular resection, tumor viability, and mor-

tality between the treatment groups. To evaluate the effect
of neoadjuvant therapy on patient survival, life tables were
constructed from survival data and Kaplan–Meier curves
were plotted. Overall survival was measured from date of
initial diagnosis to date of death or latest follow-up. For
Kaplan–Meier curves, comparisons between groups were
done using the log-rank test. All statistical analyses were
done using Statistical Analysis Software (SAS) version 9.1
(SAS Institute, Cary, NC). Significance was set at p<0.05.

Results

Demographics

All neoadjuvant patients received gemcitabine-based che-
motherapy, often in conjunction with docetaxal and
capecitabine (81%). Fourteen patients (18%) were formally
enrolled in a phase II prospective GTX-radiation neoadjuvant

Pancreatic 
Neoplasm

Imaging

CT

MRI

EUS

Appears Resectable Appears Unresectable

Neoadjuvant Chemotherapy 
(GTX 3 cycles)

Tissue Biopsy 
(Adenocarcinoma)

Surgical Exploration

UnresectableResectable

Pancreatectomy Neoadjuvant XRT 
(5040 rads)

Radiographic 
Restaging

Attempt Resection

Figure 1 Treatment algorithm
for patients presenting with
pancreatic neoplasms.

Table 3 Patient Demographics Stratified by Neoadjuvant Status

Neoadjuvant Nonneoadjuvant p≤

Gender
Male 42 (55%) 79 (47%) NS
Female 36 (45%) 88 (53%)

Median Age (years) 60.8 66.6 0.002
Resection rate 59 (76%) 139 (83%) NS
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protocol (RLF), the remaining patients (82%) were treated
off protocol. About half of the patients (45%) received their
neoadjuvant therapy at outside institutions in consultation
with the medical oncology faculty at Columbia University.
Three quarters of the neoadjuvant patients also received
preoperative abdominal radiation.

Patients were deemed unresectable either by radiologic
imaging studies alone (61%) or by previous surgical ex-
ploration (39%). Of the patients that were found to have
unresectable disease at the time of initial exploration, about

half were explored at our institution (43%), and the re-
maining patients were explored at outside hospitals (57%).

Patient demographics are outlined in Table 3. Patients
undergoing neoadjuvant therapy (n=78) were significantly
younger than those brought to the operating room with
resectable lesions (60.8 vs 66.6 years, p<0.002). Resection
rate was similar in the neoadjuvant group (76%) and the
nonneoadjuvant group (83%, NS). The gender makeup of
both groups was similar.

Surgical Variables

Operative findings and interventions are summarized in
Table 4. All patients received octreotide subcutaneously
preoperatively and for 24 h postoperatively. A similar
percentage of patients underwent Whipple procedures in
each group; however, it was more common for the pylorus
to be preserved in the nonneoadjuvant setting (2 vs 16%,
p<0.01). Operative blood loss was greater in the neo-
adjuvant group (p<0.001).

Table 5 Pathologic Characteristics of Patients with Pancreatic
Adenocarcinoma Who Underwent Surgical Resection of the Tumor
(n=198)

Pathologic Variable NA (%; n=59) No NA (%; n=139)

Tumor Size (Mean/Range) 3.27 cm (0–6.5) 3.6 cm (0.5–11)
Differentiation
Well 7 (11.9%) 8 (5.8%)
Moderate 23 (39.0%) 50 (36.0%)
Poor 21 (35.6%) 73 (52.5%)

Margin Status
Positive Margin 9 (15.3%) 38 (27.3%)
Negative Margin 50 (84.7%) 101 (72.7%)

Node Status
Positive 25 (42.4%) 103 (74.1%)
Negative 34 (57.6%) 36 (25.9%)

Neurovascular Invasion
Yes 46 (78.0%) 112 (80.6%)
No 12 (20.3%) 26 (18.7%)

Table 4 Operative Characteristics Stratified by Neoadjuvant Status

Surgical Variables Overall NA+Resected NA+Not Resected No NA+Resected No NA+Not Resecteda

Total Patients 245 59 19 139 28
Surgical Resection
Whipple 141 47 (80%) 94 (68%)
PPPD 19 1 (2%) 18 (13%)
Distal Pancreatectomy 22 3 (5%) 19 (14%)
Subtotal Pancreatectomy 1 1 (2%)
Total Pancreatectomy 15 7 (12%) 8 (6%)
Abandoned (overall) 47 19 28
Abandoned (local growth) 21 8 (42%) 13 (46%)
Abandoned (mets) 26 11 (58%) 15 (54%)

Vascular Resection
Yes 73 45 (76%)* 28 (20%)
No 172 14 (24%) 111 (80%)

Previous Resection Attempt
Yes 23 (39%) 5 (4%)
No 36 (41%) 134 (96%)

EBL ml (Median) 1,450 2,000 1,050
Operative time (min) 472±171* 348±123
Median Postoperative Length of Stay (days) 10 3 10 4.5

NA Neoadjuvant, PPPD pylorus preserving pancreaticoduodenectomy, EBL estimated blood loss.
*p<0.01 vs the nonneoadjuvant group.
a Excludes patients that subsequently received neoadjuvant therapy.

Table 6 Tumor Viability Index Stratified by Neoadjuvant Status

Tumor Viability (%) Neoadjuvant (%) Nonneoadjuvant (%)

0–10 12 (31.6) 0 (0)
11–50 13 (34.2) 2 (7.7)
51–89 5 (13.2) 1 (3.8)
90–100 8 (21.1) 23 (88)

p<0.01 by chi-square.
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Vascular resection was required more often for the
neoadjuvant patients (76%) than for nonneoadjuvant
patients (20%, p<0.01). Forty-two percent of the neo-
adjuvant patients that underwent pancreatic resection but
did not require vascular resection had been deemed
unresectable by previous exploration. Of the 45 patients in
the neoadjuvant group that underwent vascular resections,
34 patients (76%) had isolated venous reconstructions, 1
patient (2%) had an isolated arterial reconstruction, and
10 patients (22%) had combined venous and arterial
reconstructions.

Pathology

Pathologic findings are summarized in Table 5. Tumor size,
degree of differentiation, margin status, and nodal status
were not different between groups.

For the cohort of patients who underwent vascular
resection, the positive margin rate was significantly lower
in the neoadjuvant group (25%) than in the nonneoadjuvant
group (58% respectively, p<0.008). Tumor viability index
was also significantly lower in the neoadjuvant group (see
Table 6). A complete pathologic response (no viable tumor)
was observed in the specimens from two patients (3%) in
the neoadjuvant therapy group.

Complications

Complications are outlined in Table 7. The overall surgical
complication rate was significantly higher in the neo-
adjuvant group (44.1%) than in the nonneoadjuvant group
(30.9%, p<0.05). Operative mortality was also higher in the
neoadjuvant group (10.2%) as compared to the nonneoad-
juvant group (2.9%, p<0.03). All but one of the deaths in

Table 7 Postoperative Complications and Length of Stay for Resected Patients (n=198) Stratified by Neoadjuvant Status

Postoperative Complication Overall NA (n=59) Non-NA (n=139) p≤

Overall Complication Rate 69 (34.8%) 26 (44.1%) 43 (30.9%) 0.05
Intra-abdominal Hemorrhage 7 (3.5%) 3 (5.1%) 4 (2.9%)
Portal Vein Thrombosis 7 (3.5%) 4 (6.8%) 3 (2.2%)
Neurologic Dysfunction 4 (2.0%) 1 (1.7%) 3 (2.2%)
Intra-abdominal Collection 7 (3.5%) 4 (6.8%) 3 (2.2%)
Sepsis 10 (5.1%) 6 (10.2%) 4 (2.9%)
Gastric Outlet Obstruction 4 (2.0%) 3 (5.1%) 1 (.7%)
Anastamotic Leak 9 (4.5%) 5 (8.5%) 4 (2.9%)
ARF 13 (6.6%) 6 (10.2%) 7 (5.0%)
MI/Cardiac Event 7 (3.5%) 2 (3.4%) 5 (3.4%)
Wound Infection 15 (7.6%) 4 (6.8%) 11 (7.9%)
Pulmonary Compromise 20 (10.1%) 8 (13.6%) 12 (8.6%)
Enteric Fistula 4 (2.0%) 4 (6.8%) 0
GI Bleed 5 (2.5%) 1 (1.7%) 4 (2.9%)
Reoperation 17 (8.6%) 10 (16.9) 7 (5.0%)
Death 10 (5.1%) 6 (10.2%) 4 (2.9%) 0.03
Median Postoperative Length of Stay (Days) 10 10 10 NS

Complications—26 Patients with NA therapy had 57 complications overall. 43 patients without NA therapy had 65 complications overall.
NA Neoadjuvant, Non-NA nonneoadjuvant.

Table 8 Overall Survival in Patients Stratified by Neoadjuvant and Resection Status

Actual 1-Year Survival Actual 2-Year Survival Median Survival (days; 95% CI)

Overall (all patients; n=245) 57.2% 18.9% 445 (399, 524)
NA Therapy (78) 69.4% 23.2% 503 (403, 670)
No NA Therapy (167) 50.0% 16.1% 430 (356, 533)

Abandoned Resection (47) 34.3% 8.8% 296 (237, 410)
NA Therapy (19) 50.0% 13.3% 410 (296, 445)
No NA Therapy (28) 21.1% 5.3% 192 (133, 361)

Surgical Resection (n=198) 63.4% 22.0% 517 (422, 642)
NA Therapy (59) 76.1% 26.8% 533 (480, 714)*
No NA Therapy (139) 56.5% 19.1% 498 (376, 642)

*p<0.001 vs abandoned resection without neoadjuvant therapy.
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the neoadjuvant group were in patients that underwent
arterial reconstruction, making it an independent risk factor
for mortality (p<0.01). The mortality for patients undergo-
ing an isolated venous reconstruction following neoadju-
vant therapy was 3%. Among the neoadjuvant patients, the
complication rate was dramatically increased in patients
who received preoperative radiation therapy (54.5%) as
compared to those who did not (13.3%, p<0.006).

Overall Survival

Overall survival is summarized in Table 8 and Fig. 2. The
median survival for neoadjuvant patients that were success-
fully resected was 533 days, which was significantly better
than the median survival of the nonneoadjuvant patients
that were not resected (192 days, p<0.001) and similar to
patients that were resected without neoadjuvant therapy
who were initially deemed to be resectable (498 days, NS).

Discussion

Pancreatic adenocarcinoma is a challenging disease to
manage and treat. Multiple series, including this one, have
demonstrated that the best outcomes are realized when the
tumor can be resected.8–10 Unfortunately, only 15% of
patients will present with a lesion that is resectable by
traditional criteria. For every patient that presents with a
resectable lesion, there will be two patients with locally

advanced but nonmetastatic cancer. Strategies designed to
recruit this patient population have the potential to triple the
surgical impact on this disease. Two such strategies are
preoperative cytoreduction with chemotherapy and/or radi-
ation therapy, and more aggressive surgical resections with
vascular reconstruction. Using both of these strategies, we
have been able to achieve outcomes for selected patients
with locally advanced pancreatic cancer that are similar to
patients who present with initially resectable disease.

The definition of unresectable for pancreatic cancers
differs among authors and practitioners.11–14 At many in-
stitutions, the presence of any vascular invasion is inop-
erable disease. As the morbidity and mortality of pancreatic
surgery has decreased, surgeons at several high-volume
centers have been resecting and reconstructing portal veins
more commonly. This has led to the group at M.D.
Anderson to define lesions with limited portal or superior
mesenteric vein involvement as ‘resectable’.13 Borderline
lesions are those that occlude the portal vein or abut arterial
structures over less than 180° of the vessel circumference.
Tumors are considered inoperable at M.D. Anderson when
they occlude the portal vein without technical options for
reconstruction, or when arterial structures have more than
180° of encasement.13 Whereas this definition is helpful
when comparing reported outcomes in patients enrolled in
neoadjuvant protocols at high-volume centers, at most
institutions portal vein invasion continues to be a contra-
indication to resection and for all practical purposes
represents inoperable disease. It is for this reason that we

Figure 2 Kaplan–Meier curves
for patients separated by resec-
tion status and neoadjuvant
therapy status
(NA=Neoadjuvant).
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include those patients in our neoadjuvant group. For the
purposes of comparison to other large series, the distribu-
tion of our patients based on the M.D. Anderson criteria is
outlined in Table 1.

In this review, patients were deemed unresectable either
by imaging studies alone (61%) or by previous surgical
exploration (39%). All of the imaging studies were
systematically reviewed by Columbia University surgeons,
gastroenterologists, and radiologists during weekly confer-
ence. The quality of the imaging studies was varied, and
studies were repeated at Columbia if necessary. All patients
explored for pancreatic cancer at Columbia underwent a
systematic intraoperative evaluation of their tumor for
resectability as previously described.15 About a fifth of
the patients were deemed unresectable at the time of an
initial surgical exploration which was done at an outside
institution. Although these explorations were not stan-
dardized, many of them were performed at high-volume
centers.

The results from this series demonstrate the feasibility of
resecting locally advanced pancreatic cancers. The resec-
tion rate in the patients undergoing neoadjuvant therapy
was 76% which was not different from the nonneoadjuvant
patients (83%), demonstrating that it is possible to resect
selected patients after neoadjuvant therapy. The complica-
tion rate (44.1 vs 30.9%, p<0.05) and mortality rate (10.2
vs 2.9%, p<0.03) were higher in the neoadjuvant group vs
the nonneoadjuvant group but not prohibitively so. Fur-
thermore, all but one of the deaths in the neoadjuvant group
were in patients that underwent arterial resection, under-
scoring the need to be highly selective when choosing
candidates for arterial reconstruction.

The efficacy of this approach is supported by the
pathologic findings. The margin rate and resection rates
were equivalent between groups. Furthermore, detailed
histologic analysis of the patients that underwent vascular
resection revealed considerable reduction in viable tumor
cell mass in patients that underwent neoadjuvant therapy,
with two patients having a complete pathologic response.
These observations attest to the cytoreductive potential of

gemcitabine-based regimens in patients with pancreatic
adenocarcinoma.

The efficacy of this approach is further supported by the
overall survival outcomes. Patients resected after neo-
adjuvant therapy lived significantly longer than bypassed
patients (533 vs 192 days, p<0.001). In fact, survival for
the neoadjuvant patients was equivalent to patients who
were resected at initial presentation (533 vs 498 days, NS).
Review of the Kaplan–Meier curves (Fig. 2) reveals that this
approach pushes the survival curve of the ‘inoperable’ pa-
tient to the right such that it superimposes the curve of pa-
tients considered initially resectable by traditional criteria.

One might question the necessity of the neoadjuvant
therapy, arguing that the patients in our neoadjuvant group
simply underwent more aggressive resections with a high
rate of vascular reconstruction (76%). However, when vas-
cular resection was undertaken without neoadjuvant ther-
apy, the positive margin rate was 58%. In sharp contrast,
the positive margin rate was significantly reduced (25%,
p<0.008) when patients underwent neoadjuvant therapy.
The patients in the neoadjuvant group that did not require
vascular resection (24%) either represent patients that were
effectively downstaged by neoadjuvant therapy or patients
that were overstaged at presentation. However, nearly half
of the neoadjuvant patients that did not require vascular
resection had been deemed unresectable by previous
surgical exploration, suggesting that they were effectively
downstaged by preoperative therapy.

The rate of disease progression for patients while
receiving neoadjuvant therapy was low (4%) for patients
formally enrolled in the protocol. However, many authors
report a 5 to 10% incidence of metastatic disease found at
the time of surgical exploration that was not seen on
preoperative imaging studies.16,17 Patients enrolled by
radiologic criteria alone were not laparoscoped to rule out
occult metastatic disease prior to entry into the study.
Therefore, metastatic disease found at the time of explora-
tion after neoadjuvant therapy represents a combination of
occult metastatic disease that was present at the time of
enrollment and true disease progression while on therapy.

Table 9 Selected Series of Neoadjuvant Therapy for Patients with Initially Unresectable Pancreatic Cancer

Author (year) Number
of Patients

XRT
(cGy)

Chemotherapy Number
Surgically Resected

Negative
Margins

Resected with
Negative Margins

Jessup et al. (1993)18 16 4500 5-FU 2 (13%) NR NR
Kamthan et al. (1997)19 35 5400 5-FU, STZ, cisplatin 5 (14%) 100% 14%
Blackstock et al. (1999)20 17 5040 Gemcitabine 0 N/A N/A
Epelbaum et al. (2002)21 20 5040 Gemcitabine 2 (10%) 66% 6.6%
Snady et al. (2000)22 68 5400 5-FU, STZ, cisplatin 20 (29%) 95% 28%
Ammori et al. (2003)23 67 5040 Gemcitabine

(+/− cisplatin)
9 (13%) 66% 9%

XRT External beam abdominal radiation, 5-FU 5-fluoruracil, NR not reported, STZ streptazocin.
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This bias would be expected to result in an underestimation
of the true patient survival in the neoadjuvant therapy
group.

Our outcomes compare favorably to other series (Table 9)
of neoadjuvant therapy for initially unresectable pancreatic
cancer reported in the literature.18–23 Using 5-FU combined
with radiotherapy, Jessup et al.18 reported a resection rate of
13%. Kamthan et al.19 and Snady et al.22 achieved resection
rates of 14 and 29%, respectively, using similar protocols of
5-FU, streptozocin, and cisplatin combined with radiother-
apy with a high rate of negative pathologic margins. In the
present series of 78 patients, 59 (76%) of the patients
explored underwent resection with a negative margin rate of
84.7%. Thus, the successful resection rate (resection with
negative margins) in patients presenting with inoperable
disease who underwent neoadjuvant therapy was 64.4% in
our study.

This study is limited by its retrospective approach,
nonstandardization of neoadjuvant therapy, and nonran-
domization. Despite these shortcomings, the data support
the feasibility and efficacy of the neoadjuvant approach
with gemcitabine-based protocols for patients with locally
advanced pancreatic cancer. Further work in prospective
phase II and III trials is necessary to rigorously test
individual regimens.

Conclusion

In conclusion, resection rate, margin status, and median
survival were equivalent when neoadjuvant treated patients
were compared to patients considered initially resectable by
traditional criteria, demonstrating significant efficacy. Sur-
gical resection following neoadjuvant therapy for patients
with locally advanced pancreatic cancer can be performed
with acceptable morbidity and mortality. This approach
extended the boundaries of surgical resection and greatly
increased median survival for the “inoperable” patient.

Acknowledgment Grant support for this study was provided by I.W.
Foundation.
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Abstract
Introduction Intraductal papillary mucinous neoplasms (IPMNs) of the pancreas are being diagnosed with increased
frequency. CT scanning commonly serves as the primary imaging modality before surgery. We hypothesized MRCP
provides better characterization of IPMN type/extent, which more closely matches actual pathology.
Methods Of 214 patients treated with IPMN (1991–2006), 30 had both preoperative CT and MRCP. Of these, 18 met imaging
study criteria. Independent readers performed retrospective, blinded analyses using standardized criteria for IPMN type and extent.
Results A ductal connection was detected on 73% of MRCP scans and only 18% of CT. IPMN type was classified differently
in seven (39%); four (22%) of which were read on CT as having main duct involvement where this was not appreciated on
MRCP or found on surgical pathology. MRCP showed multifocal disease in 13(72%) versus only 9(50%) on CT. A different
disease distribution was seen in 9(50%). Finally, 101 branch lesions were identified on MRCP compared to 46 on CT.
Conclusions CT falls short of MRCP in detecting a ductal connection, estimating main duct involvement, and identification
of small branch duct cysts. These factors influence diagnostic accuracy, cancer risk stratification and operative strategy.
MRCP should be employed for optimal management of patients with IPMN.
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Introduction

The management of pancreatic intraductal papillary mucin-
ous neoplasms (IPMN) has been constantly evolving since
the time of its initial description in 1982 by Ohhashi et al.1

Intraductal papillary mucinous neoplasms of the pancreas
are precancerous papillary, mucin-producing lesions which
form within the pancreatic ducts. These lesions are being
diagnosed with increased frequency.2–6 As these lesions are
highly variable in type and extent, sensitive and accurate
imaging is important for their proper characterization.
Specifically, imaging may assist in establishing a diagnosis
of IPMN and discriminating it from other lesions, which
may mimic IPMN such as mucinous cystic neoplasms
(MCN).7,8 Finally, imaging may also determine IPMN type
and extent. These two factors have significant implications
for the risk of malignancy6,9 and provide risk stratification,
which is essential for treatment decision making.

The optimal imaging for IPMN has not been well
characterized in the literature.10 With regard to CT and
MRCP, limited existing literature has demonstrated compa-
rable accuracy in the diagnosis of IPMN as well as the
assessment of lesion size and main pancreatic duct (MPD)
size.11 Computed tomography (CT) is the study used most
frequently to diagnose and characterize patients with
IPMN.12 Moreover, utilizing CT scanning as the sole
source of imaging before definitive surgical management
is not uncommon. In our experience, however, CT alone
may not be sufficient to establish a diagnosis or accurately
determine type and extent. Therefore other studies may be
used in the management of these lesions. Endoscopic
retrograde pancreatography (ERP), endoscopic ultrasound
(EUS), intraductal ultrasound, and peroral pancreatoscopy
are invasive options.13,14 The ductogram provided by ERP
is dependent upon pressure to fill all of the side branches.
Small side branches or side branch mucus plugging may
prevent ERP from fully characterizing IPMN type and
extent.15 Endoscopic ultrasound accurately determines type
and extent, but has blind spots and does not provide the
surgeon with a visual “roadmap” to reference in preoper-
ative planning. Intraductal ultrasound and peroral pancrea-
toscopy are not fully characterized or widely available.
Nevertheless, such invasive tests may be important for
establishing a cytologic diagnosis of IPMN and character-
izing the relative degree of cellular atypia. Magnetic
resonance cholangiopancreatography (MRCP) is non-
invasive and, unlike computed tomography (CT), provides
a ductogram. The ductogram provided by MRCP, unlike

ERP, is not dependent upon pressure to fill all of the fluid
(mucous)-filled side branches. We therefore hypothesized
that MRCP may provide better characterization of IPMN
type and extent than CT and more closely match actual
pathology.

Materials and Methods

Assurances

These studies were conducted in strict compliance with the
Indiana University School of Medicine Institutional Review
Board.

Patient Population and Study Criteria

This is a retrospective study of patients who underwent
surgical resection for IPMN at Indiana University Hospital.
Data were collected from a prospectively collected database
as well as supplemented by chart review. Patients were
selected for the study based upon having both pancreas
protocol CT and MRCP performed within 12 months of
primary operation for IPMN. No reoperative patients were
included. Both pancreas protocol CT and MRCP had to be
consistent with current quality standards for optimal
imaging as defined in the method sections to follow. The
CT and MRCP imaging for each patient was reviewed in a
retrospective fashion, by independent readers. The readers
were informed of the diagnosis of IPMN in each of the
patients before review but were blinded to the results of the
corresponding imaging test (i.e., CT or MRCP), surgical
pathology, operative reports, or patient history. All images
were accessed, viewed, and analyzed using the PACS/
Centricity online imaging system at Indiana University
Hospital. All measurements were taken using the same
electronic measuring tools equipped in the system.

Parameters Assessed

The image analysis was carried out utilizing a standardized
checklist that included IPMN type (main, mixed, or
branch), anatomical location of the index lesion (head/
uncinate, neck, body, or tail), overall distribution (i.e.,
localized in each of the aforementioned areas or diffuse).
Presence of a ductal connection in these lesions was
assessed based on imaging reports compiled before the
confirmed diagnosis of IPMN, thereby limiting intrinsic
bias. Main-type disease was radiologically defined as
dilation of the main pancreatic duct (MPD) with a
minimum allowable diameter of greater than 5 mm.10–12

Segmental change in size, cystic character of dilation, and
apparent filling defects were additional factors considered
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in making the diagnosis of MPD involvement. Branch type
was defined as a lesion characteristic of IPMN with a
radiographically identifiable branch duct connection to the
main or accessory pancreatic duct. Mixed type was defined
as having radiographic characteristics of both main and
branch duct IPMN. Any involvement of the main duct with
associated branch cysts was considered mixed. Index lesion
was defined as the most prominent (i.e. largest cross-
sectional diameter) branch lesion in patients with branch or
mixed disease unless there was isolated main pancreatic
duct disease in which it refers to the location of main duct
involvement. IPMN focality was classified as either
unifocal or multifocal. Unifocal refers to one identifiable
branch lesion (i.e., the index lesion). Multifocal refers to >1
identifiable and distinct lesion. Isolated MPD involvement
was classified as unifocal. Distinct lesions were defined as
those that did not share any common walls with the index
lesion. Thus, a single branch lesion need not be mono-
cystic, but could be septated or polycystic in appearance
without being considered multifocal (i.e., multiple distinct
lesions). Distribution was defined as localized or diffuse.
Localized was defined as limited to one surgical site (e.g.,
head/uncinate of pancreas) whereas diffuse included >1
surgical site (e.g., head/uncinate, neck, body, tail). Surgical
sites included head/uncinate (right of portal vein), neck
(overlying portal vein), body (left of portal vein) and tail
(left of splenic artery takeoff from celiac axis) of pancreas.
Main pancreatic duct dilation was determined by maximal
cross-sectional diameter (perpendicular to the long axis of
the main duct). All measurements of the main pancreatic
duct were obtained on images taken before the administra-
tion of secretin.16,17

Magnetic Resonance Cholangiopancreatography

MRCP is usually combined with routine contrast-enhanced
MRI. For MRCP, the pancreatic duct is imaged using a
single shot fast spin echo pulse sequence, with a single
40 mm thick coronal “slab” positioned over the pancreas.
The matrix size is 256×256; the field of view varies from
patient to patient, but is typically 22×22 cm. TE is
∼750 ms. Fat saturation technique is used in all studies.
Acquisition time is approximately 1–2 s per scan and
obtained during breath-holding. A thin slice coronal
T2 weighted sequence is also employed; a respiratory
synchronized 3D turbo spin echo sequence (3D PACE,
Siemens Medical Solutions, Malvern, PA) provides excel-
lent details. This sequence is useful in detecting tiny side
branches or connecting side branches between the cystic
lesions such as side branch IPMN and main pancreatic duct,
which can be obscured on the thicker slab images. Fasting for
4–6 h before the examination, and/or the oral administration
of 300 ml of ferumoxsil oral suspension as a negative contrast

agent (Gastromark, Mallinckrodt Medical, Raleigh, NC) was
used to remove high signal from overlying stomach and
duodenum.

Secretin is a 27-amino acid polypeptide hormone
secreted by the duodenal mucosa in response to luminal
acid, typically following a meal.16 It has numerous
physiological effects, including actions on the pancreas,
the sphincter of Oddi, and the biliary tree. Secretin is given
intravenously at a dose of 16 mcg in adults. At the
commencement of injection, a baseline scan is obtained
using a coronal single shot turbo spin echo image (2 s scan
time); this is repeated every 30 s for 15 min. Secretin-
induced distention of the pancreatic duct occurs typically
within 4–7 min of administration in normal subjects.17

Pancreas Protocol Computed Tomography

CT studies were carried out with multidetector 16
(Brilliance 16) and 64 slice CT scanners (Brilliance 64;
Philips Medical Systems). Water in lieu of oral contrast
agent was used to avoid scattered artifact over and around
the pancreas. The initial scan was a non-enhanced CT of the
upper abdomen performed with 5-mm section thickness and
3-mm gap. A total of 120–150 ml of nonionic iodinated
contrast material (Isovue 300 or 370), was injected into the
antecubital vein at a rate of 4 ml/s with an 20-gauge angio-
catheter and followed by a dual-phase CT of the pancreas.
The initial post contrast study was a late arterial phase,
which was obtained 35 s after administration of IV contrast
and imaging parameters; 0.9-mm slice thickness and
spacing between slices, 0.5 mm. These images were
reformed to axial and coronal images, 3-mm slice thickness
and 3-mm spacing between slices. The venous phase was
performed at 70–80 s after initiation of IV contrast
injection. Imaging parameters were 2-mm slice thickness
and spacing between slices 0.6 mm. These images were
reformed to axial and coronal 5-mm slice thickness and
3-mm spacing between slices. Tube voltage was 120 kvp
and tube load was 200–250 mAs.

Pathologic Analysis

Pathologic analysis of the surgical specimens was carried
out at the time of operative management of the IPMN.
Specimens were also reanalyzed by a faculty pathologist
(O.W.C.) experienced in the nomenclature and classifica-
tion of IPMN. The final analysis of each sample was
blinded to the results of any preoperative imaging. The
specimens were characterized by presence/absence of main
duct involvement and World Health Organization IPMN
grade (adenoma, borderline, high grade/CIS, or invasive).
In one case, there was no cystic dilation of the MPD present
on pathologic (or radiographic) examination, but there was
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some architectural change in the epithelium of the main
duct. This case was classified as a main duct pancreatic
intraepithelial neoplasia (PanIN) as opposed to a main duct
IPMN.18 The results of pathologic analysis were then
compared preoperative imaging.

Results

From 1991–2006, 214 patients with IPMN were treated at
a single, high-volume tertiary referral center (Indiana
University Hospital). Of these patients 150 underwent a
total of 157 operations for surgical management of
IPMN. In the surgical group, 30 patients had undergone
both preoperative abdominal CT and MRCP at Indiana
University and were available for review. A review was
undertaken of these 30 patients, and 18 met selection criteria
for the study.

Of the 18 patients on study, 7 were male and 11 female
(Table 1). The mean and median age at time of operation
was the same at 66 years (range 49–79 years). The surgical
management of these 18 patients occurred between 1999–
2006. The mean (median) time from MRCP and CT to
operation was 76 (67) and 78 (69) days, respectively.
Operative management of patients included nine pancrea-
ticoduodenectomies, six distal pancreatectomies, two total
pancreatectomies, and one diagnostic laparoscopy. The
latter patient underwent liver biopsy and confirmation of
metastatic pancreatic cancer. This patient had MRI/MRCP
7 days before operative intervention. Fourteen patients had
non-invasive IPMN. Five were graded as adenoma, and the
remaining nine were graded as borderline. Four patients had
invasive IPMN. No patients in this series had carcinoma in
situ (Table 1).

A pancreatic lesion with an appearance characteristic of
IPMN was identified on CT and MRCP in all patients.
MRCP showed 13 (72%) branch, 4 (22%) mixed, and 1
(6%) main-duct-type IPMN. Conversely, CT showed 9
(50%) branch, 6 (33%) mixed, and 3 (17%) main-
duct-type IPMNs. Overall, IPMN type was classified
differently by MRCP compared to CT in 7(39%). Of these
patients, four (22%) were read on CT as having main duct
involvement where main duct disease was not appreciated
on MRCP. Surgical pathology likewise did not identify
main duct disease in any of these patients (Table 2).

A clear ductal connection, however, was identified on
73% of MRCP but only 18% of CT in those lesions of
either mixed or branch type (Table 3). MRCP showed
multifocal disease in 13(72%) versus only 9(50%) on CT. A
different distribution was seen in 9(50%). MRCP showed
non-diffuse disease in 6(33%) where corresponding CT
imaging indicated diffuse disease. Conversely, MRCP
showed diffuse disease in 3(17%) where corresponding
CT imaging indicated non-diffuse disease. Finally, 101
branch lesions were identified on MRCP compared to 46 on
CT. The mean main pancreatic duct (MPD) size observed in
all patients was 5.7 mm for MRCP and 6.4 mm for CT. In
lesions with an observed branch-type component, the
average diameter of the index lesions was measured at
31.7 mm for MRCP and 27.8 mm for CT. On CT compared
to MRCP, MPD and index lesion size measurements were
not significantly different (Table 3).

Selected Imaging

Patient 1 In this case, CT characterized this IPMN as
mixed. MRCP demonstrated isolated main duct IPMN. On
CT, the branch-type cyst measured 13 mm which was
roughly equivalent to the MPD diameter. Pathology
confirmed isolated main duct IPMN. Thus, a dilated,
tortuous main duct was misclassified as having a branch

Table 1 Demographics, Operation, IPMN Pathology

Parameters Number

Age, years (range) 66 (49–79)
Gender
Male 7
Female 11
Operation
Pancreaticoduodenectomy 9
Distal Pancreatectomy 6
Total Pancreatectomy 2
Other 1
Pathologic Grade
Adenoma 5
Borderline 9
Carcinoma in situ 0
Invasive 4

Table 2 IPMN Type

CT MRCP Pathology

Type
Branch 9 13 13a

Mixed 6 4 4
Main 3 1 1
Main duct component
MPD component 9 5 5
No MPD component 9 13 13

a In one of the branch type IPMN there was neoplasia of the main duct
epithelium without cystic dilation (PanIN)
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component by CT. Main-type IPMN may have increased
risk of invasion. Thus, the patient’s preoperative risk
(i.e., risk of cancer) stratification would not have been
accurate based upon CT alone (Fig. 1a,b).

Patient 2 This patient was classified by MRCP as multi-
focal branch-type IPMN in the tail of the pancreas without
MPD involvement. The CT scan was read as having both
branch and main duct involvement. A cluster of dilated
branch cysts in the tail of the pancreas were identified on
operative pathology. The MPD showed no evidence of
IPMN involvement. Thus, the patient’s preoperative risk

Table 3 IPMN Diagnosis and Extent

CT MRCP

Ductal Connection(%)a 18.2 72.7
Focality
Unifocal 9 5
Multifocal 9 13
Distribution
Localized
Head 5 6
Neck 0 0
Body 1 0
Tail 3 5
Diffuse 9 7
Main duct size (mm)* 6.4 5.7
Branch cyst size (mm)* 27.8 31.7
Branch Cyst Number 46 101

a Ductal connection was only assessed in branch or mixed type lesions
*NS, p>0.05

Figure 1 Imaging of patient with main type IPMN, a representative
image from CT scan of the pancreas showing dilated main duct,
b MRCP illustrating cystic dilation of main pancreatic duct.

Figure 2 Imaging of patient with multiple branch type IPMN,
a representative image from CT scan of the pancreas demonstrating
tail involvement, b axial image from MRI demonstrating multicystic
IPMN, c MRCP demonstrating multiple branch cysts.
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(i.e., risk of cancer) stratification would not have been
accurate based upon CT alone (Fig. 2a–c).

Patient 3 This patient was classified as branch-type IPMN
on MRCP. CT scan, however, suggested a main duct
component. Pathology confirmed isolated branch-duct-type
IPMN. MRCP also demonstrated 6 distinct branch-type
lesions compared to CT which demonstrated 4. Importantly,
those lesions not identified on CT were more proximal
which required resection of more pancreas to incorporate
these lesions. Also pictured is the surgical specimen
following distal pancreatectomy in this patient. Only the
largest lesion was visible upon resection. The final
pathology revealed multiple adenoma grade lesions includ-
ing the presence of smaller branch-type cysts near the
margin of the extended resection, which may have
remained in the patient had MRCP not been performed
(Fig. 3a–c).

Patient 4 This patient was identified as having branch-type
IPMN by both CT and MRCP. The CT scan, however, failed
to identify the cluster of small dilated cysts in the neck of the
pancreas, which were clearly visible by MRI/MRCP. This
finding highlights the importance of adequate preoperative
imaging. Utilizing CT alone, the tail lesions may have been
resected without knowledge of the proximal lesion. The
MRCP visualization of these lesions allows for the decision
to either follow or resect this small cluster of lesions based
on patient comorbidities and other factors (Fig. 4a,b).

Patient 5 This patient was characterized as diffuse branch-
type IPMN by both CT and MRCP. On CT, 9 distinct
branch-type lesions were identified, whereas upon MRCP
examination, 23 branch-type lesions where identified. This
patient underwent total pancreatectomy. This image illus-
trates the advantage in identification of small branch-type
lesions as well as differentiation of multiple closely related
lesions by MRCP (Fig. 5a,b).

Discussion

The management of IPMN of the pancreas continues to be a
topic of considerable controversy. As the quality and
availability of abdominal imaging, and the awareness in
the medical community has improved, IPMN has become
an increasingly recognized entity.2–6 As IPMN becomes
more commonly encountered, it will become important for
clinicians to apply optimal imaging in these patients to
accurately determine a diagnosis and characterize the type
and extent of disease. All three of these factors have
significant implications (particularly in elderly patients with

associated co-morbidities) for proper pancreatic cancer risk
stratification and treatment decision making.10,19

This study focused on patients who received both CT
and MRCP before surgical management for pathologically
confirmed IPMN of the pancreas. Each imaging study was
retrospectively reexamined by reviewers blinded to the
results of the corresponding imaging study and final
pathology. IPMN type and extent were examined with
standardized criteria. With time, IPMNs may progress or
change their radiographic type and extent; thus, we

Figure 3 Imaging of patient with large cystic IPMN as well as
multiple smaller foci of disease. 3a: Representative image from CT
scan demonstrating single large cyst, 3b: MRCP demonstrating
multifocal cysts, 3c: Surgical specimen with obvious large cyst.
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excluded patients in this study whose imaging was remote
from the operation. In addition, to avoid any lead time bias
of one imaging study over another, we excluded patients
with a significant time interval between CT and MRCP. The
findings of our study suggest that while CT remains a more
common imaging modality for IPMN of the pancreas,
MRCP is superior with regard to the diagnosis and
classification of IPMN type and extent. The advantage of
MRCP over CT falls into three principle categories: (1)
Diagnosis of IPMN (i.e., differentiation from other lesions
which mimic IPMN); (2) IPMN type, specifically, evalua-
tion of main duct involvement; (3) IPMN extent, specifi-
cally, identification of small branch-duct-type lesions.

The diagnosis of IPMN can be made pathologically or
clinically. The clinical diagnosis of IPMN is based upon
history, endoscopy/cytopathology, and radiography.20 In the
proper clinical setting (characteristic history±cytopathol-
ogy), one of the most important distinguishing findings of
IPMN on imaging is a ductal connection. In this study,
MRCP was able to clearly demonstrate a ductal connection
in the majority of patients whereas CT was unable to do so.

IPMN type has major implications for proper pancreatic
cancer risk stratification and treatment decision making in
patients with IPMN.10 Our study demonstrated several
examples where CT diagnosed a main duct component to
IPMN where pathology did not confirm this finding.

Conversely, MRCP correlated 100% with main duct
component disease as determined by pathology.

The malignant potential of IPMN by type in order of
decreasing potential for malignancy is main, mixed, and
branch.5 Thus, the presence of a branch component
improves patient’s pancreatic cancer risk. Main duct
involvement may arguably be the most important radio-
graphic criteria in determining a patient’s risk of invasive
cancer or malignancy. Thus, CT may overestimate the
malignant or invasive potential of IPMN, which could
misguide patients and care providers in overly aggressive
treatment decision making. This fact is especially true in
patients where existing comorbidities could warrant non-
operative management of low-risk lesions.

IPMN extent of disease also has significant implications
for proper pancreatic cancer risk stratification and treatment
decision making in patients with IPMN. In addition, new
evidence suggests that the multifocality or location may
associated with malignancy in patients with branch-type
lesions.21 Small cystic lesions of the branch duct type are
less often identified on the CT scan thereby increasing the
likelihood that they may go undetected. MRCP is more
sensitive at detecting smaller branch-duct-type lesions.
Treatment decision making may be affected not only due
to changes in pancreatic cancer risk stratification, but also

Figure 4 Imaging of patient with large branch type IPMN, 4a:
Representative CT scan image demonstrating bilobed cystic mass, 4b:
MRCP demonstrating large cyst and smaller cyst in neck.

Figure 5 Imaging of patient with diffuse branch type IPMN
throughout the pancreas. 5a: Representative CT scan image demon-
strating diffuse cystic disease, 5b: MRCP showing multifocality and
clear ductal connections.
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in terms of planning the extent of resection in surgical
candidates. This issue also has implications for surveillance
testing as well as counseling of patients with evidence of
multifocal disease, especially in those patients which the
decision is made to leave small IPMN behind in the
remanant pancreas. Clinically significant recurrence after
resection is not an uncommon phenomenon in IPMN.22 We
speculate that the rate of “recurrence” of IPMN after
resection may be influenced by the sensitivity of detection
of IPMN preoperatively. In our experience, we have
observed patients who had only CT preoperatively show
evidence of previously undetected small branch-type lesions
on initial MRCP postoperatively. This may yield a falsely
elevated rate of recurrence, when in reality, the lesions were
simply too small to be recognized by CT scan alone.

The door is open for further prospective study of this
clinical question. A head to head prospective comparison of
randomized patients given MRCP and CT before operative
intervention would allow more substantial statistical anal-
ysis to be carried out. Based upon this carefully selected
retrospective data, however, it is clear to us that high-
resolution CT is not adequate as the sole method of surgical
planning and management of IPMN. In addition, the
appropriate imaging study for postoperative, or nonoperative
surveillance23 of these lesions has not been established in the
literature and warrants further investigation.

