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INTRODUCTION
Pierre-Alain Clavien, M.D., Ph.D.

The public policy committee of the Society for
Surgery of the Alimentary Tract (SSAT) held a panel
on “Physician Competency” during Digestive Dis-
ease Week in New Orleans on May 18, 2004.
Developing and assessing physician competencies,
particularly surgeon competencies, is a challenge and
a subject of many discussions worldwide. The goal
of surgical training in any system is to produce com-
petent professionals capable of meeting the health
care needs of the society. A surgeon must learn to
operate safely and skillfully. The traditional way of
teaching has been in the operating room, is based on
an exemplary role model, and is monitored through
subjective assessments. “See one, do one, teach one”
has been the adage of many generations. The op-
erating room is no longer the ideal learning environ-
ment because of (a) increasing time constraints, (b)
cost, stress, and ethical considerations, (c) hours and
shift restrictions for residents, (d) a shift from inpa-
tient to ambulatory surgery, (e) the use of more com-
plex (laparoscopic) procedures, and (f) the public’s
attention. These constraints have resulted in a shift
towards a more objective measurement of outcome
and surgeon abilities, and, thereby, decreased interac-
tion between residents and senior role models.
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What makes a surgeon competent? Certificates
and diplomas are still important testimonies of
achievements, but will the future rely on new teaching
tools, new routines, and continuous assessments? In
this symposium, David Nahrwold attempts to define
“What is Competence?” Nat Soper provides insights
into “Teaching Old Dogs New Tricks,” and finally
Barbara Bass covers the topic of “Measuring and
Maintaining Competency.”

WHAT IS COMPETENCE?
David L. Nahrwold, M.D.

The purpose of this section is to review the genesis
of the competence movement in medicine and de-
scribe competence as it applies to the medical profes-
sion. Previous reviews of this subject have been
published elsewhere.1–4
Our society is pervaded by a fixation on quality.

The business and industrial community recognizes
that high-quality products and services are essential to
compete in our global economy, using techniques
and concepts such as zero defects and six sigma. Ac-
cordingly, thepublichas expectations thatprovidersof
services, including mechanics, hairdressers, lawyers,
and physicians, will be competent.
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Webster’s New World College Dictionary5 defines
competence and competent in a typical manner:
“com-pe-tence n. Condition or quality of being com-
petent.” “com-pe-tent adj. Well qualified; capable; fit
(a competent doctor).” Thus, although competence
and the competent individual are defined, the com-
petent physician is not.
The public wants competent physicians. Variations

in care, poor service, and preventable medical
errors have eroded confidence in the competence of
physicians in recent years, even to the extent that the
professional privilege of self-regulation is endan-
gered. To restore the public trust, physicians must
evaluate their competence as a profession and as indi-
vidual practitioners within the health care system.
Individually and as a profession, physicians must pro-
vide the public with evidence of their competence.
In the United States, the profession and individual

physicians can demonstrate their competence to the
public through certification by a specialty board that
is a member of the American Board of Medical Spe-
cialties (ABMS). Currently, approximately 90% of
physicians in the Unites States are certified by at
least one ABMSmember board. Physicians view their
certification as validation of their education and train-
ing and confirmation that they possess the requisite
knowledge to practice their specialty. Hospitals, in-
surance companies, and health plans value certifica-
tion as an indicator of quality, for most require board
certification formedical staff or physician panelmem-
bership and for awarding clinical privileges. The
public has been educated to believe that certification
is an important, distinguishing credential for physi-
cians. Thus, certification has earned credibility
among physicians, health care organizations, and
the public.
ABMS, the umbrella organization for the 24 medi-

cal specialty boards, consists of representative of the
boards who set standards, share information, and
monitor the performance of the boards (Table 1). In
the late 1990s, ABMS, although satisfied with the
rigor and process of initial certification, began to
be concerned that recertification was insufficient evi-
dence that a physician was delivering quality care.
Most boards required diplomates to recertify every
10 years by passing an examination. ABMS and its
member boards realized that the turnover of much
knowledge was faster than every 10 years, and that
although an examinationmeasured factual knowledge
and some aspects of medical judgment, it was not
always relevant to the individual physician’s practice.
Although an essential element, an examination for
medical knowledge does not connote competence
or adequately measure the broader range of attributes
the public desires in their physicians. In 1998 the

Table 1. Member boards of the American Board of
Medical Specialties (ABMS)

• Allergy and Immunology
• Anesthesiology
• Colon and Rectal Surgery
• Dermatology
• Emergency Medicine
• Family Practice
• Internal Medicine
• Medical Genetics
• Neurological Surgery
• Nuclear Medicine
• Obstetric and Gynecology
• Ophthalmology
• Orthopedic surgery
• Otolaryngology
• Pathology
• Pediatrics
• Physical Medicine and Rehabilitation
• Plastic Surgery
• Preventative Medicine
• Psychiatry and Neurology
• Radiology
• Surgery
• Thoracic Surgery
• Urology

Bold indicates that a surgical board is available.

ABMS appointed its Task Force on Competence,
which attempted to define competence and to
change the process of recertification to more ade-
quately measure the characteristics required of con-
temporary physicians to competently practice their
specialties.
The task force found that it could not define physi-

cian competence, and recognized that no appellation
could warrant that a physician was competent at all
times for all aspects of his or her practice. Neverthe-
less, the task force was able to describe the competent
physician, and did so as follows: “The competent phy-
sician possesses the medical knowledge, judgment,
professionalism, and clinical and communications
skills to provide high-quality patient care. Patient care
encompasses the promotion of health, prevention of
disease, and diagnosis, treatment, and management
ofmedical conditionswith compassion and respect for
patients and their families. Maintenance of compe-
tence should be demonstrated throughout the physi-
cian’s career by evidence of lifelong learning and
ongoing improvement of practice.” The task force
then began to identify the competencies embedded
in this description.
Concomitantly, the Accreditation Council on

GraduateMedical Education (ACGME)was studying
physician competence and obtaining the expertise and
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Table 2. Six general competencies according to
Accreditation Council on Graduate Medical
Education and the American Board of Medical
Specialties

1. Medical knowledge
2. Patient care
3. Interpersonal and communication skills
4. Professionalism
5. Practice-based learning and improvement
6. Systems-based practice

opinions of educators, practicing physicians, patients,
health care experts, and opinion leaders to determine
their expectations of physicians. The ACGME cat-
egorized the many desired attributes of physicians
into six general competencies that collectively de-
scribe the competent, contemporary physician and
are embedded in the description of the competent
physician (Table 2). Together, the ACGME and the
ABMS adopted the six general competencies as attri-
butes that should be taught to residents and should be
displayedby residents aswell as physicians throughout
their careers.
Subsequently, ABMS adopted a new paradigm for

the evaluation of practicing physicians, moving from
recertification every 10 years to maintenance of certi-
fication, in which diplomates will “maintain” their
initial certification by ongoing, periodic demonstra-
tion of the six general competencies throughout their
practicing lives. Diplomates also will be required to
meet other requirements of their boards. Themainte-
nance of certification programs of ABMS member
boards are designed to help diplomates improve
their practices. The improvement paradigm requires
the diplomate to accumulate data about his or her
performance and to improve it through a variety of
learning modalities. It is the expectation of ABMS
and its member boards that initial certification and
maintenance of certification will serve as an indicator
of quality and be accepted as such by organizations
that monitor quality of care, health plans, and the
public.

TRAINING IN LAPAROSCOPIC SURGERY:
“TEACHING OLD DOGS NEW TRICKS”
Nathaniel J. Soper, M.D.

Laparoscopic operations can be broken down into
two general types of procedures—basic laparoscopy
(e.g., diagnostic laparoscopy, cholecystectomy, and
appendectomy), and advanced laparoscopy, which re-
quires two-handed manipulation, alternative viewing

angles of the field, as well as suturing and other skills.
The “advanced” category includes essentially every-
thing other than the above “basic” procedures. As
opposed to the early days of laparoscopic general
surgery, residents now are taught basic laparoscopic
techniques during their training period.
However, learning minimally invasive surgery

(MIS) is different than learning “open” surgery, and
MIS training in residency is very uneven.6 The learn-
ing curve for the majority of advanced procedures is
greater than the number of cases available in most
residencies.7 Furthermore, it is more difficult as an
attending surgeon to “control” residents during per-
formance of MIS. To add to the difficulty of teaching
MIS, operating room time is limited and expensive.
Furthermore, MIS itself is significantly different than
open surgery. A trainee must learn the physiology
of the pneumoperitoneum and various techniques to
access the abdominal cavity. Using a video screen,
vision is monocular with limited depth perception.
Furthermore, there is decreased haptic feedback
using laparoscopic instrumentation. The long instru-
ments amplify tremor and the image is magnified to
10×. There is also a fulcrum effect whereby the tip
of the laparoscopic instrument moves in the opposite
direction of its handle. Finally, the fixed access
through the trocar limits the degrees of freedom of
the instruments.
There are several venues for teaching fundamental

laparoscopic skills, such as recreating three-dimen-
sional depth relationships and navigation of instru-
ments in space. These include the animate laboratory,
the inanimate laboratory, and the operating room.
The animate laboratory employs cadaveric or large
animal models for training. These types of models
are very expensive and the use of either cadavers or
animals may be a sensitive issue in various areas. Inan-
imate laboratories have been used to good effect. The
training devices currently available include so-called
video trainers (an opaque box with trocars allowing
access to the interior wherein various physical ma-
terials can be manipulated in specific exercises) and
virtual reality (VR) simulators. VR trainers allow ru-
dimentary manipulation of instruments and tissues.
VR trainers are currently somewhat “cartoonish”
with suboptimal tissue interactions and haptics, but
the simulator quality is improving rapidly. Finally,
several procedure-specific rubber models are being
developed for use with laparoscopic trainers. The
final location for learning minimally invasive surgery
is in the operating room—one of Halsted’s training
tenets was that the operating theater would be the
surgeon’s classroom. However, it is increasingly dif-
ficult to teach technical skills in the operating room
because of expense, the limited resource of time in
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the operating room, and concerns regarding medical
errors caused by novice trainees.
Inanimate laboratory training thus assumes an im-

portant role in teachingMIS.Traineeswho practice in
avideo trainer improve theirperformanceofthe trainer-
specific skills. A plateau seems to be reached after 30
to 35 repetitions, and the least experienced individuals
improve the most.6,8 However, quantifying skills in
a video trainer is problematic, generally requiring a
proctor to be present if something more than time
of performance is to be included in the scoring. Two
reports have shown that practice in a video trainer
improves in vivo performance by trainees during subse-
quent laparoscopic cholecystectomy.6,8
The group from McGill University has developed

the McGill Inanimate System for Training and Eval-
uation of Laparoscopic Skills (MISTELS) video
trainer curriculum and have demonstrated the merit
of this system. Six basic skills are scored on time
of performance and accuracy. This system has been
shown to be highly reliable and reproducible with
established construct and predictive validity. More-
over, receiver operator curves have identified passing
scores that maximize sensitivity and specificity, both
greater than 0.80.9
The beneficial influence of training using VR

trainers on subsequent laparoscopic procedures has
also been reported. Most of the VR simulators incor-
porate several different exercises, each with tiered
levels of difficulty and performance scores based on
efficiency, errors, and time of performance. Multiple
studies have shown that practicing the VR skills im-
proves the subsequent performance of these same
skills. Several studies have reported that VR prac-
tice improves in vivo skills during the performance
of laparoscopic cholecystectomy in both pigs and
humans.10,11 In one study comparing video trainer
and VR simulators for resident training, 77% of the
trainees preferred the video trainer to the VR simula-
tor. The reasons given for this preference were the
use of real instruments and camera systems, better
depth perception, and the presence of haptic feed-
back, which is absent in the VR system.10
Recently, the Society of American Gastrointestinal

Endoscopic Surgeons (SAGES) has developed a pro-
gram entitled Fundamentals of Laparoscopic Surgery
(FLS).12 This is a basic instructional course in the
fundamentals of laparoscopic surgery that teaches
standardized basic information determined by ex-
perts as important.13 The FLS program uses CD-
ROMs for teaching cognitive information and the
MISTELS system for training and assessing technical
skills. This allows hands-on learning of motor skills
and structured examinations to document learning
and “competence” of both cognitive knowledge and

technical skills. The examinations have been rigor-
ously developed and validated over several years of
formulation and reiteration such that the test can
withstand “high-stakes” scrutiny. The FLS program
has undergone beta testing demonstrating that it
has appropriate psychometric properties, satisfactory
reliability, initial validity evidence, viable admin-
istrative procedures, and the capability of setting
appropriate “pass-fail” standards.
MIS training in residency is generally adequate for

basic laparoscopy—the mean number of laparoscopic
cholecystectomies performed by chief residents grad-
uating in 2002 was 75 (American Board of Surgery
data). However, in most programs there is limited
experience in advanced laparoscopy. The mean cu-
mulative experience for any advanced procedures
(combined) was less than 25. This compares to the
assessment by experts that the experience necessary
for competency in most advanced procedures is be-
tween 15 and 35 per procedure.7 Furthermore, chief
residents generally do not feel adequately trained to
perform advanced procedures at the completion of
their program.13 As a result, more than 80 MIS fel-
lowships have now sprung up around the United
States with more than 110 training positions available
annually. This is the most popular fellowship cur-
rently available in the United States.
Only approximately 15% of a surgical career is

spent in formal surgical training. Continuing educa-
tion thus becomes very important and can take the
form of either deductive reasoning and self-education
or formal continuing medical education (CME) pro-
grams. General surgery recently experienced a period
of haphazard training during the initial laparoscopic
cholecystectomy “revolution” of the early 1990s.14 At
that time, many surgeons adopted laparoscopic tech-
niques with inadequate training, leading to a number
of patient injuries that occurred during the “learning
curve.” In fact, a whole new literature sprang up in
general surgery revolving around laparoscopic
cholecystectomy–associated bile duct injuries. There
were concerns that governmental agencies would
determine who could and who could not perform
laparoscopic surgery. The American philosopher,
George Santayana stated, “Those who cannot re-
member the past are condemned to repeat it.”
Currently, the major needs for retraining of prac-

ticing general surgeons in advanced laparoscopic pro-
cedures are in the areas of laparoscopic bariatric
operations and laparoscopic colectomy (other areas of
surgery utilizing minimally invasive technologies are
out of the scope of this review). However, it should
be noted that the Food and Drug Administration
recently mandated that surgeons initiating clinical use
of one of the new carotid artery stents be trained on
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a simulator prior to clinical experience. The aim of
CME training in surgical techniques should be to
eliminate the first very steep portion of the learning
curve and to allow the surgeon to start clinical experi-
ence in the flatter portion of the curve. Surgical edu-
cation models in the United States primarily revolve
around surgical residency and fellowships. Beyond
these formal training opportunities, however, there
are no nationally coordinated efforts to provide CME
training from a procedural standpoint. The model
adopted during the initial phase of laparoscopic cho-
lecystectomy was that of 1 to 3 day courses using large
animals for training. This same model, or variants
using cadaver models, continues to be the mainstay
for teaching practicing surgeons new procedures.
There are a few programs currently that provide
hands-on CME courses followed by preceptoring
within the institution of the trainee. Other institu-
tions provide “mini-fellowships” that last anywhere
from1 to6weeks to allow the trainee time in the clinic,
the laboratory, and in the clinical operating room.
There have been very few published reports that

support the efficacy of the current postgraduate train-
ing models. The group from the Carolinas Medical
Center has shown that adding a period of precep-
toring in the trainees’ own institution (up to 11 cases)
after a hands-on CME course leads to significantly
increased adoption rates of both laparoscopic splenec-
tomy and laparoscopic incisional herniorrhaphy,
compared to course participation without precep-
toring.15,16 Their data also suggested that surgeons
already experienced in advanced laparoscopic proce-
dures prior to taking a 2-day hands-on course teach-
ing a new operation are more likely to adopt the new
technique being taught.16 There are also anecdotal
reports of increased adoption rates following a mini-
fellowship experience; most of these mini-fellowships
are currently teaching the technique of laparoscopic
bariatric surgery.
There are numerous roadblocks to training estab-

lished surgeons in advanced MIS techniques. These
include available time (both for the trainer and the
trainee) and money (trainee), licensing, privileging,
and malpractice issues (trainer and trainee), as well as
the lack of sound educational models guiding the
procedural training of established surgeons.17 Cer-
tainly, these programs should be based on established
principles of training adults and of teaching technical
skills (such as those used for teaching musicians).18,19
From a personal standpoint I would suggest the

following recommendations for “old dogs” desiring
to learn “new tricks”: The surgeon must decide how
important learning the new technique is to him or
herself; a weekend CME course is almost certainly
not adequate to learn a complex procedure. One’s

basic skills and two-handed techniques should be
optimized; the FLS course may help to improve cog-
nitive and technical skills and to allow comparison of
one’s skill level to national norms. Mini-fellowships
and/or courses plus preceptoring currently seem to
provide the best opportunity for effective procedural
training. It is probably helpful to train along with a
partner or associate to make the initial clinical cases
easier to perform. The alternative to formal courses
is to hire a fellowship-trained partner and learn from
him or her. Certainly, it is imperative not to initiate
a clinical program unless or until one feels confident
and has had a proctor or preceptor present for at
least one case.
In conclusion, surgical residencies are doing a fair

job of teaching basic laparoscopic procedures, but are
generally inadequate for training advanced laparos-
copic procedures. The SAGES FLS program should
help assure competency in basic MIS knowledge
and skills.MIS fellowships should ultimately provide a
supply of trained MIS surgeons; in the meantime,
there are established needs for training, particularly
for laparoscopic bariatric and colorectal operations.
There are numerous hands-on CME courses de-
signed to train practicing surgeons to perform ad-
vanced MIS procedures, but there are few data to
support the efficacy of these programs. Other proce-
dures and technologies will undoubtedly come along
requiring retraining of established surgeons: educa-
tors must develop programs to retrain practicing sur-
geons based on established theories of adult learning
and professional technical skills training. These train-
ing efforts will likely incorporate new simulator tech-
nology in the process.

MAINTENANCE OF CERTIFICATION:
DEFINING SURROGATE MEASURES OF
COMPETENCY
Barbara Lee Bass, M.D.