Previous studies have not adequately addressed the
optimal imaging modality for management of IPMN. A
number of studies have examined each of the possible
imaging modalities in isolation.12,15,23 Significantly less
data address these modalities in a head to head comparison.
Sahani et al. recently addressed this topic in 2006. Their
study demonstrated accuracy in assessment of MPD
involvement by both CT and MRCP.11 In contrast to our
results, in the aforementioned study, the authors took a
somewhat different approach. They classified any MPD
greater than 4 mm as a main- or mixed-type IPMN. It is our
contention that such a comparison determines the ability of
CT and MRCP to accurately measure the MPD caliber
rather than accurately assess the characteristics of this
dilation, (i.e. cystic quality, filling defect, segmental size
changes). The International Consensus Guidelines on
IPMN state that MPD diameter greater than 1 cm is
strongly suggestive of IPMN.10 It is in the 4-mm to 1-cm
range where qualitative assessment of the dilation is
needed. Chronic pancreatitis, which coexists in many
IPMN patients, may result in ectasia of the main
pancreatic duct. In addition, downstream mucous plugging
could result in some mechanical dilation of the upstream
MPD. Either of these may lead to false classification and
overestimation of main duct involvement. No dispute
exists concerning the accuracy with which either of these
modalities can be used to simply measure the MPD, but

utilization of the ductogram provided by the MRCP allows
for vastly improved characterization of the MPD, as
evidenced by its consistency with the ultimate pathologic
examination.

Another critical aspect in establishing a radiologic
diagnosis of IPMN is the accuracy of detecting a ductal
connection in branch- or mixed-type lesions. Sahani et al.
demonstrated a sensitivity for detection of ductal connec-
tion of 83 and 87% for CT and MRCP, respectively,11

compared with 18 and 73%, respectively, in our retrospec-
tive study. Data regarding ductal connection were obtained
from radiologic analysis done before the confirmed diag-
nosis of IPMN in our series. In the prior study, analysis of
ductal connection, a requisite characteristic for radiologic
diagnosis of IPMN,24 was carried out in the setting of
known IPMN diagnosis. This could account for significant
bias in assessing the presence of duct connection.

Currently, no clear consensus outlines an appropriate
imaging approach to these complex patients. The Interna-
tional Consensus Guidelines for Management of IPMN and
MCN of the Pancreas states that MRCP is (1) best to
outline the gross appearance of these lesions and (2) helpful
in determining a connection with the ductal system. This is
an important distinction since the International Consensus
Guidelines suggest that all MCN should be resected
whereas asymptomatic branch-type IPMN <3 cm may be
safely observed. The consensus guidelines equate MRCP
and thin slice CT in regard to following index branch-type
lesions with regard to changes in size.10 The guidelines,
however, do not directly address the preferred imaging
modality in terms of accurately determining diagnosis, type
and extent of these lesions preoperatively.

Conclusion

MRCP is superior in establishing a diagnosis of IPMN and
determining type and extent of disease. MRCP is better able
to distinguish branch-type IPMN from MCN. MRCP
characterization of IPMN type will more accurately
characterize the presence of a main duct IPMN component.
This issue is clinically important for preoperative risk
stratification due to cancer. MRCP characterization of
extent will more accurately identify small branch-type
lesions and multifocal branch disease. By giving a more
complete picture of the extent of disease before surgical
management, the surgeon will be better equipped to
perform an effective and informed operative strategy. Our
recommendation is that MRCP should be used as the
predominate imaging modality, in conjunction with other
modalities, to adequately characterize IPMN and guide
further therapeutic decision making.
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Abstract
Introduction Hepatic hemangioendothelioma (HEH) is a vascular neoplasm with intermediate malignant potential.
Outcomes after liver transplantation have only been reported as small, single-institution experiences. The purpose of this
study was to evaluate patient and allograft survivals after liver transplantation in a large, multi-institutional cohort of
patients with HEH.
Methods Using the United Network for Organ Sharing (UNOS) database, we identified 110 patients with a diagnosis of
HEH who underwent 126 transplants between 1987 and 2005. Patient and allograft survivals were calculated using Kaplan–
Meier survival curves. Log rank tests were used to determine the influence of study variables on outcomes.
Results Of the 110 transplanted patients, 75 patients (68%) were female, 80 patients (73%) were Caucasian, and the median
age was 36 years old (23% < 4 y.o., 71% > 18 y.o.). The 30-day posttransplant mortality rate was 2.4%. At a median patient
follow-up interval of 24 months, 1- and 5-year patient and allograft survivals were 80% and 64%, and 70% and 55%,
respectively. Pretransplant medical status, but not age, was found to statistically correlate with patient survival.
Conclusion These data indicate that survivals after transplantation for HEH are favorable. Given the propensity for
recurrence after resection, these data support consideration of liver transplantation for all patients with significant
intrahepatic tumor burden.

Keywords Orthotopic liver transplantation .

Hemangioendothelioma . Survival analysis

Introduction

Epithelioid hemangioendothelioma is a rare tumor of
vascular origin that can involve soft tissues as well as
visceral organs, including the liver, lung, spleen, stomach,

and heart. Hepatic epithelioid hemangioendothelioma
(HEH) is a common clinical form of the disease. The
presentation of HEH, and the corresponding clinical course
can vary widely. Some HEH tumors behave similar to
benign hepatic hemangiomas, whereas others have a
clinical course resembling highly aggressive angiosarcoma.

Some patients with hepatic HEH will present with
limited intrahepatic disease; however, the majority have
multifocal disease at diagnosis with extensive intrahepatic
tumor burden and/or extrahepatic metastases. In a recent
review of 434 HEH cases reported in the world literature,
87% of patients presented with bilobar and multifocal
disease, and 37% of patients presented with extrahepatic
involvement, including secondary disease of the lungs,
regional lymph nodes, peritoneum, bone, spleen, and
diaphragm.1 Patients with extensive intrahepatic and extra-
hepatic tumor burden tend to have a more fulminate course,
with rapid disease progression and secondary end-organ
dysfunction.
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Patients with the less common presentation of limited
intrahepatic disease are candidates for hepatectomy or other
local treatments. For patients with limited intrahepatic
disease, the overall recurrence rates observed after limited
local treatments appear to be acceptable.1 However,
aggressive recurrence has been reported after minor hepatic
resection of presumed localized disease,2 as well as after
major hepatic resection of multifocal disease.3

The frequent treatment failures observed after local
therapy has prompted the use of orthotopic liver transplan-
tation (OLT) in selected cases.4–9 For patients with
unresectable intrahepatic disease with or without extrahe-
patic disease, OLT combined with systemic therapy is the
only treatment option. Single center studies reporting on
outcomes after OLT in patients with extensive tumor
burden, have documented favorable outcomes after trans-
plantation with 5-year survivals ranging from 48% to
76%.7–9 Even in patients with known extrahepatic disease,
OLT can prolong survival by preventing death from liver
failure.1,10

The best treatment strategy for patients with borderline
resectable HEH has not been determined. To assess the
utility of OLT in patients with extensive intrahepatic
disease, this study evaluated patient and graft survivals
after transplantation in a large, multi-institutional cohort of
patients with HEH.

Material and Methods

Analysis of the United Network for Organ Sharing
(UNOS)/Organ Procurement and Transplantation Network
(OPTN) database identified 110 patients with a diagnosis of
HEH who underwent a total of 126 transplants between
1987 and 2005. The majority of patients received their
initial transplant during the more recent 10-year period
from 1996 to 2005 (77 patients, 70%).

Examined study variables included recipient age, race,
gender, ABO blood group, era of transplant, pretransplant
medical status, patient and allograft survivals, and cause of
allograft failure or death (cancer-related vs. other causes).
Kaplan–Meier survival curves were used to calculate
survivals and log-rank tests were used to determine the
influence of study variables on survivals. A p value<0.05
was considered statistically significant.

Results

Demographic Data

Of the 110 patients transplanted for HEH, 75 patients (68%)
were female. The most frequent race was Caucasian (73%),

followed by Hispanic (13%), African American (8%), and
Asian (6%) (Table 1). The median age at the time of first
transplant was 36 years (range 0–70 years). There were 25
patients less than 4 years old and seven patients between
the ages of 4 and 18 at the time of first transplant. During
the study period, the number of OLTs performed per year
in the US for HEH has increased, peaking at 16 in 2002.
This progression is documented in Fig. 1.

Pretransplant Medical Condition

The median wait list time before the first transplant was
36 days (range 0–2,655 days). The blood group distribution
of recipients was O: 47 patients, A: 40 patients, B: 17
patients, and AB: 6 patients. At the time of the first
transplant 43 of the 110 patients (39%) were hospitalized
and 21 of these 43 patients were in an intensive care unit.
Twenty-five patients were listed as Status 1 at the time of
transplant. Of the 110 study patients, 92 (84%) were
transplanted before 2002 (i.e., before utilization of the
Model for End Stage Liver Disease (MELD)/Pediatric End-
stage Liver Disease (PELD) scoring system). For the 18

Table 1 Demographic and Clinical Summary of UNOS Database
Patients Transplanted for Hepatic Epitheliod Hemangioendothelioma
from 1987 to 2005

Study Variable No. of Patients Percent

Total 110 100
Sex
Male 35 32
Female 75 68
Race
Caucasian 80 73
Hispanic 14 13
Black 9 8
Asian 7 6
Medical requirements at first OLT
ICU Care 22 20
Ventilator 11 10
Non-ICU hospitalization 21 19
Status 1 at First OLT 25 23
ABO blood group
A1 39 36
A2 1 1
AB 6 5
B 17 15
O 47 43
Labs at first OLT
SGPT (U/L) 34 7–1,859
Creatinine (mg/dL) 0.7 0.1–4.0
Bilirubin (mg/dL) 0.7 0.2–43.2
Albumin (G/dL) 3.7 1.5–4.8

Abbreviations: No, number; OLT, orthotopic liver transplant; ICU,
intensive care unit, SGPT, Serum glutamic pyruvic transaminase
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patients transplanted in the MELD/PELD era the median
score was 27 (range 6–40). Biochemical parameters at the
time of OLT for all study patients are recorded in Table 1.

Patient Survivals

The median length of posttransplant hospitalization was
16 days (range 0–156 days). There was one operative death,
and two patients died within 30 days of transplant, yielding
a 30-day mortality rate of 2.4%. At a median patient
follow-up interval of 24 months (range 0–181 months), the
1-year, 3-year, and 5-year overall patient survivals were
80%, 68%, and 64%, respectively (Fig. 2). There were 31

actual 5-year survivors. Of the 38 patients who died during
follow-up, 12 patients (32%) died of recurrent HEH, mainly
involving distant sites.

Allograft Survivals

After first OLT, 12 patients (11%) required retransplanta-
tion, including four patients who received a third graft. Of
the 17 operations for retransplantation, 10 (59%) were
performed within 30 days of the previous operation. The
indications for retransplant were available in 14 cases and
included primary nonfunction (four transplants), vascular

Figure 1 Progression of ortho-
topic liver transplantation for
hepatic epithelioid hemangioen-
dothelioma over time.

Figure 2 Kaplan–Meier plot of
overall survivals for 110 patients
treated with orthotopic liver
transplantation for hepatic
epitheliod hemangioma from
1987 to 2005.
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thrombosis (three transplants), and biliary complications
(two transplants). At a median allograft follow-up interval
of 23 months (range 0–181 months), the 1-year, 3-year, and
5-year allograft survivals were 70%, 60%, and 55%,
respectively (Fig. 3).

Patient Survivals Stratified by Age at First OLT

The patients presented in the UNOS/OPTN dataset had a
bimodal age distribution. Of the 110 study patients, 25
patients (23%) were under age 4 (infantile HEH). Only
seven patients (6%) were transplanted between the ages of
4 and 18 (pediatric HEH), and 78 patients (71%) were over
age 18 (adult HEH). After OLT, patients with infantile
HEH experienced 1-year, 3-year, and 5-year survivals of
68%, 61%, and 61%, respectively. Patients with adult
HEH experienced similar outcomes with 1-year, 3-year,
and 5-year survivals of 81%, 72%, and 67%, respectively
(p=0.75) (Fig. 4, Table 2).

Analysis of Prognostic Factors

Univariate analysis was used to determine the impact of study
variables on patient survivals. These comparisons determined
that Status 1 designation, gender, age, and era of transplan-
tation did not influence patient survivals. In contrast, other
measures of pretransplant global medical condition, including
the need for inpatient hospitalization and the need for
intensive care unit management significantly impacted post-
transplant survivals. Patients requiring hospitalization experi-
ence a 5-year posttransplant survival rate of only 44%,

whereas outpatients experienced a 72% 5-year survival rate
(p=0.01). Likewise, pretransplant intensive care unit patients
had 5-year survivals of only 39%, compared to 65% for non-
intensive care unit patients (p=0.02).

Discussion

Hepatic HEH is a rare tumor of vascular origin with
variable malignant potential. No definitive etiologic factors
have been confirmed, but possible causes include vinyl
chloride, oral contraceptive use, asbestos, Thorotrast con-
trast, and alcoholic and viral hepatitis. Studies have
consistently found that HEH occurs more frequently in
women.1,10 In one clinicopathologic study of 137 HEH
cases, 61% of the patients were female and the mean age
was 47 years.10 The predominance of HEH in females,
particularly during the reproductive years, suggests a
hormonal association.10

Most patients present after the tumor burden becomes
large enough to cause symptoms. In a recent series of 137
HEH patients, the diagnosis was made incidentally in only
22% of cases.10 When symptomatic, the clinical presenta-
tion of HEH is nonspecific and includes right upper
quadrant pain, hepatomegaly, and weight loss.10 Tumor
markers (AFP, CEA, CA 19-9) are usually in the normal
range.1 Computed tomography (CT) findings indicative of
HEH include multiple hypo-attenuating tumors in both
hepatic lobes that coalesce in a peripheral or subcapsular
distribution with focal hepatic capsular retraction and, in
larger lesions, a halo or target pattern of enhancement.11,12

Figure 3 Kaplan–Meier plot of
allograft survivals for 110
patients (126 transplants)
treated with orthotopic liver
transplantation for hepatic
epitheliod hemangioma from
1987 to 2005.
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A definitive diagnosis of HEH requires histopathologic
assessment. Histologic characteristics include a well-developed
basal lamina, the presence of Weibel–Palade bodies, and
vascular invasion.10,13 As histologic features of HEH may be
similar to those of sclerosing hemangioma, angiosarcoma,
cholangiocarcinoma, and metastatic carcinoma, the specificity
of immunohistochemical examination is needed to supplement
histologic examination.10,13 Endothelial origin is confirmed by
positive immuno-staining for factor VIII-related antigen and
other endothelial cell markers.13 Although helpful for diagno-
sis, no histopathologic features have been correlated with the
disease’s clinical behavior.

Currently, no prognostic clinical or histopathologic
features have been identified that predict tumor aggressive-
ness. The only natural history data available for this disease
comes from reports of untreated patients. In their review of
the HEH world literature, Merhabi, et al.1 determined that
25% of reported cases of HEH went untreated. More than
half of these patients died of progressive disease and the 5-
year survival for this cohort was only 5%. The unpredict-
able clinical course of HEH is further highlighted by
specific reports of clinical outcomes after no treatment,
including reports of extended survival with spontaneous
tumor regression,10,14 versus reports of rapid tumor pro-
gression leading to fulminant hepatic failure.1,15

For the rare patient who presents with limited intra-
hepatic disease, local treatment including liver resection is a
logical treatment choice. Support for this approach comes
from a recent review of all published series on HEH, which
determined that the 5-year survival rate after resection for
HEH was 75%.1 However, because of the frequent
multifocal nature of HEH at presentation, liver resection is

rarely performed. In the above-mentioned review, only 19%
of patients presented with unilobar disease, only 13% of
patients presented with unifocal disease, and therefore, only
9.4% of these patients were candidates for liver resection.

Table 2 Posttransplant Survival Analysis for 110 Patients with
Hepatic Hemangioendothelioma Stratified by Study Variables

Study Factor N Percent Median
Survival
(months)

5-Year
Survival
(%)

p
value

Sex
Male 35 32 85.3 51 0.11
Female 75 68 >120 65
Age
Infantile (<4 years) 25 23 >120 61 0.75
Pediatric
(4– 18 years)

7 6 >120 57

Adult (19+ years) 78 71 >120 67
Era
1987–1995 33 30.0 >120 57 0.39
1996–2005 77 70.0 >120 57
Preoperative
medical
condition

Inpatient 43 39 63.7 44% 0.01
Outpatient 66 61 >120 72%
ICU Care 22 20 22.8 39% 0.02
Non-ICU Care 87 80 >120 65%
Status 1 25 23 >120 51% 0.36
Non-status 1 85 77 >120 63%

Abbreviations: N, number of patients; ICU, intensive care unit

Figure 4 Patient survivals after
orthotopic liver transplantation for
hepatic epitheliod hemangioma
stratified by age. Infantile (0–
3 years old, solid line) vs. pediatric
(4–18 years old, dotted line) vs.
adult (>18 years old, dashed line).
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In the setting of more diffuse intrahepatic disease, major
hepatic resection and OLT are the currently available
treatment modalities.2 Reports of tumor recurrence after
liver resection are inconsistent. Whereas one case report has
described success with major hepatic resection,16 aggres-
sive recurrence after resection of apparently localized
lesions has also been reported.2 It has been suggested that
hepatotrophic, regenerative cellular signaling after hepatic
resection may lead to rapid hyperproliferation of residual
malignant disease in some patients.2

Instances of agressive disease recurrence and even
fulminant hepatic failure have been reported following
radical resection of multifocal HEH. In one recent study,
radical resection of multifocal HEH was followed by
multiple local recurrences, consumptive coagulopathy with
thrombocytopenia, and death after resection.3 Reports in the
literature of “salvage” OLT, after noncurative resection,
have also been disappointing.2

Based on the inability to predict the aggressiveness of
HEH, the limited applicability of liver resection, and the
reports of poor outcomes after resection of multifocal HEH,
wider implementation of OLT should be considered. In the
previously mentioned review of the world literature, 44.8%
of patients were treated with OLT.1 The 1-year and 5-year
survivals in this cohort were 96% and 54%, respectively.
Outcomes from the largest single-center cohort of patients
transplanted for HEH were reported by Madariaga, et al.
in 1995.7 Five-year patient survival in this cohort of 16
patients was 71.3%. Five-year survival rates from other
series in the literature include: Yokoyama et al.,8 48% (n=
8) and Penn et al.,17 43% (n=21). In our analysis of the
UNOS experience assessing 110 patients undergoing
transplantation for HEH between 1987 and 2005, 1-year
and 5-year allograft survivals were 70% and 55%,
respectively, and 1-year and 5-year overall patient survi-
vals were 80% and 64%, respectively.

Reported all-stage 5-year patient survival rates for HEH,
regardless of therapy, are 41%,1 43%,10 and 56%.15 Given
that the majority of patients who undergo OLT have
advanced-stage disease with large tumor burden, achieve-
ment of 5-year patient survivals over 60% is remarkable. In
addition, these outcomes compare favorably to those after
OLT for other hepatic malignancies. Penn17 reported that
the HEH recurrence rate after OLT was only 33%,
compared to 39% for non-incidental hepatoma, 44% for
cholangiocarcinoma, 59% for metastatic tumors, and 64%
for hemangiosarcoma. In our review of the UNOS database,
38 patients died during follow-up, with only 12 patients
(11% of transplanted patients) having recurrent HEH as the
primary cause of death.

The favorable outcomes after OLT in patients with HEH
appear to be independent of patient age. Approximately
20% of the patients analyzed in this study were less than

4 years old. After OLT, this group with infantile HEH
experienced survivals (5-year OS: 61%) similar to those of
pediatric (5-year OS: 57%) and adult HEH patients (5-year
OS: 67%). Although patient age did not have prognostic
value, the analysis determined that the patient’s medical
condition before OLT was predictive of survival. Patients
who were hospitalized, either in an ICU or non-ICU setting
experienced significantly lower 5-year survival rates. These
findings warrant consideration regarding patient selection
for OLT listing and for donor-recipient matching.

Conclusions

This analysis indicates that liver transplantation for HEH
is associated with favorable outcomes. Although liver
resection and other local therapies may be reasonable
choices in cases of small, focal lesions, the frequent
presentation with multifocal disease often precludes the
use of these treatments. Given the favorable outcomes
after transplantation and the propensity for recurrence
after liver resection, liver transplantation should be
considered as a first-line treatment in patients who would
otherwise require major hepatic resection, including
selected patients with extrahepatic disease.

References

1. Mehrabi A, Kashfi A, Fonouni H, Schemmer P, Schmied BM,
Hallscheidt P, Schirmacher P, Weitz J, Friess H, Buchler MW,
Schmidt J. Primary malignant hepatic epithelioid hemangioendo-
thelioma: A comprehensive review of the literature with emphasis
on the surgical therapy. Cancer 2006;107(9):2108–2121.

2. Ben-Haim M, Roayaie S, Ye MQ, Thung SN, Emre S, Fishbein
TA, Sheiner PM, Miller CM, Schwartz ME. Hepatic epithelioid
hemangioendothelioma: Resection or transplantation, which and
when? Liver Transpl Surg 1999;5(6):526–531.

3. Imanishi H, Kawata M, Yanagihara M, Nakayama N, Sato T,
Furukawa Y, Fukunaga N, Kozuma T. Epithelioid heman-
gioendothelioma of the liver associated with thrombocytopenia
and coagulopathy. Hepatogastroenterology 2002;49(48):1673–
1675.

4. Lerut JP, Orlando G, Sempoux C, Ciccarelli O, Van Beers BE,
Danse E, Horsmans Y, Rahier J, Roggen F. Hepatic haeman-
gioendothelioma in adults: Excellent outcome following liver
transplantation. Transpl Int 2004;17(4):202–207.

5. St Peter SD, Moss AA, Huettl EA, Leslie KO, Mulligan DC.
Chemoembolization followed by orthotopic liver transplant for
epithelioid hemangioendothelioma. Clin Transplant 2003;17
(6):549–553.

6. Achilleos OA, Buist LJ, Kelly DA, Raafat F, McMaster P, Mayer
AD, Buckels JA. Unresectable hepatic tumors in childhood and
the role of liver transplantation. J Pediatr Surg 1996;31(11):1563–
1567.

7. Madariaga JR, Marino IR, Karavias DD, Nalesnik MA, Doyle
HR, Iwatsuki S, Fung JJ, Starzl TE. Long-term results after liver
transplantation for primary hepatic epithelioid hemangioendothe-
lioma. Ann Surg Oncol 1995;2(6):483–487.

J Gastrointest Surg (2008) 12:110–116 115115



8. Yokoyama I, Todo S, Iwatsuki S, Starzl TE. Liver transplantation
in the treatment of primary liver cancer. Hepatogastroenterology
1990;37(2):188–193.

9. Marino IR, Todo S, Tzakis AG. Treatment of hepatic epitheliod
hemangioendothelioma with liver transplantation. Cancer 1988;
62:2079–2084.

10. Makhlouf HR, Ishak KG, Goodman ZD. Epithelioid hemangioen-
dothelioma of the liver: A clinicopathologic study of 137 cases.
Cancer 1999;85(3):562–582.

11. Furui S, Itai Y, Ohtomo K, Yamauchi T, Takenaka E, Iio M,
Ibukuro K, Shichijo Y, Inoue Y. Hepatic epithelioid hemangioen-
dothelioma: Report of five cases. Radiology 1989;171(1):63–68.

12. Radin DR, Craig JR, Colletti PM, Ralls PW, Halls JM. Hepatic
epithelioid hemangioendothelioma. Radiology 1988;169(1):145–
148.

13. d’Annibale M, Piovanello P, Carlini P. Epitheliod hemangioendo-
thelioma of the liver: Case report and review of the literature.
Transplant Proc 2002;34:1248–1251.

14. Otrock ZK, Al-Kutoubi A, Kattar MM, Zaatari G, Soweid A.
Spontaneous complete regression of hepatic epithelioid haeman-
gioendothelioma. Lancet Oncol 2006;7:439–441.

15. Lauffer JM, Zimmermann A, Krahenbuhl L, Triller J, Baer HU.
Epithelioid hemangioendothelioma of the liver. A rare hepatic
tumor. Cancer 1996;78(11):2318–2327.

16. Mehrabi A, Kashfi A, Schemmer P, Sauer P, Encke J, Fonouni H,
Friess H, Weitz J, Schmidt J, Buchler MW, Kraus TW. Surgical
treatment of primary hepatic epithelioid hemangioendothelioma.
Transplantation 2005;80(1 Suppl):S109–S112.

17. Penn I. Hepatic transplantation for primary and metastatic cancers
of the liver. Surgery 1991;110(4):726–734; discussion 734–725.

116 J Gastrointest Surg (2008) 12:110–116



Outcomes Analysis for 280 Patients with Cholangiocarcinoma
Treated with Liver Transplantation Over an 18-year Period

Natasha S. Becker & Joel A. Rodriguez &

Neal R. Barshes & Christine A. O’Mahony &

John A. Goss & Thomas A. Aloia

Received: 20 June 2007 /Accepted: 7 September 2007 /Published online: 26 October 2007
# 2007 The Society for Surgery of the Alimentary Tract

Abstract Cholangiocarcinoma is an aggressive malignancy with 5-year survival rates <15%. Selected patients present
with localized but unresectable disease and are candidates for orthotopic liver transplantation (OLT). The purpose of
this study was to evaluate a multi-institutional experience with liver transplantation for this malignancy. Two hundred
eighty patients with cholangiocarcinoma treated with OLT from 1987 to 2005 were identified in The United Network
for Organ Sharing database. Patient and allograft survivals were calculated and the potential prognostic value of
multiple clinicopathologic variables was assessed. At a median follow-up interval of 452 days (range: 0–6,166 days),
1- and 5-year patient survivals were 74 and 38%, respectively, with 49 actual 5-year survivors and 21 actual 10-year
survivors. Posttransplant 1- and 5-year allograft survivals were 69 and 36%, respectively. Study variables associated
with improved survivals included diagnosis of cholangiocarcinoma pre-OLT [5-year overall survival (OS): 68 vs. 20%
for patients with incidental diagnoses at the time of OLT, p<0.001] and OLT after 1993 (5-year OS: 45 vs. 30% pre-
1994, p<0.01). In contrast, the diagnosis of concomitant primary sclerosing cholangitis did not impact survivals (5-year
OS: 41 vs. 50% without primary sclerosing cholangitis, p=0.402). Selected cholangiocarcinoma patients treated with
OLT experience a survival benefit. Diagnosis of cancer prior to OLT allows for better staging and pre-OLT therapy that may
translate into improved outcomes. These data support the continued development of multimodality cholangiocarcinoma
treatment protocols that include OLT.

Keywords Bile duct cancer .

Orthotopic liver transplantation . Survival analysis

Introduction

Cholangiocarcinoma is an uncommon, but aggressive,
malignancy of the biliary tract. Unlike many other cancers,
its incidence in the USA and worldwide is increasing.

Between 1973 and 1997, the incidence increased by almost
10%, as did the mortality rate from the disease.1,2 Although
no specific etiologic factor can be found in most patients,
there is an association between long-standing biliary
inflammation [as in the case of primary sclerosing
cholangitis (PSC)] and development of cholangiocarci-
noma.3 In the population of patients with PSC, the
prevalence of cholangiocarcinoma ranges from 5 to 15%.4

Results of nonsurgical therapies for cholangiocarcinoma
have been disappointing, with the majority of patients
surviving less than 1 year after diagnosis.5 In cases where
complete resection is possible, 5-year patient survivals
between 27 and 48% have been reported.2 However, due to
patient age, tumor location, distant disease, and/or under-
lying liver disease, candidacy for complete resection is
more often the exception than the rule.2 In selected cases of
cholangiocarcinoma that are early-stage, but anatomically
not resectable, orthotopic liver transplantation (OLT) has
been investigated as a treatment modality.6–8
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Early experience with OLT in cholangiocarcinoma was
disappointing, with reported 5-year survivals ranging from
18 to 25%.9–11 However, more recent single-center reports
indicate that 5-year patient survivals of over 80% can be
achieved when liver transplantation is combined with
neoadjuvant radiation and chemotherapy in patients with
early-stage disease (stage I/II).12,13 Given these recent
favorable results, the aim of this study was to examine
overall trends in outcomes following OLT for cholangio-
carcinoma using the multi-institutional United Network for
Organ Sharing/Organ Procurement and Transplantation
Network (UNOS/OPTN) patient database.

Materials and Methods

The UNOS/OPTN database encompassing 71,224 liver
transplants from 1987 to 2005 was used for data collection.
Analysis of this data set identified 280 patients who had a
diagnosis of cholangiocarcinoma at listing (n=102) or at
discharge (n=245) (67 patients were included in both
groups). To determine allograft survival rates, data were
collected on first OLTs (n=280) and subsequent retrans-
plants (n=22) received by these patients, yielding a total of
302 analyzed transplants in 280 study patients.

Of the 280 patients analyzed, 101 patients (36%) were
transplanted prior to 1994, before a standard system for
listing pretransplant and posttransplant oncologic diagnoses
was routinely utilized in the database. For these 101
patients, there was an overall treatment diagnosis listed as
“cholangiocarcinoma,” but knowledge of the presence of
cholangiocarcinoma prior to transplant vs. incidentally
found cholangiocarcinoma could not be confirmed. The
remaining 179 patients (64%), transplanted after 1993, had
clearly defined listing diagnoses in the UNOS database and,
therefore, the analyses concerning indication for transplant
were limited to these patients.

Examined study variables included recipient age, race,
gender, indication for transplant, pretransplant clinical status,
ABO blood group, allograft type, date of transplant, patient
and allograft survivals, and cause of allograft failure or death
(cancer-related vs. other cause). Kaplan–Meier curves were
used to calculate survivals and log-rank tests were used to
determine the influence of study variables on outcomes. A p
value <0.05 was considered statistically significant.

Results

Demographics

Of the 280 patients who underwent liver transplantation for
cholangiocarcinoma between April 1987 and December

2005, 64.3% were male. The most common race was
Caucasian (86.8%), followed by African-American (4.6%)
and Asian (2.2%). The median age of recipients was 48
years (range: 18–73 years). The recipient ABO blood group
distribution was as follows: O, 128 patients; A, 107
patients; B, 37 patients; and AB, 8 patients.

Preoperative Status/Allograft Type

The median waitlist time for first-transplant recipients was
58 days (range: 0–3,147 days). One hundred and seventy-
seven patients were transplanted before the model for end-
stage liver disease (MELD) score was utilized for waitlist
ranking. For the remaining 103 patients, the median lab
MELD score was 14 (range: 6–47). At transplant, 35
patients (12.5%) were listed as status 1. One-hundred and
four patients (37%) were hospitalized immediately prior
to transplant. Of these patients, 37 were in the intensive
care unit and 14 patients were requiring ventilator support.
At time of transplant, the median serum creatinine was
0.9 mg/dL (range: 0.1–13 mg/dL), the median serum total
bilirubin was 2.6 mg/dL (range: 0.2–53.7 mg/dL), and the
median serum alanine aminotransferase was 70.5 U/L
(range: 2–7,891 U/L). Two-hundred fifty-four recipients
(91%) received whole cadaveric allografts, 21 patients (7%)
received allografts from living donors, and 5 patients (2%)
received reduced or split cadaveric allografts.

Indication for OLT

One hundred and two of the 179 patients (57%) with
complete pretransplant oncologic diagnosis data had a pre-
OLT listing diagnosis of cholangiocarcinoma. For 38 of
these 102 patients with known cholangiocarcinoma, PSC
was listed as a concomitant pre-OLT diagnosis. The
remaining 64 patients with known pre-OLT cholangiocarci-
noma were not reported to have PSC. Seventy-seven
patients (43%) transplanted after 1993 had an incidental
diagnosis of cholangiocarcinoma at the time of transplan-
tation. The indications for OLT in these patients included
PSC with liver failure in 31 (40%), other malignancy in
8 (11%), and nonmalignant, non-PSC-related liver failure in
38 (49%).

Patient Survivals

Twelve patients died within 30 days of primary trans-
plant, yielding a 30-day mortality rate of 4.0%. At a
median patient follow-up interval of 452 days (range: 0–
6,166 days), 1- and 5-year patient survivals for all 280
study patients were 74% and 38%, respectively. There
were 49 actual 5-year survivors and 21 actual 10-year
survivors.

118 J Gastrointest Surg (2008) 12:117–122



Patient Survivals: Impact of Demographic and Clinical
Variables

Age, race, gender, and blood group had no impact on
patient survivals. Allograft type and status 1 listing also had
no impact on survivals. Clinical variables that were
significant predictors of worse survival included inpatient
hospitalization prior to transplant (p=0.006), ICU admis-
sion prior to transplant (p<0.001), serum creatinine
≥1.5 mg/dL (p<0.001), and serum bilirubin ≥2.0 mg/dL
(p=0.015) (Table 1).

Patient Survivals Stratified by Indication

When stratified by indication for transplant, there were
differences in patient survival. Those patients transplanted
prior to 1994, without specific oncologic listing diagnoses
in the database, had 1- and 5-year survivals of 67 and 30%,
respectively. Patients transplanted from 1994 to 2005 with a
listing diagnosis of cholangiocarcinoma in the setting of
PSC had 1- and 5-year survivals of 90 and 79%,
respectively. Patients with known cholangiocarcinoma in
the absence of PSC had 1- and 5-year survivals of 90 and

64%, respectively. Those with known PSC but an incidental
finding of cholangiocarcinoma had 1- and 5-year survivals
of 79 and 18%, respectively, and those with no known PSC
or cholangiocarcinoma at listing had 1- and 5-year survivals
of 82 and 30%, respectively.

Patients could therefore be stratified into a historical
group, transplanted prior to 1994 with cholangiocarcinoma
listed as the overall diagnosis (n=101), those transplanted
from 1994 to 2005 with known cholangiocarcinoma (n=
102), and those transplanted from 1994 to 2005 with an
incidental diagnosis of cholangiocarcinoma (n=77). When
comparing survivals between these groups, the historic
group and the incidental cholangiocarcinoma group had
similar 5-year survivals (30 vs. 20%, respectively, p=
0.646). However, patients with known cholangiocarcinoma
prior to OLT experienced an improved 5-year survival rate
of 68% (compared with historic survivals, p<0.001;
compared with incidental diagnosis, p<0.001) (Fig. 1).

Patient Survivals Stratified by PSC Status

Of the 179 patients with a defined listing diagnosis, 69
(39%) patients were listed with a diagnosis of PSC. The 5-

Table 1 Posttransplant
Survival Analysis Stratified
by Study Variables

Bold p values indicate statisti-
cal significance.
N = number of patients, OS =
overall survival, ICU = inten-
sive care unit, ALT = alanine
aminotransferase

Variable Strata N 5-year OS p Value

Age <50 years 145 (52%) 42% 0.280
≥50 years 135 (48%) 34%

Sex Male 178 (64%) 36% 0.213
Female 102 (36%) 44%

Race Caucasian 243 (87%) 37% 0.365
Other 37 (13%) 56%
Black 13 (5%) 69% 0.339
Other 267 (95%) 37%

Blood group O 128 (46%) 46% 0.189
A 107 (38%) 31%
B 37 (13%) 40%
AB 8 (3%) 30%

Status 1 Yes 35 (13%) 37% 0.929
No 245 (87%) 39%

Pre-OLT location Home 176 (63%) 45% 0.006
Hospital 104 (37%) 29%
ICU 37 (13%) 13% <0.001
Other 243 (87%) 43%

Allograft type Cadaveric whole 254 (91%) 49% (3 year) 0.866
Living donor 21 (8%) 58% (3 year)
Cadaveric split 5 (2%) 36% (3 year)

Serum ALT <200 U/L 166 (59%) 37% 0.281
≥200 U/L 54 (19%) 36%

Serum creatinine <1.5 mg/dL 239 (85%) 42% <0.001
≥1.5 mg/dL 38 (14%) 20%

Serum bilirubin <2.0 mg/dL 119 (43%) 44% 0.015
≥2.0 mg/dL 149 (53%) 35%

MELD score <15 55 (20%) 85% (2 year) 0.081
≥15 48 (17%) 65% (2 year)
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year survival rate in patients with PSC was 41%, compared
to 50% in patients without PSC (p=0.402).

Patient Survivals Stratified by Cause of Death

Of the 128 patients who died more than 30 days post-OLT,
the cause of death was known in 114 of these 128 cases
(89%). Of these, 55 patients died from locally recurrent (19
patients) or metastatic disease (36 patients), 24 patients died
from infection, 13 patients died from allograft failure, and
22 patients died from other causes. Patients who died from
recurrent disease had 1- and 5-year survival rates of 76 and
17%, respectively, with a median survival of 601 days
compared with 1-year, 5-year, and median survivals of
44%, 3%, and 322 days for those who died from non-
cancer causes (p<0.005) (Fig. 2).

Patient Survival after Retransplant

Twenty patients underwent one retransplant after their
initial transplant for cholangiocarcinoma, and two patients
were transplanted a third time. Two patients died within 30
days of retransplant. Median survival after retransplant was
479 days. One- and 3-year patient survivals after retrans-
plant were 50 and 37%, respectively. Comparing patient
outcomes for those requiring retransplant (median survival:
595 days) to those not requiring retransplant (median
survival: 1,069), overall survivals were statistically similar
(p=0.407).

Era of Transplantation

For the 101 UNOS-listed patients transplanted prior to
1994, the 5-year survival rate was 30% and the median
survival time was 587 days. For the 179 patients with
complete diagnostic data for cholangiocarcinoma trans-
planted between 1995 and 2005, the 5-year survival rate
was 45% and the median survival time was 1,413 days (p<
0.01) (Fig. 3). Dividing this group by era (1994–2000 vs.
2001–2005), no survival improvement was observed. The
66 patients transplanted from 1994–2000 experienced a 3-
year survival rate of 58% and the median survival time was
1,367 days. The 3-year and median survivals for the 113
patients transplanted from 2001–2005 were 60% and 1,242
days, respectively (p=0.569).

Allograft Survivals

At a median graft follow-up interval of 390 days (range: 0–
6,166 days), 1- and 5-year allograft survivals were 69 and
36%, respectively. Twenty patients required retransplant,
including two patients who received a third allograft. Time
to first retransplant ranged from 4 to 2,673 days, with a

Figure 1 Patient survivals stratified by indication for liver transplan-
tation. One hundred one patients transplanted prior to 1994 with no
oncologic listing data in the UNOS database (“historic”) are
represented by the dotted line. The 102 patients with a known
diagnosis of cholangiocarcinoma are represented by the solid line, and
the 77 patients with incidental cholangiocarcinoma transplanted from
1994 to 2005 are represented by the dotted-dashed line.

Figure 2 Patient survivals stratified by cause of death. Patients who
died from cholangiocarcinoma local and/or distant recurrence are
represented by the solid line, those who died from other causes are
represented by the dotted line.

Figure 3 Patient survivals stratified by those transplanted from 1994
to 2005 (n=179, solid line), compared to those transplanted prior to
1994 (n=101, dotted line).
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median of 44 days. The indication for retransplant was
available in 9 of these 22 cases. Vascular thrombosis was
the cause of allograft failure in six cases, whereas primary
nonfunction was the cause in three cases, one of which was
a second retransplant.

Discussion

Cholangiocarcinoma presents significant challenges to the
hepatobiliary surgeon, the medical oncologist, and the
radiation oncologist. The disease is often diagnosed at a
stage or in a location that precludes complete resection. In
addition, concomitant PSC is often considered a contrain-
dication to resection due to the high likelihood of multifocal
disease, clinically significant underlying liver dysfunction,
and the high risk of recurrence following resection.2 Based
on these factors, liver transplantation has been used to treat
patients with local disease.

Recent single-center studies have reported favorable
outcomes in selected patients with hilar cholangiocarci-
noma. The largest such series is from the Mayo Clinic.8

Eligibility for their protocol is limited to patients with
unresectable hilar cholangiocarcinoma or hilar cholangio-
carcinoma in the setting of PSC. Operative exploration was
used to rigorously confirm that patients were stage I or II,
without nodal or other metastases, prior to OLT. The
treatment included neoadjuvant chemoradiotherapy fol-
lowed by a staging laparotomy in all patients. Of the 106
patients initially enrolled to this protocol, 11 patients died
or had evidence of disease spread before neoadjuvant
treatment was completed, and one was transplanted
elsewhere. An additional 18 patients experienced disease
progression diagnosed at laparotomy and were, therefore,
excluded from the study. Of the remaining 87 patients, 65
transplants have been reported to date. In these 65 patients,
1- and 5-year survivals were 91 and 76%, respectively, with
a median follow up interval of 18 months.8

In addition to the Mayo Clinic experience, there are two
registry-based reports that have examined outcomes in
patients transplanted for cholangiocarcinoma. In 2000,
Pascher et al. reported on patients treated with OLT for
cholangiocarcinoma recorded in the European Liver Trans-
plant Registry and found a 5-year patient survival of 29%.14

Likewise, a report from the Cincinnati Transplant Registry
of 207 patients with cholangiocarcinoma who received liver
transplants between 1968 and 1997 found a 5-year patient
survival of 23%.15 Since this report, there have been no
US-based multicenter studies that have assessed more
recent outcomes data.

Our analysis of 280 patients identified an overall 5-year
patient survival of 38%, and a 60% 3-year survival rate in
patients transplanted after 2000. In addition, 21 patients had

actual survivals of greater than 10 years. The apparent
improvement in overall outcomes over time may be related
to several factors. These factors include improved staging,
improved patient selection, and possibly more effective
adjuvant therapies. With regard to staging, several groups
have reported that nodal or other extrahepatic involvement
and/or advanced disease stage (stage III or IV) are
independent predictors of adverse outcomes following
OLT.8,16,17 Likewise, the favorable outcomes reported by
the Mayo Clinic reflect the strict inclusion of patients with
early-stage disease.12,13,18 Combined, these findings sup-
port the use of a multimodality oncologic approach to
patients with early-stage (stage I or II), but unresectable,
cholangiocarcinoma that includes liver transplantation as
part of a protocol-based treatment plan.