As members of a profession, surgeons have a soci-
etal obligation to self-regulate and set standards for
care. As individual surgeons, we similarly hold a
personal obligation to ensure that the care we provide
to our patients is based on current surgical knowl-
edge and patient care principles and that the care
we provide is properly executed and delivered with
autonomy and respect for our patients. The recogni-
tion of this professional responsibility was the prin-
ciple that lead to the creation of certifying boards
in American medicine and surgery in the first half of
the 20th century. These American boards are unified
in setting standards to foster the delivery of high
quality health care by ensuring the quality and com-
petency of the physician workforce, as discussed
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above. The ABMS (Table 1), which includes 10 surgi-
cal boards, is the umbrella organization unifying these
medical and surgical boards.
All member boards have set rigorous standards for

achieving initial board certification, defining training
requirements, practice experience requirements, as-
sessment of professional standing, and rigorous initial
examination requirements. The achievement of board
certification is a demonstration that a diplomate has
met the high standards of a competent provider in a
given specially area. For over 50 years, this initial
certification processwas the only objective assessment
of cognitive knowledge and patient care required of
practicing surgeons. Recognizing that this initial
competence may not be durable over a 40 or 50 year
professional lifespan, the member boards of the
ABMS initiated a recertification requirement in 1973.
Diplomates would thereafter be required to provide
evidence of professional standing, continuing educa-
tion and pass a secure multiple-choice examination
once every 10 years. Although many applauded this
effort to reassess a diplomate’s knowledge, others crit-
icized the recertification process as aminimalmeasure
of a diplomate’s professional abilities—his or her
actual competence as a physician or surgeon. For gen-
eral surgeons, the American Board of Surgery (ABS)
recertification examination covers material in all of
the essential content areas of general surgery training
(Table 3). More than 90% of diplomates pass the
examination at the 10- and 20-year recertification
interval. However, the cohort of diplomates now
taking the examination at the 30-year interval pass the
examination at a substantially lower rate; 20% to 30%
of the examinees fail the exam. Recognizing that most
surgeons focus their practices to certain areas within
the essential content area, is this comprehensive re-
certification examination a valid test of knowledge?
Are these surgeons in their third decade of practice
truly lacking in medical knowledge and patient care
skills? Or is the ABS recertification examination too

Table 3. Essential content areas of general surgery
training

• Alimentary tract
• Abdomen and its contents
• Breast, skin, and soft tissue
• Endocrine system
• Head and neck surgery
• Pediatric surgery
• Surgical critical care
• Surgical oncology
• Trauma/burns
• Vascular surgery

broad in scope?Or does it poorly test their knowledge
in their actual areas of practice?
In recent years, public scrutiny of the health care

system and of the quality of care provided by phy-
sicians and surgeons has increased dramatically.
Physician competency has been challenged, albeit
perhaps unfairly. Nonetheless, the member boards of
the ABMS have taken the opportunities provided by
such scrutiny to reassess our own standards for objec-
tive appraisal of how we critique our professional
activities. In 1999, as a first step in this self-
appraisal, the ABMS defined the core components
of six competencies (Table 2) to define those aspects
of being a physician and surgeon that are essential
to high-quality patient care (see first section of this
article). Applying metrics to these competencies,
however, proved to be more difficult. Hence, the
member boards have sought to develop a process
that can utilize surrogate measurable criteria to assess
objectively evidence of competency in practice on a
continuous basis. Crafted over the last 3 years, the
Maintenance of Certification (MOC) program was
unanimously endorsed by the ABMS in 2002. In
MOC all member boards have committed to agree
to evolve from periodic recertification programs to
MOC programs. The programs are to be initiated in
2005 for all new diplomates and on a rolling basis
for diplomates whose certificates are expiring in the
old recertification process.
The ABMS has defined four components essential

to all MOC programs. Each board must develop cri-
teria to assess (1) professional standing, (2) evidence of
lifelong learning and self-assessment, (3) cognitive
expertise, and (4) practice performance and assess-
ment. Each member board can stipulate the precise
methods to be utilized for each of these four compo-
nents provided the criteria are consistent with the
framework endorsed by the ABMS at large. The ABS
has been carefully considering these metrics for the
last 2 years. Some of the criteria have been formulated
while others remain in evolution. The remainder of
this report will summarize the current framework
of the MOC program in general surgery of the ABS
(from Surgery ABo, maintenance of certification in-
formation file). The unresolved issues in each of the
four required areas are also being addressed.

Part 1: Assessment of Professional Standing

The ABS will require all diplomates to maintain
an unrestricted license to practice medicine; loss of
licensing will result in forfeiture of the ABS certifi-
cate. Verification of clinical privileges and profes-
sional standing will be required from chiefs of surgery
or chairs of credentials committees at institutions
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where surgeons practice, every 3 years. While these
criteria may seem straight forward, application of
these requirements may prove challenging for some
diplomates. The ABS is considering how to allow
surgeons with professional activities restricted to ad-
ministrative, research, educational, or other activities
without clinical privileges to meet this requirement.
Should these surgeons maintain active certificates
the same way surgeons in practice do? Should the
certificate provided to surgeons in these capacities
reflect this difference?

Part 2: Demonstration of Lifelong Learning
and Self-Assessment

ABS diplomates will be required to complete 50
hours of continuing professional development (CPD)
education, 30 of which must be Category 1 each year.
Proof of CPD completion will be required every 3
years. Furthermore, diplomates will be required to
complete a self-assessment examination every 3 years
after certification. The testing tools for this self-
assessment are not fully defined. Materials that will
meet the requirements include American College of
Surgeon programs such as the Surgical Education
and Self-Assessment Program, the testing modules
in the Journal of the American College of Surgeons, and
other publications. The ABS is partnering with the
American College of Surgeons to inventory materials
that could be of value to diplomates in both the self-
education and assessment programs. Issues that
remain unresolved regarding Part 2 include the scope
and content of the CPD and testing. Should diplo-
mates be required to maintain current knowledge in
all the essential content areas of general surgery?
Should they be allowed to read and test in areas
only relevant to their actual practices? Should the
ABS craft a modular MOC education and assessment
program, allowing diplomates to complete a “core”
content area, perhaps covering perioperativemanage-
ment and areas of general surgery essential to the
public welfare in the event of national emergency,
and then add on modules precisely relevant to their
practices? In many respects, the program with great-
est public credibility is the latter—patients want their
doctors to be knowledgeable in their actual areas of
practice, not in areas where they have no clinical
activity.

Part 3: Demonstration of Cognitive Expertise

ABS diplomates will be required to take a secure
examination once in every 10-year MOC cycle. At
the present, the exam is anticipated to be a multiple-
choice computer-based examination. As in Part 2,
unresolved issues include definition of the scope of

the content of the examination—broad or focused,
comprehensive or modular—and again the question
of truth in labeling with the certificate remains unde-
termined. Should all certificates look the same,
regardless of the examination content?

Part 4: Practice Performance Assessment

For the ABS, the means to assess this require-
ment remains under discussion. Ideally a method of
outcomes assessment that is scientifically and educa-
tionally valid will be developed to allow diplomates to
review their own practices and in so doing improve
the quality of care they practice. The ABS recognizes,
however, that measures to assess outcomes of practice
remain rudimentary at best. The Veterans Adminis-
tration National Surgical Quality Improvement Pro-
gram (NSQIP) is the best developed outcome system;
however, even this program allows measurement only
of outcomes of surgical services rather than individual
surgeons. This program has now been validated in
private sector hospitals in an Agency for Healthcare
Research and Quality–funded American College of
Surgeons sponsored multisite trial, and the ACS–
NSQIP Programwas opened to enrollment of private
sector hospitals around the country in October 2004.
One could envision that diplomates practicing in
NSQIP hospitals, which have the only risk-adjusted
outcomes system in existence, would have access to
their own outcomes data and as such their review of
these data could meet the MOC program require-
ments.However, this program is currently available to
a very limited number of diplomates. The ABS is
considering other programs that diplomates could
participate in to meet this requirement, including
cooperative groups, surgical society registries, and
others.
The ABS, like other ABMS boards, does not wish

to hold and review outcomes. In fact, liability aspects
of collecting patient and physician outcome data are
problematic for ABMS boards and are the topic of
ongoing debate. The ABS does, however, desire to
create a system that will allow diplomates to partici-
pate in outcomes assessment programs to accurately
and openly assess the results of their surgery so that
areas for improvement can be identified. Although
trials of surgeon self-reporting systems in the past
have not been successful, possible avenues for self-
reporting and benchmarking against standards are
being considered. The American College of Surgeons
is developing a personal digital assistant–based case
reporting system for fellows. Surgeons could enter
clinical data on their patients and then subsequently
benchmark their own performance on this self-
reported data relative to nurse-collected data in the
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NSQIP. Although self-reported data would be used,
this would serve as a starting point to allow surgeons
an opportunity to get a fair appraisal of their own
results. Fundamentally believing that our diplomates
do wish to provide the highest quality care and do
wish to identify areas for improvement in their own
practice, this confidential benchmarking program
could be a valuable first step in practice assessment.
Diplomates who find themselves with outcomes
below standard would be stimulated to pursue educa-
tional programs to foster improvement in the care
they provide.
In summary, the goal of the ABS MOC program

is to document and improve the overall quality of the
care provided by a surgeon throughout a lifetime of
practice. The goal is not to identify the “bad apple”
surgeon. The goal is to encourage individual surgeons
to commit to lifelong education and scrutiny of their
own outcomes, because it is the right thing to do
for patients. Surrogate measures for competence de-
veloped for the ABS MOC program will need to
evolve in the years ahead. The lessons learned from
our initial efforts will drive the process and guide us
as we establish the systems to continuously improve
the self-appraisal systems we as a profession must
own.
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Laparoscopic Antireflux Surgery Provides Excellent
Results and Quality of Life in Gastroesophageal
Reflux Disease Patients With Respiratory Symptoms
Ruxandra Ciovica, M.D., Michael Gadenstätter, M.D., M.Sc., Anton Klingler, Ph.D.,
Christoph Neumayer, M.D., Gerhard P. Schwab, M.D., M.B.A.

Medical and surgical treatment are able to improve symptoms in patients with gastroesophageal reflux
disease (GERD).The aimof this studywas to evaluate theoutcomefollowing laparoscopic antireflux surgery
in GERD patients with primary respiratory-related symptoms and to investigate the quality of life index
before and after therapy. Three hundred thirty-eight consecutive patients underwent surgical treatment
for GERD-induced symptoms. Of this group 126 patients had primary respiratory symptoms related to
GERD. All patients were studied by means of a symptom questionnaire, endoscopy, esophageal
manometry, 24-hour esophageal pH monitoring, and a barium esophagogram. In addition, the quality
of life was measured by the means of the Gastrointestinal Quality of Life Index (GIQLI). All patients
had medical therapy with proton pump inhibitors preoperatively. A laparoscopic fundoplication was
performed in all patients. The outcome was assessed 3 and 12 months postoperatively. Following surgery,
all respiratory symptoms were significantly improved. While GIQLI was highly impaired before surgical
therapy, a significant improvement of quality of life was obtained. Because medical treatment is likely to
fail in GERD patients with respiratory symptoms, the need for surgery arises and may be the only
successful treatment in the long term. Quality of life was significantly improved by surgical treatment.
(J GASTROINTEST SURG 2005;9:633–637) � 2005 The Society for Surgery of the Alimentary Tract

KEY WORDS: Gastroesophageal reflux disease, respiratory symptoms, surgery, quality of life

Gastroesophageal reflux disease (GERD) is fre-
quently associated with respiratory symptoms, which
are found in up to 25% of GERD patients.1,2 Several
mechanisms for GERD-induced respiratory symp-
toms (RS) have been discussed. Microaspiration into
the lung and stimulation of the vagus nerve by the
refluxate are considered to be the two main mecha-
nisms.3,4 Although the impaired lower esophageal
sphincter is the basic anatomic defect, several other
factors such as impaired esophageal and antroduode-
nal motility, delayed gastric emptying, reflux of duo-
denal juice, alterations of gut neuropeptides, and free
radical damage contribute to the development of
GERD.3,5–7 It has been shown that reflux from the
stomach and duodenum can reach not only the larynx
but also the pharynx, the nose, and the lung.1 The
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aim of this study was to evaluate the short- and long-
term outcome of GERD-related RS following antire-
flux surgery and to assess the effect of surgical therapy
on quality of life.

MATERIAL AND METHODS

From 2000 to 2003, a group of 338 consecutive
GERDpatients were operated on in one expert center
by two surgeons. One hundred twenty-six patients
with GERD-related RS entered this study. The RS
consisted of one or a combination of the following:
cough, hoarseness, sore throat, laryngitis, bronchitis,
and asthma. All patients were examined by a pulmolo-
gist to exclude primary diseases of the airways and/or
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the lungs. Patient evaluation included physical ex-
amination, a standardized symptom questionnaire,
length ofmedical acid suppression, chest radiographs,
upper gastrointestinal endoscopy, barium swallow
esophagogram, esophageal manometry, 24-hour eso-
phageal pHmonitoring, and the assessment of a qual-
ity of life score.
Standardized biopsy samples were taken from the

gastroesophageal junction. Esophagitis was graded
using the Savary Miller classification system.8 Bar-
rett’s metaplasia was confirmed by the presence of
columnar-type epithelium with intestinal metaplasia
in the esophageal biopsy specimen.9 In addition,
laryngeal lesions were inspected carefully regarding
presence of inflammation, edema, leukoplakia, or
ulcerations.
Esophageal manometry was performed using a sta-

tionary pull-through technique with a five-channel
water perfused catheter with 5 cm spacing between
the channels.10 Twenty-four-hour esophageal pH
monitoring was performed as described previously.11
A DeMeester score of more than 14.8 indicated ab-
normal acid reflux. Medication that might interfere
with esophageal motor function (i.e., metoclopram-
ide, cisapride, nitrates, β-agonists, and calcium
channel–blocking agents), and esomeprazole were
discontinued 7 days before both studies. Preopera-
tive barium esophagogram was completed in all
patients for assessment of the anatomical situation
and to clearly identify hiatal hernias.
Disease-related quality of life was evaluated us-

ing the Gastrointestinal Quality of Life Index
(GIQLI).12,13 This questionnaire is well established
and validated and has been recommended by the
European Study Group for Antireflux Surgery. Based
on responses to 36 items, the general score for the
GIQLI is graded on a scale from 0 to 144 points.
The GIQLI is divided into five subsections: gastroin-
testinal symptoms (0–76 points), emotional status
(0–20 points), physical functions (0–28 points), social
functions (0–16 points), and a single item for stress
related to medical treatment (0–4 points). The
questionnaire was handed to all patients before
surgery, 3 months following surgery, and at the time
of the final postoperative control. Furthermore,
follow-up investigations included clinical assessment
and endoscopy with biopsies, esophageal mano-
metry, 24-hour esophageal pH monitoring, and a
barium esophagogram performed 3 and 12 months
postoperatively.
All patients had medical treatment with proton

pump inhibitors before surgery (at least esomeprazole
40 mg daily for 3 months). A higher dose was applied
if patients still suffered from GERD symptoms on
the standard dose. Antireflux surgery was indicated

for inadequate control of symptoms despite maximal
conservative treatment or if patients demanded sur-
gery. Based on presurgical evaluation, theNissen fun-
doplication was performed in patients with normal
esophageal body function, and in the case of impaired
esophageal peristalsis a partial posterior fundoplica-
tion was performed. Both procedures were completed
laparoscopically as previously described.14,15

Statistical Analysis

Values are expressed as medians and ranges (mano-
metric parameters and DeMeester score) or mean�
standard deviation (quality of life scores). Changes in
preoperative versus postoperative general and respi-
ratory symptom rates were evaluated using the
McNemar test. If the McNemar test was not applica-
ble due to the lack of two levels for each time point,
a binomial test against the preoperative symptom rate
was applied. The Wilcoxon test for paired observa-
tions was applied for manometric parameters and the
DeMeester score; for quality of life scores, paired
t tests were used. A value of P � 0.05 was considered
to be statistically significant.

RESULTS

GERD was confirmed to be the reason for RS in
all 126 patients. There were 65 male and 61 female
patients with a median age of 52 years (range, 22–74
years). All patients had a positive history of heartburn,
and 103 (82%) suffered from intermittent or perma-
nent regurgitation for a median duration of 5 years
(range, 2.5–10 years). In addition, 15 patients (12%)
complained of dysphagia. The complete list of typical
and general GERD symptoms preoperatively and
postoperatively is shown in Table 1. All patients were
either on long-term esomeprazole 40 mg daily for a
median period of 12 months or had been given a trial
of esomeprazole therapy for at least 3 months even
when medical therapy was not successful. If patients
still suffered from GERD-induced symptoms while
being on medication, a higher dose (60–80 mg) was
prescribed.
Based on endoscopic and radiologic examinations,

116 patients (92%) showed a hiatal hernia with a
median size of 5 cm (range, 2–15 cm). A typical Bar-
rett lesion was detected on endoscopy in 35 patients
(28%) and was confirmed by histologic examination.
Typical preoperative and postoperative manometric
and pH monitoring data are shown in Table 2. The
Nissen fundoplication was performed in 113 patients
(90%) with normal esophageal peristalsis, and the
partial posterior fundoplication was completed in
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Table 1. Spectrum of general symptoms before and after surgery

Preoperative, n (%) 3-Month postoperative, n (%) 12-Month postoperative, n (%)
General Symptoms (n � 126) (n � 117) (n � 83)

Heartburn 126 (100) 5 (4)† 11 (13)†

Epigastric pain 118 (94) 3 (3)* 2 (2)*
Regurgitation 103 (82) 1 (1)* 1 (1)*
Dysphagia 15 (12) 7 (6) 3 (4)
Globus sensation 20 (16) 4 (3)* 5 (6)
Flatulence 27 (21) 32 (27) 22 (27)*
Vomiting 21 (17) 6 (5)* 0 (0)†

Bleeding episodes 2 (2) 0 (0) 0 (0)

*P � 0.05 versus preoperative (McNemar test).
†P � 0.05 versus preoperative symptom rate (binomial test).

13 patients (10%) with impaired esophageal body
function.
Following surgery, RS were improved signifi-

cantly. This improvement was permanent. The va-
riety of different RS before and after surgical
treatment is shown in Table 3. There was a dramatic
decrease in physician visits and hospital admissions
for respiratory problems. Patients without RS 12
months following surgery (92%) did not need any
specific respiratory medication and could be released
from continuous pulmologic controls. Those patients
who still suffered from (occasional) RS are in perma-
nent yearly surveillance by our surgical and/or pulmo-
logic department.
Before surgery, GIQLI was significantly impaired

compared with normative data and was below the
quality of life index of patients with malignant or
heart diseases. Following surgeryGIQLIwas normal-
ized in all subsections, corresponding to a mean intra-
individual overall change of 33.3 points (P � 0.0001,
Table 4). There was no statistical difference between
the normal population and the operated patients.

Table 2. Manometric parameters of the Lower
Esophageal Sphincter (LES) and the DeMeester
reflux score of all patients preoperatively
and 12 months postoperatively

Preoperative Postoperative

LES resting pressure 4.5 (0.3 to 21.2) 16.1 (3.3 to 28.4)*
(mm Hg)

LES intra-abdominal 1.0 (0.0 to 4.0) 2.2 (0.0 to 3.8)*
length (cm)

DeMeester score 26.6 (2.2 to 221.9) 3.4 (0.3 to 64.2)*

Values expressed as median and range.
*P � 0.05 versus preoperative (Wilcoxon test for paired obser-
vations).

DISCUSSION

International studies have reported that up to 25%
of the Western population have symptoms of GERD
at least once a month and that 4%–7% have daily
symptoms.16 Many mechanisms have been proposed
in the pathogenesis of reflux that involve the respira-
tory tract.4,16,17 Acute esophagitis with subsequent
submucosal edema, the loss of muscle fibers, the in-
crease of submucosal collagen due to the chronic
inflammation, and dysplastic changes are supposed
to cause an impaired esophageal peristalsis leading to
microaspiration of the refluxate.3 A vagally mediated
reflex mechanism is supported by the fact that bron-
choconstriction occurs following reflux of acid into
the lower esophageal sphincter.16 Formation of scars
or hyperkeratosis of the larynx is followed by glottic
and/or laryngeal stenosis, and laryngospasm is an im-
portant factor in the development of carcinoma of
the laryngopharynx.18 The reported prevalence of RS
in GERD patients ranges from 9% to 50%.19–21 This
suggests that the frequency of dual pathology is

Table 3. Spectrum of respiratory symptoms before
and after surgery

3-Month 12-Month
Respiratory Preoperative, postoperative, postoperative,
symptoms n (%) n (%) n (%)

Any symptoms 126 (100) 9 (8)† 7 (8)†

Cough 94 (75) 3 (3)* 3(4)*
Sore throat 58 (46) 5 (4)* 6 (7)*
Hoarseness 54 (43) 5 (4)* 3 (4)*
Laryngeal 32 (25) 2 (2)* 2 (2)*
symptoms

Bronchitis 19 (15) 3 (3)* 0 (0)†

Asthma 15 (12) 4 (3)* 1 (1)*

*P � 0.05 versus preoperative (McNemar test).
†P � 0.05 versus preoperative symptom rate (binomial test).
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Table 4. Quality of life scores in normal population, before and after surgery

Normal 3-Month 12-Month
Score population Preoperative postoperative postoperative

Gastrointestinal Quality of Life Index 122.6 � 8.5 86.4� 19.8† 113.7 � 20.0* 118.6 � 19.8*
Gastrointestinal symptoms 62.0 � 6.3 46.8� 11.1† 58.1 � 10.6* 60.3� 10.5*
Emotional status 18.5 � 2.2 10.6� 4.1† 15.9� 3.8* 17.0� 3.6*
Physical status 23.5 � 3.1 13.2� 4.2† 19.1� 4.7* 19.4� 4.5*
Social function 14.8 � 1.8 11.5� 3.2† 14.1� 2.5* 14.0� 2.7*
Stress 3.8 � 0.1 2.6 � 1.3† 3.3 � 1.1* 3.7 � 0.7*

Values expressed in mean � SD.
*P � 0.05 versus preoperative score (paired t test).
†P � 0.05 versus normal population (paired t test).

higher than expected. In our study we identified RS
in 37% of 338 patients with GERD; 80% of patients
had increased esophageal acid exposure on 24-hour
pH monitoring.
It is without doubt that medical therapy has little

effect on RS, although it effectively controls heart-
burn and acute esophagitis.20,22 This may be due to
the fact that antireflux medication with proton pump
inhibitors (PPIs) mainly decreases acid production
and reflux, neutralizes acid refluxate, and promotes
esophageal clearance. Antireflux surgery inhibits the
reflux of all gastric and duodenal contents and
therefore prevents microaspiration and vagus nerve
stimulation, which are both factors that play an im-
portant role in the development of GERD-induced
RS.3 This fact is supported by a dramatic clinical
improvement of RS in up to 83% and simultaneous
reduction of respiratory medication use (cortico-
steroids, bronchodilators) at least in 78% of pa-
tients.19,23–25
According to these results, surgical reestablish-

ment of an effective antireflux barrier is essential for
the outcome of GERD patients with RS.20 The po-
tential advantages of antireflux surgery are the reduc-
tion of esophageal acid exposure, restoration of the
function of lower esophageal sphincter, the im-
provement of impaired esophageal peristalsis, and the
increase in gastric emptying speed.3
Our study emphasizes that tailored antireflux sur-

gery is superior tomedical treatment regarding reflux-
induced RS. Patients achieve excellent long-term
outcome following surgery. The quality of life can
be increased to a level comparable with the normal
population.

CONCLUSION

Several theories confirm the relationship between
GERD and RS. Treatment of reflux-associated RS is
challenging. Diagnostic evaluation with manometry

and 24-hour pH study has emerged as the key test
to establish the evidence of a cause-effect relationship
and are useful in predicting the outcome of therapy.
With increasing severity of the disease, medical ther-
apy is more likely to fail and the need for surgical
treatment arises.
Laparoscopic antireflux surgery is able to signifi-

cantly improve RS, allowing discontinuation of PPIs,
systemic corticosteroids, and bronchodilators in most
patients and offering the benefit of reduced morbid-
ity. The key question to the surgeon is which patients
are best served by operative management to achieve
a permanent high quality of life.
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Hepatitis Status, Child-Pugh Classification, and
Serum AFP Levels Predict Survival in Patients
Treated With Transarterial Embolization for
Unresectable Hepatocellular Carcinoma
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Baburao Koneru, M.D., Adrian Fisher, M.D., Daniel Contractor, M.D.,
Dorian Wilson, M.D., Andrew Dela Torre, M.D., Kyunghee C. Cho, M.D.,
Arun Samanta, M.D., Lawrence E. Harrison, M.D.

Hepatocellular carcinoma (HCC) represents one of the most prevalent cancers worldwide. Most patients
are not surgical candidates, and transarterial embolization (TAE) has been used to treat patients with
unresectable HCC. The purpose of this study was to identify factors that predict survival in patients
treated with TAE at a Western medical center. Review of a prospective database identified 345
patients treated for HCC at University Hospital (Newark, NJ) between July 1998 and July 2004. Of
these patients, 109 patients underwent TAE. Eleven of these patients were subsequently treated surgically
and excluded from this study. Of the remaining 98 patients, demographic data and laboratory values
were analyzed to predict survival by univariate and multivariate analysis. Several factors, including
hepatitis status, Child-Pugh classification, serum alpha fetoprotein levels �500 ng/ml, bilirubin �2.0
mg/dl, prothrombin time �16 seconds, platelet count �200 × 109/l, albumin �3.5 gm/dl, and multiple
treatments, predicted survival by univariate analysis. Serum alpha fetoprotein levels, Child-Pugh classific-
ation, and hepatitis status were found by multivariate analysis to independently predict survival. These
factors may help to select patients with unresectable HCC whomight benefit from TAE. ( J GASTROINTEST

SURG 2005;9:638–645) � 2005 The Society for Surgery of the Alimentary Tract
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INTRODUCTION

Hepatocellular carcinoma (HCC) represents oneof
the most common cancers worldwide. Its incidence
is highest in sub-Saharan Africa and Southeast Asia,
but the number of reported cases of HCC has been
steadily increasing in the United States and Europe.1
The only known curative treatment forHCC is surgi-
cal resection or orthotopic liver transplantation. Un-
fortunately, many patients are not candidates for
surgical resection, and efforts have been made to de-
velop alternative therapies to treat unresectable
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HCC.2 Systemic chemotherapy has offered dismal
results in treating patients with HCC, achieving only
20% response rates with no appreciable survival
benefit.3,4 Recent strategies have focused on regional
hepatic approaches, including interstitial therapies
(percutaneous ethanol injection, radiofrequency abla-
tion, and cryoablation) and intravascular techniques
such as transarterial embolization.
Transarterial embolization (TAE), with or without

chemotherapy, provides radiologic response rates
ranging from 16% to 62% of patients with unresect-
able HCC.5 However, it is uncertain whether this
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tumor response translates into a survival benefit for
these patients.Multiple randomized prospective trials
have not demonstrated any survival benefit for TAE
when compared to best supportive care.6–10 However,
two recent randomized trials have demonstrated a
survival advantage in select patients with unresectable
HCC, suggesting that certain subgroups of patients
with unresectable HCC may indeed benefit from
TAE.11,12
In an attempt to identify this subset of patients,

several groups have reported predictive factors for
survival in patients treated with TAE.13–15 However,
many of these studies were performed at Eastern
medical centers whose patient populations are vastly
different from the patient populations treated in the
United States.16 The purpose of this study was to
identify factors that predict survival in patients treated
with TAE at a Western medical center.

PATIENTS AND METHODS
Study Population

A retrospective review of a prospective gastrointes-
tinal malignancy database at University Hospital
(Newark,NJ) between July 1998 and July 2004 identi-
fied 345 patients diagnosed with HCC. Of these 345
patients, 109 patients underwent TAE. Criteria for
TAE included significant hepatic parenchymal dys-
function precluding initial hepatic resection, lesions
�5 cm, and lesions�5 cm that were unapproachable
for percutaneous ethanol injection or radiofrequency
ablation. After treatment, 11 of these patients under-
went surgical treatment (10 transplant, one resec-
tion), and these patients were eliminated from
analysis. Of the remaining 98 patients, demographic
data, tumor factors, treatment variables, and labora-
tory values were analyzed to predict overall survival.
Selective superiormesenteric and common hepatic

arteriography was performed via a femoral catheter-
ization with a 5 F angiography catheter to map the
arterial anatomy, assess portal flow, and identify
the tumor blush. A mixture of polyvinyl alcohol parti-
cles (250–350 µm size) and contrast medium was se-
lectively injected into the blood vessels supplying
the tumor. A postembolization angiogram was per-
formed to demonstrate complete absence of tumor
vascular enhancement. Patients undergoing TAE with
intra-arterial chemotherapy (TACE) received 10 mg
mitomycin and 30 mg of doxorubicin mixed with the
polyvinyl alcohol particles. To decrease postpro-
cedure hepatic failure, patients with poor parenchy-
mal reserve (Child’s class C) underwent multiple
partial ablations. The decision to perform TACE

versusTAEwas not randomized andwas at the discre-
tion of the responsible physician. Serum AFP levels
and radiologic imaging were obtained 3 to 5 weeks
after each TAE.

Statistical Analysis

Continuous variables are presented as median
(range). All demographic data, laboratory values, and
pathology data were analyzed as predictors of survival
by univariate and multivariate analysis. P values were
calculated using either χ2 test or Fisher exact test
where appropriate. A P value of�0.05 was considered
to be significant. Values found significant by uni-
variate analysis were further analyzed by multiple re-
gression analysis using the SPSS statistical program

Table 1. Patient demographics and treatment
characteristics

n

Sex
Male 76
Female 22

Race
White 35
Hispanic 8
Black 22
Asian 8
Unknown/other 25

Chronic alcohol ingestion
Yes 26
No 51
Unknown 21

Hepatitis
B 16
C 37
B and C 4
None 26
Unknown 15

Child-Pugh classification
A 32
B 24
C 14
None 10
Unknown 18

Number of lesions
1 52
2 15
3 5
�4 15
Unknown 11

Treatment
Single embolization 62
Multiple embolizations 36

Chemotherapy
No 37
Yes 61



Journal of
Gastrointestinal Surgery640 Reichman et al.

(SPSS, Inc., Chicago, IL). Survival was also analyzed
by method of Kaplan-Meier, and curves were com-
pared using the Cox-Mantel log-rank test.

RESULTS

The demographic and treatment data of patients
with unresectable HCC treated with TAE are sum-
marized in Table 1. Of the 98 patients, 76 were male
and 22 female, and the median age was 65 years
(range 26–87 years). The racial distribution was white
(36%), Hispanic (8%), African American (22%), and
Asian (8%); 24% were other or unknown. Median
follow-up time was 18 months (range 2–57 months).
Of the 98 patients, 10 were lost to follow-up. The
median overall survival of the population was 10.4
months, with a 5-year survival of 31%. Of the 98
patients, 57 had hepatitis B and/or C as determined
by routine serology, and 27% of patients admitted to
chronic ethanol ingestion. The diagnosis of cirrhosis
was determined by a combination of radiologic criteria
(liver contour and size, presence of varices, ascites)
and serum liver parenchymal function tests, including

Table 2. Factors predicting survival

n Median survival (mo) 5-year survival Univariate Multivariate

Hepatitis
Negative 26 8.4 21% 0.009 0.03
Positive 57 23.3 40%

Child’s
A, B or none 66 NR 50% 0.02 0.02
C 14 5.7 24%

AFP (ng/ml)
�500 64 23.3 39% 0.01 0.03
�500 34 8.4 32%

Bilirubin
�2.0 18 9.5 0% 0.007 NS
�2.0 65 NR 60%

Tumor size (cm)
�3 40 NR 77% 0.01 NS
�3 49 18.1 47%

PT
�16 72 15.7 33% 0.04 NS
�16 12 9.5 9.5%

Platelet count
�200 27 8.9 0% 0.04 NS
�200 66 23.3 41%

Albumin
�3.5 53 8.9 38% 0.02 NS
�3.5 40 15.7 23%

Treatment number
1 62 8.9 40% 0.007 NS
�1 36 23.3 39%

NR � not reached.

serum bilirubin, albumin levels, international normal-
ized ratio, and prothrombin time. Hepatic parenchy-
mal function was assessed by the Child-Turcotte-Pugh
class system and, of those patients with documented
cirrhosis, 33% presented as class A, 24% as class B,
and 14% as class C. The remaining patients (29%)
did not have documented cirrhosis. Most patients
presented with a single lesion (n � 52).
In an attempt to identify factors predictive of sur-

vival in this set of patients, demographic and labora-
tory data were evaluated by univariate analysis (Table
2). Child’s class A and B (P � 0.02), serum alpha
fetoprotein (AFP) �500 ng/ml (P � 0.01), bilirubin
�2 mg/dl (P� 0.007), prothrombin time�16 seconds
(P � 0.04), platelet count �200 × 109/l (P � 0.04),
albumin concentration �3.5 gm/dl (P � 0.02), and
more than one embolization (P � 0.007) were all
found to be positive predictors of survival. No sig-
nificant difference was found between patients treated
with TAE versus patients treated with TACE
(P � 0.3) (Fig. 1).
By multivariate analysis, serum AFP levels

(P � 0.03), Child-Pugh classification (P � 0.02) and
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Fig. 1.Overall survival comparing patients undergoing transarterial embolization (TAE) versus transarte-
rial chemoembolization (TACE)

hepatitis status (P � 0.03) were found to indepen-
dently predict survival (Table 2). Elevated serum AFP
levels (�500 ng/dl) also predicted a worse survival
(median survival � 8.4 months) compared to patients
with serum AFP levels �500 ng/dl (median sur-
vival � 23.3 months, P � 0.03; Fig. 2). The 5-year
survival of patients classified with Child’s class C
cirrhosis was 24% (median survival � 5.7 months)
versus 50% for patients with Child-Pugh class A or
B (median survival not reached, P � 0.02, Fig. 3). In
addition to serum AFP levels and Child-Pugh class
A and B, the presence of hepatitis (B and/or C) also
predicted a significantly prolonged survival by multi-
variate analysis (P � 0.03). The median survival of
patients with a positive hepatitis status was 23.3
months with a 5-year survival of 40%. In comparison,
patients with no evidence of hepatitis had a median
survival of 8.4 months with a 21% 5-year survival
(Fig. 4).

DISCUSSION

TAE has been studied worldwide as a possible
treatment for unresectable hepatocellular carcinoma,

and the results of several studies appear promising.
However, the few randomized controlled studies pub-
lished show conflicting results; some trials showed
improved survival with treatment11,12 while others
demonstrated no survival benefit.6–10 These results
suggest that only a select group of patients may bene-
fit from TAE. Despite its frequent use as a treatment
for unresectable HCC, few studies involving pa-
tients fromU.S. medical centers have identified prog-
nostic factors that allow selection of patients whomay
benefit from TAE. In this study, we identify several
prognostic factors, including AFP level, Child-Pugh
classification, and positive hepatitis status, that pre-
dict enhanced survival in patients treated with TAE.
Benefit from treatment with TAE appears limited

to patients with hepatic parenchymal reserve. Several
studies have reported that numerous factors indicative
of liver failure often predict poor outcome in TAE
patients.14,15,17,18 Our study confirmed that several
factors measuring liver function, including Child-
Pugh classification, bilirubin, PT, and albumin levels,
predicted survival by univariate analysis. It is not sur-
prising that patients with poor liver function fair less
well then patients with normal or slightly impaired
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Fig. 2. Overall survival by serum AFP level. Patients with initial serum AFP levels �500ng/ml had a
significantly worse survival compared to those with levels �500 ng/ml.

function. Liver failure is often reported as one of the
complications of TAE, indicating some residual liver
function is required to tolerate the associated hypoxic
insult and hepatic necrosis that occurs during emboliza-
tion.17 Based on our data and that of others, patients
with severe parenchymal dysfunction (Child’s class C)
may not be appropriate candidates for TAE. Serum
AFP levels have been shown to correlate with poorer
prognosis in a variety of patients treated for HCC.19–21
We noted that patients with a serum AFP level
�500 ng/ml had a reduced 5-year survival compared
to patients with lower AFP levels. O’Suilleabhain
et al. also reported that an elevated serum AFP level
(�1000 ng/ml) independently predicted 5-year sur-
vival in patients undergoing TACE for unresectable
HCC.14 Despite the variable thresholds, serum AFP
level is consistently reported as a predictive factor for
survival in patients with HCC and may represent
a surrogatemarker for either tumor bulk or aggressive
tumor biology.
The addition of chemotherapeutic agents as part

of the standard embolization protocol has also been

tested in several studies. In theory, TACE provides
high doses of chemotherapy locally to the tumor,
avoiding the toxic side effects of systemic treatment.
The addition of chemotherapeutic agents to TAE
clearly appears to increase the degree of tumor necro-
sis.22 However, based on the few studies comparing
TAE and TACE, the effects are controversial, and
studies suggest no survival advantage for patients
treated with TACE.23,24 Surprisingly, in a study by
Chang et al. in which the chemotherapeutic agent cis-
platin was used, the data suggested that patients in the
TACE group did worse then those treated with TAE
alone, with a 1-year survival of 52.5% versus 72.5%,
respectively. However, these results did not reach sta-
tistical significance.23 Our study confirmed these pre-
vious findings and indicated no survival advantage for
patients treated with TACE. However, caution must
be used in interpreting our results since the choice
toperformTACEwaspractitioner-dependent andnot
randomized. Further trials utilizing novel chemother-
apeutic regimens may be more successful.



Vol. 9, No. 5
2005 Embolization of HCC 643

Fig. 3. Overall survival by Child-Pugh class.

Perhaps the most surprising aspect of this study is
the finding that patients with hepatitis B and/or C
have a better prognosis compared to patients without
evidence of hepatitis infection after TAE. It is possi-
ble that this is the result of more aggressive screening
forHCC in patients with a diagnosis of viral hepatitis,
and therefore cancer was recognized and treated ear-
lier in this group. However, this seems unlikely be-
cause all patients in the study had unresectable
tumors, with no differences in tumor size, number,
or serum AFP levels (data not shown). It is also possi-
ble that the virus itself has some antitumor effect or
that the virus enhances the immunologic response
against HCC, impeding tumor progression. In addi-
tion, the virus and certain viral products have pro-
apoptotic effects on cells.25 It is possible that a balance
exists between carcinogenesis and the pro-apoptotic
effects of the virus and that the stress inflicted on
cells following TAE treatment may alter this balance
and favor anapoptotic pathway. If this balance exists, it
would be interesting to determine which factors favor
each of these processes and could provide attractive
therapeutic targets for patients with both diseases.

Biological differences between the tumors derived
from hepatitis-infected liver versus tumors in unin-
fected liver could also account for the differences
in survival. The genetic alterations required for hepa-
tocyte transformation are most likely unique between
the two groups and therefore the tumors may respond
differently to TAE. This hypothesis is supported by
the recent report showing differences in gene expres-
sionamongtumorsderived fromHCCinpatientswith
hepatitis versus HCC in uninfected patients by pro-
teomic analysis.26

Advances in treatments for unresectable HCC are
clearly necessary given that most patients are deemed
unresectable by surgical criteria. Several studies show
a clear survival advantage for patients treated with
TAE, especially those patients without evidence of
severe hepatic impairment. In this study, we identified
several useful markers that may help select and pred-
ict patients who might benefit maximally from
treatment with TAE. This study also identified an
unsuspecting role for hepatitis in prolonging the sur-
vival of our patients treated with TAE. Future studies
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Fig. 4. Overall survival by hepatitis status. Patients with hepatitis B, C, or both had a better survival
than those patients with negative hepatitis serology.

should be aimed at addressing the role of hepatitis in
HCC progression.
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Right Portal Vein Thrombosis After
Splenectomy for Trauma
Mattia Stella, M.D., Alberto Serventi, M.D., Daniele Friedman, M.D.

Portal vein thrombosismay complicate splenectomy in patients with hemolytic anemia andmyeloprolifera-
tive disease, whereas the frequency of portal vein thrombosis in case of trauma is not defined. A case of
right portal vein thrombosis after splenectomy for trauma is reported in this paper. Hematologic workup
did not reveal an underlying platelet or coagulation disorder. The patient was promptly anticoagulated
with complete recanalization of the portal vein. We conclude that mild symptoms, like abdominal pain
and fever, after splenectomy should be investigated with a color Doppler ultrasonography to confirm or
rule out a diagnosis of portal thrombosis and to anticoagulate the patient with thrombosis, thus preventing
bowel infarction and secondary portal hypertension. Routine postoperative color Doppler might also be
justified in all postsplenectomy patients (without hematologic diseases) for early detection of a portal
vein thrombosis. ( J GASTROINTEST SURG 2005;9:646–647) � 2005 The Society for Surgery of the
Alimentary Tract

KEY WORDS: Splenectomy, portal thrombosis, trauma

Portal vein thrombosis (PVT) is a potentially life-
threatening complication following splenectomy. It
usually occurs when operation is performed in pa-
tients with hematologic diseases,1 whereas it is a rare
event after a surgical procedure for trauma. A case of
right PVT following splenectomy for trauma is re-
ported here.