For the more recent cohort, who had complete data
regarding the setting and timing of the cholangiocarcinoma
diagnosis, several important clinical observations were
made. Patients who were incidentally found to have
cholangiocarcinoma had a significantly worse prognosis
following transplant. The 5-year survival rate for patients
with known cholangiocarcinoma was 68%, and the median
survival time was not reached. In contrast, patients with
incidental cholangiocarcinoma found in the explanted liver
experienced 5-year survivals of only 20%, with a median
survival time of only 640 days.

The prognostic value of the timing of cholangiocarci-
noma diagnosis (pre-OLT vs. incidental at the time of OLT)
was stronger than the presence or absence of PSC. Patients
with PSC and known cholangiocarcinoma experienced
higher survival rates compared to PSC patients with
incidentally found cholangiocarcinoma. Likewise, patients
without PSC were more likely to survive if their chol-
angiocarcinoma was identified prior to OLT.

The prognostic impact of cholangiocarcinoma develop-
ing in the setting of PSC is controversial. In this clinical
situation, cholangiocarcinoma may be difficult to diagnose
and is often an incidental finding during transplantation.19

A review of the Canadian experience with incidental
cholangiocarcinoma reported good short-term survivals,
but this benefit was lost after the second year post-
transplant.20 Other single-center studies have found no
difference in prognosis.8,15,18

These observations can be explained in several ways.
First, independent of PSC status, patients with known
cholangiocarcinoma may undergo additional staging studies
to confirm the absence of metastases prior to OLT listing
(i.e., selection bias). Patients with incidental cholangiocar-
cinoma may harbor undetected distant disease, have a
higher stage at the time of transplant, and have a concomitant
poorer prognosis. Second, only the patients with known
cholangiocarcinoma can benefit from pre-OLT cancer
therapies. The UNOS/OPTN database does not record the
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presence or absence of pre-OLT chemoradiotherapy for
cholangiocarcinoma, so direct evidence of its efficacy cannot
be determined from this analysis.

Conclusions

This multi-institutional analysis of the US experience with
liver transplantation for cholangiocarcinoma determined that
outcomes following OLT for cholangiocarcinoma have
improved over time with a 5-year survival rate of 45%
during the most recent era of transplantation. Compared to
outcomes in similar patients treated with medical therapy
alone, patients with known cholangiocarcinoma that presents
at an early, but unresectable, stage appear to benefit from
OLT. However, patients incidentally found to have chol-
angiocarcinoma at the time of transplant, independent of the
presence or absence of PSC, have a poorer prognosis.
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Abstract
Background In liver transplantation, a minimum graft to patient body weight (BW) ratio is required for graft survival; in
liver resection, total liver volume (TLV) calculated from body surface area (BSA) is used to determine the future liver
remnant (FLR) volume needed for safe hepatic resection. These two methods of estimating liver volume have not previously
been compared. The purpose of this study was to compare FLR volumes standardized to BW versus BSA and to assess their
utility in predicting postoperative hepatic dysfunction after hepatic resection.
Methods Records were reviewed of 68 consecutive noncirrhotic patients who underwent major hepatectomy after portal
vein embolization between 1998 and 2006. FLR (cubic centimeter) was measured preoperatively with three-dimensional
helical computed tomography; TLV (cubic centimeter) was calculated from the patients’ BSA. The relationship between
FLR/TLV and FLR/BW (cubic centimeter per kilogram) was examined using linear regression analysis. Receiver operating
characteristic (ROC) curve analysis was used to determine FLR/TLV and FLR/BW cutoff values for predicting
postoperative hepatic dysfunction (defined as peak bilirubin level>3 mg/dl or prothrombin time>18 s).
Results Regression analysis revealed that the FLR/TLV and FLR/BW ratios were highly correlated (Pearson correlation
coefficient, 0.98). The area under the ROC curve was 0.85 for FLR/TLV and 0.84 for FLR/BW (95% confidence interval,
0.71–0.97). Sixteen of the 68 patients developed postoperative hepatic dysfunction. The ROC curve analysis yielded a
cutoff FLR/BW value of ≤0.4, which had a positive predictive value (PPV) of 78% and a negative predictive value (NPV)
of 85%. The corresponding FLR/TLV cutoff value of ≤20% had a PPV of 80% and a NPV of 86%.
Conclusions Based on the strong correlation between the FLR measurements standardized to BW and BSA and their similar
ability to predict postoperative hepatic dysfunction, both methods are appropriate for assessing liver volume. In noncirrhotic
patients, a FLR/BW ratio of ≤0.4 and FLR/TLV of ≤20% provide equivalent thresholds for performing safe hepatic
resection.

Keywords Future liver remnant . Total liver volume .

Hepatic insufficiency

Introduction

Advances in surgical technique and perioperative care have
allowed more patients to be eligible for living donor liver
transplantation (LDLT) and major hepatectomy with low
perioperative mortality.1,2 The graft volume in LDLT and
liver remnant volume in major hepatic resection are critical
for predicting postoperative outcome. A small-for-size graft
and inadequate future liver remnant (FLR) may not meet
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the hepatic metabolic demands after LDLT or major
hepatectomy.3,4 Preoperative volumetric analysis is essential
to ensure sufficient functional liver parenchyma remains. In
hepatic resection, preoperative portal vein embolization
(PVE) is performed to increase the FLR volume and enhance
the safety of major hepatectomy.5 A highly accurate means of
measuring graft volume and FLR preoperatively is three-
dimensional computed tomography (CT).6,7 In LDLT, the
CT-measured graft volume is equated with graft weight, as
liver density is 1 g/dl.6,8 The graft weight is standardized to
recipient body weight and defined as the graft-to-recipient
weight ratio (GRWR) to determine the minimum graft
requirement.3,9 Because the liver normally composes 2 to
2.5% of the body weight (BW), a GRWR of 1 corresponds
to 50% of liver volume, and a GRWR of 0.8 corresponds to
40% of liver volume.10 In hepatic resection, the FLR volume
is standardized to the total liver volume (TLV), which is
based on patient body surface area (BSA).11 The FLR/TLV
ratio based on BSA used for liver resection and the GRWR
based on BW used for liver transplantation have not been
previously compared. The purpose of this study was to
compare FLR volumes standardized to BSA or BW and to
assess their ability to predict postoperative hepatic dysfunc-
tion after hepatic resection. We examined volumetric
measurements and postoperative outcome in patients without
cirrhosis who underwent preoperative PVE followed by
major hepatectomy for hepatobiliary malignancies. Because
the TLV bears a constant relationship to BSA and BW, we
hypothesized that both methods could provide standard
means to estimate liver function before hepatic resection.12

Materials and Methods

Between December 1998 and April 2006, 68 consecutive
patients with hepatobiliary malignancies underwent
PVE and measurement of the FLR volume using three-
dimensional CT volumetry in preparation for major hep-
atectomy, as previously described.13 The TLV was calculated
from the patient’s BSA using a mathematical formula
TLV cm3½ � ¼ �794:41 þ 1; 267:28� BSA m2½ �ð Þ, which
was developed in a multicenter study of three-dimensional
CT volumetric reconstructions in 292 adult patients who
underwent CT for conditions unrelated to the hepatobiliary
system.11 This formula was validated in a meta-analysis
comparing 12 formulas to estimate TLV and found to be the
most precise and least biased compared to other formulas.14

BSA was calculated according to Mosteller’s formula:
height cmð Þ � weight kgð Þ � 3; 600½ �0:5.15 Clinicopatho-
logical factors were reviewed, including age, gender, race,
risk factors for liver injury, tumor histology, pre- and post-
PVE measurements of FLR, extent of surgery, and post-
operative course.

Hepatic parenchyma remote from the resected tumor
was examined for pathologic findings of hepatic injury,
defined as more than 30% steatosis, steatohepatitis Kleiner
score≥4, grades 2 to 3 sinusoidal dilation, and Ishak
grades 4 to 5 fibrosis.16 Obesity was defined as body mass
index≥30 kg/m2.

Postoperative hepatic dysfunction was defined as peak
bilirubin level>3 mg/dl or prothrombin time>18 s, based on
prior studies showing a correlation between these parameters
and postoperative complications.17–19 Receiver operating
characteristic (ROC) curve analysis was used to determine
FLR/TLV and FLR/BW cutoff values for predicting
postoperative hepatic dysfunction.20,21 Cutoff values were
determined by calculating the largest sum of the sensitivity
and specificity values while maintaining the lowest prob-
ability of a negative test and the highest probability of a
positive test.

Continuous data were expressed as means±standard
deviations. Dichotomous variables were compared using
the Chi-square test or the Fisher exact test where appropri-
ate. Statistical significance was determined at P<0.05.

Results

The clinical and pathological characteristics of the 68
patients in this study are presented in Table 1. Median age
was 60 years for the entire cohort, and 79% of the patients
were male. Preoperative PVE with subsequent right or
extended right hepatectomy was performed in all patients.
The most common tumor type was metastatic colorectal
cancer (n=32, 47%), followed by hepatocellular carcinoma
(n=16, 24%), then neuroendocrine metastases (n=8, 12%)
and intrahepatic or hilar cholangiocarcinoma (n=7, 10%).
The FLR/TLV and FLR/BW (cubic centimeters per kilo-
gram) ratios were highly correlated by regression analysis
(Pearson correlation coefficient, 0.98; Fig. 1). Even in
patients with BW, height, and BSA values beyond one
standard deviation of the mean, the correlation was
excellent (Pearson correlation coefficient, 0.89). Sixteen of
the 68 patients developed postoperative hepatic dysfunc-
tion. ROC curve analysis was performed to determine the
utility of FLR/TLV and FLR/BW in predicting postopera-
tive hepatic dysfunction (Fig. 2). The areas under the ROC
curve were 0.85 for FLR/TLV and 0.84 for FLR/BW (95%
confidence interval, 0.71–0.97), indicating good discrimi-
nation for predicting postoperative hepatic dysfunction.
Cutoff values were determined to yield the highest
probability of a positive test while maintaining a low prob-
ability of a negative test. A cutoff FLR/BW value of ≤0.4
had a positive predictive value (PPV) of 78% and a
negative predictive value (NPV) of 85%. The corre-
sponding FLR/TLV cutoff value of ≤20% had a PPV of
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80% and a NPV of 86%. The incidence of postoperative
hepatic dysfunction was stratified according to cutoff values,
and FLR/TLV and FLR/BW values of ≤20% and ≤0.4
emerged as most significant (Table 2). Six of the 18
patients with FLR/TLV between 20 and 25% and FLR/BW
between 0.4 and 0.5 had postoperative hepatic dysfunction.
Two of the 40 patients with FLR/TLV >25% or FLR/BW>
0.5 had postoperative hepatic dysfunction—one patient with

FLR/TLVof 33% and the other with FLR/TLVof 42%. Both
patients had transient rises in bilirubin that normalized
rapidly after postoperative days 5 and 9, respectively. The
effects of risk factors for liver injury on postoperative hepatic
dysfunction were assessed (Table 3). Preoperative systemic
chemotherapy (median of 4 cycles, range 2–12), diabetes,
obesity, and pre-existing liver injury (moderate steatosis,
steatohepatitis, and/or fibrosis) were not significant risk
factors. FLR/TLV≤20% and FLR/BW≤0.4 were signifi-
cantly associated with postoperative hepatic dysfunction.

Discussion

The volume of the remnant liver or graft, which is
measured preoperatively with three-dimensional CT, is
critical for successful hepatic resection and LDLT. In adults
without chronic liver disease, liver volume correlates
linearly with body size.11 Thus, the volume of the remnant
liver after resection or graft to be transplanted can be
normalized to patient BSA or BW. In LDLT, the graft
volume is normalized to patient BW, which yields the
GRWR. In hepatic resection, the FLR volume is standard-
ized to TLV, which is calculated with a formula based on
BSA. These measurements are used to determine the
necessary volume of graft or FLR to minimize the likelihood
of postoperative hepatic dysfunction.4,9

In this report, we examined the relationship between
FLR standardized to BW versus BSA and the ability of
these measurements to predict postoperative hepatic dys-
function in noncirrhotic patients undergoing major hepa-
tectomy after PVE. We focused on postoperative hepatic
dysfunction instead of overall postoperative morbidity as an
endpoint to avoid confounding variables such as patient
comorbidities and intraoperative factors. We found excel-
lent correlation between FLR measurements standardized to

Table 1 Clinicopathologic Factors of Patients Who Underwent Major
Hepatectomy After Preoperative Portal Vein Embolization

Clinicopathologic factor

Mean age (year) 60±11 (36–78)
Gender (n)
Male 54
Female 14
Race (n)
Caucasian 55
Hispanic 6
African–American 4
Asian 3
Tumor type (n)
Colorectal metastases 32
Hepatocellular carcinoma 16
Neuroendocrine metastases 8
Intrahepatic or hilar cholangiocarcinoma 7
Gallbladder cancer 2
Thymoma metastases 1
Melanoma metastases 1
Endometrial metastases 1
Type of surgical resection (n)
Extended right hepatectomy 54
Right hepatectomy 14
Body height (cm) 173 (140–208)a

Body weight (BW, kg) 83 (49–157)
Body surface area (BSA, m2) 2.02 (1.45–2.67)
Body mass index 26.7 (19.8–48.4)
Future liver remnant volume (FLR, cm3) 459 (261–1,098)
Estimated total liver volume (TLV, cm3) 1,768 (1,037–2,593)
FLR/TLV (%) 27.7 (14.5–62.5)
FLR/BW (cm3/kg) 0.58 (0.29–1.26)

a Data expressed as median (range)

Figure 1 Correlation between FLR/TLV and FLR/BW.

Figure 2 ROC curve of FLR/TLV and FLR/BW measurements in
predicting postoperative hepatic dysfunction.
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BW and BSA. Even in patients at the extremes of body
height and weight, we found good correlation between FLR/
TLV and FLR/BW ratios. Using ROC curve analysis, the
areas under the curve for FLR/TLV and FLR/BW exceeded
0.8, demonstrating that both methods have high discrimina-
tion for predicting postoperative hepatic dysfunction.

Our results support previous studies showing the impor-
tance of volumetric analysis as a tool to predict postoperative
outcome.18,22 Previously, we showed that in non-cirrhotic
patients, the ratio of FLR to TLV increased 9.2−15.6% after
PVE.19 This increase in FLR/TLV is caused by hypertrophy
of the remnant liver and not by a change in TLV, which is
calculated in relation to BSA, both pre- and post-PVE.
Increased FLR volume is associated with improved hepatic
metabolic function, as shown by increased indocyanine
green excretion, improved biliary drainage, and faster
normalization of postoperative liver function tests.23–25 In
LDLT, a GRWR of ≤0.8 (40% of TLV) results in increased
postoperative morbidity and impaired graft survival.3,9 In
adult patients without underlying liver disease, a FLR/TLV
ratio of ≤20% is associated with increased complications
after major hepatectomy.4,26 In LDLT, a higher liver graft
volume is required because of ischemia-reperfusion injury
to the graft and episodes of organ rejection.

We determined cutoff values of FLR/TLV≤20% and
FLR/BW≤0.4 to predict the likelihood of postoperative
hepatic dysfunction. In a recently published study by Truant
et al.,27 increased 30-day mortality and morbidity were
associated with FLR/BW≤0.5, which corresponds to FLR/
TLVof 25%. They also found FLR/BW to be more specific
than FLR/TLV in predicting postoperative outcome. How-
ever, their calculation of TLV was based on the traditional
method, in which TLV, liver to be resected, and tumor

volume are measured separately with CT. This method is
prone to multiplicative errors in patients with multiple tumors
and cannot be used in patients with dilated bile ducts.24,28,29

In our study, we estimated TLV using a formula based on the
BSA, which has been validated in a meta-analysis as a
precise and unbiased approach to estimating TLV.14

When the incidence of postoperative hepatic dysfunction
was stratified according to FLR volumes, FLR/TLV and
FLR/BW values of ≤20% and ≤0.4 had the highest PPV of
80 and 78%, respectively. Patients with measurements near
these cutoff values, specifically FLR/TLV between 20–25%
or FLR/BW between 0.4–0.5, were also prone to develop-
ing postoperative hepatic dysfunction. These patients may
have had other risk factors for impaired liver regeneration,
such as diabetes mellitus, obesity, hepatic steatosis, and
chemotherapy-induced hepatotoxicity. We did not, howev-
er, find a significant association between such risk factors
and postoperative hepatic dysfunction, but the number of
patients was small. Thirty-four patients received preopera-
tive chemotherapy for a median of four cycles, and none
received >12 cycles, which has been associated with worse
postoperative outcome.30 In a previous report, we found
that the presence of mild to moderate liver injury did not
impair liver regeneration after PVE; similarly, response to
PVE was comparable with or without neoadjuvant chemo-
therapy.19 Until more data are available, patients with FLR/
TLV between 20 and 30% and risk factors for liver injury,
such as diabetes, obesity, and prolonged administration of
chemotherapy, should be considered for preoperative PVE.31

A limitation of this study includes the restriction of the
patient population to adults without underlying chronic liver
disease. Although liver size bears a linear relationship to
body size in patients with normal livers, this is not true with

Table 2 Postoperative Hepatic
Dysfunction Stratified by FLR/
TLV and FLR/BW Values

PPV Positive predictive value,
NPV negative predictive value

Number
of patients

Postoperative
hepatic dysfunction

PPV (%) NPV (%) P value

FLR/TLV≤20% 10 8 80 86 <0.05
FLR/BW≤0.4 9 7 78 85 <0.05
FLR/TLV≤25% or FLR/BW≤0.5 28 14 50 92 <0.05
FLR/TLV>25% or FLR/BW>0.5 40 2 – – –

Table 3 Risk Factors for Liver
Injury Risk factor Number

of patients
Number with
liver injury

Number with postoperative
hepatic dysfunction

Univariate
analysis

Preoperative chemotherapy 34 5/34 (15%) 9/34 (26%) P=NS
Diabetes 13 2/13 (15%) 2/13 (15%) P=NS
BMI≥30 18 1/18 (5%) 5/18 (28%) P=NS
Pre-existing liver injury 6 – 1/6 (17%) P=NS
FLR/TLV≤20% 10 0 8/10 (80%) P<0.05
FLR/BW≤0.4 9 0 7/9 (78%) P<0.05
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chronic liver disease, particularly in patients with shrunken,
cirrhotic livers. Moreover, the estimation of TLV based on
BW and BSA does not apply to children because the
correlation between liver volume and body size is not
constant during the growth period.8

In conclusion, we found excellent correlation between
FLR standardized to BW versus BSA, with both methods
similarly predictive of postoperative hepatic dysfunction. In
noncirrhotic patients, a FLR/BW ratio of ≤0.4 and FLR/
TLV of ≤20% provide equivalent thresholds for performing
safe hepatic resection, confirming the importance of
volumetric analysis in determining postoperative outcome
after LDLT or major hepatectomy. Systematic measurement
of the FLR and normalization to BW or BSA is an integral
part of preoperative planning in patients with anticipated
small remnant livers who will benefit from PVE.
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Treatment of Unresectable Cholangiocarcinoma
with Gemcitabine-Based Transcatheter Arterial
Chemoembolization (TACE): A Single-Institution Experience

Niraj J. Gusani & Fady K. Balaa & Jennifer L. Steel &
David A. Geller & J. Wallis Marsh & Albert B. Zajko &

Brian I. Carr & T. Clark Gamblin

Received: 31 May 2007 /Accepted: 16 August 2007 /Published online: 11 September 2007
# 2007 The Society for Surgery of the Alimentary Tract

Abstract
Background Survival for patients with unresectable cholangiocarcinoma is reported to range from only 5–8 months without
treatment. Systemic chemotherapy has not been shown to significantly improve survival, but newer regimens involving
gemcitabine have shown increased response rates. Transcatheter arterial chemoembolization (TACE) has been shown to
prolong survival in hepatocellular carcinoma patients, but experience using TACE in the treatment of cholangiocarcinoma is
limited. We report our experience treating cholangiocarcinoma with TACE using chemotherapeutic regimens based on the
well-tolerated drug gemcitabine.
Methods Forty-two patients with unresectable cholangiocarcinoma were treated with one or more cycles of gemcitabine-
based TACE at our institution. Chemotherapy regimens used for TACE included: gemcitabine only (n=18), gemcitabine
followed by cisplatin (n=2), gemcitabine followed by oxaliplatin (n=4), gemcitabine and cisplatin in combination (n=14),
and gemcitabine and cisplatin followed by oxaliplatin (n=4).
Results Patients were 59 years of age (range 36–86) and received a median of 3.5 TACE treatments (range 1–16). Thirty-
seven patients (88%) had central cholangiocarcinoma, and five (12%) had peripheral tumors. Nineteen patients (45%) had
extrahepatic disease. Grade 3 adverse events (AEs) after TACE treatments were seen in five patients, whereas grade 4 AEs
occurred in two patients. No patients died within 30 days of TACE. Median survival from time of first treatment was
9.1 months overall. Results did not vary by patient age, sex, size of largest initial tumor, or by the presence of extra-hepatic
disease. Treatment with gemcitabine–cisplatin combination TACE resulted in significantly longer survival (13.8 months)
compared to TACE with gemcitabine alone (6.3 months).
Conclusions Our report represents the largest series to date regarding hepatic-artery-directed therapy for unresectable
cholangiocarcinoma and provides evidence in favor of TACE as a promising treatment modality in unresectable
cholangiocarcinoma. Our results suggest that gemcitabine-based TACE is well tolerated and confers better survival when
given in combination therapy (with cisplatin or oxaliplatin) for patients with unresectable cholangiocarcinoma.

Keywords Cholangiocarcinoma . Trancatheter arterial
chemoembolization (TACE) . Palliation . Gemcitabine

J Gastrointest Surg (2008) 12:129–137
DOI 10.1007/s11605-007-0312-y

Presented at the 2007 American Hepato-Pancreato-Biliary
Association, Las Vegas, Nevada, April 19–22, 2007
(President’s Plenary Oral Presentation).

N. J. Gusani : T. C. Gamblin
Division of Surgical Oncology, Department of Surgery,
University of Pittsburgh Medical Center,
Pittsburgh, PA, USA

F. K. Balaa : J. L. Steel :D. A. Geller : J. W. Marsh : B. I. Carr :
T. C. Gamblin
Division of Transplantation Surgery, Department of Surgery,
University of Pittsburgh Medical Center,
Pittsburgh, PA, USA

A. B. Zajko
Division of Interventional Radiology, Department of Radiology,
University of Pittsburgh Medical Center,
Pittsburgh, PA, USA

N. J. Gusani : F. K. Balaa : J. L. Steel :D. A. Geller :
J. W. Marsh :A. B. Zajko :B. I. Carr : T. C. Gamblin
UPMC Liver and Pancreas Institute,
University of Pittsburgh Medical Center,
Pittsburgh, PA, USA

T. C. Gamblin (*)
Liver Cancer Center, UPMC Montefiore Hospital,
7 South, 3459 Fifth Avenue,
Pittsburgh, PA 15213, USA
e-mail: gamblintc@upmc.edu



Introduction

Cholangiocarcinoma (CC) is a primary adenocarcinoma of
the bile ducts. It is the second most common primary
hepatic malignancy in the world, but is a rare neoplasm in
the USA, with an incidence of only 0.5–2 per 100,000
population.1 In other parts of the world, however, particu-
larly in East and Southeast Asia, rates are much higher, and
overall global incidence is increasing.2–4

Cholangiocarcinoma historically has an extremely
poor prognosis. Patients who present symptomatically
usually have advanced disease which is not amenable to
surgical resection. Mortality results from progressive
liver failure or biliary obstruction and resulting chol-
angitis and sepsis.5

Survival for patients with unresectable cholangiocarci-
noma is reported to be only 5–8 months. Intrahepatic CC
generally presents in a more advanced state than extrahe-
patic CC, so prognosis is often even worse.6 Curative
treatment is only possible with surgical resection, but less
than 30% of patients are resectable at presentation.7 Of
those resected, 5-year survival is reported as only 20–40%.8

Overall survival for all patients at 5 years from diagnosis is
less than 5%.9

Systemic chemotherapy has been disappointing in regard
to its efficacy, with most regimens resulting in a median
survival of 6–12 months.10 No randomized studies have
shown a significant improvement in overall survival
compared to observation alone.11 Side effects are common
and often limit patients’ tolerance of the therapy and their
quality of life. Because of the poor results with standard
systemic therapy, there has been a great interest in other
modalities for treatment of cholangiocarcinoma. These have
included chemoradiation,12 external beam radiation,13 radio-
frequency ablation,14 photodynamic therapy (PDT),15,16

brachytherapy,17 hepatic artery infusion chemotherapy,18

and transcatheter arterial chemoembolization.6

Transcatheter arterial chemoembolization (TACE) is a
promising, minimally invasive treatment modality for
unresectable liver tumors. TACE allows delivery of high
doses of chemotherapeutic drug directly to the tumor with
very little systemic drug exposure.

TACE has been shown to be a useful treatment modality
in hepatocellular carcinoma (HCC), with two randomized
trials showing an improved survival over supportive care
alone.19,20

Experience with TACE for biliary malignancies is
limited, but recently, several small series have shown
promising survival in CC patients treated with TACE.6,21,22

In addition, there have been numerous reports of intra-
arterial delivery of chemotherapy drugs, in varied forms, in
an attempt to maximize therapy to CC while limiting
systemic side effects.18,23–25

Recently, patients receiving systemic chemotherapy for
cholangiocarcinoma have benefited from the approval of
gemcitabine, a nucleoside analogue drug which has shown
promising response rates (up to 30–40%) in systemic
treatment of CC.26 Gemcitabine has become the most
commonly recommended first-line drug for systemic
treatment of CC. It is well tolerated, and combination
therapy with drugs such as 5-FU, cisplatin, and oxaliplatin
offers potential synergistic tumoricidal effects.11 Because
gemcitabine is rapidly deaminated to the inactive metabo-
lite 2′2′ difluorodeoxyuridine (dFdU), it has an exceedingly
high total body clearance (CLtb). The liver serves as a
primary source for deamination on first pass.27 This should
allow high intrahepatic gemcitabine concentrations to be
achieved with little systemic exposure. Based on its
promising antitumor activity and favorable pharmacokinetic
and safety profiles, we selected gemcitabine as the basis for
liver-directed TACE treatments in cholangiocarcinoma.

At the University of Pittsburgh Medical Center (UPMC)
Liver Cancer Center, a significant experience with CC
exists.28 Multidisciplinary therapeutic options include:
surgery, radiofrequency ablation, hepatic artery infusional
chemotherapy, systemic chemotherapy, and TACE. In this
report, we describe our experience treating unresectable
cholangiocarcinoma with TACE using regimens based on
the well-tolerated drug gemcitabine.

Methods

Study Design

We performed a retrospective review of medical records for
all patients treated with gemcitabine-based TACE at the
UPMC Liver Cancer Center between June 2001 and
February 2007. Data for the current study were extracted
from an institutional database designed specifically to track
outcomes of liver cancer patients. All data evaluation was
done under a protocol approved by the University of
Pittsburgh Institutional Review Board.

Once qualifying patients were identified, all patient
data were de-identified through the use of an approved
Honest Broker. Data variables included demographic,
pre-procedure, procedure, and post-procedure data as
well as long-term follow-up of all patients. Data were
retrospectively gathered from patient charts, electronic
medical records, and review of available imaging and
pathology. In addition, the Social Security Death Index
(SSDI) was queried to determine date of death for any
patients not captured by our records. Morbidity was
graded on a 1–5 scale according to criteria established by
the National Cancer Institute’s Cancer Therapy Evalua-
tion Program.29
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Patients

During the study period (June 2001 to February 2007), 42
patients, all with unresectable intrahepatic cholangiocarci-
noma, were treated with one or more cycles of gemcitabine-
based TACE.

Initial Evaluation

Initial evaluation consisted of a complete history and
physical at the UPMC Liver Cancer Center. All patients
had biopsy-proven cholangiocarcinoma. Staging workup
included a triphasic chest/abdomen/pelvis computed to-
mography (CT) scan or magnetic resonance imaging.
Patients who were deemed to be unresectable but had
acceptable laboratory values and performance status were
considered for TACE. Contraindications to TACE included
total bilirubin >3 mg/dl, serum creatinine >2× baseline, and
ECOG performance status >1. Patients with biliary ob-
struction were treated with ERCP-based or percutaneous
transhepatic biliary stents before administration of TACE.

TACE Procedures

All TACE procedures were performed by interventional
radiologists at the University of Pittsburgh Medical Center
using standard protocols. The day of the procedure, patients
had screening laboratory studies and received intravenous fluid
before treatment. Based on the results of the laboratory studies
and recent imaging, a decision was made about the segment(s)
of the liver to receive TACE and the drugs to be given.

After intravenous hydration was given for 2–3 h, patients
were taken to the interventional radiology angiographic
suite. Cannulation of the femoral artery was performed, and
an arterial catheter was advanced under fluoroscopy to
catheterize the celiac and superior mesenteric arteries. At
the initial treatment session, complete diagnostic arteriog-
raphy was performed to determine the hepatic arterial
anatomy and to map all arterial vessels supplying the tumor.
Therapeutic chemoinfusion was then performed, usually
into the right or left hepatic artery, over a 30- to 45-min
time period. If treatment included two drugs, each was
given separately for a total infusion time of 60–90 min.
After delivery of the drug(s) to the tumor, embolization was
accomplished with Embospheres (Biosphere Medical, Inc.,
Rockland, MA, USA) until moderate to marked stasis of
antegrade flow was seen in the artery.

Chemotherapeutic drug choice was made based on the
patient’s previous therapy history, laboratory profile, and
functional status. Generally, patients were given one drug
or combination of drugs until signs that the patient’s tumor
was progressing. At that point, if deemed clinically suitable,
the patient’s regimen was altered to add a drug or change

drugs. In the case of bilateral liver tumors, therapy was
given to the side of the dominant tumor(s) until progression
occurred on the contralateral side. At this point, the
contralateral side was treated. Intra-arterial gemcitabine
treatments were conducted with dose escalation starting
from 1,250 mg/m2 up to 2,250 mg/m2 as tolerated. Intra-
arterial cisplatin and oxaliplatin doses were 100–125 mg/m2

and 85–100 mg/m2, respectively.
Patients were observed overnight after the procedure for

control of pain and nausea, administration of intravenous
fluids, and monitoring of systemic side effects. Patients
were routinely discharged home the following morning
after laboratory studies were evaluated. All patients were
prescribed anti-emetic and pain medications for home
management of post-embolization syndrome (low-grade
fever, pain, nausea).

Follow-up

After discharge, laboratory values were checked weekly on
an outpatient basis. Follow-up imaging was performed on
all patients 6–8 weeks after each TACE procedure.
Decisions regarding further TACE therapy were made
based on the patients’ tolerance of previous TACE as well
as their tumor response to therapy.

Statistical Analysis

Overall survival was determined for all patients from the
date of first TACE procedure to death. The Kaplan–
Meier (product-limit) method was used to determine
estimates of survival. The log-rank test was performed to
assess overall survival and test differences in survival
among TACE regimens. Survival plots and statistical
analyses were performed using GraphPad Prism 5.0
software for Windows (GraphPad Software, Inc., San
Diego, CA, USA). Statistical significance was assigned
for a p value of ≤0.05.

Results

Patient and Tumor Details

During the study time period from June 2001 to February
2007, 42 patients underwent TACE with gemcitabine-based
chemotherapy regimens for unresectable cholangiocarci-
noma. The study included 21 men and 21 women. Patients’
median age was 59 years (range 36–87). All patients had
mass-forming intrahepatic cholangiocarcinoma proven by
biopsy. All patients’ ECOG performance status was 0 or 1.
Thirty-seven patients (88%) had central cholangiocarci-
noma, and five (12%) had peripheral tumors.
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Median size of the largest single tumor nodule at
presentation was 9.8 cm (range 1.3–17.0 cm). The median
Ca 19-9 level for the group was 134 U/ml (<4–140,460).
Nineteen of 42 patients (45%) had extrahepatic disease at
time of presentation. Of these, four had disease confined to
the porta hepatis lymph nodes, eight had intra-abdominal
disease, and seven had distant metastasis (Table 1).

TACE Treatments

Forty-two patients underwent 199 TACE procedures, with a
median of 3.5 TACE treatments per patient (range 1–16).
Patients received one of five different chemotherapy-TACE
regimens: gemcitabine alone, gemcitabine followed by
cisplatin, gemcitabine followed by oxaliplatin, gemcita-
bine–cisplatin combination, and gemcitabine-cisplatin fol-
lowed by oxaliplatin (Table 2).

Morbidity

TACE treatments were generally well tolerated. All
patients were admitted overnight for observation after
TACE. Ninety-six percent of patient admissions resulted
in discharge on post-TACE day no. 1 (23-h admission),
with the remaining 4% going home on post-TACE day
no. 2.

Grade 4 adverse events (AEs) were seen in two patients.
One patient developed crescendo angina 1 day after his first
TACE and was diagnosed with an acute myocardial
infarction. He underwent cardiac catheterization with
angioplasty and coronary stent placement and made a full
recovery. The patient went on to have nine further TACE
cycles over the next 18 months. A second patient
developed a hepatic abscess 1 week after his second
TACE treatment. This patient required admission for

drainage of the abscess and intravenous antibiotics. The
patient developed grade 4 thrombocytopenia and sepsis
associated with the abscess. This adverse event resulted in
a hospitalization for 7 days with resolution of the sepsis,
and the patient was discharged home with a percutaneous
hepatic drain in place.

Five additional patients developed grade 3 AEs after
TACE. One patient was over-sedated with narcotic pain
medication and developed mild respiratory distress on the
evening after TACE.When the patient’s mental status changes
were reported, naloxone was administered with immediate
resolution. Two patients developed grade 3 hyperbilirubine-
mia, and two developed grade 3 thrombocytopenia.

Minor morbidity was seen in nine patients who
developed grade 2 adverse events and seven who developed
grade 1 AEs (Table 3). In addition, most patients did
experience “post embolization syndrome” consisting of
low-grade fever, nausea, and abdominal pain. These
symptoms were easily managed with antiemetics and
narcotic medications. As evidenced by the high discharge
rate on post-TACE day no. 1, these symptoms were
generally not prolonged.

Morbidity did not vary significantly by patient age,
TACE regimen, or by the presence of extrahepatic disease.

Tumor Response to TACE

Tumor response to TACE was gauged using the response
evaluation criteria in solid tumors (RECIST) guidelines.30

Attempts were made to gauge response after three cycles of
TACE if possible. Those receiving fewer TACE treatments
were evaluated after the last TACE performed. Based on
this evaluation, 20 patients were found to have stable
disease, 15 patients had progressive disease, and seven
were not evaluable.

Table 1 Patient and Tumor
Characteristics Variable Value (range) Percentage

Total number of patients 42 100
Sex
Male 21 50
Female 21 50
Tumor location
Central 37 88
Peripheral 5 12
Median age (range) 58.8 years (36.2–86.8)
Median tumor Size (range) 9.8 cm (1.3–17.0)
Median Ca 19-9 level 134 U/ml (<4–140,460)
Extrahepatic disease 19 45.2
Porta hepatis lymphadenopathy 4
Other intra-abdominal mets 8
Distant mets 7

All regimens 42 100
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Survival

Median overall survival from the date of first TACE treatment
was 9.1 months (Fig. 1). Survival did not vary by patient age,
sex, size of largest initial tumor, or by presence of
extrahepatic disease. Patients with peripheral cholangiocarci-
noma, however, had better median survival (18.7 vs
8.2 months) than those with central tumors (p=0.012 by
log-rank test).

Survival did vary by response to TACE as measured by
RECIST criteria. Patients who had stable disease by
RECIST criteria underwent a median of six TACE cycles
and had median survival of 13.1 months post-TACE,
whereas patients who had progressive disease were able to
have three TACE cycles and had post-TACE median
survival of 6.9 months (p=0.017).

Survival varied significantly by TACE regimen (Table 4).
When comparing the survival curves for the two most
frequently used TACE regimens, there was a statistically
significant increase in survival for patients receiving TACE
treatments with the gemcitabine-cisplatin combination over
those receiving gemcitabine alone (13.8 vs 6.3 months,
p=0.0005; Fig. 2).

Discussion

Cholangiocarcinoma is a deadly disease with a very poor
prognosis. Most patients who are diagnosed with CC are
not candidates for surgical resection, which is the only
treatment with potential for cure. Currently, therapeutic
options for unresectable cholangiocarcinoma afford little or

no improvement in survival over supportive therapy alone.
Thus, there is a strong incentive to explore newer
therapeutic options in an attempt to improve the outcome
in this difficult disease. In this paper, we present promising
results for treatment of unresectable cholangiocarcinoma
using gemcitabine-based TACE.

Treatment of cholangiocarcinoma with chemotherapy or
chemoradiation has proven to have little benefit in
improving survival. Most published studies using these
modalities for cholangiocarcinoma are small, phase I or
phase II single-institution trials with a wide variation in
outcomes. The few larger scale studies published have
involved multiple tumor types, often including both intra-
hepatic and extrahepatic CC as well as sometimes pancre-
atic cancer and hepatocellular cancer.31 No randomized
study has shown a significant benefit of systemic chemo-
therapy or chemoradiation over supportive care alone.9

The University of Pittsburgh Medical Center is a high
volume center for the treatment of liver cancer.28 Approx-
imately 11% of our new liver cancer patients have
cholangiocarcinoma. We favor an aggressive surgical
approach to CC, with surgical resection as the goal.32,33

Each patient is seen and discussed by a multidisciplinary
team which offers the full range of treatment options from
transplant and resection to systemic therapy, regional
therapy, or palliative care. We offer special expertise in

Table 2 TACE Regimens Used for Treatment of Unresectable Cholangiocarcinoma

TACE Regimen N Percentage Age Male Central EHD # TACE

Gem alone 18 42.9 64.0 11 18 7 2.0
Gem then Cis 2 4.8 67.8 2 1 0 7.5
Gem then Ox 4 9.5 57.4 1 3 2 7.0
Gem/Cis combo 14 33.3 56.3 6 12 9 5.0
Gem/Cis then Ox 4 9.5 51.7 1 3 1 7.0
All regimens 42 100 58.8 21 37 19 3.5

Gem Gemcitabine, Cis cisplatin, Ox oxaliplatin, EHD extrahepatic disease

Figure 1 Overall survival for all gemcitabine-based TACE regimens
(median survival 9.1 months).

Grades 1 and 2 AEs

Elevated total bilirubin
Elevated creatinine
Thrombocytopenia
Hyperglycemia
Hypertension
Pulmonary edema
Pancreatitis

Table 3 Minor (Grades 1 or 2)
Morbidity Seen with Gemcita-
bine-Based TACE
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regional therapy strategies for treatment of liver tumors,
performing a high volume of TACE (>400 treatments per
year) and selective internal radiation with Yttrium-90
microspheres (>200 treatments to date) treatments in the
setting of unresectable disease.

In the case of patients with unresectable disease, our
primary goal of therapy is palliation: we aim to prolong
survival while maintaining an acceptable quality of life. For
these patients, we often choose a regional therapy as an
attempt to maximize treatment delivered to the tumor while
minimizing systemic side effects.

TACE is a modality widely used in patients with primary
liver cancer (hepatoma). TACE is minimally invasive and
can be performed on an outpatient or short-stay basis.
Combining intra-arterial delivery of chemotherapy via the
hepatic artery with embolization takes advantage of the fact
that liver tumors receive 90–100% of their blood flow from
the hepatic artery.34 Thus, TACE provides targeted delivery
of a chemotherapeutic agent directly to the tumor. Delivery
of chemotherapy is followed by arterial embolization,
which causes further necrosis of the tumor by eliminating
its predominant blood supply. In addition, by reducing
blood flow through the tumor, embolization may prevent
washout of the chemotherapeutic agent, resulting in higher
concentrations of the drug remaining in the tumor cells
while also reducing systemic exposure.35 TACE has been

shown in two randomized controlled clinical trials,19,20 to
improve survival in patients with unresectable HCC, and
these results have been confirmed in two meta-analyses.36,37

Our data reveal a median survival of 9.1 months after
gemcitabine-based TACE. The survival provided by TACE
is significant, especially in light of the fact that many of our
patients had already failed other treatment modalities before
undergoing TACE. More important, combination regimens
utilizing gemcitabine as first-line therapy followed by
cisplatin or oxaliplatin or using the gemcitabine–cisplatin
combination showed significantly greater response and
survival, reaching up to 13–18 months. Although some of
the survival difference may be due to selection bias in our
retrospective review, our results do imply a benefit from
combination chemotherapy regimens.

Of note, median survival in our overall cohort of 42
patients was not significantly different in patients with
liver-only disease as compared to those with extrahepatic
disease. This supports the belief that in patients with liver-
predominant disease, the liver tumors determine eventual
survival rather than the extrahepatic disease, and therefore,
we favor regional treatment in these patients.

Tumor response to TACE treatments, using RECIST
criteria, predicted improved survival (median survival
13.1 months in patients with stable disease vs 6.9 months
in patients with progressive disease), but many authors
have questioned whether size-based criteria are the best
measure of the effectiveness of TACE.38,39 Although by
RECIST criteria TACE treatments did not result in
significant tumor shrinkage in any of our patients, several
had evidence of tumor necrosis or decrease in tumor
vascularity post-TACE (Fig. 3).

Gemcitabine-based TACE treatment proved to be well
tolerated, with minimal significant side effects (only 17% of
patients had grades 3 or 4 AEs). This tolerability profile fits
with the goals of palliative therapy—to prolong life while
maintaining quality of life. Although we did not specifically
measure quality of life in this study, most patients were
home 24 h post-TACE and did not suffer debilitating side
effects. The limitations on their lifestyle consisted mainly of
a post-embolization syndrome the few days after adminis-
tration of TACE and the need for several outpatient
laboratory studies obtained weekly after treatment. In
contrast, systemic combination chemotherapy regimens

Figure 2 Overall survival for the most commonly used regimens for
gemcitabine-based TACE: gemcitabine alone (solid line—median
survival 6.3 months) vs gemcitabine–cisplatin combination (dotted
line—median survival 13.8 months).

Table 4 Survival by TACE
Regimen

Gem Gemcitabine, Cis cisplat-
in, Ox oxaliplatin

TACE regimen N # TACE Alive Median survival

Gem alone 18 2.0 0 6.3
Gem then Cis 2 7.5 0 18.8
Gem then Ox 4 7.0 1 13.0
Gem/Cis Combo 14 5.0 2 13.8
Gem/Cis then Ox 4 7.0 0 12.5
All regimens 42 3.5 3 9.1 months
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using gemcitabine have grades 3–4 toxicities in over 40%
of patients in recent phase II trials.40,41

In addition to our work, the results of two recent studies
lend credence to the concept of intra-arterial treatment for
unresectable cholangiocarcinoma. In a report from Burger
et al.,6 TACE was performed in 17 patients with unresect-
able intrahepatic cholangiocarcinoma. Their group utilized
varying TACE chemotherapy regimens, mostly including
cisplatin, doxorubicin, and mitomycin-C. Although they
report a median survival of 23 months, their survival was
measured from the time of diagnosis rather than initiation
of TACE treatment, making direct comparison difficult.
Also, there may be differences in the patient populations
being treated with TACE, as ten of the patients in the
Burger study had only stage II disease.

Tanaka et al.,18 published promising results using a
protocol of arterial chemoinfusion through an implanted
port system in 11 patients. Their regimens of intra-arterial
chemotherapy included various combinations of 5-FU,
doxorubicin, cisplatin, and mitomycin-C and resulted in
mean survival of 26 months in patients. Again, differences
in reporting (mean survival rather than median) and patient
characteristics (mean tumor size of 7 cm) make direct
comparisons difficult.

As mentioned earlier, we selected gemcitabine as our
drug of choice for liver-directed TACE therapy based on its
in vivo and in vitro activity against CC, its pharmacokinet-
ics, and its record of safety.10,11,26,42 With similar consid-
erations in mind, Vogl et al.43 previously determined the
maximum tolerated dose for intra-arterial treatment of
cholangiocarcinoma and pancreatic cancer liver metasta-

ses with gemcitabine. In their study, 17 patients with
intrahepatic cholangiocarcinoma were treated with trans-
catheter arterial gemcitabine (with or without starch
microsphere embolization) in increasing doses from 200
to 2,000 mg/m2. Chemotherapy infusions were given
twice during an 8-day treatment cycle, with cycles
repeated every 2 weeks. The maximum tolerated dose
found in this study was 1,400 mg/m2 without micro-
spheres or 1,800 mg/m2 with microspheres. This dose is
similar to that used in our study and confirms that higher
doses than those given systemically can be given intra-
hepatic with an acceptable toxicity profile.

Future investigations will be important to clarify the role
of TACE in the treatment of unresectable cholangiocarci-
noma. In particular, because of its excellent toxicity profile,
TACE may be safely combined with other modalities of
treatment to produce complementary or synergistic effects.
Several authors have explored combinations of intra-
arterial treatments with systemic chemotherapy,21,24 radia-
tion,25,44 or biliary drainage22 in small studies. Combinations
of these therapies with gemcitabine-based TACE could
potentially result in increased survival with minimal side
effects.

In addition, as biliary obstruction is so often the eventual
cause of mortality in patients with intrahepatic cholangio-
carcinoma, it will be important to consider combinations of
TACE with bile-duct-based therapeutic interventions such
as PDT or brachytherapy. Brachytherapy or PDT lack
adequate depth of tissue penetration to significantly affect
large, mass-forming CC tumors, but the combination of
these treatments with TACE may be beneficial.

Figure 3 Arterial phase CT
images of segment 4 (a and c)
and segment 1 (b and d) chol-
angiocarcinoma tumors before
(a and b) and after (c and d)
TACE with gemcitabine/cisplat-
in combination. Post-TACE
images show decreased tumor
vascularity (C) and areas of
necrosis (D).
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The use of hepatic arterial infusion of Yttrium-90
microspheres for the treatment of inoperable CC is also a
potential treatment modality. This technology is already
approved by the United States Food and Drug Administra-
tion for selective internal radiation treatment in metastatic
colorectal cancer (in combination with intra-arterial Flox-
uridine)45 and hepatocellular cancer.46 The treatment of
other types of intrahepatic tumors is a current interest, and
this treatment may represent a useful option for cholangio-
carcinoma in the future.47–50

Conclusion

Our report represents the largest series to date describing
hepatic-artery-directed therapy for unresectable cholangio-
carcinoma. These results provide evidence in favor of
gemcitabine-based TACE as a promising mode of therapy
for palliation in unresectable cholangiocarcinoma. TACE
regimens utilizing gemcitabine, especially in combination
with cisplatin or oxaliplatin, may offer equivalent or
improved survival when compared to traditional modalities
such as systemic chemotherapy or chemoradiation.

We report gemcitabine-based TACE as a useful modality
even in patients with minimal extrahepatic disease, offering
similar survival outcomes to patients with liver-only
disease. Our results demonstrate that gemcitabine-based
TACE is well tolerated and suggest that it may offer
acceptable quality of life. In a disease with limited
treatment options and a dismal prognosis, we believe that
this treatment modality warrants further investigation.
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Abstract Previous research demonstrated that physical health-related quality of life (HRQOL) improves after liver
transplantation, but improvements in mental HRQOL are less dramatic. The aim of this study was to test the effects of
physical HRQOL, time post-transplant, and gender on pre- to post-transplant change in anxiety and depression.
Longitudinal HRQOL data were prospectively collected at specific times before and after liver transplantation using the SF-
36® Health Survey (SF-36), Center for Epidemiologic Studies Depression Scale (CES-D), and Beck Anxiety Inventory
(BAI). Within-subject change scores were computed to represent the longest follow-up interval for each patient. Multiple
regression was used to test the effects of baseline score, time post-transplant, gender, and SF-36 physical component
summary scores (PCS) on change in BAI and CES-D scores. About 107 patients (74% male, age=54±8 years) were
included in the analysis. Time post-transplant ranged 1 to 39 months (mean=9±8). Improvement in symptoms of anxiety
and depression was greatest in those patients with the most severe pre-transplant symptoms. Significant improvement in
symptoms of depression occurred after liver transplant, but the magnitude of improvement was smaller with time suggesting
possible relapse of symptoms. Better post-transplant physical HRQOL was associated with a greater reduction in symptoms
of anxiety and depression after liver transplantation. This demonstrates clear improvements in post-transplant mental
HRQOL and the significant relationships between physical and mental HRQOL.

Keywords Anxiety . Depression . Prevalence .

Quality of life . Liver transplantation

Introduction

Orthotopic liver transplantation is the treatment of choice
for end-stage liver disease of various causes. With
continued improvement in graft and patient survival, the
importance of characterizing health-related quality of life
(HRQOL) after liver transplantation has received increasing
emphasis. The measurement of HRQOL can provide a
more complete estimate of the overall health of liver
transplant candidates and recipients. Previous research has
demonstrated that functional performance and physical
HRQOL improve after liver transplantation to levels close
to those of the general population.1–6 However, several of
these studies, using the Medical Outcomes Study Short
Form 36 Health Survey (SF-36), demonstrated only small
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improvements in mental HRQOL after transplantation due
to the fact that pre- and post-transplant scores averaged
close to that of the general population.1,4–6 Other reports,
utilizing more specific survey instruments, have estimated
the prevalence of moderate to severe symptoms of
depression and anxiety before liver transplant to be as high
as 25 and 30%, respectively. 7 Furthermore, there have been
suggestions in the literature that the use of corticosteroids,
which are an integral part of immunosuppresion regimens,
may exacerbate symptoms of anxiety and depression. 8,9

With these substantial prevalence rates and biologic links
between steroids and affective symptoms, it is important to
characterize the impact of liver transplantation on mental
health and also to determine the relationship between
mental health measures and physical HRQOL. Moreover,
the extent to which change in symptoms of anxiety and
depression from pre- to post-transplant, and how this is
related to post-transplant physical HRQOL, has not been
characterized.

The aims of this study were (1) to estimate the
prevalence of symptoms of anxiety and depression in liver
transplant candidates and recipients and (2) to test the
effects of pre-transplant symptom severity, time post-
transplant, post-transplant physical HRQOL, and gender
on pre- to post-transplant change in symptoms of anxiety
and depression. We hypothesize that, after controlling for
the effects of baseline symptom severity, time, and gender,
patients who had poorer physical HRQOL would demon-
strate less improvement in symptoms of anxiety and
depression.

Materials and Methods

Beginning January 2002, liver transplant candidates and
recipients have been asked to complete a battery of
HRQOL surveys at defined pre- and post-transplant time
points. This Institutional Review Board (IRB)-approved
protocol involved the administration of a battery of surveys
and collecting demographic and clinical data from the
Vanderbilt Transplant Center and medical center databases
and records. The HRQOL assessment battery included the
Medical Outcomes Study Short Form 36 Health Survey
(SF-36), the Center for Epidemiologic Studies Depression
Scale (CES-D), the Beck Anxiety Inventory (BAI), a
patient satisfaction inventory, a Visual Analogue Scale
(VAS) measuring overall health, and an employment
survey. Karnofsky functional performance status was also
reported by transplant coordinators. Data collection oc-
curred at specific time points: at initial evaluation, every
6 months while on the waiting list, and 1, 3, 6 months, and
yearly post-transplant. A rolling enrollment system allowed

for a patient to participate at any time point regardless of
whether they had participated previously.

This study focused on three HRQOL measures: the SF-
36, CES-D, and the BAI. The SF-36 was used to assess
generic physical and mental HRQOL. This 36-item ques-
tionnaire measures eight areas of functioning and well
being (role-physical, bodily pain, physical functioning,
general health, vitality, social functioning, role-emotional,
and mental health). A physical and mental component
summary scale [physical (PCS) and mental component
summary (MCS)] can then be computed as weighted
composites of the eight subscales. The scales are scored
from 0 to 100; a higher score indicates a better health state.
The PCS and MCS scales are normed to the general
population with a mean of 50 and standard deviation of 10.
Thus, 68% of the general population would score 40–60 on
the PCS and MCS scales.10

The CES-D scale is a 20-item self-report scale designed
to identify symptoms of depression in both clinical and
general populations.11 The major symptoms of depression
are addressed within this survey, and it describes how often
the patient experienced these symptoms in the last week.
Each question is scored from 0 to 3 with higher scores
indicating more symptoms by frequency of occurrence. The
CES-D is not intended to be a diagnostic tool but is
designed to measure current level of depressive symptoms.
The following cut-off scores have been suggested to
approximate four severity stages of depressive symptoms
(0–9=none, 10–16=mild, 17–24=moderate, and >24=
moderate to severe).11

The BAI was employed to measure the severity of self-
reported anxiety. This instrument consists of 21 items,
each describing a common symptom of anxiety. The
respondent is asked to rate how much, in the last week,
he/she had been bothered by this symptom on a scale of 0
to 3. A score of 0 signifies that the patient was not
bothered at all by the symptoms during the last week,
whereas a score of 3 denotes that the patient was affected
severely by the described symptoms in the last week. The
items are summed to obtain a total score that can range
from 0 to 63. The following cut-off scores have been
suggested to approximate four severity stages of anxiety
symptoms (0–7=minimal, 8–15=mild, 16–25=moderate,
and >25=severe).12

Patients included in this study were liver transplant
candidates listed after January 1, 2002 who received liver
transplants through May 1, 2006. Each patient completed
the HRQOL surveys pre- and postoperatively and had
sufficiently complete SF-36 survey data on both measure-
ment occasions to permit computation of the eight scales
and two summary components. If pre-transplant HRQOL
data had been reported on more than one occasion, the
observation closest to the date of transplant was selected for

J Gastrointest Surg (2008) 12:138–144 139139



analysis. In instances where patients had multiple post-
transplant HRQOL data, data from their last self-report
were used. Within-subject change scores were computed for
the four HRQOL measures by subtracting pre-transplant
scores from post-transplant scores. A positive change on the
SF-36 scales indicated improvement in HRQOL, whereas a
negative change for the CES-D and BAI indicated
improvement (i.e., reduction) in symptoms of anxiety and
depression.

Paired t tests were used to evaluate pre- to post-transplant
change in all HRQOL measures, and cross-classified
categorical data were analyzed using the chi-square test.
Multiple linear regression was used to test the effects of pre-
transplant symptom severity, time post-transplant, gender,
and post-transplant PCS on change in BAI and CES-D
scores. Pre-transplant severity scores were included in the
models to account for and quantify their expected effects on
observed change post-transplant. All analyses were con-
ducted using SPSS, version 15.0 (SPSS, Chicago, IL, USA).
Summary data are presented throughout as percentages or
means ± standard deviations.

Results

At the time of our investigation, 107 patients (predomi-
nantly non-veterans) returned at least one pre- and one post-
transplant survey packets over the 43-month data collection
period (September 2002 through February 2006). This
represented 67% of our non-veteran transplant recipient
population over this time period. There were 79 males
(74%) and 28 females (26%), and an overwhelming
majority were Caucasian (94%). The mean age at trans-
plantation was 54±8 years, and the mean time post-
transplant was 9±8 months, with a range from 1–39 months.
Indications for liver transplantation included 59% for non-
cholestatic cirrhosis (Hepatitis B, C, or alcoholic cirrhosis),
26% for metabolic liver disease, cryptogenic cirrhosis, non-
alcoholic steatohepatitis, or autoimmune hepatitis, 13% for
cholestatic cirrhosis (primary biliary cirrhosis or primary
sclerosing cholangitis), and 2% for other indications
(hepatocellular carcinoma and hepatic epitheliod heman-
goendothelioma). The mean model of end-stage liver
disease (MELD) score at transplant was 23.2±5.3 with a
range from 12–40 (Table 1). In this study population, 22%
of patients required antidepressant or anxiolytic therapy
preoperatively and/or postoperatively. However, this did not
represent the exact same set of patients, as some patients
started and some discontinued therapy after transplantation.
About 72% of patients were never on any therapy, 15% of
patients were on therapy before and after liver transplanta-
tion, 6.5% of patients discontinued therapy after transplan-
tation, and 6.5% started new therapy after transplantation.

Pre-transplant HRQOL

On average, patients scored greater than two standard
deviations below the general population on the SF-36 PCS
before liver transplantation but were within a standard
deviation of the general population on the MCS. In
addition, pre-transplant scores averaged greater than a
standard deviation below the general population on all of
the individual SF-36 scales except for mental health. The
greatest impairments were seen in the physical function and
general health scales, which averaged greater than two
standard deviations below the general population (Table 2).
Before transplant, 50 and 62% of these patients had
moderate to severe symptoms of anxiety and depression,
respectively. The distribution of patients across severity
categories for anxiety and depression is displayed in
Table 3.

Post-transplant HRQOL

There was significant improvement in all measures of
physical and mental HRQOL after liver transplantation (all
p<0.001; Table 2). Although the PCS improved signifi-
cantly, the average post-transplant score remained more
than a standard deviation below that of the general

Table 1 Demographic and Pre-transplant Clinical Measures

Values

Age (years) 53.5±7.8
Gender (male) 74%
Race (Caucasian) 94%
Diagnosis–noncholestatic 59%
Metabolic/crypto/auto/NASH 26%
Cholestatic 13%
Other 2%
IDDM 12%
NIDDM 14%
MELD 23.2±5.3
AST (U/l) 88±83
ALT (U/l) 54±61
Alkaline phosphate (U/l) 166±120
Total bilirubin (mg/dl) 6.2±8.4
Creatinine (mg/dl) 1.3±0.7
INR 1.7±0.6
BMI 27.8±4.5
Albumin (g/dl) 3.1±0.65

Values expressed as mean ± standard deviation and percentages where
appropriate.
Crypto Cryptogenic cirrhosis, auto autoimmune cirrhosis, NASH non-
alcoholic steatohepatitis, IDDM insulin-dependent diabetes mellitus,
NIDDM non-insulin-dependent diabetes mellitus, MELD Model of
End Stage Liver Disease, INR international normalized ratio, and BMI
body mass index (kg/m2 )
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population. The MCS improved to more closely approxi-
mate that of the general population. All of the SF-36
individual subscales improved enough to approximate
scores for the general US population. Furthermore, there
were significant improvements in CES-D and BAI scores.
After transplantation, there was a statistically significant
improvement in the percentage of patients with moderate to
severe symptoms of depression and anxiety. Only 20 and
22% of patients had moderate to severe symptoms of
anxiety and depression after liver transplantation, which
was a statistically significant improvement in symptom
prevalence compared to pre-transplant rates (Table 3).

Individual Change Scores

Individual (within-subject) change scores were positive and
statistically significant (all p<0.001) for all SF-36 scales
and summary components after liver transplantation. This
positive change indicated improvement in HRQOL on all
SF-36 measures (Table 2). Likewise, there was statistically
improvement in symptoms of anxiety and depression from
pre- to post-transplant. However, due to the way in which
the BAI and CES-D are scored (with higher scores
indicating greater symptom severity), improvement in these
symptoms was represented by negative change score. Thus,
the severity of symptoms of anxiety and depression were
reduced after liver transplantation (Table 3).

Modeling Predictors of Change Scores

The first multiple linear regression model tested the effects
of baseline anxiety severity score, time post-transplant,
gender, and post-transplant PCS on change in BAI scores
from pre- to post-transplant. Tests of overall model fit and

effects due to individual covariates are displayed in Table 4.
Statistically significant negative regression coefficients (B
and β) reflect a predictor’s association with symptom
improvement (increasingly negative change scores). Those
patients with the most severe pre-transplant symptoms of
anxiety showed the greatest improvement after transplanta-
tion. Although time post-transplant did not have a signif-
icant effect on the reduction in symptoms of anxiety, the
majority of patients reported symptom improvement. Thus,
symptom improvement occurred early after liver transplan-
tation and was sustained over time. Finally, those patients
with higher post-transplant PCS scores (indicating better
physical HRQOL) had the greatest improvement in symp-
toms of anxiety. Gender had no effect on the reduction in
symptoms of anxiety. This model was statistically signifi-
cant (model p<0.001, R2=0.71) with 71% of the variance
in change in symptoms of anxiety being attributed to the
relevant predictors (pre-transplant symptom severity, time
post-transplant, gender, and post-transplant PCS).

The second model tested the effects of baseline
depression severity score, time post-transplant, gender,

Table 2 Pre- and Post-transplant HRQOL Scores

Instruments General Population Pre-transplant Score Post-transplant Score Change Score Number of patients p value

SF-36 scales
1. Physical Function 84±23 35±23 50±27 15 107 <0.001
2. Role Physical 81±34 16±31 34±39 18 104 <0.001
3. Bodily Pain 85±24 43±24 54±27 11 101 <0.001
4. General Health 72±20 22±17 55±20 33 102 <0.001
5. Vitality 61±21 20±18 43±26 23 103 <0.001
6. Social Functioning 83±23 43±25 63±30 20 107 <0.001
7. Role Emotional 81±33 42±44 66±42 24 101 <0.001
8. Mental Health 75±18 59±22 71±22 12 103 <0.001
SF-36 PCS 50±10 27±8 35±11 8 94 <0.001
SF-36 MCS 50±10 40±11 49±12 9 94 <0.001
BAI 0–7 17±10 10±7 −7 83 <0.001
CES-D 0–9 19±10 10±10 −9 75 <0.001

Values are expressed as means ± standard deviation.

Table 3 Prevalence and Symptom Severity of Anxiety and Depression

Pre-transplant
%

Post-transplant
%

p value

Depression 0.033
Severe (>24) 25 14
Moderate (17–24) 35 10
Mild (10–16) 24 22
Minimal (0–9) 16 54
Anxiety 0.027
Severe (>25) 21 5
Moderate (16–25) 31 16
Mild (8–15) 33 41
Minimal (0–7) 15 38
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and post-transplant PCS scores on the change in CES-D
scores (Table 5). Like the previous model, those patients
with the most severe pre-transplant symptoms improved the
most after transplant. While improvement in pre-transplant
symptoms of depression was evident throughout the entire
post-transplant follow-up period, the statistically significant
positive effect of time on change in CES-D scores indicates
that the magnitude of symptom improvement was less as
time post-transplant increased. This finding suggests that
there may be a recurrence of symptoms of depression as
patients become further removed from their transplant.
Better post-transplant physical quality of life was associated
with a greater improvement in symptoms of depression.
Gender had no effect on the reduction in symptoms of
depression. This model (model p<0.001, R2=0.53),
explains 53% of the variance in change in CES-D scores.

Discussion

The lifetime prevalence of generalized anxiety disorder and
major depressive episodes within the US population has
been estimated at 6 and 5.1%, with lifetime prevalence
generally higher in women than men.13,14 However, the
prevalence of anxiety and depression in patients undergoing
assessment for liver transplant has been estimated to be
between 25–30%.7,15 The prevalence of severe symptoms
of anxiety and depression in our cohort is 21 and 25%,
which is consistent with previously published estimates for
transplant candidates. This increased prevalence in affective
symptoms may be in response to their poor overall medical

condition or related to the distress of awaiting a liver
transplant. Although there is a high prevalence of affective
symptoms, it is encouraging that the severity and total
percentage of patients experiencing symptoms decreases
after liver transplantation. In our cohort, the percentage of
patients with severe symptoms of anxiety and depression
post-transplant is 5 and 14%, respectively. It is important
for clinicians to recognize that a significant percentage of
patients undergoing assessment for liver transplant experi-
ence these symptoms and that they may go unrecognized.
Few studies have examined changes in anxiety and
depression after transplantation and the impact that other
aspects of post-transplant HRQOL may have on improve-
ment of these symptoms. Our present study prospectively
examines the association between physical health-related
quality of life, time, and gender differences and the
change in symptoms of anxiety and depression after liver
transplantation.

There are several important associations that can be
gleaned from our prospective analysis of this cohort.
Despite the high prevalence of symptoms of anxiety and
depression, there is significant improvement in these
symptoms after transplantation. A prospective study by
O’Carroll et al.7 had similar findings to ours. In their pre-
transplant population of 164 patients, 31% had clinically
significant anxiety, while 26% had clinical evidence of
depression defined by the Hospital Anxiety and Depression
Scale (HADS). After transplantation, only 10 and 2% of
their cohort reported clinically significant symptoms of
anxiety and depression, respectively. 7 In our analysis, the
improvement in affective symptoms is greatest among those

Table 4 Factors Influencing Change in BAI Scores (Model 1)

Covariates B Standard Error β t p value

Baseline BAI score −0.90 0.07 −0.85 −13.20 <0.001
Time post txp (months) −0.03 0.19 -0.02 −0.25 0.81
Gender (male) 1.50 1.60 0.06 0.97 0.34
Post-transplant PCS score −0.23 0.07 −0.24 −3.52 0.001
Intercept 15.73 3.03 5.20 <0.001

Mean change=−9±12 points. Model R2 =0.71, Model p=<0.001
B Unstandardized regression coefficient; β standardized regression coefficient; t=t statistic

Table 5 Factors Influencing Change in CES-D Scores (Model 2)

Covariates B Standard Error β t p value

Baseline CES-D score −0.73 0.10 -0.63 −7.14 <0.001
Time post txp (months) 0.38 0.15 0.22 2.46 0.02
Gender (male) 2.43 2.27 0.09 1.07 0.29
Post-transplant PCS score −0.36 0.10 −0.31 −3.50 0.001
Intercept 29.22 4.98 5.86 <0.001

Mean change=-7±11 points. Model R2 =0.53, Model p=<0.001
B Unstandardized regression coefficient; β standardized regression coefficient; t=t statistic
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patients with the most severe preoperative symptoms. We
can be encouraged not only by findings of general
improvement in patients’ symptoms, but those patients that
are significantly affected have the most improvement after
transplantation. This is also encouraging in that the
corticosteroid anti-rejection therapy appeared not adversely
influence reported symptoms of anxiety and depression.

Many of the prior studies characterizing HRQOL before
and after liver transplantation have utilized the SF-36.
Before liver transplantation, patients’ physical health, as
measured by the SF-36, is severely affected. In our cohort,
the patients’ PCS scores are greater than two standard
deviations below the physical health of the general
population. However, measurement of their mental
HRQOL, using the SF-36 MCS, characterizes this popula-
tion as being similar to that of the general population. Prior
studies utilizing this instrument have had similar findings.
Whiting et al.3 also showed across the board improvements
in SF-36 scores in 84 liver transplant recipients, with the
exception of bodily pain. Like our findings, they showed
lower scores on the physical scales as compared to the
general population but relatively preserved mental health.
Bravata et al.2 published a meta-analysis of seven liver
transplant studies utilizing SF-36 scores, which included
486 patients. This report also described better overall
performance on the mental subscales with little change
related to transplantation and significant improvement on
several physical subscales after transplantation. Once again,
the SF-36 mental subscales and the MCS portrayed the
mental health of the liver transplant population similar to
that of the general population.

Despite having mental health scores on the SF-36 similar
to the general population, a significant proportion of our
liver transplant candidates had notable symptoms of anxiety
and depression as measured by the BAI and CES-D,
respectively. There have been a cross-sectional and a
prospective study utilizing a more sensitive instrument,
the HADS, which also found a significant prevalence of
pre-and post-transplant anxiety and depression.7,15 These
findings may suggest that the ability of the SF-36 to
characterize affective disturbances is not as sensitive as the
individual instruments that we and others have utilized in
the liver transplant population.

The temporal course of change in symptoms of anxiety
and depression in relation to pre-transplant levels differs.
The improvement in symptoms of anxiety is early and
sustained with time post-transplant. Improvement in symp-
toms of depression is also evident in the early post-transplant
period. However, the magnitude of the improvement in
relation to pre-transplant severity becomes less as time post-
transplant increases suggesting that there may be signs of
recurrence with time. Future research will investigate this
finding in greater detail.

As there is an increased focus on HRQOL after
transplantation, it is important to identify relationships
between mental and physical HRQOL. A prospective
study performed by O’Carroll et al.7 and a cross-sectional
study by Nickel et al.15 show significant associations
between mental HRQOL and physical HRQOL. O’Carroll
et al. characterized the psychological status of liver
transplant patients before transplant and defined pre-
transplantation variables that were predictive of HRQOL
outcome at 1 year. In their pre-transplant population of
164 patients, 31% had clinically significant anxiety, while
26% had clinical evidence of depression defined by the
HADS. As previously mentioned, they showed marked
improvement in their patients after transplant. In their
multiple regression analysis, the best predictor of both
psychological and physical HRQOL was pre-transplant
HADS anxiety level.7 In the study by Nickel et al.15, they
investigated the extent to which depression, anxiety, and
coping affect post-transplant HRQOL in 186 patients.
Twenty-three percent of their cohort had pathologically
increased HADS scores. Their multiple regression analysis
showed that increased symptoms of post-transplant de-
pression had a negative influence on physical and mental
HRQOL. Likewise, we demonstrate that physical HRQOL
after transplant had a significant effect on improvement in
symptoms of anxiety and depression. It is important to
recognize that, due to these relationships between mental
and physical HRQOL, improvement or deterioration in
one realm may substantively affect the other.

Strengths of this study include its prospective design,
which allowed us to follow a particular population and
characterize significant changes in quality of life and
affective status, and the diversity of physical and mental
HRQOL measures used. The broad assessment of
HRQOL with well-validated instruments in a relatively
large cohort makes it more likely that findings will
generalize to other liver transplant populations. In
addition, the multivariate modeling of the change scores
provides us with meaningful predictors of changes in
affective status after transplantation. However, due to our
design requiring that both pre- and post-transplant data be
available for several HRQOL measures, a limitation of
this study is that the cohort that met our inclusion criteria
represents only two thirds of our total non-veteran
population that was transplanted over this time period.
With any study relying on self-report of quality of life,
there may be responder bias depending on which
population chooses to participate in the quality of life
evaluations. Although the possibility of this bias cannot
be completely eliminated, our cohort had a broad range of
scores on all HRQOL instruments before and after
transplantation, and scores were consistent with HRQOL
studies reported in previous literature.1,2,7,15
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Conclusion

This present study demonstrates that symptoms of anxiety
and depression are present in a substantial number of liver
transplant candidates and that these symptoms improve
after transplantation. Those patients with the most severe
symptoms of anxiety and depression improved the most
after transplantation. Those patients with better post-
transplant physical HRQOL as defined by their SF-36
PCS scores also had the greatest improvement in symptoms
of anxiety and depression after transplant. These findings
should make providers aware of the prevalence of anxiety
and depression in liver transplant candidates and recipients
and of the association between physical HRQOL and
affective symptoms. Providers should consider that those
patients who are at increased risk for poor post-transplant
physical HRQOL for any reason (e.g., prolonged hospital
course, rejection episodes, etc.) may have an increased risk
of significant symptoms of post-transplant anxiety and
depression.
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Extrahepatic Portal Vein Aneurysm—Report of Six Patients
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Abstract Extrahepatic portal vein aneurysm is a rare condition. We report six patients with extrahepatic portal vein
aneurysm, four of whom were surgically treated. In addition, a review of the literature was performed to examine natural
history, management, and outcomes regarding portal vein aneurysm. Patients seen at our institution with extrahepatic portal
vein aneurysm greater than 1.9 cm in diameter were reviewed (1998 to 2006). There were five females and one male;
median age was 66.5 (30–77). Computed tomography (CT) scan was utilized for diagnosis in all cases. The median
diameter of the aneurysm was 4.7 cm (2.7–6.0). Indications for surgery included gallstone pancreatitis, mass effect on the
adjacent duodenum, a peripancreatic mass, and liver cirrhosis. Three patients underwent aneurysm resection, and one
patient had an orthotropic liver transplant. Two patients were managed with observation. The median follow-up from first
presentation and surgery was 50 months (9–181) and 5 months (2–73), respectively. At last follow-up, five patients were
alive with radiologically proven portal vein patency. One patient died 2 months after liver transplantation. There was no
case of aneurysmal rupture. One patient had intramural thrombus at presentation that resolved with conservative treatment.
This report suggests that symptomatic aneurysms can be safely resected with excellent patency.

Keywords Portal vein . Aneurysm . Surgery Introduction

Extrahepatic portal vein aneurysm is a rare vascular
anomaly of the portal venous system. Aneurysmal malfor-
mation is defined as a portal vein whose diameter exceeds
1.9 cm.1 The etiology of such aneurysms is unclear, and it
is hypothesized to be either a congenital malformation or a
result of conditions such as portal hypertension, pancre-
atitis, or trauma.2,3 Since first reported by Barzilai and
Kleckner4 in 1956, only 61 cases have been published in
the English literature. These reports recognize rupture,
thrombosis, and compression of adjacent organs as possible
complications. However, because of the rarity of portal vein
aneurysm, most are in the form of case reports, and there is
a lack of published case series that specifically address
indications for surgery and optimal surgical techniques to
treat portal vein aneurysms. Recently, advances in imaging
studies and their widespread use have led to an increasing
number of extrahepatic portal vein aneurysms being
discovered, and there is therefore a need to clarify man-
agement strategy. In this study, we present six patients with
extrahepatic portal vein aneurysm, four of whom underwent
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a surgical procedure. Review of the literature was per-
formed examining the clinical course of patients who were
managed with either surgical treatments or observation.

Materials and Methods

Approval for this report was obtained from the Institutional
Review Board at the University of Pittsburgh Medical Center.
From January 1998 to December 2006, six patients with
extrahepatic portal vein diameter greater than 1.9 cm on CT
scan were identified, and they form the basis of this retro-
spective study. Information regarding patient demographics,
clinical presentation, associated medical conditions, treatment
and follow-up data were extracted from hospital records.

Operative Techniques

The operative procedure chosen depended on the location
and the shape of the portal vein aneurysm as well as
comorbidities of the patients. A total of four patients
underwent surgical procedures and two patients were
observed. In one patient, a saccular venous aneurysm
located at the main portal vein trunk was mobilized from
the surrounding common bile duct and the pancreas, and a
vascular stapler was used to perform aneurysmorrhaphy. In
another patient, after entering the lesser sac through the
gastrocolic omentum, a saccular portal vein aneurysm
located at the confluence of the superior mesenteric vein
and the splenic vein was dissected free from the surround-
ing structures. After obtaining proximal and distal vascular
control, the saccular portion of the aneurysm was resected,
and the remaining vessel wall was closed primarily.

In one patient with fusiform portal vein aneurysm,
cholecystectomy and division of the common bile duct
were first performed to gain access to the portal vein
(Fig. 1). The aneurysm was then completely excised and
replaced with an iliac venous interposition allograft. Both
proximal and distal ends of the allograft were approximated
to the remaining native portal vein in an end-to-end fashion,
and the biliary tract was subsequently reconstructed using
Roux-en-Y hepaticojejunostomy.

In these three cases, there were minimal adhesions and
inflammation around the portal vein aneurysm, and it was
dissected out without difficulty. One additional patient
underwent orthotropic liver transplantation for end-stage
liver disease, which addressed the left portal vein aneurysm
at the same setting.

Review of the Literature

Medline search of English language articles was performed
to search for cases with extrahepatic portal vein aneurysm.

These inclusion criteria included extrahepatic location of
the portal vein aneurysm and the maximum diameter of the
aneurysm greater than 1.9 cm.

Results

Patient Characteristics and Presentation

Median age at presentation was 66.5 (range 30 to 77).
There were five females and one male (Table 1). Five
patients had symptoms of epigastric pain, nausea, and/or
vomiting. Three patients had a normal preoperative upper
endoscopy. A fourth patient had a stable portal vein
aneurysm for 15 years and then developed gallstone
pancreatitis. The fifth patient with non-alcoholic steatohep-
atitis (NASH) and evidence of portal hypertension was
diagnosed with a left portal vein aneurysm during work-up
for liver transplantation.

One patient had an incidental finding of portal vein
aneurysm during a hospital stay for coronary artery bypass
surgery and had a history of a right popliteal artery
aneurysm resection. No other patients had previous vascu-
lar surgeries or additional aneurysms.

Aneurysmal Characteristics

The aneurysm was located at the confluence of the superior
mesenteric vein and the splenic vein in three cases, at the
main portal vein in two cases, and at the extrahepatic left
portal vein in one case. The median diameter was 4.7 cm
(range 2.7 to 6.0 cm). One patient had a partially
thrombosed saccular portal vein aneurysm on CT scan,
which was confirmed on a portal venogram (Fig. 2). In the
remaining five patients, there was no intraaneurysmal
thrombosis. A portal vein aneurysm caused a mass effect
on the adjacent duodenum in one case (Fig. 3).

Figure 1 A portal vein aneurysm dissected from surrounding structures.
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Pathological Characteristics of Resected Portal Vein
Aneurysms

Four specimens of resected portal vein aneurysms were
examined grossly and microscopically with H&E (hematox-
ylin and eosin) staining. These revealed no pathological
changes such as inflammation or necrosis to suggest possible
etiology of the aneurysmal formation (Fig. 4). Specifically,
one specimen (patient 1) was stained with Trichome, VVG
(Verhoeff-Van Gieson) elastic stain, desmin, and CD31, and
there was no disturbance of elastic tissue.

Morbidity and Mortality

Three patients who had aneurysmal resection did not
require any blood transfusions, and postoperative course

was uneventful. The length of stay for these patients was 3,
7, and 11 days. The patient who underwent orthotropic liver
transplantation developed multiorgan failure 2 months after
the surgery and subsequently died.

Follow-up

The median follow-up from the time of first presentation
was 50 months (range 9–181 months) and from surgery was
5 months (range 2–73) (Table 2). Three patients who
underwent aneurysmal resection were alive without symp-
toms attributable to the extrahepatic portal vein aneurysm.
Portal vein patency was demonstrated on follow-up
surveillance CT scan or ultrasonography (Fig. 5a and
Fig. 5b). The patient who had the iliac interposition
allograft had initially widely patent portal vein on the first
follow-up ultrasound scan. A 6-month follow-up CT scan,
however, revealed moderate stenosis at the anastomotic
sites, which has not required surgical intervention to date.

There was no case of aneurysm rupture. The patient with
advanced cirrhosis had portal vein aneurysm for 42 months

Figure 2 A portal venogram shows a saccular main portal vein
aneurysm. The aneurysmal sac (arrows) is thrombosed with preserved
flow in the portal vein.

Figure 3 A CT scan shows a mass effect of the portal vein aneurysm
(PVA) on the adjacent duodenum (D).

Table 1 Patient Demographics and Characteristics of the Portal Vein Aneurysm

Patient Gender Age at
presentation

Presentation Location of
aneurysm

Diameter of
aneurysm

Shape of
aneurysm

Portal
hypertension

1 F 71 Abdominal pain,
n&v

MPV 5.0 Saccular No

2 F 30 Abdom pain, n&v SV-SMV C 4.4 Saccular No
3 F 50 Gallstone

pancreatitis
SV-SMV C 6.0 Fusiform No

4 F 62 Liver cirrhosis Left portal vein 2.7 Fusiform Yes
5 M 76 Incidental finding MPV 5.5 Saccular No
6 F 77 Abdom pain, n&v SV-SMV C 3.5 Fusiform No

MPV = main portal vein; SV-SMV C = splenic vein and superior mesenteric vein confluence
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without complications related to the aneurysm before she
underwent liver transplantation.

The two patients who were expectantly observed have
done well without any complications from the extrahepatic
portal vein aneurysm. The intramural thrombus found at
presentation in one patient resolved on a subsequent CT
scan, and size of the aneurysm decreased from 5.5×5.0 cm
to 4.6×4.5 cm (Fig. 6a,b). The patient was managed with
daily 81 mg aspirin but no other anticoagulation.

Discussion

During the fourth and fifth weeks of embryonic develop-
ment, three anastomoses form between right and left

vitelline veins around the future duodenum.5 A complex
process of involution and interconnection of these vitelline
veins results in the portal vein. Abnormal development of
the portal venous system during this critical period may
give rise to an extrahepatic portal vein aneurysm. Reports
of portal vein diverticulum diagnosed in utero support this
theory.6 Other factors such as portal hypertension, pancre-
atitis, and trauma have been implicated as possible acquired
causes, but causation remains speculative. Examination of
four resected portal vein aneurysms in our series did not
reveal any pathological abnormality, and etiology of the
aneurysmal formation in our series is unknown.

The incidence of extrahepatic portal vein aneurysm is
unclear, and review of the English literature from 1956 to
2006 produced a total of 61 cases. The demographic
characteristics include female-to-male ratio of 2:1 and the
median age at 52, with the range of 5–77. The size of the
aneurysm ranged from 1.9 to 8.0 cm. The most common
location of the aneurysm was at main portal vein trunk in
52.4% of cases, followed by 44.3% at the confluence of the
superior mesenteric vein and the splenic vein, and 3.3% at
the extrahepatic right or left portal vein.

As in our case series, the most frequently reported
clinical presentation is nonspecific abdominal pain (54.1%),
followed by incidental finding (24.6%), gastrointestinal
bleeding (9.8%) and other miscellaneous symptoms such as
fever, abdominal swelling, or jaundice (11.5%). One third
of patients presented with complications. There were two
patients who presented with spontaneous aneurysmal
rupture, and one died as a result.4,7 However, rupture is
rarely reported, with last case published in 1967. Throm-

Table 2 Portal Vein Aneurysm Treatment, Outcome and Follow-up

Patient Complications
of portal vein
aneurysm

Indication for surgery Treatment Length of
stay after
surgery

Morbidity
of surgery

Follow-up
from first
presentation

Follow-up
from surgery

Status

1 None Abdo pain and
abdominal mass

aneurysmorrhaphy,
cholecystectomy

7 d none 75 73 Alive

2 Mass effect on
the duodenum

Mass effect on the
duodenum

aneurysmorrhaphy 3 d none 9 4 Alive

3 none Choledocholithiasis
and gallstone
pancreatitis

CBD transsection,
cholecystectomy,
Aneurysmectomy,
iliac venous
interposition
allograft, Roux-en-Y
hepaticojejunostomy

11 d none 181 6 alive

4 none End-stage liver
disease

liver transplantation 2 mo sepsis 44 2 dead

5 Intramural
non-occlusive
thrombosis

N/A Observation N/A N/A 56 N/A Alive

6 none N/A Observation N/A N/A 12 N/A Alive

Figure 4 A hematoxylin and eosin stain 40× of the portal vein aneurysm
wall. The vessel wall is intact without evidence of inflammation or necrosis.
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bosis of the portal vein aneurysm was the most commonly
noted complication, and it makes up 24.6% of cases
reported. Compression of the adjacent organs by the portal
vein aneurysm was found in 9.8% of cases reported, and it
also occurred in one of our patients whose portal vein
aneurysm caused a mass effect on the duodenum. In the
literature, the common bile duct was the most frequent
structure that was compressed or displaced by the aneurysm
(n=5), followed by the duodenum and the inferior vena
cava.7–12

In our search of the literature, 26.2% of reported cases
underwent operation (Table 3), and several patients had
more than one procedure performed.3,4,7–9,13–22 For in-
stance, there were eight cases of aneurysmorrhaphy, one
case of aneurysmectomy, six cases of surgical shunt
procedures, and seven cases of splenectomy. Of the nine
patients who underwent aneurysmorrhaphy or aneurysmec-

tomy, all were single-case reports with the exception of Jin
et al.21 who reported two cases. In our series, three different
surgical procedures were utilized for portal vein aneurysm;
two cases of aneurysmorrhaphy, one case of aneurysmec-
tomy, and one case of liver transplantation.