CASE REPORT

A35-year-oldmanwas admitted to our department
for a blunt abdominal trauma following an automo-
bile accident. On physical examination, the patient
presented with abdominal tenderness and hemody-
namic instability (systolic blood pressure of 80mmHg).
Hemoglobin at admission was 9.5 g/dl, and a comp-
uted tomography (CT) scan showed perisplenic fluid
collection and a splenic line of fracture reaching the
splenic hilum. There also was a fracture of the eighth
left rib. The patient underwent splenectomy through
a xiphoumbilical incision; he did not require blood
transfusion. The patient did well until postoperative
day 11, when he had a fever and mild pain in the right
hypocondrium. Hemoglobin was 13.5 g/dl, platelet
count was 498,000 cells/mm3, and both aspartate ami-
notransferase (AST) and alanine aminotransferase
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(ALT) levels were elevated (AST, 223 UI/L; ALT,
227 UI/L). A color Doppler ultrasonography (US)
showed flow reduction in the right portal vein branch.
CT scan displayed absence of contrast diffusion in
the right portal vein and hypoperfusion of the right
liver (Fig. 1). These findings were consistent with a
diagnosis of right PVT.
Hematologic workup did not reveal any disease

affecting platelet and coagulation function. The pa-
tient was first anticoagulated with intravenous hep-
arin (25,000 UI daily) for 15 days; then Coumadin
(warfarin; 5 mg daily) was administered for 3 months.
Overall, the hospital stay was 30 days, after which
the patient was discharged in a state of well-being.
CT scan performed at 3 months after discharge

showed portal recanalization with regular venous per-
fusion of the right liver (Fig. 2). The platelet count
was 850,000 platelets/mm3, and liver function test re-
sults were normal. Coumadin was then stopped, and
aspirin (150 mg daily) administration was started.
At 2 years after the event, the patient has no symp-

toms or laboratory or radiologic findings related to
the previous PVT.

DISCUSSION

The global frequency of PVT postsplenectomy
may vary from 0.87% to 8% in the different series

mailto:stellam72@hotmail.com
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Fig. 1. Computed tomography scan displays a complete
thrombosis of the right portal vein (arrows) and hypoperfusion
of the right liver.

and is up to 40% in patients operated on with myelo-
proliferative disorders.1,2 The incidence of PVT in
patients with splenectomy for trauma is not well
defined.3
Van’t Riet et al4 reported no occurrences of PVT

among 122 patients who underwent splenectomy for
trauma in a series of 563 splenectomies, but the fre-
quency could be underestimated because of the pres-
ence of asymptomatic PVT.1
PVTmay result from local andgeneral factors.The

main local factors are splenomegaly, the intraopera-
tive manipulation of the vessels and stasis of blood
in the splenic vein stump.2,4,5 A hypercoagulable state
(protein C, protein S, and antithrombin III defi-
ciency) has been advocated as a general factor.5 Hyp-

Fig. 2.Computed tomography scan performed 3 months after
the onset of right portal venous thrombosis shows recanaliza-
tion of the right portal vein (arrows) and normal liver perfusion.

ercoagulability after a traumatic event could be caused
by trauma-induced release of cytokines, which acti-
vate the attraction of the platelets and the coagulation
pathways.3 Postsplenectomy thrombocytosismay also
play a role in the pathogenesis of PVT, but it is not
clearly defined.1,5
In the present case, the platelet count was not so

high that the development of a PVT would be clearly
expected. The mean interval between splenectomy
and the diagnosis of PVT is 11.8–12.5 days, although
a 9-year interval has also been reported.1,2
The symptoms of PVTmay be minimal and insidi-

ous and include fever, vomiting, abdominal pain, and
diarrhea as expression of bowel damage.1
Color Doppler US and contrast-enhanced CT

scan represent the imaging techniques of choice to
detect PVT. An aggressive anticoagulation treatment
is aimed at preventing the extension of the thrombosis
and bowel infarction. Recanalization of the portal
vein occurs in 90% of cases.2,4
In the reported case, the diagnosis was made when

thrombosis was limited to the right hepatic portal
venous branch. Anticoagulation therapy presumably
avoided the extension of the clot to the main portal
vein, allowing a complete resolution of the PVT.
Routine postoperative Doppler US performed for
high-risk patients (i.e., patients with hematologic dis-
ease) has been proposed to achieve early diagnosis
of PVT.4,5
Like other authors, we believe that the onset of

symptoms, such as fever and mild abdominal pain,
after splenectomy should be considered as possibly
resulting from an underlying PVT. Prompt anticoag-
ulation is the key treatment to allow portal recanaliza-
tion and prevent the extension of the thrombosis,
damage to the bowel, and the onset of a secondary
portal hypertension. Furthermore, a routine color
Doppler US, a low-cost and noninvasive procedure,
should be considered even in low-risk patients who
undergo splenectomy for trauma andwho have no un-
derlying hematologic disease.
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Radiofrequency Ablation for Hypersplenism in
Patients With Liver Cirrhosis: A Pilot Study
Quanda Liu, M.D., Kuansheng Ma, M.D., Zhenping He, M.D., Jiahong Dong, M.D.,
Xin Hua, M.D., Xuequan Huang, M.D., Liang Qiao, M.D., Ph.D.

Radiofrequency ablation is a relatively new technique used for local ablation of unresectable tumors. We
investigated the feasibility and efficacy of radiofrequency ablation for hypersplenism and its effect on
liver function in patients with liver cirrhosis and portal hypertension. Nine consecutive patients with
hypersplenism due to cirrhotic portal hypertension underwent radiofrequency ablation in enlarged spleens.
The ablation was performed either intraoperatively or percutaneously. Patients are followed up for over
12 months. After treatment, between 20% and 43% of spleen volume was ablated, and spleen volume
increased by 4%–10.2%. White blood cell count, platelet count, liver function, and hepatic artery blood
flow showed significant improvement after 1-year follow-up. Splenic vein and portal vein blood flow
were significantly reduced. Only minor complications including hydrothorax (three of nine patients)
and mild abdominal pain (four of nine patients) were observed. No mortality or other morbidity occurred.
Radiofrequency ablation is a safe, effective, and minimally invasive approach for the management of
splenomegaly and hypersplenism in patients with liver cirrhosis and portal hypertension. Increased hepatic
artery bloodflowmaybe responsible for sustained improvement of liver condition.Radiofrequency ablation
may be used as a bridging therapy for cirrhotic patients waiting for liver transplantation. (J GASTROINTEST

SURG 2005;9:648–657) � 2005 The Society for Surgery of the Alimentary Tract

KEY WORDS: Radiofrequency ablation, spleen, hypersplenism, portal hypertension, liver cirrhosis

Esophageal variceal bleeding and hypersplenism
are the two most common complications of portal
hypertension. Gastric devascularization to block
communications between azygous-portal veins or
various shunts (such as Warren shunt) have been the
mainstay of the surgical therapy for esophageal vari-
ceal hemorrhage. In recent years, however, less
invasive treatment modalities such as endoscopic
sclerotherapy and band ligation of esophageal varices
have gained more popularity and thus become treat-
ments of choices in some centers.1–3 However, few
minimally invasive surgical options are available for
the management of secondary hypersplenism. The
classic splenectomy is associated with loss of the
splenic immunity and high morbidity and mortality
rates. Splenic artery embolization, a procedure ini-
tially describedbyMaddison in 1973,4was used for the
management of hypersplenism but was later found
to be associated with severe complications, such as
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splenic abscess, fatal pneumonia, sepsis, pancreatic
and hepatic infarction, and even death.5,6 This proce-
dure was thenmodified to be partial splenic emboliza-
tion (PSE), which was not a safe procedure either,
because complications such as abdominal pain,
fever, atelectasis, or even death occurred.7–9
Radiofrequency ablation (RFA) is a relatively new

technique used for local ablation of tumors not ame-
nable to surgical resection. It has been successfully
adapted as a treatment modality of primary and
metastatic tumors of the liver, kidney, breast, and
bone10–13 with the advantages of minimal invasion,
rapid recovery, shorter hospitalization, and signifi-
cant clinical outcome.
To explore whether RFA is a feasible and safe

treatment modality for secondary splenomegaly, we
previously conducted an experimental study in dogs
with splenomegaly induced by splenic vein ligation.
The study revealed that RFA is a feasible, effective,
and safe procedure for experimental splenomegaly.14

mailto:qlia8530@usyd.edu.au
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To further investigate the feasibility, efficacy, and
safety of this procedure in the management of human
hypersplenism, we recently performed RFA in a series
of nine consecutive patients with severe hypersplen-
ism complicating liver cirrhosis. This is, to the best
of our knowledge, the first study reported in the liter-
ature on the use of RFA in the management of hyper-
splenism. Our preliminary results showed that RFA
is an alternative minimally invasive technique for
severe hypersplenism: it can considerably improve
hypersplenism, liver function, and portal hyperten-
sion without significant complications. We believe
that, if coupled with endoscopic therapy for eso-
phageal varices, RFA may be used as a “bridging
treatment” for cirrhotic patients awaiting liver
transplantation.

MATERIAL AND METHODS

This study was approved by the Institutional Sub-
committee for Innovative Technology and Ethics
Committee of Southwest Hospital, Third Military
Medical University, PR China. Written informed
consent for both surgical intervention and RFA was
obtained from each patient prior to the commence-
ment of this study.

Patients

Nine consecutive patients with severe hypersplen-
ism, including two men and seven women (age range,
30–52 years; median age, 52 years), were recruited
between March and June 2003 for this study. In all
cases, hypersplenism was a complication of portal hy-
pertension associated with chronic liver disease. The
diagnosis of liver cirrhosis and portal hypertension
was established on the basis of typical clinical findings
and laboratory evaluations, including liver function
test, hepatitis virus serology, and imaging studies
(ultrasonography, barium swallow, and computed
tomography scan). Liver biopsies were performed in
four cases, which confirmed the clinical diagnosis.
Severe hypersplenism was defined as splenomegaly,
leukopenia (white blood cell count �3 × 109/L), and
thrombocytopenia (platelet count �50 × 109/L). In
eight of nine patients, liver cirrhosis resulted from
chronic viral hepatitis, as demonstrated by positive
hepatitis B surface antigen (HBsAg), positive hepatitis
B core antibody (HBcAb), and positive hepatitis B
associated e antigen or antibody (HBeAg/Ab). One
of these cases (patient 1) was superinfected with hepa-
titis D virus, as revealed by positive hepatitis D IgM
antibody. In one case (patient 4), complicated intrahe-
patic ductal stones were present and the patient un-
derwent cholangiojejunostomy 2 months prior to the

study. Detailed information about patient demo-
graphics, diagnosis, Child-Pugh classification, past
history of variceal bleeding, RFA routine, and surgical
procedures is given in Table 1.
Bone marrow aspiration was performed in each

patient via iliac crest 1 week prior to RFA for the
assessment of the marrow functional status, including
cellularity of the marrow and various cell lines, as
well as type of erythropoiesis. Eight patients had hyp-
erplasic marrow, and one (patient 7) had hypoplasic
marrow. All patients had poor platelet production.

METHODS
Perioperative Preparation

All patients fasted for 12 hours before commence-
ment of the subsequent procedures.Nasogastric tubes
and urethral catheters were placed. Two electrode
pads (grounding pads) were placed on lumbar flanks.
RFA was performed with the patients under general
anesthesia. Prophylactic antibiotics were used intra-
operatively and postoperatively.

Radiofrequency Ablation Systems

An LDRF-50CA RFA system (Lead Electron
Corp., Mianyang, Sichuan Province, China) with
an operational principle similar to that of the RF
2000 generator system (RadioTherapeutics Corp.,
Mountain View, CA) was used in all patients. This
system consists of a generator that supplies up to
90 W of power, a 15-gauge retractable array needle
electrode of 15 cm in length, two to four bipolar
electrodes, and two electrode pads (grounding pads).
The needle electrode is an insulated cannula con-

taining five individual hook-shaped retractable elec-
trode arms with a maximum expansion of 5-cm array
diameter. There are several major differences be-
tween the LDRF-50CA system and RF 2000 genera-
tor systems. (1) The LDRF-50CA system uses
circumvolved bipolar needle electrodes so that an
electric circuit could be formed within two electrodes
and thus a relatively bigger area can be ablated.
(2) An electric circuit also could form within one
needle electrode and grounding pad. (3) Changes in
the array electrode expansion status, impedance, and
power curves are displayed on a computer monitor.

Ablation Procedures and/or Combined
Operations

The spleen was accessed percutaneously via the
left lateral subcostal approach under sonographic
guidance (Fig. 1, A) or intraoperatively (Fig. 1, B).
Two needle electrodes were inserted perpendicularly
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into splenic parenchyma 3–5 cm in depth away from
splenic capsule, hilum, and larger vessels. After de-
ployment, the hook-shaped retractable electrode
arms were opened vertically, and RFA energy was
applied with an initial power output of 50 W. The
LDRF-50CA system works automatically thereafter,
with a rise in impedance and an automatic adjustment
in power. The power supply is terminated when the
impedance reaches maximum. The electrode was ro-
tated in situ and retracted for 2.0 cm, and the above
session was repeated. The needle track was cauterized
upon the needle withdrawal. Three or four over-
lapped regions in themid to inferior part of the spleen
were ablated for each treatment session. During the
RFA procedure, dynamic ultrasound images of ab-
lated spleen were recorded.
As shown in Table 1, of the nine patients, four

had RFA during the open surgery (laparotomy), and
one had RFA laparoscopically. Five patients had si-
multaneous right-sided pericardiac devascularization
to stop the azygoportal communication. Four patients
underwent RFA percutaneously, of whom two re-
ceived splenic RFA percutaneously only, and in the
other two patients, percutaneous RFA was performed
along with right-sided cardiac devascularization. One
patient (patient 4) also underwent distal splenic–caval
vein shunt, a procedure similar to distal splenic–
renal vein shunt (Warren shunt).

Patient Follow-up

All patients were closely followed for over 12
months. For evaluation of acute and chronic compli-
cations after RFA, serum and urine amylase levels
were checked in all patients immediately after RFA
and repeated in 7 days. The following tests were
performed while the patients were in the hospital and
repeated in 3 weeks, 2 months, 6 months, and 1 year
after RFA: hemoglobin, serum alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), pro-
thrombin time (PT), Child-Pugh score, and
abdominal ultrasound. Abdominal CT scans were
performed 7–10 days, 2 month, and 1 year after RFA.
All of the clinical symptoms were recorded in detail.
In addition, the whole spleen volumes and the

volumes of the ablated zones within the spleen
were measured 1 week before and 7–10 days after
RFA, and the volumetric changes of the spleen as
well as the ratio of the ablated areas relative to whole
spleen were calculated. Themargin of the RF-ablated
lesion was defined by a high-density rim that can be
visually detected. Only the nonenhanced area within
the spleen was considered a thermally induced
lesion. The whole spleen volume and the size of ab-
lated lesions were calculated using automated
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Fig. 1. The spleen was accessed percutaneously via the left lateral subcostal approach under sonographic
guidance (A) or intraoperatively (B).

segmentation algorithms (Volume Calculating Soft-
ware, SOMATOM Plus 4; Siemens Medical System,
Erlangen, Germany).
Apart from real-time gray-scale imaging, the blood

flows of portal vein, hepatic artery, and splenic vein were

also determined by duplex Doppler velocity and color
Doppler flow mode using a 3.5-MHz convex, linear-
array probe (SSD-1700; Aloka, Tokyo, Japan).15,16
The clinical efficacy of the RFA was assessed by

leukocyte and platelet counts in peripheral blood



Journal of
Gastrointestinal Surgery652 Liu et al.

samples after the procedure. The therapeutic re-
sponse was evaluated immediately after the pro-
cedure and throughout the follow-up period. Serum
creatinine, urea, and glucose concentrations were also
measured during follow-up.

Statistical Analysis

All data are expressed as mean � SD. A paired t
test was used to evaluate the laboratory changes and
CDFI indices before and after splenic RFA. A value
of P � 0.05 was considered statistically significant.
All statistics were analyzed using SPSS version 10.0
software.

RESULTS
Image Study of the Spleen After RFA

Intraoperative ultrasonographic scanning showed
that hyperechoic bubble-like changes emerged in the
area around RF electrode needle (indicated by hyper-
echoic signal, Fig. 2, A, a) and within bipolar elec-
trodes soon after applying splenic RFA (Fig. 2, A, b),
and the hyperechoic area gradually enlarged and
diffused. With the increase of impedance, these areas
ultimately transform into uniformly diffused hypere-
choic plaque-like lesions (indicating the ablated areas)
(Fig. 2, A). Postoperative ultrasonography demon-
strated the coagulative necrotic area as irregular hyp-
erechoic lesions with clear contour, surrounded by

Fig. 2. (A) Intraoperative ultrasonographic scanning showing hyperechoic bubble-like changes in the
area around the radiofrequency electrode needle as indicated by hyperechoic signal (a) and within
the bipolar electrodes (b). (B) Postoperative ultrasonography showing the coagulative necrotic area as
irregular hyperechoic lesions with a clear contour (a), and these lesions are surrounded by hypoechoic
nonhomogeneous alterations (b).

hypoechoic nonhomogeneous alterations, indicating
thrombotic areas (Fig. 2, B).
On postoperative CT scan, the ablated lesion com-

prised of hyperdensity necrotic area and hypodensity
infarcted area, with the hypodensity areas generally
larger than hyperdensity necrotic areas (Fig. 3). No
splenic liquifaction or intrasplenic/perisplenic ab-
scesses were observed. The ablated areas display a
fan-like shape, in conformity with the blood vessel
distribution of the spleen. The maximum diameter
of ablated area was above 10 cm, and that of the
coagulative necrosis reached 8 cm in some cases.
The volume ratio of ablated lesions to whole spleen

in those without splenic artery occlusion ranged from
20% to 43% (mean, 30.7%). In patient 1, in whom
permanent occlusion of splenic artery was performed,
RFA destroyed 89.9% of the spleen volume. In other
patients, the average whole spleen volume 7–10 days
after RFA slightly increased from 104.0% to 110.2%
of the pre-RFA volume (1323.5 � 280.2 cm3 and
1281.6 � 317.5 cm3, respectively), but this was not
statistically significant (P � 0.77). Refer to Table 2
for details.
In addition, significant liver regeneration was noted

on CT scans in some patients.

Blood Flow Indices

No hepatofugal flows were detected in all cases.
The average values of portal vein flow (PVF), splenic
vein flow (SVF), and hepatic arterial flow (HAF)
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Fig. 3. Postoperative computed tomography scan.

before and after RFA are shown in Figure 4. The
SVF was markedly reduced after splenic RFA (P �
0.0001), and so was the PVF (P � 0.001). On the
contrary, theHAFwas significantly increased as com-
pared to baseline values (P � 0.001). The percentage
of hepatic arterial flow to total liver blood flow was
9.9% before splenic RFA and 34.7%, 35.8%, and
26.9% at 1 month, 2 months, and 1 year after RFA
treatment, respectively.

Laboratory Examinations

Peripheral blood examination revealed a rapid in-
crease in leukocytes and platelets after RFA treat-
ment. The results of the average measurement of
white blood cells (WBCs) and platelets (PLTs)
showing their trends following RFA are shown in

Table 2. Measurement of splenic volume changes
7 days before and after radiofrequency ablation
(RFA) in patients with liver cirrhosis and portal
hypertension

Measurement Pre-RFA Post-RFA

Splenic volume (cm3) 1281.6 � 317.5 1323.5 � 280.2
Ablated area (cm3) 497.2 � 346.9
Ratio of ablated area to — 37.2 � 0.2%
post-RFA splenic volume

Splenic volume change — 104.3 � 0.06%
(relative to pre-RFA size)

In patient 1, the post-RFA splenic volume was slightly decreased to
89.2% of the pre-RFA size, and 89.9% of the splenic volume was
ablated. All other patients had their spleen size enlarged after RFA.
Data are expressed as mean � SD (n � 9).