The operation chosen depended on the shape and the
location of the aneurysm, presence of complications, and
associated comorbidities such as liver cirrhosis and portal
hypertension. In our experience, two patients with saccular
portal vein aneurysm were relatively easily excised, and
aneurysmorrhaphy was performed to restore normal lumi-
nal diameter of the portal vein. Similarly, there have been
eight reported cases of successful aneurysmorrhaphy in the
literature and reported morbidity is low.9,14,15,18–21 For
fusiform portal vein aneurysms, if an aneurysmectomy is
performed, a conduit to replace the resected portal vein

Figure 6 A CT scan of the thrombosed saccular portal vein aneurysm
(a) and a 5-month follow-up CT scan (b). The thrombosis has
disappeared and the aneurysmal size has decreased.

Figure 5 A CT scan before and after aneurysmorrhaphy (a and b,
respectively). The normal diameter of the portal vein is restored.
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segment is required and an allograft from a cadaveric
donor, as in our case, or a synthetic graft can be utilized.

The presence of liver disease also influences the surgical
procedure chosen for portal vein aneurysm. Among 11
patients identified in the literature who had liver disease
and portal vein aneurysm, surgical shunt procedures and
splenectomy were most commonly utilized operative
procedures for the portal vein aneurysm.3,4,7,8,16,22–24 These
shunts were primarily to decompress portal hypertension,
and they did not specifically treat the portal vein aneurysm.
Among five patients with liver cirrhosis who underwent
surgery, two patients died of gastrointestinal bleeding with
postoperative follow-up between 1 and 11 months. This
reflects a well-recognized complication of portal hyperten-
sion and the high risk of surgery in this patient group.25

There are also reports of six patients with liver cirrhosis and
portal vein aneurysm who were conservatively followed
with no complication from portal vein aneurysm reported
during follow-ups between 0 and 24 months. In view of the
low reported rate of rupture and the risk of surgery in the
presence of portal hypertension and liver cirrhosis, there is
no strong evidence that prophylactic resection of the portal
vein aneurysm in the setting of cirrhosis is beneficial.

Symptomatic portal vein aneurysms or the presence of
associated complications such as rupture, complete throm-
bosis of portal vein aneurysm, or compression of adjacent
structures are generally considered to be indications for
surgical intervention. Previous reports of five patients who
underwent surgery for thrombosis of portal vein aneurysm,
and four patients had an excellent outcome postoperative-
ly.4,13–15,19 The most commonly performed procedures in this
group were surgical thrombectomy and aneurysmorrhaphy.
There is no report of long-term anticoagulation use for
thrombosed portal vein aneurysms. In one patient previously
reported, postoperative anticoagulation with warfarin resulted
in a hemorrhagic complication requiring reoperation.15 There
is one report of use of aspirin therapy after thrombectomy
and aneurysmorrhaphy, which maintained portal vein paten-
cy for 3 years postoperatively, and aspirin might reduce risk
of recurrent thrombosis.19

There are also reports of successful conservative man-
agement of thrombosed portal vein aneurysm, as in one of
our patients.23,26–28 Aneurysmal thrombosis in the presence
of collateral vessels and the absence of mesenteric
thrombus extension can be managed with observation.27

These patients, however, need to be closely monitored for
signs of mesenteric vein thrombosis and portal hypertension,
as natural history of aneurysmal thrombosis is not clear.

In the literature, two patients underwent surgery for a
mass effect of the portal vein aneurysm on adjacent
structures; one cholecystojejunostomy was performed for
compression of the common bile duct and in the other case,
aneurysmorrhaphy was used to relieve compression of the

duodenum and the inferior vena cava.8, 9 Both patients were
well at 10 and 18 months of follow-up. There are also two
cases of the common bile duct being displaced by the portal
vein aneurysm, which was managed with observation.11,12

In these two cases, however, there was no evidence of biliary
obstruction on laboratory tests or on endoscopic retrograde
cholangiopancreatography (ERCP).

In the 45 reported patients who were observed, the rate
of subsequent complications or need for operative inter-
vention during follow-up was low.7,10–12,23,24,26–49 For
instance, two patients died during follow-up, one with liver
cirrhosis as a result of variceal bleeding and the other of
gastric cancer.7,42 However, many reports lack substantial
follow up. In view of unclear natural history of portal vein
aneurysm, it is important to maintain close follow-up if
observation is chosen. CT scans or ultrasonography can be
used to monitor change in aneurysmal size and/or luminal
flow.

Conclusion

In this paper we report the largest series to date of patients
with extrahepatic portal vein aneurysm addressed surgical-
ly. This provides further evidence that aneurysmorrhaphy
can be performed safely in otherwise healthy patients. Use
of iliac interposition graft after aneurysmectomy was
associated with a clinically insignificant anastomotic
stenosis on a follow-up CT scan in one of our cases. Our
series, as well as previously published case reports,
suggests that surgical intervention is typically used for
portal vein aneurysms that are associated with symptoms or
with complications. Our experience and published data
suggest that aneurysmorrhaphy can be accomplished with
relative technical ease and low morbidity. On the other
hand, close follow-up with CT scan and/or ultrasonography
may represent an alternative to surgery in otherwise healthy
asymptomatic patients.
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Abstract Operations on the liver and pancreas have fallen within the domain of the general surgeon and have been part of
general surgery training. The more complex procedures involving these organs are limited in number in most general
surgery residencies and do not afford an opportunity for vast experience. Moreover, fellowship programs in hepato-bilio-
pancreatic (HPB) surgery and the development of laparoscopic techniques may have further limited the familiarity of
general surgery residents with these operations. To determine the experience accrued by finishing general surgery residents,
we accessed, through the Residency Review Committee of the Accreditation Council for Graduate Medical Education, the
Resident Case Log System used by general surgery residents throughout their training to document operative cases. The
number of operations on the gallbladder, bile ducts, pancreas, and liver was examined over the past 16 years (there were
missing data for 3 years). Reference years 1995 and 2005 were compared to detect trends. Experience with laparoscopic
cholecystectomy has steadily increased and averaged more than 100 cases in 2006. Experience in liver resection, distal
pancreatectomy, and partial (Whipple) pancreatectomy has statistically improved from 1995 to 2005, but the numbers of
cases are low, generally less than five per finishing resident. Experience in open common bile duct and choledocho-enteric
anastomoses has statistically declined from 1995 to 2005, averaging less than four cases per finishing resident. The mode
(most frequently performed number) for liver and pancreas resections was either 0 or 1. It is doubtful this experience in
HPB surgery engenders confidence in many finishing residents. Attention should be focused on augmenting training in HPB
surgery for general surgery residents perhaps through a combination of programmatic initiatives, ex vivo experiences, and
minifellowships. Institutional initiatives might consist of defined HPB services with appropriate expertise, infrastructure,
process, and outcome measures in which a resident-oriented, competency-based curriculum could be developed.

Keywords Hepatobiliary surgery . Pancreatic surgery .

Graduate medical . Education

Introduction

We need a system, and we shall surely have it, which
will produce not only surgeons, but surgeons of the
highest type, men who will stimulate the first youths

of our country to study surgery and to devote their
energies and their lives to raising the standard of
surgical science—William Stewart Halsted, MD

William Halsted, in his treatise, The Training of the
Surgeon, published in the Bulletin of the Johns Hopkins
Hospital in 1904, advocated long hours and long years of
apprenticeship for surgeons in training to encounter “any
emergency that may arise and to perform any operation
known to surgery...” Regarding the arduous nature of the
residency period, Dr. Halsted commented “These positions
are not for those who so soon weary of the study of their
profession.” Today, we have not the luxury of leisurely
training surgeons until they are judged ready to practice
their craft. Constraints of time, both in years and hours,
even as the complexity of surgery has increased, have
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forced us to concentrate our efforts and provide fundamen-
tal skills to equip young surgeons for the multitude of
patients and diseases they may see. If not the actual
experience, we must teach the framework in which this
can happen. However, in all our developing regulations, we
must still strive to produce the system and achieve the
standard Dr. Halsted advocated.

In essence, the goal today of a general surgical residency
is to produce competent and compassionate surgeons.
Competency is no longer judged at the whim of attending
surgeons. The Accreditation Council for Graduate Medical
Education (ACGME) has defined competency in terms of
six categories to be addressed during the course of 5 years
of training. Today’s evolving educational paradigm
includes proficiency in medical knowledge, patient care
skills, self-reflection and assessment, interpersonal skills
and communication, professionalism, and an ability to
practice in the wide scope of health care systems. Still
fundamental in these competencies for the general surgeon,
just as in Dr. Halsted’s day, is an ability to select the proper
patient, operate skillfully, and render expert postoperative
care. It is widely understood among surgeons that good
outcomes, a recognized measure of quality, require these
components.

For this reason, operative experience remains central to
surgical training. There is no substitute for hands-on
exposure to surgical anatomy and surgical disease and no
substitute for conducting operations from start to finish,
albeit with careful, graded supervision. A finishing surgical
resident might, within days or weeks, be faced with
complex procedures without the reassuring presence of a
seasoned mentor. He or she must be prepared. For the most
part, even with work hours limitations, the so-called
“bread-and-butter” cases, such as laparoscopic cholecystec-
tomy, breast excisions, appendectomies, and thyroidecto-
mies, seem to be done in abundance. Proficiency should
accompany such experiences.

The same may not hold true for hepatic, pancreatic, and
complex biliary (HPB) surgery. How prepared are finishing
general surgery residents to treat diseases of the liver,
biliary system, and pancreas? We have sought to answer
this question through examination of the operative experi-
ences of general surgery residents in major hepatic,
complex biliary, and major pancreatic resections using data
submitted by residents to the ACGME Resident Case Log
System database.

Materials and Methods

The ACGME Resident Case Log System for operative log
reporting (operative log) is an Internet-based case log system
using Current Procedural Terminology and International

Classification of Diseases 9 codes to track operative
experience during the years of residency training. The
individual resident is responsible for entering procedures
that accurately reflect their participation. The operative logs
of finishing general surgery residents filed with the ACGME
from 1990 to 2006 were examined for experience in the
following procedures: distal pancreatectomy (DP), partial
pancreatico-duodenectomy (Whipple-type pancreatectomy;
PPD), total pancreatectomy (TP), laparoscopic cholecystec-
tomy, open cholecystectomy, open and laparoscopic com-
mon bile duct exploration (CBDE), choledocho-enteric
anastomoses, and major liver resections, including hemi-
hepatectomy and segmentectomy but not wedge excisions.
Values for each year in these categories were expressed as
mean+standard deviation (SD) or reflecting 95% confidence
intervals around the mean and mode. The mode was defined
as the most frequent number of cases performed. The total
number of cases performed as operating surgeon was chosen.
Those as surgeon assistant were excluded. There were 3 years,
1993, 1994, and 1999, for which data were not available
through the ACGME. The reference years 1995 and 2005
were chosen to represent a 10-year span for trending
purposes. The average number of cases in all HPB categories
in 1995 and 2005 were compared for statistically significant
variation in resident experience. All pairwise comparisons
were done using Student’s t test. p values were provided to
allow the reader to assess significance. Significance was
determined at p<0.05.

Results

In retrieving ACGME operative logs for HPB procedures,
there were 3 missing years, 1993, 1994 (partial), and 1999.
There has been a decline in the number of open
cholecystectomies performed since 1990 with an eventual
corresponding appearance and progressive increase in the
numbers of laparoscopic cholecystectomies (Fig. 1). When
comparing the number of laparoscopic cholecystectomies
from reference years 1995 and 2005 (10-year span), there
has been a statistically significant increase in the number of
procedures in which the surgical residents were listed as the
operating surgeon (52.7±28, 1995 vs 100.6±41, 2005, p<
0.001). There has been a progressive decline in the numbers
of open CBDE, achieving statistical significance from 1995
to 2005 (5.1±4, 1995 vs 1.7±2, 2005, p<0.001; Fig. 2).
Corresponding to this, there has been a modest but
statistically significant increase in the number of laparo-
scopic CBDEs performed during the 10-year span (0.6±2,
1995 vs 0.7±1.4, 2005, p=0.025). Lastly, for biliary
procedures, there was a statistically significant decline in
the number of choledocho-enteric anastomoses during the
10-year span (3.7±3, 1995 vs 2.6±2.6, 2005, p<0.001).
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The number of major liver resections (hemihepatectomies
and segmentectomies) performed by general surgery resi-
dents has risen over the 10-year span, achieving statistical
significance (1.9±3, 1995 vs 3.9±4, 2005, p<0.001; Fig. 3).
The maximum number of liver resections for any given
program for 2005 was recorded as 38. Likewise, the number
of pancreatectomies—PPDs and DPs—have increased over
the 10-year span (PPD=2.1±3, 1995 vs 4.2±4.1, 2005, p<
0.001; DP=1.4±2, 1995 vs 2.3±2.2, 2005, p<0.001; Fig. 4).
The maximum number of PPDs for any given program for
2005 was recorded as 31. There have been a minimal
number of TPs performed throughout the survey period and
no appreciable increase in numbers during the reference
period 1995–2005. Table 1 summarizes comparative HPB
cases for the sentinel years 1995 and 2005.

The mode (most frequent number of cases) for all HPB
procedures is listed in Table 2. There were 5 years in which
complete information on the mode were not available,
1993, 1994, 1999, 2005, and 2006. While adequate
numbers are recorded for both open and laparoscopic
cholecystectomies, the mode for other hepatic, biliary, and
pancreatic cases ranges from 0 to 3. In particular, the mode
for major liver resection is most commonly zero or one case
per finishing resident and for PPD and DP, most often one
case per finishing resident.

Discussion

General surgery resident experience, as recorded in the
ACGME operative case log system, has shown an
approximate doubling in average number of liver and
pancreas cases (liver resection, PD, DP) performed over
the 16 years surveyed, from roughly two to four. For the

reference years 1995 and 2005, the increase attained
statistical significance. This may represent an actual
enhancement of HPB experience or may simply reflect a
better reporting system of operative cases developed over
the years by the ACGME. However, many residents still
report a meager experience, as judged by the mode, one or
no cases, during their training. Even an average number of
four PDs and major liver resections are of questionable
value in preparing surgical residents for these procedures in
practice. Both PD and major liver resections are complex
procedures requiring not only familiarity with anatomy but
also familiarity with the nuances of exposure, mobilization,
and use of assistants during surgery. Our findings are
reminiscent of those reported by Ong et al.1 who concluded
that surgical chief residents “have a widely variable
experience in liver and pancreatic surgery.” As well, our
findings also are in agreement with the institutional
experience from the University of Louisville furnished by
Cheadle et al.2 who indicated that their finishing residents
had, on average, done less than five PDs and approximately
five major liver resections. With a standard deviation for
liver resections of approximately three and for PPDs from
three to four and assuming a normal distribution, we can
gather that about 68% of finishing residents (in 2005) have
done from zero to eight liver resections and from zero to
five PPDs. To look at it another way, about one half of
finishing residents have done less than four liver resections
and less than three PPDs.

We have also demonstrated a steady decline in the
number of open CBDEs and a scanty experience with
laparoscopic CBDE. In general, residents did less than half
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Figure 1 Experience with open and laparoscopic cholecystectomy
from 1990 to 2006. In the reference period 1995 and 2005, there has
been a statistically significant increase in the number of laparoscopic
cholecystectomies done by finishing residents.

Figure 2 Experience of finishing general surgery residents in open
and laparoscopic common bile duct explorations (CBDE) and in
choledocho-enteric anastomoses. There has been a statistically
significant decline in the number of open CBDE and the number of
choledocho-enteric anastomoses performed in the reference period
1995 and 2005. There has been a significant, albeit unimpressive,
increase in the number of laparoscopic CBDE during this same period.
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the number of open CBDE in 2005 compared to 1995.
Open CBDE has traditionally been an opportunity for
surgical residents to become acquainted with the anatomy
and operative exposure of the extrahepatic biliary tree and
hilum of the liver. Principles involved in exposure of the
common bile duct could be used for other, more emergent,
situations such as trauma to the liver. No doubt, much of
this decline has been due to the enhanced ability to remove
choledochal stones with less invasive procedures namely,
endoscopic retrograde cholangiopancreatography. Further-
more, the report by Livingston and Rege3 described an
increase in complications associated with open CBDE,
which they linked to a dwindling surgeon experience. The
introduction of laparoscopic CBDE has not seemed to
compensate. While the numbers of laparoscopic CBDE
have statistically increased from reference years 1995 to
2005, the average number of cases barely reaches one per
finishing resident. Furthermore, the number of choledocho-
enteric anastomoses has also statistically declined from
1995 to 2005 with residents, on average, doing only two or
three of these procedures during their training, again
reflecting diminishing opportunities to acquaint general
surgery residents with extrahepatic biliary anatomy.

What implications does this have for the future of HPB
surgical training—particularly for programs (perhaps half)
in which there are relatively few HPB cases available? Is
regionalization the answer so that HPB cases would be
concentrated at designated centers? While there is some
evidence to support attempts at regionalization,4 it is
doubtful that the relatively few high-volume centers could
accommodate all patients in need of HPB surgery, even if
they were willing to go. For example, Fong et al.,5 using
National Medicare databases, collected 3,734 patients who
had hepatectomies and 2,592 patients who underwent

pancreatectomies within a 2-year period. High volume
was rather arbitrarily assigned as more than 25 such cases
performed per institution per year. Using this definition,
there were 10 of 1,101 (9%) surveyed hospitals classified as
high volume. These hospitals cared for 291 of 2,592
patients (11%) who had a pancreatectomy. Similarly, for
hepatic resection, 12 of 1,284 hospitals (9%) were
classified as high-volume hospitals operating on 474 of
the 3,734 patients (13%) who underwent an hepatectomy
during the study period. Moreover, it is doubtful that there
would be equal access to high-volume centers for all ethnic
and socioeconomic strata. There has already been the
observation that more Medicaid and uninsured patients go
to low-volume hospitals.6

Let us assume, then, that regionalization in HPB surgery
cannot and will not occur. How are we to provide adequate
training with the number of cases currently being per-
formed in many, if not most, programs? Is mandatory
fellowship training in HPB the answer? Intensive training
in high-volume centers should provide the exposure and
experience necessary for competent HPB surgery. Current-
ly, the International Hepato-Pancreato-Biliary Association
recognizes 16 fellowships in HPB surgery in North
America, training approximately 18 fellows per year—
perhaps enough to staff the relatively few high-volume
centers but unlikely enough to satisfy the large number of
“low volume” programs. One thousand ten general surgery
residents finished their training in 2006. While almost 70%
will enter specialty fellowship training, almost one third
will not and will presumably begin a practice in general
surgery. Many of these practicing surgeons will want or
need to operate on liver, biliary, or pancreatic problems. In
fact, despite fellowship training, most surgeons who

Figure 3 Experience in major liver resections reported by finishing
residents in general surgery. There has been a statistically significant
increase in the number of cases performed in the reference period
1995 and 2005.

Figure 4 Experience in Whipple-type pancreatectomy, distal pancre-
atectomy, and total pancreatectomy reported by finishing general
surgery residents. There has been a statistically significant increase in
the number of Whipple-type and distal pancreatectomies performed
during the reference period 1995 and 2005.
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completed a general surgery residency maintain certification
by the American Board of Surgery and conduct a broad
general surgery practice.2 There is currently not the capacity
to formally train all of these individuals in HPB surgery, at
least not in the conventional sense. How, then, do we teach
these surgeons to safely perform major hepatic, biliary, and
pancreatic operations? Are we to eventually subscribe to
recommendations that general surgery training paradigm be
changed into “specialist in general surgery” tracks after a
period of core training7—so that all HPB cases are funneled
to the “generalists” and not surgical “specialists”—or do we
channel all of our surgical residents early on into superspe-
cialization—HPB surgery included—much like the Swedish
system?8

Within existing general surgery residencies, we would
submit that programmatic development in HPB surgery,
incorporating the pillars of structure, process, and out-
comes, is necessary. Such programs require expertise,
leadership, and infrastructure. Their primary focus should
be excellence in the multidisciplinary care of patients with
disorders of the liver and pancreas—much like the “center
of excellence” concept. Within such programs residents
could learn in a setting of comprehensive care. Components
of patient selection, case review, and treatment planning are
essential to instruct residents on the place of surgery in the
care of these complex problems. Rarely is surgery stand-
alone treatment but most often one element in a multifac-
eted approach. In fact, when such programs are established,
the volume of HPB cases can dramatically increase.9

However, what about operative skills? Even with a
programmatic concept, many residents, by ACGME oper-
ative logs, will continue to do only a handful of complex
HPB cases. How many HPB cases confer proficiency? We
cannot answer for sure but certainly more than one or two.
Recent evidence indicates that continued improvement in
outcome (blood loss, operative times, length of stay) occurs
for individual surgeons even as experience climbs into the
hundreds of cases.10 Can surgical residents absorb and
appreciate the complexities of hepatic or pancreatic surgery
after only one or two exposures? It is doubtful. How can we
augment that? Virtual training may be an option. For open
operations, this can be done with ex vivo experiences such
as cadaver dissection, preferably using fresh cadavers.
Periodic cadaver laboratories, simulating the operating

Table 1 Mean Number of HPB Procedures Completed in 1995 and
2005 ACGME General Surgery Case Logs

Procedure 1995 2005 p value

Major hepatic resection 1.948 3.886 <0.001
Distal pancreatectomy (DP) 1.379 2.291 <0.001
Whipple pancreatectomy (PPD) 2.185 4.238 <0.001
Total pancreatectomy (TP) 0.163 N/A N/A
CBDE open 5.122 1.659 <0.001
CBDE laparoscopic 0.555 0.727 0.025
Lap cholecystectomy 52.665 100.599 <0.001
Open cholecystectomy 29.953 N/A N/A
Choledocho-enterostomy 3.706 2.583 <0.001

TP cases were included in PPD cases for 2005; open cholecystectomies
were no longer counted in 2005.
CBDE Common bile duct exploration

Table 2 The Mode for HPB Cases Performed by Finishing General Surgery Residents from 1990 to 2006 ACGME General Surgery Case Logs

Year Maj Hep TP DP PPD O CBDE L CBDE O Chole L Chole Chole-En

1990 0 0 0 0 7 N/A N/A 3
1991 0 0 0 0 8 N/A 47 N/A 3
1992 0 0 0 1 6 N/A 27 N/A 2
1993 Information not available
1994 1 1 0
1995 0 0 1 1 5 0 22 39 3
1996 0 0 1 1 2 0 15 32 2
1997 1 0 1 1 3 0 15 43 2
1998 0 0 0 1 1 0 18 34 2
1999 Information not available
2000 0 0 1 1 2 0 13 56 2
2001 2 0 1 1 1 0 11 76 2
2002 1 0 1 1 1 0 13 63 1
2003 1 0 1 1 1 0 10 73 1
2004 1 0 1 1 1 0 12 59 1
2005 Information not available
2006 Information not available

Maj Hep Major hepatic resection, TP total pancreatectomy, DP distal pancreatectomy, PPD partial pancreatico-duodenectomy, O CBDE open
common bile duct exploration, L CBDE laparoscopic common bile duct exploration, O Chole open cholecystectomy, L Chole laparoscopic
cholecystectomy, Chole-En choledocho-enterostomy
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room, can allow senior-level residents the opportunity to
leisurely work through hepatectomies and pancreatico-
duodenectomies, with time to identify anatomic landmarks
and even perform pancreatic anastomoses. There is some
evidence that familiarity with cadaver dissection transfers
well to the operating room and has been perceived by
residents as a positive educational experience.11,12

Are there surrogates for actually performing operations?
Is there any value to observing and assisting? Undoubtedly,
there is. The use of short, intense visits to high-volume
centers affords an opportunity to watch experienced HPB
surgeons select and operate on patients. These “minifellow-
ships” are not unknown in surgical practice and are sure to
become commonplace in the future. Many bariatric sur-
geons, for example, have learned laparoscopic techniques
through a few to several weeks of observation (apprentice-
ship) with an established laparoscopic surgeon.13 In such
settings, much information can be gleaned about the
selection criteria, preoperative preparation, postoperative
care, and adjuvant treatments to develop a quality HPB
program. We are reminded, too, that “competence develops
over time and is nurtured by reflections on experience”14—
thus, the importance of outcomes assessment. The end of
residency should not be the end of training but the
beginning of lifelong learning.

In summary, operative experience for surgery residents
in HPB surgery may continue to be highly variable and
often meager. Our challenge as educators, then, is to
provide a framework for success. Whether high volume or
low volume, the resident should approach HPB surgery as a
matter of lifelong learning, incorporating their experiences
in graduate training with postgraduate education. Residents
must view HPB surgery as a multidisciplinary endeavor
involving their medical, radiology, and pathology col-
leagues in a programmatic setting of structure (expertise),
process, and assessment of outcomes and not simply as
procedures to master. Instrumental in this is the organiza-
tional leadership of committed HPB surgeon/educators who

can function as mentors, much as in Dr. Halsted’s days, to
produce capable HPB surgeons for future generations.
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Abstract In the past, a Heller myotomy was considered to be ineffective in patients with achalasia and a markedly dilated
or sigmoid-shaped esophagus. Esophagectomy was the standard treatment. The aims of this study were (a) to evaluate the
results of laparoscopic Heller myotomy and Dor fundoplication in patients with achalasia and various degrees of esophageal
dilatation; and (b) to assess the role of endoscopic dilatation in patients with postoperative dysphagia. One hundred and
thirteen patients with esophageal achalasia were separated into four groups based on the maximal diameter of the
esophageal lumen and the shape of the esophagus: group A, diameter <4.0 cm, 46 patients; group B, esophageal diameter
4.0–6.0 cm, 32 patients; group C, diameter >6.0 cm and straight axis, 23 patients; and group D, diameter >6.0 cm and
sigmoid-shaped esophagus, 12 patients. All had a laparoscopic Heller myotomy and Dor fundoplication. The median length
of follow-up was 45 months (range 7 months to 12.5 years). The postoperative recovery was similar among the four groups.
Twenty-three patients (20%) had postoperative dilatations for dysphagia, and five patients (4%) required a second myotomy.
Excellent or good results were obtained in 89% of group A and 91% of groups B, C, and D. None required an
esophagectomy to maintain clinically adequate swallowing. These data show that (a) a laparoscopic Heller myotomy
relieved dysphagia in most patients with achalasia, even when the esophagus was dilated; (b) about 20% of patients required
additional treatment; (c) in the end, swallowing was good in 90%.

Keywords Esophageal achalasia . Esophageal manometry .

Botulinum toxin . Pneumatic dilatation .

Laparoscopic Heller myotomy . Esophagectomy

Over the past decade, a laparoscopic Heller myotomy and
partial fundoplication has become the standard treatment
for patients with achalasia.1–5 The operation is safe, has a
short recovery period, and is more effective than balloon
dilatation or intra-sphincteric botulinum toxin injection.6,7

Although the diagnosis and treatment of achalasia are
usually established early in the course of the disease, some
patients still present later with a dilated and sigmoid-shaped
esophagus.8 The treatment of such end-stage achalasia is
controversial, since some believe that an esophagectomy is
indicated,9,10 while others recommend a myotomy as the
first step.11,12

In this study, we (a) compared the results of a
laparoscopic Heller myotomy and Dor fundoplication
(LHMD) in patients with achalasia and various degrees
of esophageal dilatation, and (b) assessed the role of
endoscopic dilatation for patients with postoperative
dysphagia.
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Materials and Methods

Between October 1993 and March 2006, 201 patients with
esophageal achalasia underwent LHMD at the University of
California San Francisco (UCSF). Among the 141 patients
who had a preoperative barium swallow at UCSF (i.e., the
X-rays were available), 113 were followed-up longer than
6 months. They comprised the study population (Fig. 1).
Each patient had the following evaluation:

Symptom Assessment Symptoms were graded using a five-
point scale, ranging from 0 (no symptom) to 4 (disabling
symptom). The duration of symptoms was based on the
number of months the patient reported experiencing
dysphagia. This symptom was chosen as every patient
experienced it and remembered its onset. Swallowing status
was graded as follows: excellent (no dysphagia), good
(occasional dysphagia), fair (frequent dysphagia requiring
dietary adjustments), and poor (severe dysphagia prevent-
ing the ingestion of solid food or unintentional weight loss).
The duration of symptoms and the type of previous
treatment (endoscopic and surgical) were also recorded.

Radiology A barium esophagram was performed in all
patients. The degree of esophageal dilatation was assessed
by measuring the maximal esophageal width on a postero-
anterior projection esophagogram using eFilm Lite software
(Merge eMed, Division of Merge Healthcare, Milwaukee,
WI, USA). The shape of the esophagus (straight versus
sigmoid) was recorded.

Endoscopy An upper endoscopy was performed in some
patients preoperatively and in all patients with postopera-
tive dysphagia.

Esophageal Manometry The patients were studied after an
overnight fast as previously described.13 Medications that
might interfere with esophageal motor function were
discontinued at least 48 h before the study. The following
were assessed: (a) resting pressure and swallowing-induced
relaxation of the lower esophageal sphincter (LES), and (b)
amplitude, duration and velocity of esophageal peristaltic
waves. Achalasia was diagnosed if the following were
present: (a) incomplete or absent LES relaxation, and (b)
absent primary esophageal peristalsis.

Evaluation of Patients with Persistent or Recurrent
Dysphagia Persistent dysphagia was defined as the persis-
tence of dysphagia after the operation without a symptom-
free interval. Recurrent dysphagia was defined as the return
of dysphagia after a symptom-free interval while taking an
unrestricted diet. Patients were referred to a gastroentero-
logist (J.O.) for nonsurgical intervention. Savary dilatation
was first offered to all patients, with a range in size between
44 and 56 French. Pneumatic dilatation was used in the
event that Savary dilatation was ineffective. Pneumatic
dilatation was performed using Rigiflex balloons with a
range in size between 2.5 and 4.0 cm. The number of
sessions was based on the patient’s response, and balloons
of increasing size were used for repeated sessions.

Surgical treatment The myotomy was 8 cm long and
extended for 2 cm onto the gastric wall.1 In patients with
a dilated and sigmoid esophagus, a more extensive
dissection was performed in the posterior mediastinum to
straighten the esophageal axis. If the hiatus was enlarged or
if a hiatal hernia was present, one or two stitches were
placed behind the esophagus to approximate the crural
pillars. In two patients who had a Nissen fundoplication

Figure 1 Study population and
group assignment.
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before coming under our care, the wrap was taken down
before performing the myotomy. A more limited mediasti-
nal dissection was performed in the five patients who had a
previous left transthoracic Heller myotomy.

Follow-up The patients were seen 3 and 12 weeks postop-
eratively. Subsequent follow-up was through office visits or
by telephone.

Statistical analysis Statistical analysis was performed using
STATA Statistical Software: Release 9.1 (Stata Corporation,
College Station, Texas, USA). Comparisons between
groups used the Chi-square analysis of contingency table
for dichotomous variables, the Kruskal-Wallis statistic for
nonnormally distributed variables, and ANOVA followed
by the t test for normally distributed data. The logistic
regression model was used to examine covariates in a
multivariate model of association with fair/poor outcome.
Tests for interaction were performed and were not signif-
icant. The Hosmer-Lemeshow test with 10 groups was
nonsignificant (p=0.91). Examination of model residuals
identified no influential outliers.

The study protocol was reviewed and approved by the
UCSF Committee on Human Subjects Research. All
patients contacted by phone gave informed consent for
study participation.

Results

A total of 113 patients were included, comprising 45 men
and 68 women, whose mean age was 48 years. They had
been symptomatic for a median of 54 months. The
frequency of symptoms was as follows: dysphagia, 100%;
regurgitation, 69%; chest pain, 51%; and heartburn, 48%.
Seventy-eight patients (69%) had previous treatment: forty-
five (40%) had pneumatic dilatations; seven (7%) had intra-
sphincteric injections of Botulinum toxin; eighteen (16%)
had both botulinum toxin and pneumatic dilatation; and
eight (7%) had an operation: transthoracic Heller myotomy;
5; Nissen fundoplication, 2; and LHMD, 1 (Table 1).

Barium swallow The patients were placed into four groups
based on the maximal diameter of the esophageal lumen
and the shape of the esophagus: group A, diameter
<4.0 cm, 46 patients; group B, diameter 4.0–6.0 cm, 32
patients; group C, diameter >6.0 cm and straight axis, 23
patients; and group D, diameter >6.0 cm and sigmoid-
shaped esophagus, 12 patients.

Symptom Evaluation The preoperative symptoms were no
different among the four groups (symptom score and the
median duration of symptoms; Table 2).

Esophageal Manometry LES pressure and length did not
differ among the 4 groups (Table 3). Peristalsis was absent
in all patients.

Hospital Stay There was no difference among the groups
(Table 4).

Perioperative Complications Five operations were con-
verted to a laparotomy: one for a Verres needle puncture
of the inferior vena cava, and four because of scar tissue
from previous surgery. Major perioperative complications
included: one patient had sepsis due to an intra-abdominal
leak, which was successfully treated with percutaneous
drainage and antibiotics; one patient had a splenic injury
during a re-operation, which required a coincidental
laparoscopic splenectomy; one patient had toxic shock
syndrome due to tampons. Minor perioperative complica-
tions included pneumothorax, six patients; cardiac arrhyth-
mia, one patient; and postoperative aspiration pneumonia,
one patient.

Persistent Dysphagia Eight patients had persistent dyspha-
gia (Table 5). Four (4%) had been initially treated at UCSF
with a LHMD, and four had an operation elsewhere before
coming to UCSF. At the conclusion of their treatment,
swallowing was good in seven (Fig. 2).

Recurrent Dysphagia Twenty-three patients had recurrent
dysphagia (Table 5). Four of them had transthoracic Heller
myotomies elsewhere in the past. We performed a LHMD
on the right side of the esophagus with good results
(Fig. 3).

Nineteen patients (18%) had a LHMD at UCSF. Two
underwent a second LHMD with good results. One patient
had a herniated Dor fundoplication, and the other had a

Table 1 Demographics and Therapy Before Referral

Group A Group B Group C Group D

Total 46 32 23 12
Male 37% 47% 43% 25%
Mean age
(range)

46
(14–78)

48
(20–76)

49
(24–77)

54
(25–84)

Pre-op dilation 48% 59% 59% 64%
Pre-op Botoxa 15% 41% 18% 9%
Operations
before referral

0 2 3 3

Group A: esophageal diameter <4 cm; Group B: esophageal diameter
4–6 cm; Group C: esophageal diameter >4 cm, straight esophageal
axis; Group D: esophageal diameter >4 cm, sigmoid shaped
esophagus
a Botox=Intra-sphincteric injection of Botulinum toxin.
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sigmoid-shaped esophagus that was straightened during a
second operation.

Seventeen patients had dilatations as initial therapy.
Three of six patients treated elsewhere had good outcomes
with dilation alone. Of the other three, one had the Dor
fundoplication taken down by another surgeon, which was
complicated by vagal nerve injury, heartburn and regurgi-
tation. One had another myotomy at UCSF with a good
result. One patient has dysphagia despite several dilatations.

Seven of eleven patients treated with dilatation alone at
UCSF had good results. In general, one or two Savary
dilatations were done, and a pneumatic dilatation was
performed if dysphagia persisted. One (group C) of the four
patients who did not respond to pneumatic dilatation had a
laparoscopic myotomy performed on the contralateral side
of the esophagus. The dysphagia recurred and is presently
managed with periodic dilations. He might eventually
require an esophagectomy.

Overall, dysphagia was definitively relieved in 17 (74%)
of the 23 patients who required dilatations.

Analysis Based on Maximum Esophageal Diameter When
the data was analyzed based on maximum esophageal
diameter and esophageal shape was not used to discriminate
between groups C and D, then a trend towards an increased

risk of a composite outcome of persistent or recurrent
dysphagia was found. Nine of 46 (20%) of group A, 7 of 32
(22%) of group B, and 14 of 35 (40%) of groups C/D had
either persistent or recurrent dysphagia (test of trend p=
0.046). The odds-ratio of persistent or recurrent dysphagia
among patients with esophageal diameter >6 cm compared
to patients with an esophageal diameter <4 cm was 2.74
(95% CI 0.98–7.65). No statistically significant trend
toward persistent or recurrent dysphagia were found when
these two outcomes were analyzed separately (p=0.23 and
0.15, respectively).

Swallowing status At most recent follow-up, 102 (90%) of
113 patients are swallowing well: 89% of group A, and
91% of each of groups B, C and D (p=0.99; Table 6).

Logistic Regression Model A logistic regression model was
created to examine factors associated with fair/poor
outcome (Table 7). Given the small number of patients,
group D was excluded from the analysis. The odds ratio of
a fair/poor outcome if the patient had received botulinum
toxin was 5.94 (95% CI 1.06–33.4; p=0.043) compared
with other patients matched for age, sex, LES pressure and
group. We examined the association between pneumatic
dilatation and outcome in the same multivariate model
(replacing the botulinum toxin variable with pneumatic
dilatation). The use of pneumatic dilatation before to
LHMD was not associated with a poor outcome, OR=

Table 2 Preoperative Symptoms Score (Range 0–4; Median; Interquartile Range)

Group A Group B Group C Group D

Dysphagia 4 (3–4) 3 (3–4) 3 (3–4) 4 (3.5–4)
Regurgitation 2 (0–3) 2.5 (0–3) 3 (1–3.5) 3.5 (1.5–4)
Heartburn 1 (0–2) 0 (0–2) 0 (0–1) 0 (0–2.5)
Chest pain 1 (0–3) 1.5 (0–3) 0 (0–0.5) 2 (0–3)
Median duration of symptoms (years) 4 (1.5–8) 6 (1.5–10) 4 (2–10) 5 (2.3–8)

There were no statistically significant differences among the four groups. We excluded the 8 patients who had an operation prior to referral to our
center. Group A: esophageal diameter <4 cm; Group B: esophageal diameter 4–6 cm; Group C: esophageal diameter >4 cm, straight esophageal
axis; Group D: esophageal diameter >4 cm, sigmoid shaped esophagus

Table 3 Preoperative Esophageal Manometry (Mean±SD)

Group A Group B Group C Group D

LES pressure
(mmHg)

23±13 24±12 20±12 21±12

LES total
length (cm)

2.5±1.0 2.2±0.9 2.6±1.3 2.1±0.6

LES abdominal
length (cm)

2.0±0.8 1.8±0.8 2.4±1.2 1.6±0.7

There were no statistically significant differences among the four
groups. Group A: esophageal diameter <4 cm; Group B: esophageal
diameter 4–6 cm; Group C: esophageal diameter >4 cm, straight
esophageal axis; Group D: esophageal diameter >4 cm, sigmoid
shaped esophagus

Table 4 Length of Hospital Stay

Group A Group B Group C Group D

Median LOS (days) 1.5 1 1 2
LOS≤48 hours 83% 87% 78% 73%

There were no statistically significant differences among the four
groups; Group A: esophageal diameter <4 cm; Group B: esophageal
diameter 4–6 cm; Group C: esophageal diameter >4 cm, straight
esophageal axis; Group D: esophageal diameter >4 cm, sigmoid
shaped esophagus
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0.61 (95% CI 0.36–7.06, p=0.53). Other variables did not
affect outcome. Given the large confidence interval, this
model should be interpreted cautiously. Using three groups
defined by maximal esophageal diameter, (A, B and C/D)
did not alter the model.

Discussion

These findings show that (a) a laparoscopic myotomy was
highly successful in treating achalasia even when the
esophagus was markedly dilated; (b) dysphagia responded
to endoscopic dilatation in most cases and rarely required
long-term therapy.

Laparoscopic Heller Myotomy as Primary Treatment
for Achalasia

Some surgeons recommend an esophagectomy as primary
treatment for achalasia, on the assumption that a myotomy
does not improve esophageal emptying and relieve dyspha-
gia, especially if a sigmoid esophagus is present.9,10 Others
feel that a myotomy should be the first treatment and
esophagectomy should be reserved for patients who have
persistent symptoms.11,12

Among the 113 patients in this study, 3 (3%) might
eventually require an esophagectomy. One patient (group
D) had had an inappropriate laparoscopic Nissen fundopli-
cation on the assumption that reflux caused her symptoms.
Although the fundoplication was taken down and a Heller
myotomy was performed, dysphagia persisted and did not
respond to dilatation. The second patient (group C) had two
myotomies, but dysphagia persisted, and swallowing is now
marginally acceptable with periodic dilatations. The third
patient (group C) had complications after a re-operation
performed by other surgeons.