Figure 5, A. As can be seen, the average WBC count
increased significantly soon after RFA with a peak
appearing within 1–3 days after RFA. Thereafter,
except in case 7, the WBC counts remained above
4.0 × 109/L. Even 60 days after the procedure, WBC
count was still significantly higher than the pre-RFA
baseline (5.1� 0.8 × 109/L versus 2.1� 0.4 × 109/L,
respectively, P � 0.001). The average PLT count
significantly increased 5 days after RFA (79� 46 ×
109/L versus pre-RFA counts of 28� 10 × 109/L,
P � 0.01), and normal counts were observed 10 days
after RFA (130 � 77 × 109/L), with a peak appearing
14 days after RFA (159 � 107 × 109/L, P � 0.01,
compared with pre-RFA baseline counts). The PLT
count remained at higher than baseline levels 1 year
after RFA (89 � 32 × 109/L). Thus, leukopenia and
thrombocytopenia of these patients were significantly
improved.However, in patient 7, whose bonemarrow
was previously hypoplasic, a status of cytopenia re-
appeared 2 months after RFA (WBC count: 3.8 ×
109/L; PLT count: 53 × 109/L).
The results of liver function tests are shown in

Figure 5, B. It can be seen that the prothrombin time
(PT) was restored to normal at the seventh post-RFA
day from a pre-RFA value of 17.3 � 2.7 seconds to
the post-RFA value of 14.7 � 1.7 seconds (P� 0.05).
Both ALT and AST increased transiently 3 days after
splenic RFA treatment but returned to normal on
the fifth post-RFA day. All liver function tests still
remained within normal range 1 year after RFA.
The serum and urine amylase levels 7 days post-

RFA were within normal limit. No hemoglobin
changes were noted post-RFA (data not shown).

Complications

No obvious bleeding occurred after the insertion
of the RF electrodes into the spleen, regardless of
whether the splenic artery is occluded. Minor bleed-
ing around the electrodes stopped spontaneously sev-
eral minutes after initiating RFA. No thermal injuries
of perisplenic organs, such as pancreas, stomach, and
colon, were detected. No fluctuation in blood pres-
sure was observed and all patients began oral feeding
3 days post-RFAwith uneventful recovery. No hyper-
pyrexia (�38�C), gastrointestinal perforation, perito-
nitis, intra-abdominal hemorrhage, and rupture of
spleen occurred. Asymptomatic hydrothorax oc-
curred in three patients; only one required one-time
pleural effusion drainage. All hydrothorax disap-
peared 1 month after splenic RFA, as confirmed by
ultrasound. Four patients had mild abdominal pain
around the splenic area, of whom three had their
pain settled within 7 days after RFA, and one had the
pain settled on the 11th day after RFA; thereafter, no
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Fig. 4. Volume of blood flow versus time after splenic radiofrquency ablation.

recurrent abdominal pain occurred. No patients re-
quired additional pain control. No esophageal vari-
ceal bleeding occurred in all patients during the
follow-up period, as determined by esophagogas-
troendoscopy and barium meal.

DISCUSSION

Splenectomy coupled with cardiac devasculariza-
tion and transcatheter selective splenic arterial embo-
lization has been frequently used for treatment of
hypersplenism in patients with portal hyperten-
sion.17,18 In most patients, these procedures are effec-
tive in preventing esophageal variceal hemorrhage
and in correcting thrombocytopenia and leukopenia
(hypersplenism).However, these procedures are asso-
ciated with certain complications and high morbidity
and mortality rates. Safer and less invasive surgical
approaches in the management of patients with hyp-
ersplenism and portal hypertension are still far
from development.
RFA has been widely used to treat tumors of solid

organs.10–13 Recent advancement of RF equipment
has extended its utility to such splenic conditions
as metastases of colonic and renal malignancies,19,20
hypersplenism, splenic injury, and partial splenec-
tomy.21 Previous animal experiments by our group
have confirmed that RFA is a safe and feasible treat-
ment for splenomegaly in a canine model.14
In our current study, RFA was used to treat cir-

rhotic hypersplenism, a very common condition in
China often associated with low immunity and high

chance of fatal bleeding from varices. Because we
thought fatal bleeding might occur in these patients
in whom coagulopathy was present, we took extra
caution in patient 1 by ligating the splenic artery
before RFA. In patient 2, the splenic artery was
clamped during the RFA and reopened after the pro-
cedure was completed. Through these two patients,
we were able to demonstrate that RFA was safe in
patients with hypersplenism; therefore, we did not
perform splenic artery occlusion in the other seven
patients before RFA. After RFA, no massive intra-
abdominal hemorrhage and thermal injuries to the
surrounding organs such as pancreas, stomach, and
intestines were noted. Thus, we believe that splenic
RFA (either percutaneously or via laparotomy) for
cirrhotic patients with hypersplenism was a safe
procedure.
No mortality occurred in our patients after RFA

in enlarged spleen, nor did we see any major compli-
cations such as hyperpyrexia, splenic abscess, and
splenic rupture, which are complications that fre-
quently occur after partial splenic embolization.
However, three of nine patients (33.3%) had mild to
moderate pleural effusion, which we believe could
have been prevented if the electrodes had been in-
serted at middle and inferior parts of spleen to avoid
the upper part of spleen being ablated. Mild abdomi-
nal pain occurred in four of nine (44.4%) patients,
possibly attributable to a smaller RFA lesion and
less swelling of spleen volume (spleen swells to
104.3% of the pre-RFA size in our series, compared
with the reported 110%–140% in PSE patients22).
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Fig. 5. Measures of white blood cells (WBC) and platelets (PLT) (A) and alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and prothrombin time (PT) (B) versus time after splenic
radiofrequency ablation.

The minor bleeding around the electrode path
terminated spontaneously soon after initiating RFA,
as RF energy can cauterize the blood vessel to cause
electric coagulation. Blood vessels less than 3 mm in
diameter in ablated areas soon thrombosed after RFA
was initiated; thus, no major bleeding occurred.
Because the spleen is a highly vascularized organ, it

is conceivable that RFA of the spleen may potentially
cause thermal injury to surrounding tissues/organs
such as liver, pancreas, and intestines, as RFA heat
may be carried away from the target lesion through

splenic vein. Previous study by others also recom-
mended that occlusion of splenic hilummay be neces-
sary before RFA is initiated, and the “heat-sink”
phenomenon of the spleen may limit tissue heating
and thus affect the tissue ablation.19 We noticed ther-
mal injury in our animal experiments.14 However, in
our current human study, no obvious “heat-sink” and
thermal injuries to surrounding tissues and organs
occurred. This could be explained by chronic fibro-
sis of splenic parenchyma and enlarged spleen size,
which confines the RF heat exchange within spleen.
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One-year follow-up of these patients revealed that
after splenic RFA, the majority of the patients had
significant improvement in hypersplenism/peripheral
blood counts. Only one patient (patient 7) did not
have noticeable improvement in hypersplenism, pos-
sibly because of the previous hypoplasic bonemarrow.
Interestingly, we found that there was a dramatic

improvement in liver function tests. Three major in-
dices of liver function tests, ALT, AST, and PT,
were significantly improved. This improvement may
be attributable to the combination of a reduced blood
flow of the splenic and portal vein (by as much as
70% and 50%, respectively) and stably increased flow
ofhepatic artery. It has beenknown that thedual blood
supply to liver is regulated by hepatic arterial buffer
response: a reduction of blood flow in the portal
vein triggers an increase in blood flow of the hepatic
artery. Studies have demonstrated that following
RFA, hepatic artery blood flow can increase by 2.1-
to 2.5-fold. Increased hepatic arterial blood flow can
in turn increase the oxygen supply to the liver and
improve the capacity of hepatic oxygen exchange23;
thus, liver function can be ameliorated (oxygen limita-
tion theory).24,25 These studies also showed that the
low hepatic arterial flow in the cirrhotic human liver
was significantly increased by graded regional infu-
sion of adenosine into branches of the hepatic artery.
This increase in hepatic blood flow lead to a
greatly improved metabolic capacity of hepatocytes
to oxidative drugs. On the other hand, reduction in
portal vein pressure may also lead to improvement
of congestion of liver sinusoids. All these changes may
be responsible for the improvement of liver function
tests. Further studies with a larger sample size and
longer follow-up will be needed to evaluate how long
the improvement in the liver function lasts.
Improved liver function may contribute to im-

proved PLT production after RFA, as thrombopoie-
tin, a factor that stimulates PLT production by
megakaryocytes, is almost exclusively synthesized
by liver.26

In comparing with PSE on hypersplenism,27 both
procedures have similar therapeutic principles. How-
ever, RFA has significant advantages, such as more
confined lesion, less frequent and milder complica-
tions, convenient performance, and cheaper equip-
ment requirements. Further studies are warranted to
determine how best therapeutic benefit can be ob-
tained with minimum ablation of spleen tissue in the
management of hypersplenism.
In summary, this study demonstrated that RFA is

a promising therapeutic approach for hypersplenism
in patients with cirrhosis and portal hypertension.
For portal hypertensive patients with liver cancer,

both tumor and enlarged spleenmay be ablated simul-
taneously or sequentially. However, extrapolation of
the study results is hampered by the limited sample
size and relatively short follow-up. More studies with
a larger sample size and longer follow-up are needed
to further confirm the efficacy of RFA in hypersplen-
ism and to answer such questions as how long the
improvement in hypersplenism and liver function
lasts, what is the minimally required ablation tissue
size for the best therapeutic benefit, and how to com-
bine RFA with other therapeutic approaches to
achieve best results. Prospective randomized control
trials may also be useful to compare the efficacy of
RFA with other therapeutic approaches for portal
hypertension.
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Intermittent Hepatic Vein�Total Vascular
Exclusion During Liver Resection: Anatomic
and Clinical Studies
Shawn MacKenzie, M.D., Elijah Dixon, M.D., Oliver Bathe, M.D.,
Francis Sutherland, M.D.

Bleeding from hepatic veins remains a problem during liver surgery. Perceived difficulties in the dissection
and isolation of these retrohepatic venous structures have limited the widespread use of hepatic vein control
during liver resection. The purpose of this study was to delineate the anatomy of the hepatic veins and
to apply this knowledge to a series of patients undergoing liver resectionwith intermittent hepatic vein–total
vascular exclusion (IHV-TVE). A detailed description of the hepatic venous anatomy was formulated
using 20 cadaveric dissections in conjunction with anatomic descriptions during 30 hepatectomies. With
the benefit of improved anatomic knowledge, we evaluated a series of 45 consecutive major liver resections
in which hepatic veins were isolated and the technique of IHV-TVE was applied. The hepatocaval
ligament must be divided to isolate the right hepatic vein. It was closely associated with a caudate vein
69% of the time. The hepatic veins were isolated in 45 consecutive patients who underwent a major
hepatic resection. The portal triad and the hepatic veins were occluded intermittently (20 minutes with
5 minutes of reperfusion) with Rommel tourniquets. Mean total warm ischemic time was 65 � 24.5
minutes. Mean estimated blood loss was 864 � 514 ml. Eighteen percent of patients required blood
transfusions. Complications were identified in 16 patients (35.5%), and the average length of hospital
stay was 10.5 � 3.4 days. There were no deaths. Detailed anatomic knowledge of the hepatocaval ligament
and the hepatic veins allows for safe extrahepatic control of the hepatic veins during major hepatic
surgery. The technique was well tolerated andmay have limited intraoperative blood loss. ( J GASTROINTEST

SURG 2005;9:658–666) � 2005 The Society for Surgery of the Alimentary Tract

KEY WORDS: Liver resection, vascular exclusion, hepatic veins

In 1952, Lortat-Jacob and Robert1 described the
anatomy of the right hepatic vein and the associated
hepatocaval ligament, during the first right hepatec-
tomy. Outside the liver, the hepatic veins have a
short course and are situated in a strategically difficult
location. Injury may result in catastrophic bleeding.
In view of this potential risk and perhaps because
of an incomplete understanding of the anatomy, the
majority of surgeons do not dissect the hepatic veins
to obtain vascular control before parenchymal dissec-
tion.2 However, despite technological advances in
parenchymal dissection, perioperative hemorrhage
from these veins within the liver remains the principal
concern during major hepatic resections. Damage to
venous tributaries and subsequent bleeding can occur
throughout the parenchymal dissection, obscuring
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the operative field and risking air embolus. Significant
bleeding may also make identification of the dissec-
tion planes difficult, compromising resection mar-
gins. A more detailed understanding of the hepatic
veins and the ligamentous attachments surrounding
the upper inferior vena cava (IVC) may improve the
safety of isolation of these veins in their extra-
hepatic location.
To enhance our capability to control the hepatic

veins, we formally studied the anatomy of the he-
patic veins and the hepatocaval ligament. Our obser-
vations were applied in a clinical series, where the
hepatic veins were routinely isolated in consecutive
patients undergoing major hepatic resection under
intermittent hepatic vein–total vascular exclusion
(IHV-TVE).
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METHODS
Anatomic Studies

Hepatocaval ligament and hepatic vein anatomy
were studied in two contexts: first, in 20 fresh cadav-
eric dissections, and then the anatomy was recorded
during our most recent 30 hepatectomies. All ana-
tomic data were obtained from adults. In the cadaveric
studies, the liver was approached, as in a live dis-
section, using a bilateral subcostal incision. The right
liver was mobilized and the hepatocaval ligament was
dissected without division. Silicone casts of Reprosil
dental castingmaterial (Dentsply International, York,
PA) were made of the IVC and hepatic veins in 10
of the 20 cadaveric specimens. To perform the cast-
ing, the IVC was ligated above the renal veins and the
right atriumwas accessed througharight thoracotomy
incision. Impression material was injected into the
hepatic veins and vena cava via the right atrium, after
evacuationofblood.Wewereable toperformmultiple
casts on each cadaver. Casts were performed in one of
three anatomic situations: (1) “in situ,” with no liver
mobilization (10 cases); (2) with the right hepatic lobe
mobilized (5 cases); and (3) with the right lobe mobi-
lized and the hepatocaval ligament cut (4 cases). After
the casts were manually extracted through the right
atrium, the right hepatic vein and the middle/left
common trunk were dissected and encircled. Detailed
drawings of the hepatocaval ligament and the hepatic
veins were made. During the last 30 hepatectomies,
this anatomy was also recorded. All surgical dissec-
tions were performed in a standardized fashion,
allowing comparison with cadaveric casts. Histologic
studies of the hepatocaval ligament were done with
routine hematoxylin and eosin staining and micro-
scopic examination.

Operative Approaches to Hepatic
Vein Isolation

Encirclement of the right hepatic vein required
mobilization of the right lobe and division of the
hepatocaval ligament. Vascular clips were placed
across the ligament to control bleeding from small
veins located posterior or within the main ligament.
To safely isolate the inferior aspect of the right he-
patic vein, the IVC was separated from the caudate
lobe by clipping small caudate veins and/or suture li-
gating substantial veins. A deep space was developed
parallel to the IVC, between the right vein and
common trunk of the middle and left hepatic veins.
A right-angled clamp was used to connect these supe-
rior and inferior dissections, allowing vascular occlu-
sion with umbilical tape supported with a Rommel
tourniquet (Fig. 1). Large inferior right hepatic veins
were also controlled with Rommel tourniquets.

The middle and left hepatic veins were isolated
around their common trunk. Segments 2 and 3 were
reflected to expose the ligamentum venosum and
the top of the caudate lobe. The left hepatic vein was
reflected superiorly with segment 2. The peritoneum
and loose connective tissue between the middle he-
patic vein and upper portion of the caudate lobe
were separated, and a space between the middle
hepatic vein and the IVC was developed. From the
opposite side, a space was developed between the
middle and right hepatic veins, allowing dissection
under the middle hepatic vein. The lateral and medial
dissections were connected; an umbilical tape was
passed under the middle hepatic vein, encompassing
the entire common trunk (Fig. 2).
A large central caudate vein lies approximately

2–3 cm directly caudal to the middle hepatic vein.
This vein was deliberately identified by dividing the
hepatocaval ligament on the left side and reflecting
the lateral caudate lobe off the IVC.

Clinical Series

Forty-five consecutive patients who underwent a
major liver resection (i.e., at least two segments) were
accrued prospectively, between 1999 and 2003. Pa-
tients undergoing wedge resections and patients un-
dergoing resections for gallbladder cancer (segments
4 and 5) were excluded, as the hepatic veins were
not isolated in these anterior resections. Outcome
measures included mortality, perioperative blood
loss, transfusion rate, complication rate, operative
duration, and length of hospital stay. Hilar dissec-
tion was not routinely performed. Rather, the Glis-
sonian sheaths were taken within the parenchyma
with vascular staplers, during vascular exclusion. The
hepatic veins were also stapled within the parenchyma
while they were being controlled in the extrahepatic
location with a Rommel tourniquet. Hepatic exclu-
sion was achieved with an intermittent technique: the
portal triad and hepatic vein(s) were occluded with
Rommel tourniquets for 20 minutes followed by 5
minutes of reperfusion. During reperfusion, the liver
was compressed to prevent bleeding. The technique
of liver parenchymal dissection changed over the
study period. In the first 12 (27%) patients, a hemostat
(“crush” technique) was used. In the next 22 (49%)
patients, parenchymal transection was performed
with the CUSA (Valley Labs, Boulder, CO), and the
last 11 (24%) patients were treated with the harmonic
scalpel (Ethicon Canada, Toronto, Ontario, Canada).
All liver resections included a cholecystectomy. No
strict policy on central venous pressure (CVP) was
used. However, in the past 2 years, efforts to maintain
a CVP of less than 5 cm H2O 3 were initiated.3
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Fig. 1. Encircling the right hepatic vein with right angle, after division of the hepatocaval ligament.

Fibrin glue (Tisseel; Baxter Corp, Mississauga, MS)
was used routinely on the cut parenchymal surface
before closure. The decision to transfuse packed red
blood cells was at the discretion of the surgeon and the
anesthesiologist, based on clinical evaluation of the
patient.
Estimated blood loss (EBL) was determined by the

surgeon’s perception of perioperative blood loss (in
consultation with the anesthesiologist). Complica-
tions were recorded prospectively and graded ac-
cording to the scale developed by Martin et al.4
Perioperative blood transfusion was defined as a
transfusion received during the initial hospitalization
or anytime in the first 30 days postoperatively.

Statistical Analysis

All data are expressed as mean � SD, and range,
unless otherwise indicated. Univariate comparisons
were tested using the Fisher exact test or χ2 test for
dichotomous covariates. Continuous variables were
compared using t tests. Differences were considered
significant at P� 0.05. Multivariate analysis was per-
formed to assess the impact of covariates on compli-
cation rate and transfusion rate. Statistical analysis

was performed using SAS software (SAS Institute,
Cary, NC).

RESULTS
Hepatocaval Ligament Anatomy

The hepatocaval (dorsal IVC) ligament was found
in all specimens in various forms. Gross review deter-
mined the ligament to be of three types, based on its
composition: type 1, entirely ligamentous connective
tissue (64%); type 2, a central portion of ligamentous
tissue with liver tissue at either end (24%); and type 3,
liver tissue in its entirety (12%) (Fig. 3). Microscopic
examination of the ligament demonstrated fibrocon-
nective tissue and bile ducts (Fig. 4). In general, the
ligament extended from the lateral aspect of segment
7, wrapping posteriorly around the IVC to the caudate
lobe (Fig. 5). The ligament originated on the right,
as a wide band of fibers (mean, 17.5 � 7.2 mm; range,
7–40 mm) covering the posterior aspect of the IVC.
As it coursed to the left, it narrowed with some fibers
splaying out on the IVC (mean, 6.9 � 4.3 mm; range,
3–20 mm). The ligament thickness varied from a thin
film to 2 mm over its course. A small caudate vein was
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Fig. 2. Encircling the common trunk of the middle/left hepatic vein. The left hepatic vein and ligament
venosum (not shown) were mobilized with traction on segments 2 and 3. The right angle passes between
the middle hepatic vein and the inferior vena cava, emerging just above the superior portion of the
caudate lobe.

identifiedposterior orwithin the ligament on the right
side in 69% of cases (mean vein size, 2.4 � 1.1 mm;
range, 1–5 mm). Identification of this vein before
division of the ligament was difficult.

Venous Anatomy

A common trunk for the middle and left hepatic
veins was found in 9 of 10 casts and 29 of 30 liver
resections (95%). The right vein orifice was oriented
vertically, while the middle/left common trunk was
oriented transversely. As a result, the junction of the
right hepatic vein and the IVC was caudal compared
with the middle/left common trunk. The left hepatic
vein extended over the left edge of the IVC and
the middle hepatic vein extended inferiorly above the
IVC. In all 10-cast specimens, a large central cau-
date vein was found within 3 cm (range, 1.5–3.0 cm)
caudal to the middle hepatic vein. The dissection line
around the inferior aspect of the middle hepatic vein

was short (i.e., �1 cm) and avascular. Cadaveric dis-
sections and casting studies revealed mobilization of
the right liver flattened the right hepatic vein and
“kinked” the IVC, reducing the cross-sectional
volume. Division of the hepatocaval ligament did not
appreciably alter the kinking. Rather, the kinking ap-
peared to be a result of torsion from the fixed attach-
ment of the right hepatic vein on the vena cava. No
hepatic vein tributaries were identified in an extrahe-
patic location, within 0.5–1.0 cm from the IVC.

Clinical Series

In 45 major hepatic resections, the detailed ana-
tomic data obtained in cadaveric studies were used to
facilitate hepatic vein isolation. In 22 patients (48.9%),
both the right hepatic vein and the middle/left
common trunk were isolated, enabling total vascular
exclusion (TVE) while preserving caval flow. The
right hepatic vein alone was isolated in 6 patients
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Fig. 3.Type 3 hepatocaval ligament as seen during mobilization of the right lobe of the liver (RL).Arrows
indicate the hepatocaval ligament, composed of liver tissue, going around the upper inferior vena cava
(IVC).

(13.3%), and the middle/left common trunk was se-
lectively encircled in 17 patients (37.8%), for left
lateral tumors. We failed to encircle the right hepatic
vein in 3 of 31 patients where it was attempted (reop-
erative surgery, obese patient, type 3 hepatocaval liga-
ment); we had no failures to encircle the middle/left
hepatic vein trunk (39 patients). No major bleeding

Fig. 4.Photomicrograph of the ligamentous portion of a hepa-
tocaval ligament. The ligament is composed of fibrous connec-
tive tissue. Small bile ducts are seen within the ligament.

occurred with encirclement of the hepatic veins. He-
patic resections performed included 21 right hepatec-
tomies (46.7%), 2 right hepatectomies extended to
segments 4 (4.4%), 8 left hepatectomies (17.8%), 2
left hepatectomies extended to segment 5/8 (6.7%),
3 segment 2/3 resections (6.7%), and 9 other biseg-
mentectomies (20%).
Patients were predominantly male (66.7%), with

an average age of 58 � 13 years. Four patients (8.9%)
had cirrhotic livers. The liver lesions resected were
colorectal metastases (24 patients, 53.3%), hilar cho-
langiocarcinomas (5 patients, 11.1%), hepatocellular
carcinomas (5 patients, 11.1%), biliary cystadenomas
(5 patients, 11.1%), and other lesions (6 patients,
13.4%). One patient underwent a gastric resection
and three underwent diaphragmatic resections for
local extension of their disease. All hilar cholangio-
carcinoma patients underwent complete bile duct ex-
cision and portal lymphadenectomy with Roux-en-Y
bilioenteric reconstruction. Cumulative warm isch-
emic time was 65 � 24.5 minutes (range, 25–127
minutes). Total operating time (entering operating
room to exiting) was 302 � 88.6 minutes (range,
150–530 minutes). Mean CVP was 7.8 � 3.2 cm
H2O (range, 2–13 cm H2O).
There was no in-hospital mortality observed in

this series. Twenty-nine patients (64.4%) had no peri-
operative complications. Complications are described
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Fig. 5. Photograph of the posterior aspect of a cadaveric liver, demonstrating a type 1 hepatocaval
ligament. The ligament is seen, between the arrows, as a wide band extending over the inferior vena
cava from segment 7 of the right liver (RL) to the caudate lobe (C). It becomes narrower as it goes
from right to left. LL � left liver, CP � caudate process.

in Table 1. One patient in whom we had failed to
control the right hepatic vein had a self-limiting intra-
operative air embolus. There was one major compli-
cation (grade 3): a subphrenic abscess requiring
percutaneous drain insertion. No patients required
reoperation. Peak ALT and bilirubin levels were
452 � 420 U/L (range, 31–1685 U/L) and 42 � 41
mmol/L (range, 8–189, mmol/L), respectively.
Eight (17.8%) patients received a blood transfu-

sion of packed red blood cells (mean, 0.4 � 0.2 unit;
median, 0 units; range, 0–3 units) in the operative or
perioperative period. No other blood products were
given. The EBL was 864 � 514 ml (range, 200–2500
ml). Two factors correlated with whether a blood
transfusion was administered: the surgeon’s percep-
tion of bleeding (P � 0.0036) and warm ischemic
time (P � 0.05). Factors that did not correlate with
incidence of transfusion includedmean intraoperative
CVP, resection type, selective vascular exclusion
versus TVE, and patient demographics.

DISCUSSION

Our anatomic and clinical studies have clearly de-
fined the anatomy of the hepatocaval ligament and
hepatic veins and then demonstrated the utility of
this information as it applies to a technique of liver

resection—IHV-TVE. We demonstrated low
morbidity, mortality, and transfusion rates associated
with this technique. Further, liver damage was lim-
ited with the use of intermittent occlusion despite
prolonged warm ischemic times.
The hepatocaval ligament is a vestige from the

intrahepatic development of the superior portion of
IVC and the hepatic vein from the right vitelline
vein.5 The hepatic origin of the ligament is supported
by the fact that 12% of the ligaments are com-
posed entirely of liver tissue and our histologic studies
showing bile ducts in the ligamentous portions. Cate-
gorization of the hepatocaval ligament into three
types based on its composition (i.e., amount of liver
tissue present) helps to identify individuals in whom
division of the ligament to expose the hepatic veins
may be more difficult.
The right portion of the hepatocaval ligamentmust

be divided to expose the origin of the right hepatic
vein. An associated caudate vein (present in 69% of
cases) requires control of the ligament with suture
ligatures or clips to prevent inadvertent hemorrhage.
Ramacciato et al.6 recommended using a vascular
endostapler to control an “inferior diaphragmatic
vein” of significant dimension in the immediate
vicinity of the ligament.
Couinaud7 described a central space between the

liver and the caudate lobe that is relatively avascular,
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Table 1. Clinical series measures of patient
outcome—mortality, complications, liver function,
operative time, perioperative blood loss,
and transfusions

Variable n Range

Death 0 (0%)
Complication
Major (grade 3) 1 (2%)
requiring intervention

Minor (grades 1, 2)
Bile leak 2 (4.5%)
Wound infection 8 (18%)
Prolonged cholestasis 1 (2%)
Upper respiratory 1 (2%)
tract infection

Air embolus 1 (2%)
Intraoperative 2 (4.5%)
instability

Total 16 (35.5%)
Mean peak 42� 41 8–189
bilirubin (mmol/L)

Mean peak ALT (U/L) 452 � 420 31–1685
Mean warm ischemic 65.2� 24.5 25–127
time (min)

Mean operating room 302 � 88 150–580
time (min)

Patients requiring 8 (17.8%) 1–3 units
transfusions (No.)

Mean length of 10.5� 3.5 5–23
stay (days)

Mean central venous 7.8 � 3.2 2–13.3
pressure (cm H2O)

Mean postoperative 109 � 16 80–145
hemoglobin (g/L)

Mean blood loss 864 � 514 200–2500
Estimated (ml)

allowing the right hepatic vein to be dissected and
encircled under direct vision. We also observed an
absence of hepatic venous tributaries in this area of
dissection and found that staying close to the hepatic
veins avoids inadvertent injury.
A transient drop in blood pressure was occasionally

noted during mobilization of the right liver. Poten-
tially, the hypotension resulted in reduced venous
return by flattening of the right hepatic vein and
kinking of the IVC with retraction of the right liver.
Makuuchi et al.8 suggested that the hepatocaval liga-
ment was responsible for kinking the IVC. We dis-
covered that division of the hepatocaval ligament in
cadaveric dissections did not alter this “kinking.”
The common trunk of the middle/left hepatic vein

has a limited extrahepatic course (90% �1 cm).9
Based on the anatomic data from Chevallier10 and

Makuuchi et al.,8 it is thought to be the most haz-
ardous to dissect. Czerniak et al.11 suggested that the
middle and left hepatic veinsmust be taken separately,
in their extrahepatic location. We found that the
transverse orientation and more superficial plane of
the common trunk allowed a reasonable dissection to
encompass the entire vein trunk. The key maneuver
is to develop a space cranial to the caudate lobe be-
tween the middle hepatic vein and the IVC. It has
been suggested that the ligamentum venosummust be
divided to perform this dissection.However,we found
that when segments 2 and 3 are reflected superiorly,
the ligamentum venosum is pulled out of the way,
allowing dissection to proceed posteriorly. The space
of Couinaud is also important for the dissection, as
the plane of dissection passes through this space, ante-
rior to the IVC. With this anatomic knowledge we
were able to isolate this trunk 100% of the time.
TVEwasfirst describedbyHeaneyet al.12,13Occlu-

sion of the suprahepatic and infrahepatic IVC during
TVE can result in significant hemodynamic insta-
bility and may preclude its use in some patients.14–16
Elias et al.17 devised TVE with preservation of caval
flow, where the portal triad and the hepatic veins are
controlled in their extrahepatic location Our clinical
series demonstrates outcomes consistent with those of
the published literature2,14,17–20 (Table 2): no mortal-
ity, no reoperations, and a complication rate of 35%.
It has been established that intermittent portal

triad occlusion causes less liver damage than continu-
ous occlusion.21–24 Classic TVE is performed with
continuous clamping, limiting its application. How-
ever, with control of the porta hepatus and hepatic
veins with Rommel tourniquets TVE can be done
intermittently, allowing longer liver warm ischemic
times.25 The exact safe length of this warm ischemia is
not well established and may be different for cirrhotic
livers.26,27 Our mean warm ischemic time of 65 mi-
nutes with one patient extending out over 2 hours
was long compared with the other series.26,28 How-
ever, transaminase elevations were mild and none of
our patients developed liver failure.
Ultimately, the primary goal of achieving control

of hepatic inflow and outflow is the prevention of
severe or catastrophic blood loss necessitating blood
transfusions. Excessive intraoperative hemorrhage is
associated with increased operative morbidity and
mortality.29–33Moreover, blood transfusions are asso-
ciated with immunosuppression, increased infection
rates, and perhaps an increased rate of tumor recur-
rence.34–37 By applying IHV-TVE, our mean EBL
of 864 ml and our 18% transfusion rate compared
favorably with other clinical series.22,29,38 The main
trigger for giving a blood transfusion appeared to be
the surgeon’s perception of blood loss (i.e., EBL).
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Table 2. Summary of current literature for techniques of hepatic vein–total vascular exclusion

Patients
with Estimated Transfusions (%)/ Length Warm ischemic

Patients cirrhosis Death Complication blood loss Unit mean of stay time (min)
Study/Year enrolled (n) (%) (%) (ml) (range) (mean days) (range)

Present study/2003 45 4 0 35.5 864 � 514 17.8/0 (0–3) 10.5 65 (45–85)
Smyrniotis et al/2001 38 … 0 28.9 850 � 700 …/3 16 32� 12
Cherqui et al/1999 40 16 0 17.5 … 30/0 (0–4) 10 27 (10–45)
Malassagne et al/1998 34 … 2 16.3 … 35/0 (0–4) 10 …
Leow et al/1996 18 15 0 … 2513 … … 24.1 (10–35)
Elias et al/1995 16 4 6.25 37.5 1230 … … …
Cunningham et al/1994 100* … 3 27 1180 67/… 13 …

*Veins for resection only.

However, none of our patients’ postoperative hemo-
globin levels dropped below 80 g/L. As it is now
well established that a transfusion trigger of 70 g/L
is appropriate,39 we may have actually transfused
too frequently.
Despite inflow and outflow occlusion, we still had

almost a liter of blood loss with each major resection.
We speculate that patients continued to bleed during
parenchymal dissection for three reasons: (1) in many
cases, the major caudate vein was not occluded,
allowing blood to flow from the patent IVC; (2) reper-
fusion episodes refilled the hepatic vasculature, which
subsequently bled during the next occlusive period;
and (3) the CVP was not aggressively controlled
(mean, 7.8 cm H2O), allowing greater blood flow
into the liver during reperfusion or via incompletely
controlled hepatic veins. Clearly, using intermittent
rather than continuous occlusion comes at a cost of
more bleeding. While IHV-TVE appears to be effec-
tive in limiting blood loss, its major benefit may be
in preventing catastrophic blood loss. Only four pa-
tients in our series had blood loss estimates greater
than 2000 ml, usually the result of IVC injury.
In summary, an appreciation of the anatomy of

the hepatocaval ligament and hepatic veins improves
the safety of hepatic vein isolation. Control of the
hepatic veins in conjunction with control of the porta
hepatus has the potential advantages of TVE while
avoiding the complications associated with IVC
clamping.2,14 We believe that the hybrid technique
of IHV-TVE in which the hepatic veins and portal
triad are occluded to prevent bleeding and this is
done intermittently to prevent liver damage offers a
reasonable compromise between bleeding and warm
hepatic ischemia.
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Is Routine Placement of Surgical Drains Necessary
After Elective Hepatectomy? Results From a Single
Institution
Ali Aldameh, M.B.Ch.B., John L. McCall, M.D., F.R.A.C.S.,
Jonathan B. Koea, M.D., F.R.A.C.S.

Routine drainage is no longer used after many major abdominal procedures. However, the role of routine
surgical drainage after hepatic resection is unclear. Of the two randomized trials published, one concluded
drainage is unnecessary after hepatectomy, and another concluded it could be used after major resections
only. Between January 1999 and December 2003, 211 elective hepatic resections were performed by two
surgeons at Auckland Hospital. Drains were used routinely by one surgeon (n � 126), while another
routinely did not drain (n � 85). Patients undergoing a biliary reconstruction were not included in this
analysis. Patient and clinical data were recorded prospectively, and no outcome analyses were performed
until 2004. The demographic features were similar between the drained and nondrained groups. There
were no differences in length of hospital stay (no drain, 7 � 0.8 days; drain, 7 � 0.9 days: P � not
significant [NS]), in mortality (no drain, 1.2%; drain, 1.6%: P � NS), biliary fistula (no drain, zero cases;
drain, two cases: P � NS), or overall complication rate (no drain, 50.5%; drain, 54.7%: P � NS). Both
groups had similar rates of postoperative collection (no drain, four patients [5%]; drain, five patients
[4%]: P � NS), and there was no difference in the use of percutaneous drainage of collections between
the groups (no drain, four patients [5%]; drain, two patients [2%]: P � NS). Multivariate analysis
showed that intraoperative blood loss of 2000 ml or greater (relative risk [RR], 1.57; 95% confidence
interval [CI], 1.39-1.75; P � 0.01), number of segments resected (RR, 1.4; 95% CI, 1.21–1.89; P �
0.01), and presence of steatosis/fibrosis or cirrhosis (RR, 1.6; 95% CI, 1.01–2.1; P� 0.05) to be predictive
of postoperative complications. The presence of a surgical drain was not predictive of complications.
Routine surgical drainage after elective hepatectomy is not necessary. (J GASTROINTEST SURG 2005;9:
667–671) � 2005 The Society for Surgery of the Alimentary Tract

KEY WORDS: Hepatectomy, biloma, surgical drain

The placement of surgical drains at the end of an
operative procedure was once considered obligatory
because surgical drains were thought to facilitate the
diagnosis of postoperative bleeding and to reduce
the risk of postoperative fluid collections by allowing
intra-abdominal fluid to track to the skin surface.
However, there is increasing evidence that routine
placement of surgical drains does not decrease the
rate of postoperative complications after a number
of procedures, including neck exploration,1 cholecys-
tectomy,2 colonic resection,3 and in pediatric sur-
gery.4 In addition, it is now appreciated that surgical
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drains can cause complications5,6 and may act as con-
duits for infection. Consequently, drains are no
longer used routinely after many surgical procedures.
The role of surgical drains after elective hepatec-

tomy is less clear. Two randomized trials have been
published examining the use of drains after elective
hepatectomy. The trial by Fong et al.7 concluded that
abdominal drainage was unnecessary after elective
hepatic resection, whereas the trial of Belghiti et al.8
concluded that drainage was unnecessary after minor
liver resections but that it could be used after
major hepatic resections. A number of prospective
series have also been published either supporting9 or

mailto:jonathank@adhb.govt.nz
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refuting10 the routine use of drains after elective
hepatectomy.
Because of this uncertainty in the literature sur-

rounding the role of surgical drainage in elective
hepatectomy, our unit investigated the concept of
carrying out an eventual prospective randomized trial
of surgical drainage after elective hepatectomy. As
part of this process, a combined retrospective and
prospective audit of our experience with drainage
after hepatectomy was undertaken, and the results of
this review form the basis of this report. The specific
aim of this investigation was to examine the role of
routine intra-abdominal drainage on the develop-
ment and treatment of postoperative complications
after elective hepatectomy.

METHODS

A prospective computerized database of patients
managed by the Upper Gastrointestinal/Hepatobili-
ary Unit at Auckland Hospital was established in
2000. Demographic, clinical, pathologic, manage-
ment, and follow-up data are recorded prospectively
on all patients managed by the unit. Review of the
database identified 211 patients who had under-
gone elective hepatic parenchymal resection at Auck-
land Hospital between January 1998 and December
2003. No patient with a biliary anastomosis was in-
cluded, and the data set comprised only those patients
who had undergone resection of hepatic parenchyma
only. Resections were classified according to the no-
menclature proposed by the International Hepato-
Pancreato-Biliary Association11 with major liver
resections being those encompassing four or more
hepatic segments, whereas minor resections were
those that removed fewer than four hepatic segments.
Hepatic resections at Auckland Hospital are car-

ried out by two surgeons. One surgeon had a policy
of routine drainage in all cases (n � 126 patients
within the study period using a closed nonsuction
drainage system in all cases). This system comprised
an 18 Fr drainage tube connected to a bag using
gravity for drainage. The other surgeon had a routine
policy of nondrainage in all cases (n � 85 patients
within the study period).
In analyzing outcome after hepatectomy, we were

specifically interested in complications related to the
presence of an intra-abdominal collection because
control of postoperative collections is a primary
reason for placement of drains. In this investigation,
a biloma was defined as an intra-abdominal fluid col-
lection containing bile, whereas a bile fistula was de-
fined as drainage of more than 50 ml of bile per day
for longer than 3 days from the abdominal cavity.