Myotomy proved to be technically feasible in every
patient with a dilated and sigmoid esophagus (group D). A
more extensive mediastinal dissection was required to
straighten the distorted esophagus, but this did not lead to
complications, and the improvement in swallowing was
similar to what was seen in patients whose esophagus was
of normal caliber. We also found that an esophagectomy
could be avoided in most patients who had an unsuccessful
previous transthoracic myotomy or multiple pneumatic

Figure 2 Outcome of patients
with persistent dysphagia. PD,
pneumatic dilatation. LHMD,
laparoscopic Heller myotomy
and Dor fundoplication.

Table 5 Patients with Persistent or Recurrent Dysphagia

Group A Group B Group C Group D

Persistent
dysphagia

2 (4%) 2 (6%) 2 (9%) 2 (17%)

Recurrent
dysphagia

7 (15%) 6 (19%) 8 (35%) 2 (17%)

Either Persistent
or Recurrent
dysphagia

9 (20%) 7 (22%) 10 (44%) 4 (33%)

Group A: esophageal diameter <4 cm; Group B: esophageal diameter
4–6 cm; Group C: esophageal diameter >4 cm, straight esophageal
axis; Group D: esophageal diameter >4 cm, sigmoid shaped
esophagus

J Gastrointest Surg (2008) 12:159–165 163163



dilatations. In these cases, the laparoscopic myotomy was
done on the right side of the esophagus. Although those
patients with esophageal diameter >6 cm may be at
increased risk for persistent or recurrent dysphagia when
compared to those with less esophageal dilatation, this did
not affect their ultimate swallowing status.

An esophagectomy should be avoided whenever possi-
ble because it is associated with a mortality rate of 3% even
when done by the most experienced surgeons.10,14 It also
carries a high morbidity rate. For instance, Devaney and
colleagues reported a 10% rate of anastomotic leak, 5% rate
of hoarseness, and 2% rate of bleeding and chylothorax
requiring a thoracotomy among 93 patients who had an
esophagectomy for achalasia.10 In addition, 46% of patients
had dysphagia requiring dilatations, 42% had regurgitation,
and 39% had dumping symptoms. The average hospital
stay 12.5 days. The median hospital stay of our patients
was less than 2 days, with 82% of patients leaving the
hospital in under 48 h.

Previous Botox Treatment Lessens the Success of LHMD

Our results corroborate previous reports that treatment with
botulinum toxin compromises the results of a Heller
myotomy. Botulinum toxin too often produced inflamma-
tion and fibrosis, so the anatomic planes were less well
defined and the dissection was more difficult. Others have
confirmed these findings.6,7,13,15,16 Since it is so marginally
effective anyway, botulinum toxin treatment should proba-
bly be abandoned altogether.16,17 On the other hand,
pneumatic dilatation did not affect the results of LHMD.13,18

As an ancillary observation, preoperative LES pressure
did not affect the outcome of the myotomy. The results in
those with low LES pressure were the same as in those with
a normal or a hypertensive LES. These findings contradict
other reports that a good outcome is only achieved when
the LES is hypertensive.19 Thus, LHMD gave excellent
relief in any achalasia patient, regardless of the preoperative
manometric findings.

Figure 3 Outcome of patients
with recurrent dysphagia. PD,
pneumatic dilatation. LHMD,
laparoscopic Heller myotomy
and Dor fundoplication.

Table 6 Length of Follow-Up (Median) and Swallowing Status

Group A Group B Group C Group D

Months
(range)

58
(7-150)

39
(9–124)

45
(9–128)

20
(12–98)

Excellent/
Good outcome

89% 91% 91% 91%

Group A: esophageal diameter <4 cm; Group B: esophageal diameter
4–6 cm; Group C: esophageal diameter >4 cm, straight esophageal
axis; Group D: esophageal diameter >4 cm, sigmoid shaped
esophagus

Table 7 Multivariate Logistic Model of Fair/Poor Outcome

Odds ratio 95% CI P value

Pre-op botox 5.94 1.06–33.4 0.04
Group B 0.60 0.11–3.36 0.56
Group C 0.70 0.11–4.55 0.70
Age 1.02 0.97–1.07 0.47
Male sex 1.93 0.41–9.03 0.40
LES pressure 0.94 0.86–1.02 0.14

Group D was excluded because of the insufficient number of patients
Botox, Intra-sphincteric injection of Botulinum toxin
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Importance of a Multidisciplinary Approach
in the Treatment of Achalasia

During the 1970s, 1980s, and 1990s, gastroenterologists
used pneumatic dilatation only as the initial treatment for
patients with achalasia. There was fear that a dilatation
performed after a myotomy could result in a perforation. To
the contrary, we found that postoperative dilatation was safe
and effective. There were no perforations and the outcome
was good in 59% of patients with postoperative dysphagia.

Conclusions

Our study has some limitations. This was not a series of
consecutive patients, as they were selected based on the
availability of the barium swallow for review. These 113
patients constitute 56% of the patients operated on during
the same time frame. In addition, we did not have a
comparison group of patients who had an esophagectomy
for achalasia. Finally, our technique has somewhat evolved
overtime as the myotomy we perform today is extended
more onto the gastric wall as compared to the beginning of
our laparoscopic experience.

Even considering these limitations, we feel that a
laparoscopic Heller myotomy should be the primary
treatment for achalasia regardless of the size and shape of
the esophagus. Dilatation is very effective for the majority
of patients who experience dysphagia after a myotomy. An
esophagectomy should be reserved as a last resort for
patients with dysphagia not amenable to other treatment.
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Abstract Although neoadjuvant chemoradiation eradicates esophageal adenocarcinoma in a substantial proportion of
patients, conventional imaging techniques cannot accurately detect this response. Dynamic contrast-enhanced magnetic
resonance imaging is an emerging approach that may be well suited to fill this role. This pilot study evaluates the ability of
this method to discriminate adenocarcinoma from normal esophageal tissue. Patients with esophageal adenocarcinoma and
control subjects underwent scanning. Patients treated with neoadjuvant therapy underwent pre- and postchemoradiation
scans. Parameters were extracted for each pixel were Ktrans (equilibrium rate for transfer of contrast reagent across the
vascular wall), ve (volume fraction of interstitial space), and τi (mean intracellular water lifetime). Five esophageal
adenocarcinoma patients and two tumor-free control subjects underwent scanning. The mean Ktrans value was 5.7 times
greater in esophageal adenocarcinoma, and τi is 2.0 times smaller, than in the control subjects. Ktrans decreased by 11.4-fold
after chemoradiation. Parametric maps qualitatively demonstrate a difference in Ktrans. DCE MRI of the esophagus is
feasible. Ktrans, a parameter that has demonstrated discriminative ability in other malignancies, also shows promise in
differentiating esophageal adenocarcinoma from benign tissue. The determination of Ktrans represents an in vivo assay for
endothelial permeability and thus may serve as a quantitative measure of response to induction chemoradiation.

Keywords Esophageal adenocarcinoma . Dynamic
contrast-enhanced magnetic resonance imaging .

Neoadjuvant chemoradiation

Introduction

Esophageal adenocarcinoma is a malignancy associated
with a dismal prognosis, with an overall survival of less
than 10% within 5 years.1–3 The incidence rate of
esophageal adenocarcinoma is rapidly rising, outpacing all
other cancers. Since 1970, there has been a 350% increase
in its incidence.4–6 There are approximately 14,000 new
cases of esophageal cancer per year in the United States,
half of which are adenocarcinoma.7

There is a great need for strategies to improve the
survival rate for patients with this disease, either by
diagnosing the malignancy at an earlier stage when
prognosis is more favorable, or by improving the efficacy
of treatment. Under current standards, chemoradiation is
administered preoperatively in the majority of patients with
advanced locoregional disease.8 One major problem hin-
dering effective treatment in this context is that currently,
there is no effective way to determine tumor response to
chemoradiation, short of performing an esophagectomy.9–13

An ideal tool to optimize esophageal adenocarcinoma
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management would be able to detect the presence of
adenocarcinoma with high sensitivity and specificity and
assess the effect of chemoradiation on tumor burden. An
imaging modality with these capabilities would serve to
facilitate the “real-time” evaluation of therapeutic effective-
ness with serial scanning, potentially eliminate the need for
surgery in complete responders, improve the quality of
palliation by stopping chemoradiation in those who
progress with therapy, improve prognostication based on
tumor response, facilitate the evaluation of new therapies,
and enhance the quality of clinical trials.

Whereas early magnetic resonance imaging (MRI) studies
using conventional clinical methods have demonstrated a
limited ability to evaluate esophageal anatomy, dynamic
contrast-enhanced MRI (DCE-MRI) identifies malignancies
on the basis of their altered vascular integrity, which may
result from pathologic angiogenesis.14,15 This imaging
approach entails the repeated scanning of an anatomic
region as a bolus of intravenous contrast reagent (CR) is
injected, and measuring the subsequent changes in signal
intensity during bolus passage to detect areas of altered
vascularity and/or vascular permeability.

Esophageal adenocarcinoma exhibits increased expression
of proangiogenic factors including basic fibroblast growth
factor (bFGF) and vascular endothelial growth factor
(VEGF).16,17 This form of malignancy is associated with
greater vascularization and has a higher microvascular
density compared with normal esophageal tissue and precan-
cerous lesions.16–19 These properties suggest a valid patho-
logic basis upon which DCE MRI can detect esophageal
adenocarcinoma and evaluate its response to chemoradiation.

We hypothesize that DCE MRI using the shutter-speed
pharmacokinetic model (“shutter-speed MRI”)20–25 will be
useful in the evaluation of esophageal adenocarcinoma. The
purpose of this report is to demonstrate that anatomic and
dynamic contrast-enhanced magnetic resonance images of
the esophagus can be feasibly obtained and interpreted. It
also serves as a pilot study to determine whether DCE can
be used to discriminate benign esophageal tissue from
esophageal adenocarcinoma.

Materials and Methods

Imaging Acquisition After intravenous access was achieved
via a peripheral catheter, subjects were positioned in a 3-
Tesla whole-body MRI instrument (Trio; Siemens, Mal-
vern, PA, USA) and fitted with a cardiac RF transceiver
coil. Pilot scanning was performed using a T2-weighted
half-Fourier acquisition single-shot turbo spin echo
(HASTE) pulse sequence. A standard protocol for slice
positioning was used. The esophagus was identified in
coronal image slices taken with the HASTE localizer. The

general axis of the esophagus can then be determined.
Sagittal slices to be used for DCE-MRI were positioned
parallel to this axis. A sufficient number of image slices
were acquired to ensure visualization of the entire esoph-
agus (typically four to seven slices) because it meanders
through sagittal planes. For DCE-MRI imaging, we created
a protocol based on a Turbo Flash pulse sequence, and
adjusted it to yield the optimal image quality with the
minimum image acquisition time. We used a 1.27 ms echo
time, 250 ms repeat time, 17° flip angle, and 192×160
matrix size. At least 250 scans were performed sequentially.
The initial scans provided the baseline (preinjection)
images for the time courses. Gadoteridol (Prohance, Bracco
Diagnostics, Inc, Princeton, NJ, USA), a gadolinium-based
contrast agent, was dosed at 0.1 mmol/kg of body weight
and delivered intravenously at 2 ml/s by a programmable
power injector 20 s after scanning commences. This yielded
a resolution of approximately 2 mm in the read-out and
phase-encoding directions, and a temporal resolution of less
than 2 s per scan. The image data were then transferred to
off-line workstations for analysis.

Dynamic Contrast-Enhanced MRI A signal intensity time
course for an anatomic region is generated from each pixel
or region of interest (ROI). Such time courses exhibit
reproducible shapes that appear to have the ability to
differentiate benign from malignant tissue.14,15,26,27

To analyze time courses, pharmacokinetic models are
used to generate predicted time courses that can be fitted to
the observed shapes. A widely used method for analyzing
the signal intensity time course relies on the “Tofts” model
for pharmacokinetic analysis.14 This is also referred to as
the “standard model” (SM). A theoretical prediction is
fitted to the observed time course by varying two
parameters: Ktrans (the equilibrium rate for the CR transfer
across the vascular wall) and ve (the interstitial space
volume fraction).28 The values for Ktrans and ve producing
the best curve fitting can then be determined for the pixel or
ROI data. Ktrans is of particular interest since it has been
used to discriminate benign from malignant breast tis-
sue.21,22,27 A map that displays the Ktrans value for each
pixel was produced to identify “hot spots”, which charac-
terize malignant tissues.

A more refined analysis, termed the “shutter-speed
model” (SSM), was also used. This was developed at the
Oregon Health & Science University Advanced Imaging
Research Center20–25 and can produce a better curve fitting,
precisely for a malignant tumor, thereby more accurately
discriminating malignant and benign tissue. The SSM takes
into account the fact that equilibrium water exchange across
the cell membrane is not infinitely fast, and introduces
another parameter, the mean intracellular water lifetime (τi)
(Table 1).
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The extraction of Ktrans, ve, and τi were performed with a
Dell OptiPlex GX620 featuring 4 GB of RAM and a 2.8-
GHz Pentium 4 processor, using an adaptation of BOLERO
(BOLus Enhanced Relaxation Overview)24 software—the
first SSM generation.23 This software package, implemented
in MATLAB, was developed in-house. Allowing use of
either the SM or SSM, this software analyzes DCE images
and determines the optimal values of Ktrans, ve, and (if
applicable) τi for fitting the observed signal time course of
each pixel. These parameters are then mapped pixel by pixel
to generate images based on each parameter.

Challenges with Esophageal MRI and Protocol Develop-
ment Imaging the esophagus with magnetic resonance
presents a unique set of challenges. Cardiac and respiratory
motion, both of which affect the shape and position of the
esophagus, may introduce motion artifacts. Motion is a
particular issue in DCE-MRI because spatial registration
between images taken at different time points is paramount.
Breath holding for the entire DCE time course (several
minutes) is not feasible. We therefore developed an imaging
protocol in which images are acquired rapidly. The protocol
minimizes the length of time for each scan, producing a
higher sampling frequency that allows image fluctuations to
at least partially “average out”.

MRI anatomic planes containing the gastroesophageal
junction are often indistinct, making it difficult to distin-
guish the distal esophagus from the surrounding tissues.
Furthermore, the nearby presence of air-filled structures
(such as the stomach and lungs) may affect the magnetic
flux lines and introduce distortion in the images. To
confirm the esophagus visualization and to structure the
imaging protocol, commercially available blueberry juice
(Brownwood Foods, Eastport, MI, USA) was used as a
contrast reagent. Blueberry juice is suitable for this role
because it contains a significant concentration of paramag-

netic Mn2+, which acts to reduce the 1H2O T1 value,
thereby providing a safe, inexpensive, and readily available
MRI CR.29–31 Under a protocol approved by the OHSU and
Portland VAMC IRB, healthy subjects were positioned
supine in the instrument with tubing, controlled by a
handheld valve, through which they could ingest blueberry
juice from a bottle. Anatomic images were acquired in three
orientations using a HASTE sequence. After review of the
images, a set of sagittal imaging planes was positioned over
the putative location of the esophagus, and a series of
images was repeatedly taken using a T1-weighted protocol
with the subject at rest and with ingestion of blueberry
juice. Images were reviewed to determine whether this
contrast reagent could be visualized. Dynamic contrast-
enhanced MRI was conducted on separate days from
scanning with oral contrast.

Evaluation of Regions of Interest Data in Normal and
Malignant Tissue To assess the feasibility of using DCE-
MRI to differentiate esophageal adenocarcinoma from
normal esophageal tissue, data from ROIs in normal and
malignant tissue were analyzed, with correction for changes
in esophageal position because of motion. Two subjects
participated in this portion of the study: one asymptomatic
male who was endoscopically free of esophageal lesions
and one male subject with a T4 esophageal adenocarcinoma
easily identifiable with anatomic imaging. Subjects were
positioned supine in the scanner and anatomic images were
acquired in three orientations using the HASTE localizer. A
set of four sagittal imaging planes was positioned over the
putative esophagus position, and DCE MR images were
repeatedly acquired. The CR dose was intravenously
administered 20 s after scanning initiation. Scanning was
continued until at least 250 image sets has been acquired.
Images were then transferred to a postprocessing worksta-
tion. Regions of interest were manually outlined in

Table 1 Potential Parameters in the Standard and (First-generation) Shutter-speed Models [23]

Potential parameters

Pharmacokinetic

NMR Physiologic

Homogeneous Models r1p r1o R1b0 R1o0 R1i fW hV h τb τi vp = vb(1−h) = pb(1−h)fw ve = pofw Ktrans

Standard model r1CF r1CF i. i. i. 0.8 0.5 0.3 i. →0 →0 v. v.
Shutter-speed model r1CF r1CF e. e. R10 0.8 0.5 0.3 i. v. →0 v. v.

r1p Contrast reagent (CR) relaxivity in plasma, r1o CR relaxivity in interstitium, R1b0 relaxation rate constant of blood 1 H2O before CR, R1o0

relaxation rate constant of interstitial space 1 H2O before CR, R1i relaxation rate constant of intracellular space 1 H2O, R10 the measured, pre-CR
value of tissue 1 H2O R1, fw volume fraction accessible to mobile aqueous solutes, hv macrovascular hematocrit, needed only if the arterial input
function is directly measured, τi mean intracellular water lifetime, τb mean lifetime of a water molecule in the capillary, assuming no flow, vp
volume fraction of blood plasma, ve volume fraction of the interstitial space, Ktrans equilibrium rate for transfer of contrast agent from plasma to
interstitial space, r1CF cell free CR relaxivity, i. implied (treated as fixed value or not included in model), h microvascular hematocrit, v. varied (to
fit measured time course), e. eliminated as a manipulated variable (calculated from other parameters)
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esophageal areas using Mass (Medis, Leesburg, VA, USA).
These regions were redrawn for each time point to correct
for esophageal movement because of cardiac activity and
peristalsis. Regions of interest were also taken from the
descending aorta for the purpose of determining arterial
input functions. A signal intensity time course was plotted
for each ROI. Curve fitting with the SM was used to extract
two parameters (Table 1) from each time course: Ktrans and
ve. The time courses were also analyzed with the SSM to
extract Ktrans, ve, and τi. A signal intensity time course from
an ROI in the aorta was used as the arterial input function
for the pharmacokinetic analyses of data from each subject.
Ktrans, ve, and τi values were compared between benign and
esophageal tissues.

Evaluation of the Esophagus Using Parametric Maps For
this portion of the study, patients with esophageal adeno-
carcinoma, and controls of similar ages, were included as
subjects. Subjects underwent scans according to a study
flow diagram. Patients with esophageal adenocarcinoma
who underwent neoadjuvant chemoradiation underwent
scanning before and after chemoradiation. Those who were
treated with surgery alone underwent a single scan before
esophagectomy. Sagittal images of the esophagus were
obtained in the manner described above. To visualize the
tumor while utilizing the maximal MRI spatial resolution,
Ktrans, ve, and τi were evaluated for each pixel in the
esophagus. Parametric maps were created by assigning each
pixel a color according to the given parameter magnitude.
These maps were coregistered with anatomic images and
superimposed to facilitate interpretation. Images were
reviewed by an observer blinded to the identities and
diagnoses of the subjects. “Hotspots” were identified as
areas with subjectively elevated Ktrans values. Areas within
these hotspots were outlined as regions of interest, and
mean values for Ktrans, ve, and τi were determined for each
subject. If no hotspots were subjectively apparent, a
representative area of the esophagus was used as the region
of interest. To avoid interpreting noise as a hotspot, each

Figure 1 Anatomic images of the esophagus in a axial section and
b coronal section, of a control subject taken with the T2 weighted
half-Fourier acquisition single-shot turbo spin echo (HASTE)
sequence protocol. Arrowheads in the images indicate the location
of the esophagus.

 
  

 
 

 
 

 
 

 
  

 
 

Figure 2 Confirmation of esophageal visualization with oral contrast
reagent in another control subject. Coronal (top) and sagittal (bottom)
images of the esophagus before (left) and during ingestion of
blueberry juice (right). Arrowheads indicate the location of the
esophagus.
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region of interest had to include at least 15 pixels. Ktrans, ve,
and τi were compared between patients with esophageal
adenocarcinoma and normal controls. Map generation and
image interpretation was performed using an in-house
program written in MATLAB.

Results

Identification of the Esophagus Using a HASTE localizer,
the esophagus was imaged in coronal, sagittal, and axial
planes. Using this T2-weighted protocol, the esophagus was

readily identified in a control subject (arrowheads in
Fig. 1). Cardiac motion and the presence of nearby air-
filled structures generated only an acceptably low amount
of distortion. Subjects and patients were then scanned with
a T1-based DCE-MRI protocol. Using this sequence,
esophageal tissue was less distinct in the pre-CR images.

To ensure that T1-weighted images included the esoph-
agus, we performed earlier scans while administering an
oral contrast reagent. Because we are aware of no product
marketed as an oral CR for T1-weighted

1H2O MRI, we
used blueberry juice. Study subjects underwent coronal and
sagittal imaging of the esophagus while ingesting the
contrast material, as displayed in another control subject

Figure 4 Signal intensity time courses from representative regions of
interest (ROIs) taken from a the esophagus of a control subject (shown
in Fig. 3a) and b the tumor in a patient with esophageal
adenocarcinoma (shown in Fig. 3b). The points denote the measured
values, which have been smoothed (by averaging adjacent values) to
illustrate trends. Periodic fluctuations represent residual motional
artifacts surviving smoothing. These periods are a few seconds.
Dashed curves demonstrate the best-fittings generated using the

standard model. Solid curves demonstrate the best-fittings generated
using the shutter-speed model. (These are effectively indistinguishable
in the normal esophagus.) Arterial input functions (insets) were
measured from aortic ROIs. Note the more rapid initial signal intensity
increase in the esophageal adenocarcinoma ROI, followed by a
gradual decrease, suggesting greater vascular contrast reagent perme-
ability in the tumor.

Figure 3 Regions of interest outlined in a a healthy control (shown in
Figure 1) and b an esophageal adenocarcinoma patient. The mean
signal intensity time courses from these regions of interest following
Gd(III) monomeric chelate contrast reagent intraveneous injection
were analyzed with the standard and shutter-speed pharmacokinetic
models to evaluate Ktrans (the equilibrium rate for contrast reagent

transfer across the vascular wall), ve (the volume fraction of interstitial
space), and τi (mean intracellular water lifetime). The “foldover” seen
in some of these images results from insufficiently large fields-of-
view, but was deemed to not significantly affect the image intensities
in the central portions of the slices, which were of interest.
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(Fig. 2). Before ingestion, the esophagus was identified
only on the basis of its anatomic relationships to surround-
ing structures. Images taken during ingestion demonstrated
the caudal passage of juice through the esophagus,
confirming that the correct planes had been selected for
esophageal imaging.

DCE MRI in Esophageal Tissue A subject with T4
esophageal adenocarcinoma and a control subject under-
went DCE MRI. The study subject was a man with biopsy-
proven esophageal adenocarcinoma, 7 cm in length. The
control was a healthy man with normal esophageal mucosa
demonstrated by endoscopy less than one month before the
MRI, also shown in Fig. 1. Regions of interest were taken
from a portion of normal esophageal tissue and from
several portions of the adenocarcinoma (Fig. 3). These
regions were adjusted from one pharmacokinetic image to
another to correct for changes in esophageal position.
Multiple ROIs were placed within the adenocarcinoma
because the tumor was large and because portions of it
demonstrated varying degrees of contrast enhancement.
Signal intensity time courses from these ROIs qualitatively
suggested that the CR uptake differs between esophageal
adenocarcinoma and normal esophageal tissue (Fig. 4).
Whereas the signal intensity increased slowly after admin-
istration of intravenous CR in normal esophageal tissue, in
esophageal adenocarcinoma it initially increased more
rapidly and then plateaued. These time courses were
quantitatively analyzed using pharmacokinetic models that
fitted predicted time courses to those observed, to deter-
mine Ktrans, ve, and (if applicable) τi. At first glance, it
appears that the two models produce similar curves.
However, there is a signature temporal mismatch by the
standard model curve shape for the cancer that is exactly
predicted by theory and simulation,24 and found with all
rodent24,25 and human20–22 malignant tumor data so far

examined. This reflects a systematic error in the SM. It
achieves its near fitting only at the expense of significantly
underestimating the Ktrans and ve values, in some regions by
factors of approximately two, compared with the SSM (not
shown).

Parametric Ktrans Maps Five patients and two control
subjects underwent DCE MRI. Using the shutter-speed
model, Ktrans, ve, and τi were evaluated for each pixel in the
vicinity of the esophagus. “Hotspots” (area of increased
Ktrans, compared with the surrounding background) were
identified as ROIs, and the mean Ktrans was calculated in
each of these hotspots (Fig. 5). On average, Ktrans was 5.7-
fold higher in esophageal adenocarcinoma patients than in
controls (Table 3). A cutoff value of Ktrans between 0.38
and 0.64 min−1 could be used to discriminate esophageal
adenocarcinoma with 100% positive predictive value. This
parametric range is sufficiently large to accommodate a
larger patient population that would be more statically
significant.

One patient with esophageal adenocarcinoma underwent
shutter-speed MRI before and after neoadjuvant chemo-
radiation. A hotspot was seen in each scan. Measurements
of Ktrans, ve, and τi in these hotspots demonstrated a
substantial decrease in Ktrans after chemoradiation (not
shown). According to the tumor size determined by
endoscopic ultrasound (EUS) (prechemoradiation) and the
pathologic exam (postchemoradiation), this patient demon-
strated a partial therapeutic response.

Discussion

Our initial DCE MRI experience demonstrates that this
imaging technique is feasible and diagnostically informa-
tive in the detection of esophageal adenocarcinoma. Despite
the difficulties of performing esophageal MRI, we were
able to obtain interpretable anatomic images. Analysis of
motion-corrected ROI data demonstrates that Ktrans is
greater in esophageal adenocarcinoma than in benign
esophageal tissue. This study also demonstrates that pixel-
by-pixel Ktrans maps can be generated despite significant
esophageal movement, suggesting that signal intensity
fluctuations at any given pixel “average out” when enough
time points are sampled.

Clinical Significance of Ktrans In the DCE MRI analysis,
Ktrans is a pseudo first-order rate constant measuring the CR
transfer between the intravascular space and the interstitial
space within the tissue of interest. With cancer-related
angiogenesis, the endothelium within tumor blood vessels
may exhibit increased permeability thereby allowing a more

Table 2 Ktrans (The Equilibrium Rate for CR Transfer Across the
Vascular Wall), ve (The Volume Fraction of Interstitial Space), and τi
(Mean Intracellular Water Lifetime) Values Returned for Four ROIs
(shown in Fig. 3) in a Subject with Esophageal adenocarcinoma, and
one in a Healthy Control Subject by Shutter-speed Analyses

Ktrans ve τi (s)

Adenocarcinoma
Region 1 0.331 0.224 0.351
Region 2 0.295 0.794 0.516
Region 3 0.352 0.385 0.831
Region 4 0.121 0.167 0.165
Mean 0.275 0.393 0.466
Control
Region 1 0.118 0.700 1.475

Regions of interest were drawn for each pharmacokinetic time point,
to account for esophageal movement.
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Figure 5 Parametic maps generated from Ktrans values at each pixel,
quantified with the color scales shown in a a healthy control and b a
subject with esophageal adenocarcinoma. The parametric maps are
coregistered and superimposed on anatomic images, which are also
displayed in a row above the parametric maps. Each column shows a
different sagittal image slice. The maps demonstrate larger Ktrans

values in the tumor as compared with normal esophageal tissue.
Arrowheads indicate the location of the esophagus. The “foldover”
seen in some of these images results from insufficiently large fields-
of-view, but was deemed to not significantly affect the image
intensities in the central portions of the slices, which were of interest.
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rapid transfer, when compared to benign tissue.27 For the
same reason the clearance of the contrast agent from the
interstitium is usually also accelerated:27 “fast in, fast out”.
Based on these characteristics, the Ktrans parameter may
prove useful for improved characterization of esophageal
adenocarcinoma beyond currently available methods. Ktrans

may allow for a means of monitoring therapy and a gaining
a more detailed understanding of individual tumor behav-
ior, providing what is in essence an in vivo assay of
endothelial permeability.

Assessing the Response to Chemoradiation Our findings
suggest that shutter-speed MRI, particularly Ktrans, shows
promise in gauging response to chemoradiation, providing
information that would be clinically very useful before
committing a patient to esophagectomy. Patients with stage
III disease typically undergo neoadjuvant chemoradiation,
which has been demonstrated to offer a survival advan-
tage.32,33 Approximately 25% of patients who undergo
preoperative chemoradiation develop a complete response
as assessed by pathology analysis (an absence of tumor
cells in the surgical specimen); these patients have an
extended survival rate compared to nonresponders.32,34–40

In patients with a partial response, the percentage of tumor
reduction correlates directly with survival.41 In fact, along
with nodal status, the degree of response to preoperative
chemoradiation independently predicts survival.41 Along
these lines, a number of patients will have progression of
disease despite preoperative chemoradiation and are known
to have very poor survival.42

Unfortunately, current diagnostic modalities, including
EUS and combined CT-PET scanning, cannot reliably
assess the degree of response to chemoradiation.9–11,43–45

Endoscopic ultrasound lacks the specificity to differentiate
post-therapy scarring from residual live tumor.12,13 A
number of studies have investigated the usefulness of CT-
PET in assessing the response to chemoradiation in
esophageal cancer, with varied results. While some studies
demonstrate a correlation between CT-PET findings and
response to chemoradiation,46–49 others did not.50,51 Fur-
thermore, a negative CT-PET cannot distinguish small-
volume residual disease from a complete response to
chemoradiation.50,52,53 As a result, complete response is
discovered only at esophagectomy and subsequent histo-
logic examination. Thus, even patients with a complete
response to preoperative chemoradiation undergo a poten-
tially unnecessary esophagectomy, which is accompanied
by a significant morbidity rate arising from anastomotic
strictures, leak, and conduit ischemia.54

Based on post-therapy changes in the vascular properties
of tumors and adjacent lymph nodes, it is expected that
shutter-speed MRI will enable clinicians to quantify the
percentage of response to preoperative chemoradiation and
identify nonresponders. This advance would enable physi-
cians and researchers to individualize and improve treat-
ment algorithms in several substantive ways: (1) facilitate a
“real-time” evaluation of the effectiveness of therapy with
serial scanning, (2) potentially eliminate the need for
surgery in complete responders, (3) improve the quality of
palliation by stopping chemoradiation in those who
progress in response to therapy, (4) improve prognostica-
tion based on tumor response, (5) facilitate the study of new
therapies, and (6) enhance the quality of clinical trials.

Conclusion

Shutter-speed MRI has great potential to impact the
treatment of esophageal adenocarcinoma. It may improve
the clinician’s ability to stage patients to determine the most
appropriate treatment. In patients who undergo neoadjuvant
chemoradiation, it may provide a tool to gauge therapeutic
response, a function that no other modality has been able to
demonstrate. Given the promising results of this pilot study,
a larger-scale study to evaluate the ability of shutter-speed
MRI to determine the response to chemoradiation is
warranted.
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Table 3 Ktrans (The Equilibrium Rate for Transfer of Contrast
Reagent Across the Vascular Wall), ve (The Volume Fraction of
Interstitial Space), and τi (Mean Intracellular Water Lifetime) Values
Returned by Shutter-speed Analyses for Hotspots Identified on
Parametric Maps of Five Subjects with Esophageal Adenocarcinoma
and Two Healthy Control Subjects

Ktrans (min−1) ve τi (s)

Adenocarcinoma
Patient 1 0.69 0.40 0.66
Patient 2 0.64 0.46 0.87
Patient 3 0.91 0.62 0.78
Patient 4 2.41 0.68 0.68
Patient 5 0.78 0.71 1.03
Mean 1.09 0.57 0.80
Adenocarcinoma (postchemoradiation)
Patient 4 0.21 0.54 0.40
Control
Patient 6 0.00 0.49 2.19
Patient 7 0.38 0.42 1.00
Mean 0.19 0.45 1.59

One subject underwent scanning before and after neoadjuvant
chemoradiation.
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Abstract The anal sphincter preservation rate (ASPR) according to tumor level and neoadjuvant chemoradiotherpy (CRT)
has not been fully evaluated. Therefore, the aim of this study was to evaluate the correlation between the tumor level,
neoadjuvant CRT, and the ASPR in rectal cancer patients. We studied 544 patients (tumor level, 0–6 cm) who underwent
curative resection for rectal cancer between 1991 and 2005. Patients were divided six into groups according to tumor level
over 1-cm intervals, and the ASPR was evaluated in patients with and without neoadjuvant CRT according to tumor level.
Sphincter preservation surgery was performed in 191 patients, and 86 patents underwent neoadjuvant CRT. The overall
ASPR was 43.0% (37/86) in patients with neoadjuvant CRT and 33.6% (154/458) in patients without neoadjuvant CRT (P=
0.094). In an analysis according to tumor level, the ASPR was 0.0 vs 0.0% in ≤1 cm, 0.0 vs 2.1% in 1≤2 cm (P=0.589),
11.8 vs 16.8% in 2≤3 cm (P=0.599), 55.6 vs 20.2% in 3≤4 cm (P=0.001), 57.7 vs 45.9% in 4≤5 cm (P=0.227), and 66.7
vs 69.5% in 5≤6 cm (P=0.827). Neoadjuvant CRT did not increase the ASPR in tumor level within ≤6 cm. However, for
the tumor level (3≤4 cm), neoadjuvant CRT significantly increased the ASPR.

Keywords Anal sphincter preservation . Neoadjuvant
chemoradiotherpy . Rectal cancer

Introduction

Since its first description by Miles1 in 1908, abdominoper-
ineal resection (APR) has been regarded as the standard
surgery for patients with lower rectal cancer.2 However,
anal sphincter preservation has become an important issue
for surgeons and patients with lower rectal cancer, and
novel stapling instruments and innovative surgical tech-
niques have allowed anal sphincter preservation surgery in

many patients with lower rectal cancer.3–5 Recently, the use
of anal sphincter-preserving surgery has risen with in-
creased knowledge of the pattern of tumor spread and the
physiology of the anal sphincter mechanism. In addition,
the use of neoadjuvant chemoradiotherapy (CRT) in
patients with rectal cancer has increased, not only for the
enhancement of local tumor control and survival but also for
improvement of anal sphincter preserving surgery.6–8

However, neoadjuvant CRT does not guarantee anal
sphincter preservation in all rectal cancer patients because
tumors of ≤1 cm are not amenable to sphincter preservation
regardless of tumor responsiveness such as downsizing
after neoadjuvant CRT.

Anal sphincter preserving surgery is influenced by tumor
stage at the time of surgery, tumor distance from the anal
verge, and responsiveness to neoadjuvant CRT.9–13 Of
these, tumor distance from the anal verge is the most
important factor when selecting anal sphincter-preserving
surgery for the treatment of low rectal cancer. However, the
relationships among anal sphincter-preserving surgery, the
distance from the anal verge, and the use of neoadjuvant
CRT have not been fully addressed.
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Therefore, the purpose of this study was to evaluate the
correlation between neoadjuvant CRT, the tumor distance
from the anal verge, and the rate of sphincter preservation
in rectal cancer patients.

Materials and Methods

Patients

Between January 1991 and December 2005, curative
surgeries were performed for primary rectal cancer at the
Severance Hospital, Yonsei University College of Medi-
cine, Korea, in 2,296 patients who were histologically
confirmed with adenocarcinoma and had no previous
pelvis surgery, history of anal sphincter trauma, history
of fecal incontinence, or pelvic radiotherapy. Other
exclusion criteria were patients with tumor distance from
anal verge >6 cm, patients who had undergone transanal
excision and Hartmann’s procedure, and patients with
clinical stage T1 or T2 tumors. A final study population of
544 patients was selected, and their cases were reviewed
retrospectively (Fig. 1). The concept for this study was
approved by the institutional review board of Severance
Hospital.

All patients underwent diagnostic workups consisting of
computed tomography (CT) scans of the abdomen and

pelvis, chest X-ray, routine blood work, proctoscopy,
colonoscopy, and transrectal ultrasonography (TRUS).
Pelvic magnetic resonance imaging (MRI) was used from
1994 to the present.

Tumor distance from the anal verge was defined as the
length between the distal border of the tumor and the anal
verge and was measured in all patients at the time of
diagnosis using rigid proctoscopy. The anal verge was
defined as the border between the mucosa of the anal canal
and the hair-bearing anal skin.

Surgical Resection

All surgery was performed by qualified colorectal surgeons
at our institute, in accordance with the total mesorectal
excision principle with curative intent. Anal sphincter
preserving procedures were performed in patients who did
not have direct tumor involvement of the levator or anal
sphincter muscles. Procedures were performed four to
6 weeks after completion of neoadjuvant CRT or at the
time of diagnosis in patients who did not receive neo-
adjuvant CRT. Low anterior resection (LAR) with colorec-
tal anastomosis (CRA) and ultra low anterior resection
(ULAR) with coloanal anastomosis (CAA) were used as
anal sphincter-preserving procedures. CRA was performed
using a double stapling method. If the distal rectal stump
was insufficient for linear stapling, ULAR with CCA was
performed instead. Details of these procedures have been
described in a previous study.14

When a tumor was near the distal resection margin,
frozen tissue sections were analyzed during the surgical
procedure. If the tumor involved the resection margin, a
completion APR was performed.

Neoadjuvant CRT

Neoadjuvant CRT was performed in patients with rectal
cancer in stages cT3–cT4 or any N stage, as evaluated by
pelvic MRI or abdomino-pelvic CT scan. However, as
neoadjuvant CRT has not been routinely used in our
institute, only 86 patients in this study received this
treatment. Chemotherapy [5-fluorouracil (5-FU), 425 mg
m−2 day−1 and leucovorin, 20 mg m−2 day−1) was
administered intravenously during weeks 1 and 5 of
radiotherapy.

Radiation treatment was administered with a 6 MV/
10 MV dual photon linear accelerator using a four-field box
technique. The total radiation dosage was 5,040 cGY in 25
fractions delivered over 5 weeks. The radiation field was as
follows: the upper margin was 1.5 cm above the sacral
promontory (L5 level), the lateral margin was 1.5 cm
laterally from the pelvic lateral wall, and the lower margin
was 3 cm below the lower margin of the tumor.

2296 patients

- Histologically confirmed adenocarcinoma. 

- No previous pelvic surgery and radiotherapy 

1355 patients

-Tumor distance from anal verge (> 6cm)

941 patients

-Tumor distance from anal verge (  6cm)  

191 patients

-Trans anal excision, Hartmann procedure 

750 patients

206 patients

-cT1,cT2

544 patients

  -Final study population  
Figure 1 Flow chart of the selection process for the study group cT1
clinical T1 by pre-treatment imaging study; cT2 clinical T2 by pre-
treatment imaging study.
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Assessment

Patients were followed up at 3-month intervals during the
first 3 years, at 6-month intervals during the fourth and fifth
years, and annually thereafter for life. Medical histories,
physical examinations, and blood tests with serum carci-
noembryonic antigen were performed. Digital rectal exam-
ination was performed on all out-patients to detect local
recurrences. CT and whole body bone scans were per-
formed every year. Local tumor recurrences or systemic
tumor recurrences were identified clinically by tissue
diagnosis, where possible, or by CT or MRI. Positron
emission tomography was used when possible.

Fecal incontinence was assessed for 45 patients who
underwent ultra-low anterior resection and CAA using the
Kirwan classification:15 grade 1=perfect continence; grade
II=flatus incontinence; grade III=minor soiling; grade IV=
major soiling; and grade V=colostomy. Assessment of fecal
incontinence was evaluated 6 months after closure of the
diverting ileostomy.

Standardized pathology examinations were performed
and the circumferential resection margin (CRM) was
identified as described by Quirke et al.16 Detailed technical
procedures were described in our previous study.17

Statistical Analyses

Statistical analyses were performed using the statistical
software package SPSS version 11.5 (SPSS, Chicago, IL,
USA). Statistical comparisons were made using two-tailed
X2 tests or Fisher’s exact test as appropriate for categorical
variables and two-tailed Student’s t tests for continuous
variables. Recurrence and survival curves were calculated
and compared using the Kaplan–Meier method and log-
rank test, respectively. Values of P<0.05 were considered
statistically significant.

Results

Patient Characteristics

Patient characteristics are summarized in Table 1. The study
included 340 males and 204 females with a mean age of
56.8±12.1 years. Low anterior resection with CRA was
performed in 146 patients (26.8%), ultralow anterior
resection with CAA in 45 patients (8.2%), and APR in
353 patients (64.9%). Neoadjuvant CRT was given to 86
patients (15.8%), and complete response was noted in 7
patients (8.1%). Mean tumor distance from the anal verge
was 4.2±1.4 cm, mean tumor size was 4.9±1.8 cm, and
mean body mass index (BMI) was 22.6±2.9 kg/m2.
Clinical T stage was T3 in 510 patients (93.8%) and T4 in

34 patients (6.3%). Clinical N stage was N0 in 249 patients
(45.8%) and N+ in 295 patients (54.2%).

Factors Affecting Anal Sphincter Preservation Rate

Statistical analyses showed tumor distance from the anal
verge and clinical T stage to be significant factors affecting
the anal sphincter preservation rate. BMI and clinical N
stage were not significant factors. Moreover, neoadjuvant
CRT was not a significant factor affecting the anal sphincter
preservation rate (P=0.094). Neoadjuvant CRT was per-
formed in 19.4% of patients in the sphincter preservation
group (n=191) and in 13.9% of patients in the group
without sphincter preservation (n=353, Table 2).

Comparison of Anal Sphincter Preservation Rate
with Respect Tumor Distance from Anal Verge in Patients
with or without Neoadjuvant CRT

To further evaluate the effect of neoadjuvant CRT on the
rate of anal sphincter preservation, results were re-analyzed
with respect to tumor distance from the anal verge (Table 3).
For tumors less than 1 cm from the anal verge, the sphincter

Table 1 Patient Characteristics (n=544)

Characteristics Number (%)

Mean age (years ± SD) 56.8±12.1
Sex
Male 340 (62.5)
Female 204 (37.5)
Anal sphincter preserving surgery
Yes
LAR with CRA 146 (26.8)
ULAR with CAA 45 (8.2)
No
APR 353 (64.9)

Neoadjuvant CRT
Yes 86 (15.8)
No 458 (84.2)
Mean tumor distance from anal verge (cm ± SD) 4.2±1.4
Mean tumor size (cm ± SD) 4.9±1.8
Mean BMI (kg/m2 ± SD) 22.6±2.9
Clinical T stage
cT3 510(93.8)
cT4 34(6.3)
Clinical N stage
cN(−) 249 (45.8)
cN(+) 295 (54.2)

SD Standard deviation; LAR with CRA low anterior resection with
colorectal anastomosis; uLAR with CAA ultra low anterior resection
with coloanal anastomosis; APR abdominoperineal resection; CRT
chemoradiotherapy; BMI body mass index; cT clinical T stage by
pre-treatment imaging study; cN(−), clinical node-negative by pre-
treatment imaging study; cN(+) clinical node-positive by pre-
treatment imaging study
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preservation rate was 0.0% in the CRT group vs 0.0% in the
non-CRT group; for 1.1–2 cm tumors, the rate was 0.0 vs
2.9% (P=0.589); for 2.1–3 cm tumors, 11.8 vs 16.8% (P=
0.599); for 3.1–4 cm tumors, 55.6 vs 20.2% (P=0.001); for
4.1–5 cm tumors, 57.7 vs 44.5% (P=0.227); and for 5.1–
6 cm tumors, 66.7 vs 69.5% (P=0.827). In both CRT and
non-CRT groups, tumors were evenly distributed over all
distance intervals (Table 4).

Surgical Margins

For tumors less than 1 cm from the anal verge, the CRM
involvement rate was 7.7% in the non anal sphincter
preservation (SP) group. For tumors at 1.1–2 cm, the rate
was 0.0% for the SP group vs 25.0% for no SP (P=1.000);
at 2.1–3 cm, the rate was 5.3 vs 13.1% (P=0.463); at 3.1–
4 cm, 9.7 vs 9.9% (P=1.000); at 4.1–5 cm, 7.8 vs 6.9% (P=
1.000); and at 5.1–6 cm, 3.9 vs 8.8% (P=0.371). Overall,

the CRM involvement rate was 6.3% in SP group and
11.9% in no SP group (Table 5).

In the SP group, the mean distal margin, assessed in
fresh specimens without traction, was 2.6±0.92 cm (range
1–4 cm) in patients who underwent neoadjuvant CRT and
2.1±0.97 cm (range 1–4 cm) in patients who did not
undergo neoadjuvant CRT.

Functional and Oncologic Outcomes

Forty-five patients who underwent CAA were evaluated
6 months after closure of the diverting ileostomy. Fifteen
patients were treated with neoadjuvant, CRT and 30
patients did not receive with neoadjuvant CRT.

Perfect continence was noted in 10 patients (10/15,
66.7%) and 17 patients (17/30, 56.7%), respectively. Flatus
or mucus leakage was noted in one patient (1/15, 6.7%) and
three patients (3/30, 10.0%), respectively. Minor soling was
noted in four patients (4/15, 26.7%) and ten patients (10/30,
33.3%), respectively (P=0.805). Major incontinence was
not noted in either group.

The 5-year disease-free survival rate was 59.0% in the
anal sphincter preservation group and 49.9% in the group
with no anal sphincter preservation (P=0.017; Fig. 2). The
overall local recurrence rate was 9.8%. The 5-year local
recurrence rate was 6.0% in the anal sphincter preservation
group and 10.7% in the anal sphincter non-preservation
group (P=0.066; Fig. 3).

Discussion

Tumor size, stage, and distance from the anal verge have been
reported to be important factors influencing the use of
sphincter-preserving surgery in low-rectal cancer patients.9–13

In addition, the surgical techniques and instruments used can
influence the final outcome.3–5

Table 3 Comparison of Anal Sphincter Preservation Rate with
Respect to Tumor Distance from the Anal Verge in Patients with or
without Neoadjuvant CRT

Distance from
the anal verge (cm)

No. of anal sphincter preserving
procedures (%)

P value

Neoadjuvant CRT
(+)

Neoadjuvant CRT
(−)

≤1 0/0 0/13
1.1–2 0/10 (0) 1/35 (2.9) 0.589
2.1–3 2/17 (11.8) 17/101 (16.8) 0.599
3.1–4 10/18 (55.6) 21/104 (20.2) 0.001
4.1–5 15/26 (57.7) 49/110 (44.5) 0.227
5.1–6 5/15 (66.7) 66/95 (69.5) 0.827
Total 37/86 (43.0) 154/458 (33.6) 0.094

CRT Chemoradiotherapy

Table 2 Factors Affecting the
Sphincter Preservation Rate
in Rectal Cancer Patients

SD Standard deviation; SP
sphincter preservation; BMI
body mass index; CRT chemo-
radiotherpy

Factor SP (n=191) No SP (n=353) P value

Tumor distance from anal verge (cm ± SD) 5.0±1.0 3.7±1.3 0.000
Tumor size (cm ± SD) 4.9±1.9 5.0±1.7 0.820
BMI (kg/m2 ± SD) 22.8±2.9 22.5±3.0 0.247
T stage 0.000
3 190 (99.5%) 320 (90.7%)
4 1 (0.5%) 33 (9.3%)
N stage 0.917
0 88 (46.1%) 161 (45.6%)
1 103 (53.9%) 192 (54.4%)
Neoadjuvant CRT 0.094
Yes 37 (19.4%) 49 (13.9%)
No 154 (80.6%) 304 (86.1%)
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Neoadjuvant CRT in rectal cancer patients results in
tumor size reduction, downstaging, especially T down-
staging, and changes in the tumor distance from the anal
verge due to tumor shrinkage. These tumor responsiveness
after neoadjuvant CRT may allow complete resection of the
rectal cancer and with an anal sphincter preserving
procedure in circumstances where an APR was originally
required for curative resection.6–8,11,12 The mechanism of
facilitating the performance of an anal sphincter preserving
procedure after neoadjuvant CRT is that tumor responsive-
ness after neoadjuvant CRT may help to obtain safe distal
and CRM regardless of anal sphincter preserving procedure.

However, it should be noted that the measurement
methods or the definition of responsiveness to neoadjuvant
CRT varies among studies. Depending on the study, different
combinations of digital rectal examination, volumetric
analysis for the measurement of tumor shrinkage, pathologic
T or N downstaging, and tumor regression grading were
used, and therefore the response to neoadjuvant CRT in
specific cases was expressed differently, depending on the
measurements used. In addition, responses ranged from non-
response to complete response, and complete pathologic
response rates varied from 8 to 27%.18–20

As an expression of tumor responsiveness after neo-
adjuvant CRT, downstaging only decreases the depth of
invasion or nodal metastasis. Because of this, the tumor
distance from the anal verge may not be increased
sufficiently to allow anal sphincter preserving surgery
regardless of downstaging, whereas tumor shrinkage after
neoadjuvant CRT may be related to an increase in the tumor
distance from the anal verge and may facilitate a sphincter
preserving procedure. However, tumor shrinkage does not
necessarily associate with downstaging because the depth
of invasion and nodal involvement may not be decreased in
patients who showed tumor shrinkage after neoadjuvant
CRT. Moreover, tumor shrinkage does not always increase
the rate of anal sphincter preservation, and anal sphincter
preservation surgery will be impossible if the absolute
tumor distance is ≤1 cm from the anal verge regardless of
shrinkage after neoadjuvant CRT.

Thus, we hypothesized that it might not be possible to
reliably predict when anal sphincter preserving surgery
would be effective after neoadjuvant CRT.

Kim et al.11 reported that neoadjuvant CRT improved
sphincter preservation in rectal cancer within 3 cm of the
anal verge. However, changes in chemotherapy protocols
throughout the study period and the relatively small number
of enrolled patients may have biased for their results,
despite the fact that they analyzed the total effect of
neoadjuvant CRT on sphincter preservation regardless of
response status. Whereas, Crane et al.12 showed that
histological complete response to neoadjuvant CRT con-
tributed to sphincter preserving surgery in patients with low
rectal cancer. However, this result was confined to the
group that responded completely to neoadjuvant CRT and
not to all patients treated.

Interestingly, in our study, neoadjuvant CRT was not a
significant factor affecting the rate of sphincter preservation
except in patients with tumors between 3.1 and 4 cm from
the anal verge. This result indicates that anal sphincter
preserving surgery is technically difficult in patients with
tumors less than 3 cm from the anal verge, regardless of
tumor response after neoadjuvant CRT. Conversely, sphinc-

Table 5 Circumferential Re-
section Margin Status Accord-
ing to Anal Sphincter
Preservation and Tumor Dis-
tance from Anal Verge

SP Sphincter preservation;
CRM circumferential resection
margin

Distance from the anal
verge (cm)

SP group No SP group P value

CRM(+) CRM(−) Percent CRM(+) CRM(−) Percent

≤1 0 0 – 1 12 (7.7) –
1.1–2 0 1 (0.0) 11 33 (25.0) 1.000
2.1–3 1 18 (5.3) 13 86 (13.1) 0.463
3.1–4 3 28 (9.7) 9 82 (9.9) 1.000
4.1–5 5 59 (7.8) 5 67 (6.9) 1.000
5.1–6 3 73 (3.9) 3 31 (8.8) 0.371
Total 12 179 (6.3) 42 311 (11.9) 0.037

Table 4 Distribution of Tumor Distance from Anal Verge in Patients
with or without Neoadjuvant CRT

Distance from
the anal verge
(cm)

Neoadjuvant
CRT (+)

Neoadjuvant
CRT (−)

P value

Number Percent Number Percent

≤1 0 (0) 13 (2.8) 0.345
1.1–2 10 (11.6) 35 (7.6)
2.1–3 17 (19.8) 101 (22.1)
3.1–4 18 (20.9) 104 (22.7)
4.1–5 26 (30.2) 110 (24.0)
5.1–6 15 (17.4) 95 (20.7)
Total 86 (100) 458 (100)

CRT Chemoradiotherapy
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ter preserving surgery is possible in patients with tumor
distances more than 4 cm from the anal verge, even if the
patient did not receive neoadjuvant CRT or did not respond
to it.

In our study, the enrolled population was treated with
the same concept of curative surgical resection, the same
selection criteria for anal sphincter preservation surgery,
and the same dose and schedule of neoadjuvant CRT
throughout the entire study period. Therefore, our results
can reliably show the correlations between the effects of
neoadjuvant CRT and tumor distance from the anal verge
on the rate of sphincter preserving surgery. In addition, the
large number of enrolled patients makes it possible to
compensate for potential biases, which cannot be evaluat-
ed statistically, such as changes in surgical and radiother-
apy techniques, instruments, and technology, or the
surgeon’s treatment philosophy. Furthermore, the number
of patients who underwent neoadjuvant CRT was evenly
distributed over the range of tumor distances from the anal
verge, which allowed us to interpret our results more
objectively.

The CRM is the most important factor determining local
recurrence after rectal cancer surgery.16 Achieving an
adequate CRM is difficult in lower rectal cancer, especially
during anal sphincter preserving surgery, because the
mesorectum is either thin or lacking at this level. In our
study, the CRM involvement rate of the anal sphincter
preserving group was not higher than that in the group
without anal sphincter preservation. Moreover, local recur-
rence rate and survival rate between the two groups were
not significantly different. With respect to functional out-
comes, our results showed acceptable results, and no

statistical difference was observed between patients who
underwent neoadjuvant CRT and those who did not.

The most widely used chemotherapeutic agent in
colorectal cancer is 5-FU, which was used in the present
study; however, numerous attempts have been made to
improve oncologic outcomes, including biomodulation and
protracted infusion.21 Kim et al.22 reported that neoadjuvant
CRT using capecitabine achieved encouraging rates of
tumor downstaging with a low toxicity. Moreover, prelim-
inary results showed that neoadjuvant CRT with cetuximab
and capecitabine was effective and that new preoperative
radiation treatments such as high-dose neoadjuvant radio-
therapy could provide a greater beneficial effect on tumor
response and sphincter preservation.23,24

Recently, intersphincteric resection with additional par-
tial external sphincteric resection was introduced as an
alternative procedure that could be recommended for rectal
cancer patients who are candidates for abdomoperineal
resection.25 These new therapeutic attempts may make it
possible to perform anal sphincter-preserving surgery in
patients with tumors less than 3 cm from the anal verge.

Conclusion

Neoadjuvant CRT was not a significant factor affecting the
rate of anal sphincter preservation in low rectal cancer
patients with tumor ≤6 cm from the anal verge. However,
our analysis showed that neoadjuvant CRT significantly
affected the rate of anal sphincter preservation when tumors
were between 3.1 and 4 cm from anal verge.

This information will help to predict the possibility of
anal sphincter preservation in low rectal cancer patients and
will be a valuable aid to patient counseling.
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Figure 3 Five-year local recurrence rate according to anal sphincter
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Abstract
Background Radiofrequency ablation (RFA) is an effective local ablation therapy for hepatocellular carcinoma (HCC) with
favorable long-term outcome. There is no data on the analysis of recurrence pattern and its influence on long-term survival
outcome after RFA in HCC patients.
Aim of Study To evaluate the tumor recurrence pattern and its influence on long-term survival in patients with HCC treated
with RFA.
Patients and Methods From April 2001 to January 2005, 209 patients received RFA using internally cooled electrode as the
sole treatment modality for HCC. Among them, 117 patients (56%) had unresectable HCC because of bilobar disease, poor
liver function, and/or high medical risk for resection; whereas 92 patients (44%) underwent RFA as the primary treatment
for small resectable HCC. The ablation procedure was performed through percutaneous (n=101), laparoscopic (n=17), or
open approaches (n=91). The tumor recurrence pattern and long-term survival were analyzed. Multivariate analysis was
carried out to identify independent prognostic factors affecting the overall survival of patients.
Results The mortality and morbidity rates were 0.9 and 15.7%, respectively. Complete tumor ablation was achieved in 192
patients (92.7%).With a median follow-up period of 26 months, local recurrence occurred in 28 patients (14.5%). Same segment
and different segment intrahepatic recurrence occurred in 30 patients (15.6%) and 78 patients (40.6%), respectively. Twenty
patients (10.4%) developed distant extrahepatic metastases. The overall 1-, 3-, and 5-year survival rates were 87.2, 66.6, and
42%, respectively. Different segment intrahepatic recurrence and distant recurrence after RFA carried significant poor prognostic
influence on overall survival outcome. Using multivariate analysis, Child–Pugh grade (risk ratio [RR]=2.918, 95% confident
interval [CI] 1.704–4.998, p=0.000), tumor size (RR=1.231, 95% CI 1.031–1.469, p=0.021), and pattern of recurrence (risk
ratio [RR]=1.464, 95% CI 1.156–1.987, P=0.020) were identified as independent prognostic factors for overall survival.
Conclusion The tumor recurrence pattern after RFA carries significant prognostic value in relation to overall survival. Long-
term regular surveillance and aggressive treatment strategy are required for patients with different segment intrahepatic
recurrence to optimize the benefits of RFA.

Keywords Recurrence . Pattern . Radiofrequency .

Ablation . Hepatocellular . Carcinoma
Introduction

Management of hepatocellular carcinoma (HCC) has long
been a great challenge to clinicians because of the aggressive
tumor and its high propensity of vascular invasion. More-
over, high prevalence of cirrhosis among patients with HCC
has further complicated the treatment strategy. Hepatic
resection is regarded as the curative treatment option for
HCC patients with low mortality.1,2 Nevertheless, the
associated cirrhosis limits the extent of surgery and thus
increases the risk of postoperative liver failure. With
advancement in the technology of local ablation therapy,
radiofrequency ablation (RFA) has widely been used to treat
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patients with unresectable HCC with a curative intent.3,4

This localized thermal ablation technique utilizes high
frequency alternating current to induce ionic vibration in
targeted tumor. The resulting in situ lethal temperature
(>60°C) leads to irreversible cellular changes, including
intracellular protein denaturation, melting of membrane
lipid bilayers, and coagulative necrosis of individual tumor
cells. Early series of RFA have shown its safety and short-
term efficacy for HCC patients.5–7

Over the past years, the rapid development and refinement
of RFA technology has led to an increasing applicability of
this treatment modality in HCC patients. At present, signifi-
cant long-term survival results have been reported in a few
studies.8–13 Favorable overall 5-year survival rates can be
achieved, ranging from 33 to 55.4%. Nevertheless, the tumor
recurrence rates were inevitably high, up to 83%. Intra-
hepatic recurrences, including local recurrence and distant
intrahepatic recurrence, accounted for the majority of tumor
recurrence after RFA in these series. Whereas local recur-
rence at RFA site is caused by the untreated viable tumor
cells, distant intrahepatic recurrence is either related to new
tumor occurrence from the underlying cirrhosis or resulted
from tumor metastases via intrahepatic portal venous system.
Theoretically, intrahepatic tumor recurrence confined to the
same liver segment as RFA site may have different
pathogenesis from those occurred in different liver segments.
It is postulated that the former is more likely caused by
tumor spread along the same segmental portal vein, whereas
the latter is the result of multicentric tumor occurrence in
cirrhotic liver. Therefore, the biological characteristics of
recurrent tumor between same segment intrahepatic recur-
rence and different segment intrahepatic recurrence may
differ, and hence, the associated prognosis may vary. The
influence of such recurrence pattern on survival outcome of
HCC patients after RFA carries important clinical implication
and has not been mentioned in previous studies. With the
prognostic values of RFA recurrence pattern, the treatment
strategy of RFA for HCC patients can be optimized to im-
prove patients’ overall outcome. Thus, the present retrospec-
tive study aimed to evaluate the recurrence pattern and its
influence on survival outcome after RFA for HCC patients in
a single tertiary referral center.

Patients and Methods

Selection of Patients

From April 2001 to January 2005, 209 patients received RFA
as the sole treatment for HCC at Queen Mary Hospital, the
University of Hong Kong. Patients with tumor invasion to
major intrahepatic blood vessels or with extrahepatic metas-
tases were excluded from the study. In 130 patients (62.2%),

diagnosis of HCC was made by fine-needle (21-gauge)
aspiration cytology in patients undergoing percutaneous RFA
or by intraoperative core biopsy using an 18-gauge biopsy
needle in patients undergoing laparoscopic, thoracoscopic, or
open RFA. For the remaining 79 patients (37.8%), the
diagnosis of HCC was based on the radiological features in
computed tomography (CT) scan or magnetic resonance
imaging (MRI) and/or raised serum α-fetoprotein concentra-
tion (over 400 ηg/ml). One hundred and seven patients
(51.2%) had unresectable HCC because of bilobar disease,
poor liver function, or high medical risk for hepatic resection;
whereas 92 patients (44.0%) received RFA as primary
treatment for potentially resectable small HCC (up to 5 cm
for a solitary tumor or up to three nodules, each up to 3 cm in
diameter). Patients with tumors within the size and number
limit over both lobes of liver were considered to have
potentially resectable small HCC. Fifty patients (23.9%) had
previous hepatic resection and received RFA for intrahepatic
recurrent tumors. Fifty patients (23.9%) had previous trans-
arterial chemoembolization (TACE) for unresectable HCC,
and RFA was performed for tumors that did not respond to
TACE, the last dose of which was given more than 2 months
before RFA. RFA was performed for solitary tumor in 160
patients (76.5%), 2 tumors in 30 patients (14.3%), 3 tumors in
10 patients (4.7%), and 4 tumors in 9 patients (4.3%). Each
treatment underwent a single session of RFA, and a total of
286 tumor nodules were ablated in a single session of RFA.

Approaches of Radiofrequency Ablation

The guideline to choose different approaches for RFA in our
center has been mentioned in our previous study.14 Patients
with small HCC (up to 5 cm) at favorable location for
percutaneous RFA were treated with this approach. Under
local anesthesia and intravenous sedation using midazolam
and merperidine, RFA was carried out using transcutaneous
ultrasonographic or CT scan guidance. RFA through open
approach was considered in the presence of the following:
(1) large tumors (over 5 cm in diameter) that required
multiple overlapping ablation zones to cover the entire tumor
with adequate ablation margin of 0.5 cm; (2) tumors located
near the liver dome, for which percutaneous RFA might
cause lung injury; and (3) tumors close to visceral organs,
such as gallbladder, small and large bowels, and stomach.
Laparotomy under general anesthesia and mobilization of the
liver lobes were required in open RFA. In selected patients
without previous abdominal surgery, the laparoscopic ap-
proach was adopted if the location of tumor was favorable.
Moreover, a thoracoscopic approach was used in patients
with HCC in the dome of the liver. Intraoperative or
laparoscopic ultrasonography was used to guide the ablation
process in these situations. Hepatic inflow occlusion (Pringle
maneuver) was not applied in any patient during RFA.
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Techniques of Radiofrequency Ablation

The Cool-tip® radiofrequency system (Radionics, Burlington,
MA, USA) was used in all patients. A single radiofrequency
(RF) electrode with an exposed length of 3 cm was used for
tumors less than 3 cm in diameter, whereas a clustered
electrode (three parallel single electrodes close to each other)
with an exposed length of 2.5 cm was used to treat large
tumors (over 3 cm in diameter). Each ablation cycle lasted for
8–12 min, and multiple overlapping ablation zones were
required in large tumors. In selected patients with tumors
close to the portal structures at liver hilum, bile duct cooling
by cold saline was performed through a catheter, which was
inserted via cystic duct into the common bile duct after
cholecystectomy. In all patients, the aim of RFAwas to ablate
all detected liver tumors with curative intent and an ablation
margin of at least 0.5 cm in a single session.

Data Collection and Outcome Measures

Clinical details of all patients were prospectively collected
in a database. The treatment protocol and data collection
were approved by the Institutional Review Board of the
hospital. The clinical details, short-term, and long-term
outcome measures were evaluated in all 207 patients. The
short-term outcome measures include post-RFA complica-
tion rate, treatment-related mortality, and complete ablation
rate. The long-term outcome measures include tumor
recurrence pattern and survival after RFA. A complication
was defined as any adverse event after RFA, excluding pain
or transient febrile reaction to the ablation. Treatment-
related mortality was defined as any death within 30 days
of the RFA procedure. Tumor response to RFA was as-
sessed by CT scan 1 month after ablation. Complete abla-
tion was defined as the absence of contrast enhancement
within the original tumor. Any contrast-enhancing areas
within the targeted tumor on postablation CT scan indicated
incomplete tumor ablation. All patients had monitoring of
serum α-fetoprotein concentration, chest radiograph, and
CT scan every 3 months to detect tumor recurrence. All
images of CT scan were evaluated by two designated
radiologists (YJ and WKT). Local recurrence was defined
as tumor recurrence within or at the periphery of the
original ablated lesion in subsequent CT scans after
complete ablation was confirmed on the first postablation
CT scan. Same segment intrahepatic recurrence was defined
as any new tumor that occurred in the liver separate from
the ablated area but within the same liver segment as RFA
site according to Couinaud’s classification.15 Different
segment intrahepatic recurrence was defined as recurrent
tumor that occurred in different Couinaud’s segments15

from RFA site. Extrahepatic recurrence referred to any
recurrence outside the liver.

Statistical Analysis

All epidemiologic and clinicopathologic data were prospec-
tively collected in a computerized database. Continuous data
were expressed as median with ranges and were compared
using Mann–Whitney U test. Categorical data were com-
pared using the χ2test with Yates’ correction or the Fisher’s
exact test where appropriate. The primary end-point of this
study was survival time after RFA. The overall and disease-
free survival rates were calculated by the Kaplan–Meier
method and compared using the log-rank test. Hospital
deaths were included in the overall survival analysis but
were excluded from the disease-free survival analysis.
Fifteen clinicopathologic variables of potential prognostic
value were analyzed for their effects on overall survival.
Host factors included age (<60 vs ≥60 years), gender,
hepatitis B surface antigen status, antihepatitis C antibody
status, Child–Pugh grading,16 indocyanine green (ICG)
retention at 15 min (≤20 vs >20%), and histologic status
of the liver. Tumor factors included maximum tumor size
(≤5 vs >5 cm), number of tumors (solitary vs multiple),
tumor staging according to the Cancer of the Liver Italian
Program (CLIP) scoring system,17 subcapsular tumor
location, perivascular tumor location (definition of perivas-
cular HCC was mentioned in our previous study14), and
serum α-fetoprotein concentration (≤400 vs >400 ηg/ml).
Finally, the approaches of RFA and tumor recurrence
pattern were included in the analysis. Multivariate analysis
was performed using the Cox’s proportional hazards model
to identify independent prognostic factors of overall
survival. All statistical analyses were performed using a
statistical software (SPSS 11.0 for Windows, SPSS Inc.,
Chicago, IL). A P value of less than 0.05 was considered
statistically significant.

Results

Patient Characteristics

The demographic and clinicopathologic data of 209 patients
with hepatocellular carcinoma treated with RFA were
summarized in Table 1. The median age was 60, and there
was male predominance. The majority of patients had
chronic viral infection because of hepatitis B (85.6%) or C
(10.5%), and liver cirrhosis was present in 88.5% of
patients, as evidenced by histological and radiological
examinations. One hundred and ninety-one patients
(91.3%) had well-preserved liver function (Child–Pugh
class A16), whereas 15 patients (7.1%) and three patients
(1.4%) had Child–Pugh class B and C functional status,16

respectively. In terms of dynamic liver function, the median
ICG retention at 15 min was 16.6%, ranging from 2.7 to
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78.4%. One hundred and twenty-three patients (58%) had
ICG retention at 15 min ≤20%, and 86 patients (41.2%) had
ICG retention at 15 min >20%. Such high proportion of
patients with satisfactory liver function can be explained by
our patient selection criteria, in which 44% of patients received
RFA as primary treatment for potentially resectable small
HCC. Themajority of patients had early stage HCC, i.e., small
tumor size of ≤5 cm (n=198, 94.7%) and solitary tumor
nodule (n=160, 76.5%). Using CLIP scoring system,17 47.8,
42.5, and 9.6% of patients had scores 0, 1, and 2, res-
pectively. Most of the ablation procedures were carried out
through percutaneous (n=101, 48.3%) and open (n=91,
43.5%) approaches, whereas 14 patients and three patients
underwent laparoscopic and thoracoscopic RFA, respectively.

Treatment Mortality and Morbidity

Table 2 described the details of treatment-related mortality
and morbidity. Two patients (0.9%) died of multiorgan

failure during postoperative period after open RFA. The
overall complication rate after RFAwas 15.7%. Liver abscess
was the commonest complication after RFA (3.3%). Among
seven patients with liver abscess after RFA, six patients had
underlying diabetes mellitus, and four patients had previous
biliary-enteric anastomosis. Three patients had bile duct
injury after RFA for tumors close to segmental bile ducts.
Because we adopt cold saline irrigation of bile duct during
RFA procedure for such tumor location in subsequent 15
patients, none of them developed bile duct injury during the
follow-up period. Liver decompensation after RFA occurred
in four patients, and all of them had Child–Pugh class C16

liver functional status.

Short-term Treatment Outcome

The median hospital stay was 4 days (range: 2–21 days).
Patients who underwent percutaneous RFA had significantly
shorter median hospital stay than those who received open
RFA (2 vs 6 days, P=0.035). Similarly, median hospital stay
for patients with laparoscopic or thoracoscopic RFA was
significantly shorter than those with open RFA (3 vs 6 days,
P=0.042). The completeness of ablation could not be
assessed in two patients, who had hospital mortality after
RFA. The overall complete tumor ablation was achieved in
192 patients (92.7%). Taking into consideration of the total
number of ablated tumor nodules, the overall complete
ablation rate was 96.1% (275 of 286 tumor nodules). One
hundred and eighty-six patients (88.9%) had complete
tumor ablation after a single session of RFA, whereas six
patients (4.3%) required a second ablation for residual
tumor. Other treatment modalities was given to 15 patients
with incomplete tumor ablation after RFA as salvage
treatment, including TACE (n=8), percutaneous ethanol

Table 2 Treatment-related Mortality and Morbidity in 209 Patients
Receiving Radiofrequency Ablation for Hepatocellular Carcinoma

No. of patients

RFA-related mortality 2 (0.9)
RFA-related morbidity 33 (15.7)
Liver abscess 7 (3.3)
Bile duct injury 3 (1.4)
Intrahepatic pseudoaneurysm 1 (0.4)
Liver failure 4 (1.9)
Symptomatic ascites 4 (1.9)
Chest infection 3 (1.4)
Cardiac arrhythmia 4 (1.9)
Symptomatic pleural effusion 3 (1.4)
Duodenopleural fistula 1 (0.4)
Renal failure 3 (1.4)

Values are number of patients (percentage).
RFA Radiofrequency ablation

Table 1 Demographic and Clinicopathologic Data of Patients with
Hepatocellular Carcinoma Treated by Radiofrequency Ablation

Characteristics Values

No. of patients 209
Age (years)a 60 (18–85)
Gender (M/F) 162/47
Hepatitis B surface antigen 179 (85.6)
Hepatitis C antibody 22 (10.5)
Child–Pugh grading
Class A 191 (91.3)
Class B 15 (7.1)
Class C 3 (1.4)
Presence of cirrhosis 185 (88.5)
Serum bilirubin (μmol/l)a 18 (6–66)
Serum albumin (g/l)a 38 (18–48)
Platelet count (×109/l)a 110 (29–272)
Indocyanine green retention rate at 15 min (%)a 16.6 (2.7–78.4)
Serum α-fetoprotein (ηg/ml)a 400 (1–97200)
Size of largest tumor (cm)a 2.8 (0.5–8)
Largest tumor (≤5 cm/>5 cm) 198/11
No. of tumors treated (solitary/multiple) 160/49
One or more subcapsular tumors 107 (51.2)
One or more perivascular tumors 78 (38.7)
CLIP scoring system
Score 0 100 (47.8)
Score 1 89 (42.5)
Score 2 20 (9.6)
Approaches of radiofrequency ablation
Percutaneous 101 (48.3)
Laparoscopic 14 (6.6)
Thoracoscopic 3 (1.4)
Open 91 (43.5)

Values are number of patients (percentage) unless stated otherwise.
CLIP Cancer of the liver Italian program
aValues are median (range).
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injection (n=2), and hepatic resection (n=5). Two patients
were offered conservative treatment for malignancy be-
cause of poor liver functional reserve.

Tumor Recurrence Pattern

All surviving patients were followed up for at least 16 months
after RFA. Excluding two patients with hospital mortality, the
median (range) follow-up of the remaining 207 patients was
26 months (16–65 months). Among 192 patients with overall
complete tumor ablation, the pattern of first tumor recurrence
was evaluated. Thirty-six patients (18.7%) remained recur-
rence-free during the study period. Meanwhile, 136 patients
(70.8%) developed intrahepatic recurrence, and 20 patients
(10.4%) developed extrahepatic metastases. The sites of
distant metastases included the lung (n=13), bone, (n=6) and
brain (n=1). Among patients with intrahepatic recurrence,
28 patients (14.5%) had local recurrence at RFA sites;
whereas same segment and different segment intrahepatic
recurrences occurred in 30 patients (15.6%) and 78 patients
(40.6%), respectively. Time to develop local recurrence in
28 patients ranged from 9 to 48 months. Patients with early
local recurrence (within 12 months from RFA) have larger
tumors (median size, 5.5 vs 3.5 cm) when compared with
those with late local recurrence. All patients with local re-
urrence received further treatment, including RFA (n=20),
hepatic resection (n=5), and TACE (n=3). Meanwhile, 28
of 30 patients (93.3%) with same segment intrahepatic re-
currence underwent further treatment, including RFA (n=
16), TACE (n=10), and hepatic resection (n=2). On the
other hand, liver-directed treatment can only be offered to
50 of 78 patients (64.1%) with different segment intra-

hepatic recurrence, including RFA (n=25) and TACE (n=
25). Conservative treatment was adapted to two patients
with same segment recurrence and 28 patients with different
segment recurrence because of advance tumor status and
poor liver reserve.

Subgroup analysis was performed for 108 patients with
intrahepatic recurrence excluding those with local recur-
rence. The clinicopathologic characteristics of patients with
same segment and different segment intrahepatic recurrence
were summarized in Table 3. There was no significant
difference between two groups in age, gender, proportion of
patients with chronic hepatitis B infection, Child–Pugh
grading16 of liver function, and proportion of patients with
cirrhosis. Nevertheless, the proportion of patients with chronic
hepatitis C infection was significantly higher in different seg-
ment recurrence group than same segment recurrence group
(12.8 vs 6.6%; P=0.046). Moreover, patients in different
segment recurrence group had more advanced initial tumor
status than those in same segment recurrence group, in terms
of higher medium serum α-fetoprotein concentration (685 vs
150 ηg/ml; P=0.021), larger median tumor diameter (4 vs
2.2 cm; P=0.020), higher proportion of patients with
multiple tumors (44.8 vs 6.6%; P=0.000), and more
advanced CLIP scoring system (P=0.000). There was no
difference between the two groups in the RFA approaches
adapted. The median time to tumor recurrence was signifi-
cantly shorter in same segment recurrence group than different
segment recurrence group (9 vs 15 months; P=0.044).

Long-term Survival Outcome

Among a total of 209 patients with RFA for HCC, the
cumulative overall survival rates were 87.8% at 1 year, 60% at
3 years, and 42.3% at 5 years; whereas the cumulative disease-
free survival rates were 57.8% at 1 year, 30% at 3 years, and
28.4% at 5 years. The overall survival outcome of 192 patients
with complete tumor ablation after initial RFA was further
analyzed with respect to the pattern of tumor recurrence
(Fig. 1). Patients without recurrence had the best overall
survival among the whole group. The overall survival rates
were significantly better in patients with no recurrence (n=
36) than those with local recurrence (n=28; 1 year, 94.7 vs
86.3%; 3 years, 85.6 vs 74.8%; 5 years, 83 vs 63.6%; P=
0.031). Patients with initial local recurrence had better
overall survival outcome than those with distant intrahepatic
recurrence. Among 108 patients with distant intrahepatic
recurrence excluding local recurrence, the overall survival
rates were significantly better in same segment recurrence
group than different segment recurrence group (1 year, 78.6
vs 57.2%; 3 years, 57.0 vs 27.3%; 5 years, 42.0 vs 23.0%;
P=0.022). Patients with extrahepatic metastases had the
worse overall survival with 1-year survival rate of 18.3%,
and all patients died within 14 months from RFA.
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Figure 1 Overall survival results of 192 patients with complete tumor
ablation after RFA.Group 1: patients with no recurrence during follow-
up. Group 2: patients with initial local recurrence at RFA sites. Group
3: patients with same segment intrahepatic recurrence. Group 4:
patients with different segment intrahepatic recurrence. Group 5:
patients with extrahepatic metastases (Groups 1 vs 2: P=0.031; Groups
2 vs 3: P=0.015; Groups 3 vs 4: P=0.022; Groups 4 vs 5: P=0.016).
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Univariate analysis revealed that 5 of the 15 evaluated
factors had a significant prognostic influence on overall
survival among 209 patients with RFA for HCC (Table 4).
Child–Pugh class B or C16, large tumor size, high serum α-
fetoprotein concentration, and different segment intrahepatic
recurrence or extrahepatic metastasis were associated with
worse overall survival. On multivariate analysis, only Child–
Pugh grading16 (risk ratio [RR]=2.918, 95% CI 1.704–
4.998, P=0.000), tumor size (risk ratio [RR]=1.231, 95% CI
1.031–1.469, P=0.021) and pattern of recurrence (risk ratio
[RR]=1.464, 95% CI 1.156–1.987, P=0.020) were indepen-
dent predictors of overall survival.

Discussion

This study has evaluated the long-term overall survival
outcome after RFA for HCC. At present, clinical evidences
have proven the efficacy of RFA for HCC patients. Ran-
domized controlled studies18–20 have shown that RFA can
achieve a more complete ablation response (lower recur-

rence and longer overall survival rates) than percutaneous
ethanol injection (PEI), which is another effective local
ablation therapy for HCC. Moreover, optimistic long-term
survival results have been reported in recent retrospective
studies.9–13 Tateishi et al.9 have reported the largest series of
664 patients with HCC treated with percutaneous RFA. A
major complication rate of 4% was observed, and there was
no treatment-related death. The cumulative survival rates at
1, 3, and 5 years were 94.7, 77.7, and 54.3% for primary
HCC and 91.8, 62.4, and 38.2% for recurrent HCC, respec-
tively. Compared with these studies,9–13 we have observed
similar long-term survival rates (5-year overall survival rate
of 42.3% and 5-year disease-free survival rate of 28.4%).

This study is unique in the analysis of tumor recurrence
pattern and its association with overall survival in HCC
patients after RFA. Different prognostic factors affecting the
overall survival after RFA has been described in the previous
studies. Poor liver function in terms of advanced Child–Pugh
grading,9,11,12 large tumor,9,12,13 multiple tumor nodules,11

high serum α-fetoprotein concentration,9 and advanced
tumor-node-metastasis cancer staging10 were associated

Table 3 Clinicopathologic Characteristics of 108 Patients with Same Segment or Different Segment Intrahepatic Recurrence After
Radiofrequency Ablation for Hepatocellular Carcinoma

Characteristics Same segment intrahepatic
recurrence (n=30)

Different segment intrahepatic
recurrence (n=78)

P value

Age (years)* 52 (20–75) 54 (25–80) 0.655
Gender (M/F) 25/5 68/10 0.757
Hepatitis B surface antigen 26 (86.6) 67 (85.8) 0.846
Hepatitis C antibody 2 (6.6) 10 (12.8) 0.046**
Child–Pugh grading 0.955
Class A 24 (80) 69 (88.4)
Class B 6 (20) 8 (10.2)
Class C – 1 (1.2)
Presence of cirrhosis 27 (90) 72 (92.3) 1.000
Serum α-fetoprotein (ηg/ml)* 150 (20–13350) 685 (120–97200) 0.021**
Size of initial largest tumor (cm)* 2.2 (0.6–4) 4 (2.5–6.5) 0.020**
Initial largest tumor (≤5cm/>5cm) 30/0 69/9 0.047**
No. of initial tumors treated (solitary/multiple) 28/2 43/35 0.000**
One or more subcapsular tumors 19 (63.3) 55 (70.5) 0.388
One or more perivascular tumors 13 (43.3) 26 (33.3) 0.090
CLIP scoring system 0.000**
Score 0 18 (60) 9 (11.5)
Score 1 10 (33.3) 54 (69.2)
Score 2 2 (6.6) 15 (19.2)
Approaches of RFA 0.549
Percutaneous 15 (50) 40 (51.2)
Laparoscopic 2 (6.6) 10 (12.8)
Thoracoscopic – 2 (2.5)
Open 13 (43.3) 26 (33.3)
Time interval between RFA and recurrence (months)* 9 (6–15) 15 (12–24) 0.044**

Values are number of patients (percentage) unless stated otherwise.
RFA Radiofrequency ablation
*Values are median (range).
**Statistically significant
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with poor overall survival outcome after RFA. These
factors only indicate the tumor aggressiveness and the
degree of liver damage by the underlying chronic hepatitis
infection. From the practical point of view, they have
limited application in the overall management of patients
after RFA. In contrast, our findings of significant prognostic
value in tumor recurrence pattern after RFA give new
insights in the treatment strategy of HCC patients. We have
found that majority of patients (70.8%) would develop in-
trahepatic recurrence after complete ablation of HCC by
RFA. Among them, patients presented with initial local
recurrence at RFA site had the best 5-year overall survival
rate of 63.6%. Although distant intrahepatic recurrence was
associated with poor survival outcome, patients with same
segment recurrence had significant better survival than those
with different segment recurrence (5-year survival rate, 42 vs
23%). Hepatitis C carrier, large tumor size, multiple tumor
nodules, high serum α-fetoprotein concentration, and high
CLIP scores17 were associated with higher chance of
developing different segment intrahepatic recurrence after
RFA treatment. The main reason accounting for better
survival outcome of local recurrence and same segment
recurrence groups is that liver-directed therapies can be
carried out in the majority of these patients (100% in local
recurrence group and 93.3% in same segment recurrence
group). Within these groups, the recurrent tumors were still
confined within the same liver segments as RFA, such that
effective treatment (hepatic resection, RFA, and TACE) can
be performed. On the other hand, only 64.1% of patients in
different segment recurrence group can receive further
treatment for recurrence. Thus, a more aggressive approach
for the surveillance and treatment of recurrence is necessary

in this latter poor-risk group to optimize the overall survival
outcome of patients.