An infected collection was defined as a non–bile-
containing fluid collection with organisms present
on culture.12
Statistical analysis was carried out using Fisher’s

exact test for comparisons between the drained and
nondrained groups. A χ2 test was used to define sig-
nificant prognostic factors on univariate comparison.
Usingmultiple logistic regression in the SPSS statisti-
cal package (SPSS, Chicago, IL), prognostic factors
were determined for the hazard rate of complica-
tions. Differences were considered significant at the
P � 0.05 level, and all deaths within 60 days of sur-
gery were treated as surgical mortality.

RESULTS
Demographics

A total of 211 patients were entered in this study:
126 were drained and 85 were not drained. There
were no differences in the demographic features
between the drainedandnondrainedgroups (Table 1).
The majority of liver resections in our unit were
performed for metastases from colorectal cancers
(n � 108, 56%). Hepatocellular carcinoma consti-
tuted 9% of the patients (n � 20). The distribution
of the tumor types and indications for resection was
similar among patients operatively drained and pa-
tients not drained (Table 2). One hundred eleven
patients (53%) required the resection of a lobe or
more.

Outcome

For none of the parameters studied was there a
difference in outcome (Table 3). Approximately half
of the patients in the drained and nondrained groups
developed complications (Table 3), with 69 complica-
tions occurring in 50 patients in the drain group,
whereas 43 complications occurred in 32 patients
in the nondrain group (40% versus 38%). Only the
relative incidence of wound infections approached

Table 1. Demographic details of patients with and
without drainage following elective hepatic resection

Drain Nondrain
(n � 126) (n � 85) P Value

Gender (M/F) 60/66 30/55 0.4
(48%/52%) (35%/65%)

Age (median, range) 60 (4–81) 61 (1–84) 0.7
Major resection 79 (63%) 32 (38%) 0.6
Minor resection 47 (37%) 53 (62%) 0.5
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Table 2. Indications for elective hepatic resection
in 211 patients

Drain (n � 126) Nondrain (n � 85)

Cholangiocarcinoma 3 (2%) 5 (6%)
Colorectal cancer 71 (57%) 38 (45%)
(CRCa) metastasis

Gallbladder cancer 2 (1%) 7 (8%)
Hepatic adenoma 3 (2%) 4 (5%)
Hepatocellular 16 (13%) 4 (5%)
carcinoma

Hydatid cyst 1 (1%) 2 (2%)
Neuroendocrine 4 (3%) 5 (6%)
(NE) metastasis

Non-CRCa–non-NE 4 (3%) 8 (9%)
metastasis

Others* 22 (18%) 12 (14%)

*These include focal nodular hyperplasia and benign biliary strictures.

significance, with a higher rate observed in the non-
drained group (Table 3). Therewere twodeaths in the
drained group and one death in the nondrained group
(2% versus 1%), and hospital stay was similar in both
groups (7 � 0.9 days versus 7 � 0.8 days).

Major Versus Minor Hepatectomy

Analysis of the outcomes was also undertaken for
major (four or more segments resected) versus minor
resections (less than four segments resected). There
was no difference noted between the complication
rates for minor and major resections when the results
were stratified for the presence or absence of surgical
drains (Table 4).

Risk Factors for Postoperative Complications

On univariate analysis, the extent of parenchymal
resection, intraoperative blood loss, and the presence

Table 3. Postoperative complications, hospital stay,
and postoperative percutaneous drainage in the
elective hepatic resection

Drain Nondrain
(n � 126) (n � 85) P Value

Mortality 2 (2%) 1 (1%) 0.8
Total complications 69 (53%) 43 (51%) 0.3
Hepatic failure 7 (6%) 1 (1%) 0.1
Infected collection 3 (2%) 1 (1%) 0.4
Bile collection 2 (2%) 3 (3%) 0.5
Biliary fistula 2 (2%) 0 0.6
Wound infection 8 (6%) 14 (16%) 0.09
Percutaneous drainage 2 (2%) 4 (5%) 0.2
Median hospital stay (days) 7� 0.9 7 � 0.8 0.7

of abnormal hepatic parenchyma (fibrosis, steatosis,
or cirrhosis) were found to be associated with and
increased risk of complications (Table 5). On multi-
variate analysis, intraoperative blood loss of 2000 ml
or more (RR, 1.57; 95% confidence interval [CI],
1.39–1.75; P� 0.01), four or more segments resected
(RR, 1.4; 95% CI, 1.21–1.89; P � 0.01), and the
presence of abnormal parenchyma (RR, 1.6; 95% CI,
1.01–2.10; P� 0.05) were also predictive of postoper-
ative complications.

DISCUSSION

This investigation was undertaken to review our
unit’s experience of surgical drainage after elective
hepatectomy as a prelude to the development of a
randomized trial. Although no differences in outcome
were identified between drained and nondrained pa-
tients, this study was retrospective and nonrandom-
ized and the results may be confounded by a number
of factors. Differences between the surgeons could
have obscured real differences in drain-related out-
comes. The retrospective nature of the study means
that drain-related complications may not have been
identified, although it is much less likely that major
complications would have been overlooked because a
comprehensive, prospective database was maintained
from 2000 on. There was certainly no evidence of a
difference in major complications. If anything, this
study may have underreported more minor drain-
related complications, such as drain site discomfort
or cellulitis. Overall, it does not provide any evidence
to suggest that not using a drain is harmful. Based
on the results of this investigation, routine surgical
drainage after elective hepatectomy is no longer used
by our unit. While there are only two published ran-
domized trials of drainage versus no-drainage after
elective hepatectomy, it would appear that no further
randomized trial is necessary given the findings of
the current study as well as those of others.7,8,10
This experience is consistent with that of other

units. In a nonrandomized, prospective study, Franco
et al.10 reported 61 hepatic resections without drain-
age; the authors concluded that drainage was unnec-
essary after hepatic resection. In a similar study Bona
et al.9 reached the opposite conclusion because they
were unable to demonstrate that surgical drains had
an adverse effect on patient outcome. However, both
of the two published randomized trials7,8 of surgical
drainage after hepatectomy reported a higher rate of
septic complications in the drained group, demon-
strating that surgical drainage does carry a discrete
morbidity, and Fong et al.7 concluded that routine
surgical drainage after hepatectomy is unnecessary.
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Table 4. Complication rates for major hepatic resections (�4 hepatic segments resected) versus minor hepatic
resections (�4 segments resected) in drained and undrained patients

Major resections (n � 111) Minor resections (n � 100)

Drain (n � 79) Nondrain (n � 32) P Value Drain (n � 47) Nondrain (n � 53) P Value

Mortality 2 (2%) 1 (3%) 0.4 — — —
Abdominal collection 4 (5%) 2 (6%) 0.5 3 (6%) 2 (4%) 0.7
Percutaneous drainage 2 (2%) 1 (1%) 0.6 — 3 (6%) 0.4
Wound infection 4 (5%) 5 (15%) 0.8 4 (8%) 9 (17%) 0.3
Total complications 52 16 0.1 17 27 0.5
Median hospital stay (days) 7.2 7.2 0.9 6.4 6.8 0.6

It is interesting to note that the wound infection rate
was higher in the nondrained patients in this series
and that this difference approached statistical signifi-
cance. The clinical significance of this observation is
unclear. As drained and nondrained patients were
managed by two surgeons, it is possible that the diag-
nosis of wound infection varied between the two
caregivers. Alternatively, nondrained patients may
bemore at risk of developing infectious complications
of the wound.
In the trial of Belghiti et al.,8 81 patients were

randomized into drained (n � 42) or nondrained
(n � 39) groups. A higher rate of complications oc-
curred in the drained group; however, the majority of
liver resections in this analysis were minor resections.
Therefore, Belghiti et al. concluded that minor liver
resection is safer without drainage and that major
resection can be performed with or without drainage.
Becauseof this issue and the fact that it couldbeargued
that patients with minor liver resections are more

Table 5. Risk factors for complications following
hepatectomy in drained and undrained patient groups
(univariate analysis)

No
Complication complication P Value

Surgical drainage
No 43 42 0.7
Yes 69 57

�4 Segments resected
No 44 56 �0.01
Yes 68 43

Blood loss �2000 ml
No 97 93 �0.01
Yes 15 6

Abnormal parenchyma
No 73 97 �0.01
Yes 39 2

likely to experience postoperative complications13
and require drainage, we specifically analyzed our
data in terms of minor versus major hepatectomies
and found no indication for increased use of drains in
either group. Our results therefore agree with those
of Fong et al.7,14
We have previously reported that up to 50% of

patients undergoing hepatectomy will experience
complications, with the vast majority beingminor and
non–life-threatening.15 This investigation reinforces
the finding that the risk of complications in elective
hepatectomy is directly related to the presence of
cirrhosis, steatosis, or fibrosis in the specimen; the
extent of the resection; and the development of major
intraoperative hemorrhage.16 Placement of surgical
drains does not protect against the development of
postoperative complications after elective hepatec-
tomy, and because it may be associated with a small
but significant morbidity,7,8 its routine use cannot
be recommended.
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Impact of Aberrant Arterial Anatomy and Location of
Anastomosis on Technical Outcomes After
Liver Transplantation
Marwan S. Abouljoud, M.D., Dean Y. Kim, M.D., Atsushi Yoshida, M.D.,
Juan Arenas, M.D., John Jerius, M.D., Lauren Malinzak, M.D., Mohammad Raoufi, M.D.,
Kimberly A. Brown, M.D., Dilip K. Moonka, M.D.

Variations in donor and recipient arterial anatomy frequently present challenges for surgeons when
attemptingtoestablishproperarterial inflowduring liver transplantation.Wereviewedourdataon233adult
primary liver transplants, conducted from January 1996 through December 2001, to determine the
impact of these variations on the outcomes after liver transplantation. Twenty-four (10.3%) arterial
complications were encountered at a mean of 2.27 months after transplant. Carrel patches for the
anastomoses were not used in 33 patients (14%), which had no relation to arterial complications (P � 0.7).
Sixty-one donors (26.2%) had at least one aberrant artery, which had no relation to arterial complications.
However, use of donor celiac artery for anastomosis was significantly associated with higher arterial
complications (16% versus other choices, P � 0.03). Furthermore, use of common hepatic recipient artery
was associated with higher arterial complications (16%,P � 0.03). There were 58 total biliary complications
(24.8%). Biliary complications were associated with the presence of arterial complications (P � 0.01). In
conclusion, aberrant donor arterial anatomy was not associated with an increased rate of arterial
complications; however, choice of location of arterial anastomosis may be a significant factor. Biliary
complications were associated with arterial complications. (J GASTROINTEST SURG 2005;9:672–678)
� 2005 The Society for Surgery of the Alimentary Tract
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INTRODUCTION

Orthotopic liver transplantation (OLT) has
become standard therapy for selected patients suffer-
ing from complications of end-stage liver disease.
The success of this procedure has improved with
better immunosuppression and surgical techniques.
Variations in donor and recipient arterial anatomy
frequently present challenges for the surgeon when
attempting to establish proper arterial inflow. Such
anatomical variations have been reported in 24.3%
to 42.2% of all donor livers.1–3 Previous reports have
noted an increased incidence of arterial complications
when aberrant arterial anatomy was present,4 al-
though more recent data suggest no difference unless
multiple anastomoses were required.2 In this study
we examine our experience with aberrant arterial
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anatomy and the impact of various technical details
on the outcome of the arterial anastomoses. In
addition, we examine the relationship between the
presence of such anatomical variations and biliary
complications.

MATERIAL AND METHODS

Adults undergoing primary OLT between January
1996 and December 2001 were reviewed for this
study. Data on surgical anatomical details were pro-
spectively collected. Medical records were reviewed
for outcomes and morbidities. Data included donor
and recipient arterial anatomy and choice of inflow
vessels, need for arterial reconstruction, use of a
Carrel patch to perform the arterial anastomosis, need
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for arterial conduits, and the presence of biliary com-
plications. Follow-up ranged from 1 to 6 years.

Technical Details

Early in this experience, the donor celiac trunk on
an aortic patch was the preferred vessel (Fig. 1) and
was typically anastomosed to the recipient proper
hepatic artery (Fig. 2A) or common hepatic artery
(Fig. 2B) on a branch Carrel patch. We have subse-
quently favored using the donor common hepatic
artery on a branch Carrel patch (Fig. 3A and B).
When a branch Carrel patch was not possible, the
vessel was spatulated for a direct end-to-end anasto-
mosis. When an aberrant right hepatic artery was
noted, in most situations arising from the superior
mesenteric artery (Fig. 4A), it was managed with re-
implantation into the stump of either the gastroduo-
denal artery (GDA) or splenic artery (Fig. 4B). An
aberrant left hepatic artery was never reimplanted
in this series. On occasion, the recipient hepatic artery
was not suitable for anastomosis. In these cases, either
the splenic artery or the aorta was used as the inflow
vessel, with a conduit of donor iliac artery if needed.
Biliary anastomoses were routinely done over 5 F in-
ternal stents. Duct-to-duct anastomoses were favored
unless otherwise dictated by disease or technical fac-
tors, when a Roux-en-Y choledochojejunostomywould
be performed.
Doppler ultrasound of the liver and/or liver biopsy

was performed when elevated liver function tests
(SGOT, SGPT, alkaline phosphatase, and bilirubin)
were determined on routine follow-up. A diminished
resistive index (compared to baseline) or blunted

Fig. 1. Donor celiac trunk. The dashed line indicates the cuff
of aorta taken along with the donor celiac trunk during pro-
curement.

waveform (parvus tardus) was an indication for an
arteriogram. Findings on liver biopsy suggestive of
liver ischemia (e.g., necrosis, zone three ballooning)
also was an indication for an arteriogram. A signifi-
cant arterial stenosis was diagnosed when interven-
tion was needed to improve flow in the appropriate
clinical setting. Similarly, a bile duct complication
was noted when an intervention was needed to repair
a finding of either a leak or a stricture.

χ2 test and post hoc analyses with the Fisher’s exact
test, where appropriate, were used. Pearson correla-
tion was also used where appropriate. A P value of
�0.05was considered statistically significant. Univar-
iate analyses of the data were performed for this study
because there were limited numbers of complications
to review. Statistical analyses were performed using
a statistical software package, NCSS 2000 (Number
Cruncher Statistical Systems, Kaysville, UT). The
study protocol was approved by the Henry Ford
Hospital Institutional Review Board.

RESULTS

Two hundred thirty-three patients with a mean
age of 50.1 � 10.1 years underwent primary OLT
during the study period. Seventy-six were women
(32.5%) and 157 were men (67.5%). Donor arterial
anatomywas categorized into five groups: normal, ac-
cessory right, accessory left, both, and total replaced
(Table 1). There were 61 (26.2%) situations in which
aberrant anatomy was noted.
Arterial complications occurred in 24 patients

(10.3%), including hepatic artery stenosis (16 pa-
tients, 6.8%), thrombosis (7 patients, 3%) and pseu-
doaneurysm (1 patient, 0.4%). Arterial complications
occurred at a mean of 2.27 months and a median of
1.23 months after transplant, with a range of 1 day
to 7 months. There was no association with recipient
sex (P � 0.5). Nineteen of the complications occurred
in patients with normal donor anatomy, three in those
with anaberrant left hepatic artery, one in adonorwith
an aberrant right hepatic artery, and one in a donor
with both aberrant right and left hepatic arteries.
There was no relationship between donor anatomy
and the development of an arterial complication
(P � 0.75), even when subgroups with aberrant anat-
omy were combined as one group (P � 0.63), and no
relationship between the need for a reconstruction
(when an aberrant right hepatic artery was present)
and the development of an arterial complication
(P � 0.65). A breakdown of arterial complications by
donor anatomy is also illustrated in Table 1.
A Carrel patch was used in 201 patients (85.9%),

while a direct end-end anastomosis was used in 33
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Fig. 2. (A) Donor celiac trunk (represented by the striped vessel) anastomosed to the recipient proper
hepatic artery. The recipient right and left hepatic arteries are spatulated to create a Carrel patch for the
anastomosis. (B) Donor celiac trunk (represented by the striped vessel) anastomosed to the recipient
common hepatic artery. The recipient GDA is ligated and a Carrel patch is created for the anastomosis.

patients (14.1%). The rate of arterial complications
was comparable between these groups (12% with
patch vs. 10% without, P � 0.76). There were 10
patients who required arterial conduits. Seven con-
duits were from the aorta and the remaining three
were from the splenic artery. Two patients with con-
duits developed arterial complications. There was no
significant difference between the patients who re-
quired conduits and those who did not (P � 0.27),
although the numbers were small.
In order to further define possible etiologies for

the observed arterial complications, we examined the
donor and recipient arteries chosen for anastomosis.

Choice of donor artery and associated arterial compli-
cations is illustrated in Table 2. The incidence of
complications was higher in the celiac group (n � 12,
15.8%), which accounted for half of all arterial com-
plications (P � 0.03). We then looked at the choice
of recipient artery, detailed in Table 3. The recipient
common hepatic artery was associated with a higher
arterial complications rate (16.1%) when compared
with the hepatic artery proper (6.6%) (P � 0.03).
There were 56 (23.9%) biliary complications over-

all that required intervention. Of these, there were
36 strictures (1 intrahepatic), and 20 biliary leaks (3
associated with early extensive duct necrosis and he-
patic artery thrombosis). There was a significantly
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Fig. 3. (A) Donor common hepatic artery (represented by the striped vessel) anastomosed to the recipient
proper hepatic artery. The recipient right and left hepatic arteries are spatulated to create a Carrel patch
for the anastomosis. (B) Donor common hepatic artery (represented by the striped vessel) anastomosed
to the recipient common hepatic artery. The recipient GDA is ligated and a Carrel patch is created for
the anastomosis.

higher incidence of biliary complications in patients
with arterial complications (11/24, 45.8%), compared
with those without arterial complications (47/210,
22.4%) (P � 0.01).