One drawback in the suggestion of aggressive approach
for different segment recurrence group is the difficulty in the
patient selection and prediction of this recurrence pattern in
the early postoperative period. By the time the tumor recurs
in this group, the tumor status may be too advanced for the
effective salvage treatment. Nonetheless, patients with risk
factors (hepatitis C carrier, large tumor size, multiple tumor
nodules, high serum α-fetoprotein concentration, and high
CLIP score) for development of different segment recurrence
should be closely monitored. Our policy is to perform
surveillance CT or MRI scan and check serum α-fetoprotein
concentration every 3 months after RFA in both early and
late period of follow-up. Hence, effective treatment modal-
ities (hepatic resection, repeated RFA, or TACE) can be
considered as early as possible before the recurrent tumor
progresses. Theoretically, preemptive liver transplantation
may be considered at the stage when tumor clearance is
confirmed immediately after RFA. This could be the most
efficient way to prevent further recurrence in the remnant
liver. However, such treatment strategy should be evaluated
carefully by large-scale prospective study.

The time to tumor recurrence among patients with either
same segment or different segment intrahepatic recurrence
have provided some clues on the underlying pathogenesis of
recurrent tumor. HCC is characterized by its high propensity
for vascular invasion, and the presence of microscopic
venous invasion is the most consistently reported risk factor
for recurrence after hepatic resection.21, 22 It is widely
accepted that intrahepatic metastasis via the portal venous
system is an important mechanism for intrahepatic recur-

Table 4 Significant Prognostic
Factors for Overall Survival
in 209 Patients with Radiofre-
quency Ablation for Hepato-
cellular Carcinoma

a Pattern of recurrence can only
be assessed in 192 patients
with complete tumor ablation
after RFA.

Prognostic factors Median survival (months) P value

Child–Pugh grading
Class A (n=191) 49.2 0.000
Class B (n=15) 18.6
Class C (n=3) 8
Largest tumor size
≤5 cm (n=198) 49.7 0.006
>5 cm (n=11) 23.3
Serum alpha fetoprotein (ηg/ml)
≤400 (n=171) 29.7 0.015
>400 (n=38) 18
Indocyanine green retention at 15 min (%)
≤20 (n=123) 52 0.014
>20 (n=86) 32.6
Pattern of recurrencea

No recurrence (n=36) >60 0.013
Local recurrence (n=28) >60
Same segment recurrence (n=30) 43
Different segment recurrence (n=78) 15
Extrahepatic recurrence (n=20) 12

J Gastrointest Surg (2008) 12:183–191 189189



rence.21 On the other hand, cirrhosis caused by chronic
hepatitis infection is a well-established precancerous state.
High hepatocellular proliferation, in terms of random
mutations and promotion, may lead to an increased risk of
development of HCC in cirrhotic liver. Hence, multicentric
occurrence is another mechanism responsible for intrahepatic
recurrence.23 From our previous study on early and later
intrahepatic recurrence after hepatic resection for HCC,
early recurrence appeared to arise mainly from intrahepatic
metastases, whereas later recurrence was more likely to be
multicentric in origin.24 In fact, we have identified a similar
pattern in the timing of recurrence between same segment
and different segment recurrence groups. We postulate that
the recurrence in the former group is more likely caused by
intrahepatic metastasis, whereas multicentric recurrence may
account for the recurrence in the latter group. Because RFA
often causes vaporization of intracellular water and forma-
tion of microbubbles within the ablation zone, the resulting
high intralesional pressure may facilitate tumor dissemina-
tion along portal venous system within the same segment as
RFA, thus accounting for early same segment intrahepatic
recurrence. As different segment recurrence has a tendency
to occur late in the follow-up period (median=15 months),
regular long-term surveillance program is thus essential. The
urge for the development of novel preventive measures is
another important strategy to alleviate the occurrence of
different segment intrahepatic recurrence according to its
pathogenesis. In this context, Muto et al.25 have described
the use of polyprenoic acid to suppress multicentric tumor
recurrence in cirrhotic liver.

The retrospective data analysis is the main limitation of the
present study. It would be desirable if the prospective study
can be performed to evaluate the efficacy of different
treatment modalities in patients with different recurrence
patterns. In this study, we use the pattern of first recurrence
after RFA to stratify different groups of patients and study the
survival outcome. The issue of treatment strategy of further
recurrence after initial control of first recurrence deserves
future large-scale study.

In conclusion, a durable long-term survival was observed
in HCC patients after radiofrequency ablation. The tumor
recurrence pattern after RFA carries significant prognostic
value in relation to overall survival. Patients with local or
same segment intrahepatic recurrence had better overall
survival than those with different segment intrahepatic
recurrence. The latter group may therefore require long-term
regular surveillance and aggressive treatment for recurrence
such as liver transplantation to optimize the benefits of RFA.
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Abstract
Background and Aims Percutaneous radiofrequency ablation (RFA) demonstrated good results for the treatment of
hepatocellular carcinoma (HCC) in cirrhotic patients; it is still not clear whether the overall survival and disease-free
survival after RFA are comparable with surgical resection. The aims of this study are to compare the overall survival and
disease-free survival in two groups of cirrhotic patients with HCC submitted to surgery or RFA.
Methods Two hundred cirrhotic patients with HCCs smaller than 6 cm were included in this retrospective study: 109
underwent RFA and 91 underwent surgical resection at a single Division of Surgery of University of Verona.
Results Median follow-up time was 27 months. Overall survival was significantly longer in the resection group in
comparison with the RFA group with a median survival of 57 and 28 months, respectively (P=0.01). In Child–Pugh class B
patients and in patients with multiple HCC, survival was not significantly different between the two groups. In patients with
HCC smaller than 3 cm, the overall survival and disease-free survival for RFA and resection were not significantly different
in univariate and multivariate analysis. Whereas in patients with HCC greater than 3 cm, surgery showed improvement in
outcome in both univariate and multivariate analysis.
Conclusions Surgical resection significantly improves the overall survival and disease-free survival in comparison with
RFA. In a selected group of patients (Child–Pugh class B, multiple HCC, or in HCC ≤3 cm), the results between the two
treatments did not show significant differences.

Keywords Hepatocellular carcinoma . Surgery .

Radiofrequency ablation . Liver cirrhosis
Introduction

Hepatocellular carcinoma (HCC) is the most frequent
primary liver neoplasm, and its incidence is increasing
worldwide.1 Because of the underlying cirrhosis, the
treatment of this malignancy requires a multimodality
approach: although surgical resection has the best results
in terms of overall survival and disease-free survival, other
treatments demonstrated to be successful in improving
survival.2

Percutaneous ethanol injection (PEI) and percutaneous
radiofrequency ablation (RFA) proved their efficacy and
safety in patients with small HCC not eligible for surgery.3

RFA has shown a greater effectiveness than PEI in obtaining
complete tumor necrosis with fewer number of treatments.4
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More recently, RFA has been also successfully offered in
patients eligible for liver resection or transplantation.5,6 Few
studies in literature evaluate the outcomes of percutaneous
treatments in comparison with surgical treatment.7–9

The aim of this study is to compare the prognosis of
cirrhotic patients with HCC who were submitted to surgical
resection or RFA.

Material and Methods

From January 1996 to August 2006, 260 patients with
chronic liver disease and HCC were submitted to liver
resection or RFA at a single Division of Surgery of the
Department of Surgery and Gastroenterology of the
University of Verona, Italy. Two hundred patients with
single or multiple (≤3 nodules) HCC measuring ≤6 cm were
included in this retrospective study.

Diagnosis of HCC was based on accordance two imaging
techniques (US, CT, or MRI) showing an arterial enhance-
ment in a focal lesion ≥2 cm or with a combined criteria of
an imaging technique and serum alpha-fetoprotein (AFP)
level greater than 400 ng/dl, according to the European
Association for Study of the Liver (EASL) consensus
conference criteria. A fine-needle biopsy was performed in
patients with uncertain diagnosis.10

Before surgery or RFA, all patients were submitted to
complete liver function tests (bilirubin, alkaline phospha-
tase, AST, ALT, GGT, albumin, prothrombin time), blood
count, creatinine level, chest x-rays, liver ultrasound, and
abdominal triple phase computed tomography (CT) and/or
contrast-enhanced magnetic resonance (MR).

Resection Group

During the study period, 91 patients were submitted to
surgical resection of HCC. The characteristics of the
patients submitted to surgery are reported in Table 1.

Surgical resection was considered the treatment of choice
for patients with Child–Pugh class A cirrhosis and single
HCC. Resection was also performed in selected patients with
multiple HCC or with Child–Pugh class B cirrhosis. All
surgical resections had negative resection margins confirmed
with histology. Surgical specimen examination confirmed the
presence of liver fibrosis in all patients. The type of resection
included 28 wedge resections, 51 segmentectomies, 8 biseg-
mentectomies, and 2 major resections (≥3 segments).

RFA Group

During the study period, 109 patients submitted to RFA
were included in this study. The characteristics of the
patients submitted to RFA are reported in Table 1.

Percutaneous RFA was considered the treatment of
choice for patients with Child–Pugh class B cirrhosis or
with multiple tumors. A small number of patients with
Child–Pugh class A cirrhosis and single tumor was treated
with RFA. In these patients, ablative therapy was indicated
because tumors were ill-located requiring major hepatic
resection or refusal of surgery. All patients included in the
study did not have general contraindication to surgery.

All the patients underwent RFA with a percutaneous
approach under real-time ultrasonographic guidance in an
operative room setting under conscious sedation or general
anesthesia. An expandable, electrode-needle type probe,
connected to a radiofrequencies generator (RITA Medical
System, CA, USA) was utilized in all patients. In the first
period from 1998 to 2000, we utilized a four-hook
electrode-needle connected to a 50-Watt radiofrequency
generator (RITA model 500, RITA Medical System, CA,
USA). After 2000, a new model, expansible nine-hook
needle linked to a 150-Watt generator was utilized (RITA
model 1500, RITA Medical System, CA, USA).

Evaluation of treatment response was performed with
CT or MR after 30 days. Evaluation of tumor response after
RFA was based on the World Health Organization (WHO)
criteria in which complete tumor response is defined as the
absence of arterial enhancement within or at the periphery
of all treated tumors determined by imaging observation

Table 1 Characteristics of the Patients Included in the Study

Variables Resection,
N (%)

RFA,
N (%)

P

Gender 0.92
M 73 (80) 88 (81)
F 18 (20) 21 (19)
Age 0.01
≤65 years 47 (52) 38 (35)
>65 years 44 (48) 71 (65)
Chronic liver disease 0.36
Viral HBV 10 (11) 14 (13)
Viral HCV 55 (61) 58 (53)
Not viral 26 (28) 37 (34)
Child–Pugh class 0.01
A 69 (76) 64 (59)
B 22 (24) 45 (41)
Tumor 0.01
Single 69 (76) 65 (60)
Multiple 22 (24) 44 (40)
Size 0.4
≤3 cm 31 (34) 32 (30)
>3, ≤6 cm 60 (66) 77 (70)
Serum alpha-fetoprotein level 0.8
≤20 ng/dl 57 (63) 66 (61)
> 20 ng/dl 34 (37) 43 (39)
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(CT or MRI).11 HCC with incomplete response were
reevaluated for a new RFA session.

Post Treatment Follow-up

Patients were monitored for recurrences every 3 months by
physical examination, serum AFP level and imaging studies
(CT or MR) were performed every 6 months. All patients
with intrahepatic recurrence were evaluated for new
treatment with ablative therapies (PEI or RFA), transarterial
chemoembolization, or surgery in relation to the severity of
liver dysfunction and tumor stage.

Statistical Analysis

All data were collected and analyzed with a statistical
computer software (SPSS 14.0, SPSS, IL, USA). Categor-
ical variables were compared using the chi-square test
and continuous variables using the Student’s t test. Over-
all survival and disease-free survival analyses were carried
out using the Kaplan–Meier methods; comparisons be-
tween different groups were carried out using the log rank
test.

Multivariate analyses for survival and disease free
survival were carried out using the Cox’s regression model.

Table 2 Univariate Analysis of Survival for Patients with Different Child–Pugh Class and for Patients with HCC Smaller and Larger than 3 cm

Variable N Median 95%CI 1 year % 3 year % 5 year % P

Overall 0.01
RFA 109 28 24–32 83 42 20
Resection 91 57 36–77 84 64 48
Child–Pugh class A 0.01
RFA 64 33 22–43 86 44 28
Resection 69 64 51–76 90 72 57
Child–Pugh class B 0.90
RFA 45 21 10–32 70 29 9
Resection 22 32 11–52 70 42 14
HCCs ≤3 cm 0.12
RFA 32 37 30–44 91 50 29
Resection 31 65 46–83 89 78 54
Single HCCs ≤3 cm and Child–Pugh class A 0.06
RFA 11 33 23–42 100 50 –
Resection 20 106 – 100 93 71
Multiple HCCs ≤3 cm and Child–Pugh class A 0.7
RFA 6 36 2–70 100 75 37
Resection 7 30 – 100 50 –
Single HCCs ≤3 cm and Child–Pugh class B 0.08
RFA 10 28 13–42 75 45 30
Resection 4 3 0–7 25 0 –
Multiple HCCs ≤3 cm and Child–Pugh class B –
RFA 5 43 – 80 60 0
Resection 0 – – – – –
HCCs >3 cm 0.01
RFA 77 24 20–30 77 33 14
Resection 60 40 29–51 81 56 44
Single HCCs >3 cm and Child–Pugh class A 0.7
RFA 23 38 19–36 84 63 45
Resection 33 64 17–111 80 64 55
Multiple HCCs >3 cm and Child–Pugh class A 0.13
RFA 24 25 14–36 77 22 0
Resection 9 – – 100 – –
Single HCCs >3 cm and Child–Pugh class B 0.16
RFA 21 15 14–16 66 15 –
Resection 12 24 9–39 82 47 23
Multiple HCCs >3 cm and Child–Pugh class B 0.7
RFA 9 29 0–68 75 45 15
Resection 6 32 0–72 67 33 33
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Results

Resection Group

No operative mortality was observed in the patients
included in this group; 33 (36.2%) patients suffered from
postoperative complications. The mean follow-up for
patients submitted to resection was 32 months (range 3–
120 months).

Median survival time was 57 months (95%CI=36–
77 months) with a 3-year and 5-year survival rate of 64%
and 48%, respectively.

Median disease-free survival was 36 months (95%CI=
27–44 months) with a 3-year and 5-year disease-free
survival rate of 56% and 27%, respectively.

RFA Group

There were no mortality after the procedure, and 11 (10%)
patients suffered of minor complications. The mean follow-
up in the RFA group was 23 months (range 3–92 months).

After single or multiple treatment (range 1–4 RFA
sessions), complete necrosis of the tumor was obtained in
89 patients, the rate of complete necrosis was related to
HCC size, 93.3% in patients with tumors ≤3 cm and 80.3%
in patients with tumors larger than 3 cm (P=0.05).

Median survival was 28 months (95%CI=24–32 months)
with 3-year and 5-year survival rate of 42% and 20%,
respectively.

Median disease-free survival for the RFA group was
16 months (95%CI=11–20) with a 3-year and 5-year
disease-free survival rate of 22% and 22%, respectively.

Comparison Between the Two Groups

Overall survival was significantly longer in the resection
group in comparison with the RFA group (P=0.001)
(Table 2). In Child–Pugh class A patients, surgery showed
better results with a median survival of 64 months in
comparison to 33 months in the RFA group (P=0.01).
Survival for patients with Child–Pugh class A cirrhosis and
single HCC was significantly longer in the resection group
in comparison to the RFA group with a median survival of
65 and 38 months, respectively (P=0.05). In patients with
multiple HCCs or Child–Pugh class B cirrhosis, we did not
observe differences in survival between the two groups.
(Table 2).

Multivariate analysis identified that Child–Pugh class B,
AFP level grater than 20 ng/dl, and RFA treatment were
significantly related with survival, the relative hazards were
2.1, 2.7, and 3.2, respectively (Table 3).

Comparison Between the Two Groups in HCCs ≤3 cm

Survival analysis in patients with tumors ≤3 cm identified
that survival was longer in patients in the resection group
in comparison to the RFA group with a median survival
time of 65 and 37 months, respectively; the difference did
not reach statistical significance. Subgroup survival anal-
yses of patients with single or multiple HCC in Child–
Pugh A and B patients did not show significantly different
survival rates between the two groups (Table 2). Multi-
variate analysis in patients with HCC ≤3 cm identified that
only Child–Pugh class was significantly related with
survival (Table 3).

Table 3 Multivariate Cox’s
Regression Model for Survival
in All Patients, Cox’s Regres-
sion Model for Patients with
HCCs Smaller than 3 cm, and
Cox Regression Model for
HCCs Larger than 3 cm

N Coefficient Relative hazard 95%CI P

Overall survival
RFA vs resection 109 vs 91 1.15 3.18 1.70–5.93 0.01
Child–Pugh class B vs A 67 vs 133 0.72 2.06 1.27–3.35 0.01
Serum AFP >20 vs ≤20 ng/dl 77 vs 123 0.97 2.64 1.64–4.24 0.01
Tumor size >3 vs ≤3 cm 137 vs 63 – – – 0.12
Multiple vs single tumor 66 vs 134 – – – 0.74
HCCs ≤3 cm
RFA vs resection 32 vs 31 – – – 0.15
Child–Pugh class B vs A 19 vs 44 1.44 4.24 1.50–11.97 0.01
Serum AFP >20 vs <20 ng/dl 31 vs 74 – – – 0.29
Multiple vs single tumor 18 vs 45 – – – 0.90
HCCs >3 cm
RFA vs resection 77 vs 60 0.95 2.58 1.23–5.41 0.01
Child–Pugh class B vs A 48 vs 89 0.56 1.75 1.01–3.01 0.04
Serum AFP >20 vs <20 ng/dl 46 vs 69 0.94 2.56 1.47–4.43 0.01
Multiple vs single tumor 48 vs 89 – – – 0.56
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Comparison Between the Two Groups in HCCs >3 cm

In patients with tumors greater than 3 cm, the overall sur-
vival was significantly longer in the resection group with a
median survival of 40 months compared to 24 months for
the RFA group (P=0.01; Table 2). Survival for patients with
HCC larger than 3 cm and Child–Pugh class A cirrhosis was
significantly longer in the resection group compared with
the RFA group with a median survival time of 64 and
27 months, respectively (P=0.05). Subgroup analysis in
patients with Child–Pugh class A cirrhosis and single HCC
confirmed longer median survival time for the resection
group but the difference did not reach statistical significance
(Table 2). Whereas surgical resection did not show superior
results compared to the RFA group in Child–Pugh class B
patients or in multiple HCC. Multivariate analysis in patients
with HCC greater than 3 cm identified that Child-Pugh class
B, serum AFP level grater than 20 ng/dl, and RFA were
significantly related with worse prognosis with relative
hazards of 1.7, 2.6, and 2.6, respectively (Table 3).

Disease-free Survival

Disease-free survival for the resection group was signifi-
cantly longer in comparison to the RFA group with a
median recurrence-free time of 36 and 16 months,
respectively (P=0.001).

Disease free survival analysis in patients with tumors
≤3 cm showed similar results between the two groups with
5-year disease-free survival of 36% in the RFA group and
19% in the resection group (P=0.70; Table 4). Multivariate
analysis confirms that the type of treatment was not
significantly related with recurrence (Table 5).

In patients with HCCs >3 cm, median disease-free
survival was significantly longer in the resection group
compared with the RFA group, 36 and 12 months
respectively (P=0.001; Table 4). Multivariate analysis for
HCCs grater than 3 cm identified that RFA treatment and
multiple tumors were significantly related with higher
recurrence rate with relative hazards of 2.5 and 2.1,
respectively (Table 5).

Table 4 Univariate Analysis
of Disease Free Survival
for All Patients, for Patients
with HCC Smaller than 3 cm
and for Patients with HCC
Larger than 3 cm

a In this group, only patients
with complete necrosis
were included in the statistical
analysis.

N Median 95%CI 1 year % 3 year % 5 year % P

All patients
RFAa 89 16 11–20 60 22 22 0.001
Resection 91 36 27–44 83 56 27
HCCs ≤3 cm
RFAa 28 25 14–35 72 36 36 0.70
Resection 31 36 26–45 80 58 19
HCCs >3 cm
RFAa 61 12 6–17 58 12 – 0.001
Resection 60 36 21–50 82 54 34

Table 5 Multivariate Cox’s
Regression Model for Disease-
free Survival in All Patients,
Cox’s Regression Model for
Patients with HCCs Smaller
than 3 cm, and Cox Regression
Model for HCCs Larger
than 3 cm

a In this group, only patients
with complete necrosis
were included in the statistical
analysis.

N Coefficient Relative hazard 95%CI P

Overall disease-free survival
RFAa vs resection 89 vs 91 0.64 1.89 1.15–3.13 0.01
Child–Pugh class B vs A 60 vs 120 – – – 0.64
Multiple vs single tumor 68 vs 112 0.58 1.78 1.12–2.83 0.01
Size >3 vs ≤3 cm 119 vs 61 – – – 0.25
AFP >20 vs ≤20 ng/dl 60 vs 120 – – – 0.11
HCCs ≤3 cm
RFAa vs resection 28 vs 31 – – – 0.46
Child–Pugh class B vs A 17 vs 42 – – – 0.16
Multiple vs single tumor 30 vs 71 – – – 0.38
AFP >20 vs ≤20 ng/dl 15 vs 44 – – – 0.93
HCCs >3 cm
RFAa vs resection 61 vs 60 0.91 2.50 1.24–5.07 0.01
Child–Pugh class B vs A 40 vs 81 – – – 0.42
Multiple vs single tumor 40 vs 59 0.73 2.09 1.18–3.69 0.01
AFP >20 vs ≤20 ng/dl 43 vs 78 – – – 0.14
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Discussion

The management of hepatocellular carcinoma on cirrhosis
involves nowadays many treatment options in relation to
the tumor stage and the severity of underlying chronic liver
disease.10,12,13 Among these, liver transplantation has the
best results in terms of overall survival and disease-free
survival, but only few patients can be submitted to this
treatment because of organ shortage.14,15

Liver surgery for hepatocellular carcinoma has improved
its results in patients with and without chronic liver disease
during the last decades with mortality lower than 5% in
most series.6,16 Long-term outcome after surgery is good
with a 5-year survival rate of 50%, but recurrence of the
disease is still a major issue with more than 70% of patients
who suffer recurrent disease.17

Local ablative techniques, in particular RFA, gained
much consent in the last years for its low complications rate
and for its efficacy in local necrosis of the tumor.3,18 The
indications for these treatments, the real impact in HCC
natural history, and the long-term survival are still matter of
debate. Moreover, RFA has been successfully applied in the
setting of liver transplantation as a bridge procedure to
control the tumor progression during the waiting list
period.15

Recent studies in literature compared local ablative
therapies with surgical resection. In a previous retrospective
multicenter study, the authors identified that surgical
resection has still the best results in terms of overall
survival and disease-free survival.7 On the contrary Wakai
et al., in a retrospective study in HCCs smaller than 4 cm,
identified that results of local ablative therapy are compara-
ble with surgery in HCCs smaller than 2 cm with a 10-year
actuarial survival rate of 45% for ablative therapy and 58%
for surgical resection (P=0.08), whereas surgery showed
superior results in larger HCCs.9 More recently, Hong
et al. found that RFA is as effective as surgery in small
HCC (≤4 cm), also with preserved liver function (Child–
Pugh class A) without differences in overall survival and
disease-free survival.8

In literature, only one prospective randomized trial had
been recently published. In this study, the authors identified
that surgery and RFA have similar results for single HCCs
smaller than 5 cm in terms of overall survival and disease-
free survival.19

The results of the current study confirm that surgery has
still superior results in comparison to RFA and that these
differences are more clearly demonstrated in HCCs larger
than 3 cm. The current study has some limitations because
it is retrospective with a relatively small sample and
because the two groups of patients have differences in
severity of chronic liver disease and in tumor stage.
However, we think that these biases did not influence the

statistical analysis in the subgroups and in the multivariate
analyses.

In the current study, we included in the analysis only
patients submitted to surgical or ablative treatment with
curative intent because the strong prognostic value of
complete response of treatment both in surgical therapies
and in RFA has been clearly demonstrated.20,21 With regard
to tumor size, we choose the 3-cm cutoff value because
RFA showed higher tumor necrosis rate in HCCs smaller
than 3 cm.18

In tumor smaller than 3 cm, we observed a longer
median survival time for patients submitted to surgical
resection, 65 vs 37 months, respectively, but the difference
did not reach statistical significance (P=0.12). Also,
multivariate analysis showed that type of treatment did
not influence the survival in this group of patients.

Although these data emphasized the efficacy of RFA in
small HCCs, surgical resection still has better results also in
small HCCs. The role of RFA in these patients should be
evaluated in relation with the severity of chronic liver disease
where the lower risk of the procedure without impairment of
liver function could give some advantages in these patients.
Moreover, RFA could be preferred to surgical resection in
patients candidate for liver transplantation.

Surgical resection proved its efficacy in HCCs larger
than 3 cm in which hepatectomy can remove small
peritumoral satellites and microvascular invasion that are
frequently observed in larger tumors.22 In these patients, the
results of surgery was clearly superior to RFA in both
univariate and multivariate analyses.

In conclusion, this retrospective study shows that RFA
have comparable results with surgical resection in patients
with more severe liver dysfunction (Child–Pugh class B) or
multiple nodules. In single small HCCs (≤3 cm), surgery
has still better results but the difference with RFA did not
reach statistical significance in univariate and multivariate
analysis.

In larger HCCs (>3 cm and <6 cm), surgical resection
has still demonstrated its efficacy in terms of long-term
survival and disease-free survival. More studies are neces-
sary to demonstrate if RFA can be a curative therapeutic
option in patients candidate for surgical resection for HCCs
smaller than 3 cm.
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Abstract In some cases of bile duct stricture, malignancy cannot be diagnosed preoperatively even with the use of various
diagnostic imaging modalities and histologic examination. As long as malignancy cannot be ruled out completely, surgery
can be undertaken for the purposes of diagnosis and treatment. We report a case of unusual segmental stricture of the lower
common bile duct mimicking bile duct cancer and discuss the differential diagnosis.

Keywords Common bile duct . Segmental stricture .

Benign stricture

Case Report

An 82-year-old man presented with high fever, vomiting,
and epigastralgia, and laboratory findings were consistent
with obstructive jaundice and liver dysfunction. Percutane-
ous transhepatic biliary drainage was performed at a nearby
hospital, and the patient was admitted to our hospital for
further examination and treatment. Laboratory values upon
admission were as follows: total bilirubin 7.6 mg/dl
(normal 0.2–1.2 mg/dl), direct bilirubin 5.7 mg/dl (normal
0.1–0.7 mg/dl), aspartate aminotransferase 75 IU/l (normal
13–33 IU/l), alanine aminotransferase 66 IU/l (normal 8–
42 IU/l), gamma-glutamyl transpeptidase 68 IU/l (normal

10–47 IU/l), and alkaline phosphatase 408 IU/l (normal
115–359 IU/l). Carcinoembryonic antigen and carbohy-
drate antigen 19-9 levels were within normal limits.
Endoscopic retrograde cholangiopancreatography (ERCP)
showed severe stricture of the lower common bile duct
(CBD), and both endoscopic retrograde and percutaneous
transhepatic cholangiography revealed a limited segmental
stricture, about 15 mm in length, of the lower CBD (Fig. 1).
There were no abnormalities suggestive of autoimmune
pancreatitis (AIP) or primary sclerosing cholangitis (PSC) in
the pancreatic duct or the intrahepatic bile ducts, respective-
ly, and neither brushing cytology nor histologic examination
of the stricture revealed any evidence of malignancy.
Computed tomography (CT) and endoscopic ultrasonogra-
phy (EUS) revealed no apparent tumorous lesion at the
corresponding bile duct, and there were no angiographic
abnormalities with the celiac angiography. Magnetic reso-
nance cholangiopancreatography (MRCP) could not be
performed because the patient had pacemaker implanted for
sick sinus syndrome. Percutaneous transhepatic cholangio-
scopy revealed the existence of a papillary tumorous lesion,
but biopsy showed only hyperplastic change of the lining
epithelium with no malignant component. Because the cause
of the stricture was unclear and malignancy could not be
ruled out completely, we decided to perform pylorus-
preserving pancreaticoduodenectomy with lymph node dis-
section for the purposes of accurate diagnosis and treatment.
At laparotomy, no ascites was found, and there was no
evidence of lymph node metastasis. The resected specimen
showed limited stricture, 17×12 mm in size, of the lower
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CBD accompanying flattened papillary appearance (Fig. 2).
Histologically, the lining epithelium of the CBD showed
marked micropapillary projection of the mucosal surface
(Fig. 3a). Erosion of the mucosal surface, with fibrinopur-
ulent exudates, was also found. Marked fibrosis and capillary
proliferation were seen around the bile duct and continued
into the pancreatic tissue (Fig. 3b). Inflammatory infiltration
was also seen, but infiltration of plasma cells was not so
striking and plasma cells were negative for IgG4 immuno-
histochemically. No findings suggestive of chronic pancre-

atitis were observed in the adjacent pancreatic tissue, and the
characteristic pathologic feature of PSC, concentric periduc-
tal fibrosis (“onion skinning”), was also absent. Immunohis-
tochemically, there were no epithelial cells showing
immunoreactivity for p53, and the MIB-1 index was very
low at the proliferative sites. Although some nuclear
enlargement was noted, no neoplastic overgrowth was found,
and the possibility of reactive hyperplasia because of
obstruction was considered. From these findings, the
localized type of sclerosing cholangitis (SC) was most likely.

Discussion

Benign bile duct stricture results from various conditions,
including primary and secondary SC, infection, toxins, and
ischemia.1 Biliary tract cancer is the second most common
primary hepatobiliary cancer, after hepatocellular cancer,
with approximately 7,500 new cases diagnosed per year in
the United States. Biliary tract cancer may spread directly

Figure 1 Cholangiopancreatography shows a limited segmental
stricture (white arrowhead), about 15 mm in length, of the lower
CBD. No abnormalities are seen in the pancreatic duct or the
intrahepatic bile ducts. P = Pancreatic duct.

Figure 2 Photograph of the resected specimen. Limited stricture of
the lower CBD with flattened papillary appearance is shown (black
arrow = proximal stricture site).

Figure 3 Histologic findings (a hematoxylin and eosin stain, original
magnification ×40, b hematoxylin and eosin stain, original magnification
×12.5). a The lining epithelium of the CBD showed reactive hyperplasia.
b Marked fibrosis around the bile duct and pancreas are seen.
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into adjacent organs or the abdominal cavity, where it can
be detected by ultrasonography, CT, magnetic resonance
imaging, or EUS, but it may be impossible to determine the
exact extent of invasion.2 The diagnostic accuracy of
MRCP is considered to be equivalent to that of ERCP for
a broad spectrum of benign and malignant pancreatic and
biliary ductal diseases.3 Magnetic resonance cholangiopan-
creatography is optimal for visualization of both intra-
hepatic and extrahepatic cholangiocarcinomas, which
appear as hypointense lesions on T1-weighted images and
hyperintense lesions on T2-weighted images.4 Choi et al.5

analyzed the use of multiphasic helical CT in 50 patients
with only a focal CBD stricture, 32 with a malignant and 18
with a benign stricture. The results revealed that stricture
length and ductal diameter proximal to the stricture were
significantly greater in cases of malignant stricture than in
cases of benign stricture and that wall thickness of more
than 1.5 mm was observed in 81% of malignant cases but
only 16% of benign cases. The authors concluded that
hyperenhancement of the involved CBD during the portal
venous phase is the main factor distinguishing malignant
from benign CBD stricture.5 In our case, wall thickness was
less than 1.5 mm, stricture length and ductal diameter
proximal to the stricture were less than those usually seen
in cases of malignancy, and there was no hyperenhance-
ment during the portal venous phase.

To distinguish benign stricture from malignant stricture,
histologic evaluation is essential. Stewart et al.6 reviewed
the results of brush cytology in 406 cases of pancreatico-
biliary stricture and reported overall diagnostic sensitivity
and specificity of 59.8% (147/246) and 98.1% (157/160),
respectively. There were 30 of 48 (62.5%) primary bile duct
neoplasia specimens also diagnosed as malignant by brush
cytology.6 A similar analysis was made by Elek et al.,7 who
reported the diagnostic accuracy of cytology and biopsy for
diagnosis of malignancy of the CBD to be 54 and 55%,
respectively, and that combined application of intraductal
biopsy and cytology led to more accurate diagnosis than the
use of either diagnostic method alone.7 In our case,
preoperative intraductal cytology and biopsy did not yield
convincing evidence of malignancy. However, because the
cause of stricture was unclear and malignancy could not be
completely ruled out, surgery was undertaken for the
purposes of diagnosis and treatment.

In patients without previous biliary tract surgery,
choledocholithiasis, congenital abnormality of the biliary
tract, bile duct carcinoma, or pancreatic disease, some cases
of SC has been reported to affect the extrahepatic biliary
tree, and dilatation of the proximal bile ducts and short,
ring-like stenosis were associated. Nakanuma et al.8

mentioned that PSC may be diverse in terms of etiology
and pathogenesis and that it may include some variants as
well as the classic PSC.

Autoimmune pancreatitis accompanied by serum IgG4
elevation has recently been proposed as a new clinical entity.9

This condition is sometimes associated with other autoim-
mune diseases such as Sjögren syndrome or SC. In the study
by Nakazawa et al.,10 cholangiographic findings such as
band-like stricture, beaded or pruned-tree appearance, and
diverticulum-like formation were characteristic and specific
for PSC, whereas segmental stricture, long stricture with
prestenotic dilatation, and stricture of the distal CBD were
characteristic of AIP-SC. The difference in pathophysiology
between AIP-SC and PSC was analyzed by Uehara et al.,9

and the results showed that the IgG4-positive plasma cell/
mononuclear cell ratio was significantly higher in AIP-SC
than in PSC.10 In some cases in the AIP category reported
so far, only biliary strictures were present, with no changes
in the pancreas itself. If the histopathologic findings are
consistent with the biliary changes of lymphoplasmacytic
sclerosing pancreatitis that are characteristic of AIP, and if
plasma cells that stain positively for anti-IgG4 antibody are
present, the case may represent a new clinical entity within
the AIP category.10 Although AIP-SC was excluded because
of normal IgG4 level and a lack of infiltration of IgG4-
positive plasma cells, as in our case reported here, the
differential diagnosis from AIP-SC would be still required.
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Abstract Cecal volvulus is an uncommon cause of intestinal obstruction and is rarely diagnosed correctly at the time of
presentation. We report a case in an 86-year-old man presented with an abrupt onset of lower abdominal distension,
preoperatively diagnosed as cecal volvulus by abdominal CT. Surgery revealed a 20 cm length of the closed-loop that had
rotated in a counter-clockwise rotation. A right hemicolectomy with colonic fixation was subsequently performed; early
diagnosis enabled this procedure to be performed in a timely fashion. This case demonstrates the need for clinicians to
consider cecal volvulus as a possible cause of acute abdomen. Performing abdominal CT studies in such patients may enable
early diagnosis and prompt surgical intervention.
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Case Report

An 86-year-old man presented with an abrupt onset of
lower abdominal distension while he was hospitalized for
pneumonia. His medical profile included Parkinson disease
diagnosed 15 years previously and a history of chronic
intermittent abdominal pain along with intermittent consti-
pation for several years. Physical examination revealed

diffuse abdominal distention with mild tenderness and a
palpable firm mass in the lower abdomen. The plain
abdominal radiographs showed a markedly dilated bowel
segment with haustra in the right lower abdomen and
laterally dilated small intestine (Fig. 1), but this finding was
not specific enough to lead to a diagnosis. A subsequent
abdominal computed tomography (CT) showed extremely
dilatated bowel with haustra in the right abdomen that
resembled a “coffee bean” appearance. Contiguous CT
sections identified progressive tapering of ascending colon,
terminating at a site of torsion in a “bird’s beak” equivalent
(Fig. 2a), and also confirmed that the descending colon was
clearly separated from the lesions (Fig. 2b, c). Together,
these findings led to the diagnosis of a cecal volvulus with
an associated bowel obstruction and the patient was
immediately taken into surgery. Surgery revealed a marked
distension of the cecum and a 20-cm length of the closed-
loop that had rotated in a counterclockwise rotation around
its long axis, in agreement with the preoperative diagnosis
made by CT (Fig. 3). The patient had no intestinal
nonrotation but rather a mobile cecum, making it suscep-
tible to volvulus. A right hemicolectomy with colonic
fixation was subsequently performed. The resected tissue
was found to be massively distended, thin, necrotic, and
close to perforation. No abnormalities such as an adhesion,
tumors, or an intestinal rotation abnormality were identified
that could have acted as a leading point for the volvulus.
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The patient had an excellent recovery and no further
recurrence of abdominal pain at 1 year after the operation.
Although cecal volvulus is only a rare form of colonic
volvulus, it should be considered, especially if the patient is
known to have predisposing anatomical abnormalities
including mobile cecum or other risk factors for cecal
volvulus.

Discussion

Colonic volvulus is an uncommon cause of intestinal
obstruction, accounting for approximately 1–1.5% of all
bowel obstructions in adults; it occurs in 10–15% of all
large bowel obstructions, and rarely is the cecum involved.1

Cecal volvulus is rarely diagnosed correctly at the time of
presentation because the symptoms are often nonspecific.1,2

Clinically, cecal volvulus, resulting in colonic ischemia and
perforation with resultant large bowel obstruction and
strangulation, requires immediate surgical exploration be-
cause of the significant risk of severe complications.

Immediate surgical reduction of the twisted segment is the
most effective treatment. This eliminates the possibility of
recurrence and also has low morbidity and mortality
rates.1,3 In this case, we observed the nonviable segment

Figure 2 Abdominal CT scan showing a “coffee bean” appearance in
the right abdomen: a The ascending colon gradually tapers and
converges at the site of the torsion, resulting in the “bird’s beak”
appearance (arrow). b The CT section, contiguous with subpanel a,
reveals that the descending colon is clearly separated from the
distended bowel (arrow), confirming the diagnosis of cecal volvulus.
c The CT section shows the gas-filled appendix, which is involved
with the cecal volvulus (arrow).

Figure 1 Abdominal radiograph showing the markedly air-distended
colon in the shape of a “coffee bean” with an associated small bowel
obstruction. The tapered end is directed toward the right lower
quadrant (arrow).

J Gastrointest Surg (2008) 12:202–204 203203



of twisted terminal ileum at the laparotomy, so early
diagnosis enabled this procedure to be performed in a
timely fashion.

The underlying etiology and predisposing factors for
cecal volvulus include conditions such as chronic consti-
pation, abdominal masses, prior abdominal surgery, and
colonoscopy and presumably develops through cecal
displacement and colonic distention.4-6 Acute colonic
volvulus, reported to be more frequently seen in patients
in hospital for other illness at the time of diagnosis, is
associated with the increased occurrence of colon distention
and intestinal dysmotility.3 However, a mobile cecum, the
absence of normal fixation of the terminal ileum, is
primarily required for this twisting to occur, as it was in
this case. Autopsy series indicate that 0.5% of the
population has a clinically silent abnormality of intestinal
fixation.2 In our case, the patient had anatomical suscepti-
bility with mobile cecum under conditions of severe
constipation. Discovery of anomalous intestinal rotation or
cecal displacement in an asymptomatic adult does not
warrant any surgical intervention. However, both patient
and physician should be aware of the abnormality so that
abdominal symptoms are interpreted correctly and managed
properly.

Studies have indicated that contrast study with water-
soluble contrast medium and colonoscopy can establish the
diagnosis of intestinal volvulus preoperatively by identify-
ing a “bird’s beak” appearance or a smooth tapering cut off
indicating a point of obstruction from the colonic twist and
a dilated malpositioned cecum.2,3 These studies are associ-
ated with minimal complications in the absence of clinical
peritonitis and severe constitutional symptoms2 but are not
recommended in the management of acute volvulus patients
with advanced obstruction, suspected perforation, and

gangrenous bowel.3 In addition, these would have increased
the potential risk of obscuring visualization for a subse-
quent CT examination.7 On the other hand, abdominal
ultrasonography (US), a widely used and less invasive
method for diagnosing abdominal disease, could not detect
the dilation and obstruction of the intestine in the present
case because of profuse intestinal gas. Indeed, it is unlikely
that US can play a major role in the diagnosis of colonic
volvulus because massive intestinal gas is frequently seen
in such cases.3

Because of its recent advent as an imaging technique,
abdominal CT is being increasingly used for the evaluation
of acute abdomen as the preferred imaging modality and
can be utilized to confirm this rare diagnosis.7 The “coffee
bean” and “bird’s beak” signs are common CT findings
associated with acute colonic volvulus,7 as seen in this case,
preoperatively confirming the diagnosis of cecal volvulus
by CT. We believe that abdominal CT is the most useful
procedure for identifying cecal volvulus when radiographic
findings are obscured, such as with a fluid-filled, as
opposed to an air-filled and distended, closed loop cecal
segment. Prompt abdominal CT in advance of exploratory
laparotomy should be considered in all patients with
intestinal obstruction of unclear etiology. In conclusion,
this case, though rare, demonstrates the need for clinicians
to consider cecal volvulus as a possible cause of abdominal
pain and that performing abdominal CT studies may enable
early diagnosis and allow for prompt surgical intervention.
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