DISCUSSION

The potential for morbidity and mortality with
arterial complications after liver transplantation is
substantial,5 and knowledge of associated risk fac-
tors and prevention strategies is essential. It has been

reported previously that donor arterial anomalies may
be associated with a higher incidence of arterial com-
plications.4 However, the present study and those of
others do not confirm this.1,2,6 The reasons may be
multifactorial, including improved surgical tech-
nique and organ preservation.
Soin et al.2 noted a 30.6% incidence of anomalous

arterial anatomy among donors. In addition, they
noted a similar incidence of biliary complications
(18.0%) among such patients, compared with those
with normal anatomy (18.8%). However, they
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Fig. 4. (A) Donor celiac trunk with an aberrant right hepatic artery. The aberrant right hepatic artery
usually takes off of the superior mesenteric artery. The dotted circle indicates the aortic cuff taken during
the procurement. The dotted arc indicates where the splenic artery is divided. (B) The aberrant right
hepatic artery is usually anastomosed to the donor splenic artery stump (represented by the striped
vessels) and then the celiac trunk is anastomosed to the recipient common hepatic artery. The recipient
GDA is ligated and a Carrel patch is created for the anastomosis. Sometimes, instead of anastomosing
the aberrant right hepatic artery to the donor splenic artery stump, it is anastomosed to the donor GDA
stump (ligated in this picture).

described a significant increase in arterial complica-
tions when one or more reconstructions were needed
or when a conduit was used for direct aortic inflow,
which was not noted in our series. The “era” of trans-
plantation has also been studied in relation to hepatic
artery complications.7 This group reported a 4.5-fold
increase in hepatic artery thrombosis in the pre-1990
era compared to the subsequent era. In addition, they
found no negative impact with the use of aortic con-
duits, although a 2.5-fold increase in hepatic artery
thrombosis occurred when a direct anastomosis was

done without a Carrel patch. The positive impact of
using a Carrel patch has also been previously de-
scribed.6,7 Our experience does not show that there is
much difference among these groups, most likely be-
cause of the use of fine surgical techniques, proper
magnification, and interrupted fine sutures. How-
ever, vessel caliber and method of performing the
direct end-to-end anastomoses have not been detailed
in most series. Consistent use of intraoperative he-
patic artery flow measurements may have aided in
the reduction of early hepatic artery events in such
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Table 1. Distribution of various donor arterial
anomalies and arterial complications

Donor anatomy n (%) No. of complications (%)

Normal 172 (73.8) 19 (79.2)
Aberrant right 30 (12.9) 1 (4.2)
Aberrant left 19 (8.2) 3 (12.5)
Aberrant right and left 10 (4.3) 1 (4.2)
Total replaced 2 (0.8) 0
Total 233 24

patients in our series as well. Although data is some-
what limited, one group did describe the benefit of
intraoperative hepatic artery flow measurements as a
possible predictor of early hepatic artery thrombo-
sis/stenosis.8
The impact of the artery chosen for inflow or

outflow has not been examined in detail previously.
Our standard technique predominantly required the
use of the donor celiac artery on an aortic patch and
the recipient common hepatic artery with a branch
Carrel patch. As we observed a higher than expected
incidence of post-anastomotic stenosis, we modified
the technique to preferentially use the donor common
hepatic artery on a branch Carrel patch. Our results
support the fact that the use of the donor celiac trunk
was associated with a higher rate of arterial complica-
tions (15.8%). We believe that this is, in part, caused
by flow dynamics among vessels of different caliber
and wall stiffness and shear stress. The latter, along
with the shape of the anastomosis, may impact flow
patterns significantly. This change in flow dynamics
has been demonstrated to influence the development
of intimal hyperplasia.9 The association of recipient
common hepatic artery with hepatic artery complica-
tions was not an expected finding in the present study.
We hypothesize that this is related to our working
algorithm as we proceed with intraoperative choices.
We typically favor the recipient hepatic artery proper;
if the latter is not of good caliber, then the common
hepatic artery proximal to the gastroduodenal artery

Table 2. Donor artery used for arterial anastomosis
and arterial complications

Donor artery n (%) No. of complications (%)

Common hepatic 129 (55.4) 8 (33.3)
Celiac 76 (32.6) 12 (50.0)
Superior mesenteric 14 (6.0) 0 (0)
Hepatic artery proper 8 (3.4) 2 (8.3)
Right hepatic 5 (2.1) 1 (4.2)
Splenic 1 (0.4) 1 (4.2)
Total 233 24

Table 3. Recipient artery used for arterial
anastomosis and arterial complications

Recipient artery n (%) No. of complications (%)

Hepatic artery proper 122 (52.4) 8 (33.3)
Common hepatic 87 (37.3) 14 (58.3)
Replaced right hepatic 13 (5.6) 1 (4.2)
Aorta 7 (3.0) 1 (4.2)
Left hepatic 3 (1.3) 0 (0)
Splenic 1 (0.4) 0 (0)
Total 233 24

is chosen. This may suggest a negative bias in terms
of vessel caliber, extent of dissection, and ease of
performing a proper anastomosis. In future trans-
plants, we will make an effort to record the reason
for choosing this and other vessels to aid further
in understanding this finding. However, because this
was a retrospective study, it is difficult to determine
whether the improved results were secondary to im-
proved surgical technique or whether the outcomes
were based on the artery chosen for anastomoses.
In our experience, an association between bile duct

complications and aberrant arterial anatomy was
not found. This was not surprising; the incidence of
arterial complications was not higher in patients with
aberrant donor arterial anatomy. However, a signifi-
cant association was noted between the presence of
arterial complications and bile duct complications,
as noted by others.10,11 In the practice setting, the
presence of a biliary complication, especially in the
early postoperative period, should dictate a thorough
assessment of the hepatic arterial flow. In our series,
45.8% of patients with arterial complications devel-
oped a biliary complication requiring intervention,
compared with 22.4% in patients without an arte-
rial problem.
There are two limitations of the present study.

The first was that this was a retrospective analysis of
a single center experience in liver transplantation.
Although programmatic changes were implemented
in order to improve outcomes, results of the analyses
will inevitably have selection biases. Second, because
there were relatively small numbers of arterial and
biliary complications, we were unable to perform
multivariate analyses of our data, which may poten-
tially lead to confounding results.

CONCLUSION

With improved surgical expertise and better organ
preservation and immunosuppression, the presence
of aberrant arterial anatomy does not have a major
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impact on arterial complications after orthotopic
liver transplantation. However, choice of vessel for
reconstruction may influence outcome. The associa-
tion between the presence of biliary and arterial com-
plications is consistent, and a detailed work-up should
be conducted when either is present.
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Postoperative Severe Microangiopathic Hemolytic
Anemia Associated With a Giant Hepatic Cavernous
Hemangioma
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Complications related to liver hemangioma are rare. We herein describe the case of a patient with three
giant cavernous hemangiomas of the liver, of which two were resected for symptoms. A significant
microangiopathic hemolytic anemia occurred in the early postoperative period, leading to acute renal
failure and necessitating blood transfusions. The systematic evaluation of hemolytic processes in the
postoperative patient is described. Surgeons should be aware of the potential for hemolytic complications
after major surgery when giant hepatic hemangiomas are present. (J GASTROINTEST SURG 2005;9:679–685)
� 2005 The Society for Surgery of the Alimentary Tract
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Hemangiomas are the most common benign
tumor of the liver, with a frequency of 0.4–20%
worldwide.1–5 The female-to-male ratio is 3:1.4,6,7
Small capillary hemangiomas are certainly more
common, but giant cavernous hemangiomas (�4 cm)
can be of surgical importance.5,8,9 Hemangiomas
are considered to be vascular malformations because
they enlarge through ectasia and have no malignant
potential.1,3 They most commonly occur as solitary
lesions; however, liver hemangiomas occur as multi-
ple lesions up to 40% of the time.3,7 In patients who
are followed over the long term, the vast majority
of the hemangiomas remain stable over time.4 The
overall risk of intra-abdominal hemorrhage is low
(estimated at �1%).5 Therefore, surgical resection
is reserved for the treatment of symptoms such as
aggressive growth, local discomfort, and early
satiety.1,6

Hematologic complications of liver hemangiomas
are rare and include hemorrhage secondary to con-
sumptive coagulopathies such as disseminated intra-
vascular coagulation (DIC),10–12 Kasabach-Merritt
syndrome,13–15 microangiopathic hemolytic anemia
(MAHA)12,14,16–22 and Budd-Chiari syndrome.21 We
herein describe the case of a patient with MAHA
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due to a giant hemangioma that occurred after amajor
surgical procedure.

CASE REPORT

The patient is a 54-year-old woman with a long-
standing history of multiple giant hemangiomas of
the liver. In the 12 months before surgery, she devel-
oped progressive symptoms of early satiety and unre-
lenting, disabling midabdominal pain (sharp and
episodic). Her past medical history was significant
only for hypertension. Her medications included irb-
esartan, hydrochlorothiazide, and amlodipine. She
had never used tobacco and had no history of blood
transfusions or previous surgery. Her family history
was not significant.
Examination revealed a soft abdomen that was

grossly distorted from a palpable right-upper-quad-
rant mass extending into the pelvis. No abdominal
bruit was noted. Her preoperative laboratory test re-
sults were as follows: hemoglobin 11.0 g/dL, platelets
241 × 109 per liter, INR 1.0, and serum creatinine
0.84 mg/dL. Abdominal computed tomography (CT)
with oral and intravenous contrast disclosed several

mailto:timothy.sielaff@allina.com
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hemangiomas (Fig. 1,A and B). A segment III heman-
gioma was 9.5 cm in maximal diameter; a segment
VI, VII, and VIII hemangioma was 12 × 16 cm; and
an additional mass arising from segment IVB was
about 14 × 19 cm.
Surgical resection of the symptomatic hemangio-

mas in segments III and IVB was recommended. The
hemangioma in the right lobe of the liver was not
symptomatic and was not amenable to safe anatomic
resection because of right and middle hepatic vein
involvement. Both lesions (Fig. 2, A and B) were
enucleated at operation. The estimated blood loss
was 400 mL. Two units of crossmatched packed red
blood cells (RBCs) was transfused in the recovery
room for hemoglobin of 7.3 mg/dL. Both units of
the transfused cells were negative for the M red cell

Fig. 1. Helical computed tomography scan showing (A) two
hemangiomas measuring 9.5 cm in segment III (resected) and
a 12 × 16-cm hemangioma derived from segments VI, VII,
and VIII (not resected) and (B) the other 14 × 19-cm mass in
segment IVB (resected).

Fig. 2. Intraoperative photographs showing (A) the giant seg-
ment IVB hemangioma upon opening the abdomen and (B)
the hepatic defect created after resection.

antigen, because the patient’s preoperative indirect
antiglobulin screening results had been positive for
anti-M antibodies.
The remainder of her initial postoperative course

was uneventful. Her hemoglobin concentration was
followed closely during her 5-day hospital course and
stabilized at 8.0 g/dL for the remainder of her hospi-
talization. She remained asymptomatic and so did not
receive additional units of blood. She was discharged
to home on postoperative day 5. At the time of her
discharge, her total bilirubin, alanine transaminase
(ALT), aspartate transaminase (AST), alkaline phos-
phatase, serum creatinine, and INR values were all
within normal limits. Her discharge medications in-
cluded her prior antihypertensive drugs with the
addition of oxycodone, acetaminophen, bisacodyl,
docusate, and ferrous sulfate. Pathologic examination
of the tumors confirmed benign giant hemangiomas.
On postoperative day 12, the patient returned to

the hospital with a several-day history of lethargy,
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malaise, and nausea. She had also noticed her urine
turning dark red for the first time, 2 days earlier.
She had not taken any new medications except the
ones prescribed on discharge 1 week earlier. Her
vital signs were normal. Physical examination was
remarkable only for conjunctival pallor and jaundice.
The liver was palpable at 4 cmbelow the costalmargin
but was nontender. We noted no splenomegaly. The
surgical incision was healing well without signs of
infection. A Doppler ultrasound of the liver con-
firmed the patency and antegrade flow in the portal
vein, hepatic artery, and left hepatic vein. A contrast-
enhanced CT scan demonstrated no intra-abdominal
fluid collections.
Laboratory test results were remarkable for a he-

moglobin concentration of 6.6 g/dL, a hematocrit of
22.3%, a mean corpuscular volume of 80 fL, a red
cell distribution width of 16.5%, a platelet count of
326 × 109 per liter, an RBC count of 2.14 × 1012 per
liter, and a white blood cell (WBC) count of 9.8 ×
109 per liter. The differential on theWBC count was
71% neutrophils and 19% lymphocytes. Her AST
was 68 U/L, total bilirubin 5.6 mg/dL (unconjugated
fraction, 4.8 mg/dL), blood urea nitrogen (BUN)
33 mg/dL, and creatinine 2.9 mg/dL. Other liver
function test results and total creatinine kinase (CK)
levels were normal.
The urine appeared frothy and dark red. Urinalysis

revealed cloudy, brown urine with a specific gravity
of 1.010, a large amount of blood detected, protein
albumin of 100 mg/dL, and a urobilinogen level of
0.2 Ehrlich Unit dL. Urine microscopy revealed 25
WBCs per high-power field but was negative for
RBCs. The fractional excretion of sodium was 1.7%
with a urinary creatinine of 88 mg/dL and urinary
sodium of 69mmol L. The activated partial thrombo-
plastin time (aPTT), INR, and serumfibrinogen levels
were normal. Urine hemoglobin and hemosiderin
values were both positive, as was the serum free-
hemoglobin value.
The plasma hemoglobin level was 218 mg/dL

(normal range, 0–15 mg/dL). In addition, the serum
haptoglobin level was undetectable, and the serum
lactate dehydrogenase (LDH) value was markedly el-
evated at 3300 U/L. The peripheral blood smear
(Fig. 3) showed marked normochromic normocytic
anemia, with occasional echinocytes and schistocytes;
the increased polychromasia was consistent with a
mild microangiopathic hemolysis. The reticulocyte
count was 3.5%. An indirect antiglobulin test was
again positive for alloantibodies against the red cell
antigen M. However, a direct antiglobulin test was
negative for autoantibodies. The cold agglutinins and
serum cryoglobulin test results were both negative.

Fig. 3. Peripheral smear showing a small number of schisto-
cytes with increased polychromasia, consistent with microan-
giopathic hemolytic anemia.

The patient was readmitted to the hospital and
hydrated. Given her symptomatic anemia, she re-
ceived 4 units of M-antigen–negative blood packed
RBCs. The clinical picture was inconsistent with
thrombotic thrombocytopenic purpura (TTP) or
hemolytic uremic syndrome (HUS); hence plasma
exchange was not initiated. Within 3 days of read-
mission, the patient’s discolored urine started to im-
prove. It was completely clear by hospital day 5. After
her four transfusions, the patient’s hemoglobin con-
centration remained stable at 9–10 g/dL with no need
for further blood transfusion. With rehydration, her
serum creatinine level also improved (from 2.6 to a
nadir of 1.6 mg/dL). Her serum LDH level fell from
3300 to a normal 664 U/dL. She was discharged to
home on hospital day 7 and has had a complete recov-
ery 4 months later with normalization of both her
hemoglobin and serum creatinine levels.
Further testing with flow cytometry revealed a

small subpopulation of white cells (3%); on staining,
the glycosylphosphatidylinositol-liganded antigens
CD55 and CD59 showed diminished intensity, sug-
gesting enhanced susceptibility to lysis by comple-
ment activation. However, repeat testing 4 weeks
after she had been readmitted revealed normal sub-
population characteristics, indicating that comple-
ment activation was not the initiating cause of her
hemolysis. The 2 units of packed RBCs the patient
had received postoperatively during her first hospital-
ization were rechecked: both were M-antigen nega-
tive. Results of repeated direct antiglobulin testing
were negative for both complement and IgG. Results
of a Heinz body preparation test were negative, and
the patient’s glucose 6-phosphate dehydrogenase
(G6PD) level was normal. A summary of the tests
performed to confirm our diagnosis of MAHA are
presented in Table 1.
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DISCUSSION

This patient’s acute MAHA and renal insufficiency
were clearly related to the major surgical procedure
performed. It is hypothesized that a transient alter-
ation in the blood flow within the remaining
hemangioma, after resection of the other 2, led to
endothelial injury. This injury mediated complement
activation, resulting in local thrombosis with plate-
let aggregation and, by means of the change in vascu-
lar diameter and dimensions, mechanical destruction
of red cells (per the classic mechanism as described
by Brain18). He hypothesized that the endothelium
inside the hemangiomas is susceptible to damage in-
duced by changes in flow, pressure, and thrombus
formation, resulting in increased shear forces. These
changes in external forces on the erythrocyte may
result in hemolysis and further damage to the endo-
thelium, which can then lead to initiation of the
coagulation cascade resulting in consumptive coagu-
lopathy and DIC. Surgeons should be aware of this
potential systemic complication and its systematic
evaluation and treatment when performing any
major surgery in the setting of untreated giant
hemangiomas.
A form of intravascular hemolysis, MAHA is char-

acterized by fragmentation of red cells.8 Typically,
fragmentation is due to either endothelial injury (e.g.,
patients with systemic vasculitides, catastrophic anti-
phospholipid syndrome, preeclampsia of pregnancy,
stem cell transplant, and TTP or HUS) or abnormal
blood flow (e.g., in bypass patients or those with
mechanical heart valves or intra-aortic balloon
pumps).9,11,23,24 MAHA in the setting of giant hem-
angiomas was first described by Brain in 197018; it
presumably resulted from a combination of abnormal
blood flow and endothelial injury. His report was
followed by several others—Prematilleke20 in 1972,
Hagerman et al.15 in 1975, Linderkamp et al.21 in
1976, Watanabe et al.11 in 1978, Maeda et al.17 in
1981, Shimizu et al.14 in 1990, Yohannan et al.12
in 1990, and Mazoyer et al.25 in 2002). MAHA in
the setting of arteriovenous malformations is often
referred to as Kasabach-Merritt syndrome if accom-
panied by consumptive coagulopathy with hypofi-
brinogenemia, elevated fibrin degradation products,
and thrombocytopenia.17,18,25 DIC has previously
been reported after incomplete resection of giant cav-
ernous hemangiomas.11,12,16,24 However, what all of
the patients in previous reports had in common was
consumptive coagulopathy with thrombocytopenia
with or without hemolysis. Chronic intravascular he-
molysis and consumptive coagulopathy are indica-
tions for surgery.15,19,21,23 Until now, no authors had
ever reported isolatedMAHA after surgical resection.
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The cause of our patient’s postoperative acute in-
travascular hemolysis appears to have been mediated
by the presence of the remaining giant hemangioma.
The timing of hemolysis in relation to her postoper-
ative blood transfusions and to her positive indirect
antiglobulin screen for alloantibodies at first pointed
to delayed transfusion reaction. However, both of the
transfused RBC units were M red cell antigen nega-
tive and her hemolytic anemia was predominantly
intravascular, so her delayed transfusion reaction was
ruled out. Given the absence of thrombocytopenia,
TTP and HUS were also ruled out. Similarly, parox-
ysmal nocturnal hemoglobinuria (PNH) and oxidant
hemolysis, both of which could lead to acute hemoly-
sis, were ruled out after appropriate testing.
Several authors have previously reported severe

hematologic derangements associated with hemangi-
omas. Shimizu et al. reported similar hematologic
findings in a patient, including the lack of thrombocy-
topenia (that differentiates MAHA from Kasabach-
Merritt syndrome).11,12,19 The authors presumed that
the patient’s consumptive coagulopathy was oc-
curring in the tumor, as evidenced by the normaliza-
tion of hematologic test results after tumor resection.
Jona et al.10 described a pediatric patient who had
multiple congenital subcutaneous giant hemangiomas

Fig. 4. Flowchart depicting a generalized workup for postoperative anemia that is not due to hemorrhage
or technical complication. (See text for abbreviations.)

who underwent a series of resections over a period
of years. After each resection (with one exception),
the patient experienced severe postoperative bleeding
and was diagnosed with DIC and MAHA. Others
have described similar cases in which DIC and
MAHA developed in a patient with subcutaneous
hemangiomas after surgery was performed on distant
organs.23 Both authors concluded that the consump-
tion and hemolysis were triggered by endothelial
damage during resection resulting in thrombosis and
platelet sequestration in the hemangiomas. This
would lead to hemolysis secondary to the shear injury
to the erythrocytes.

CONCLUSION

Our patient experienced a significant isolated
MAHA and acute renal failure in the early postopera-
tive period after surgical stress in the setting of an
unresectable giant cavernous hemangioma. After
ruling out any major vascular surgical complications,
a systematic hemolysis evaluation must be performed
and therapy initiated (Fig. 4). This therapy should in-
clude appropriate hydration, transfusion of deficient
blood components appropriate to the type of anemia
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experienced, and early involvement of a medical he-
matologist for initiation of plasmaphoresis, dialysis,
or component transfusion if necessary. MAHA and
other coagulopathies must be considered as potential
complications when major surgery is performed in
patients with giant hemangiomas.

We are grateful for the expert editorial assistance of Dr. Mary
E. Knatterud.
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Mirizzi Syndrome and Gallstone Ileus: An Unusual
Presentation of Gallstone Disease
Marcelo A. Beltran, M.D., Attila Csendes, M.D., F.A.C.S.

We discuss the case of a man with an unusual complication of gallstone disease. An 85-year-old patient
presented to the emergency department with a 3-week history of abdominal pain in the right upper
abdominal quadrant. Thoracoabdominal radiography demonstrated that the whole extrahepatic biliary
tree, including the common bile duct, common hepatic duct, gallbladder, and left and right hepatic ducts,
were visibly delineated by air. The operative findings revealed a small shrunken gallbladder, a fistula
between the gallbladder fundus and the gastric antrum, and a cholecystohepatic fistula, corresponding
to Mirizzi syndrome, type II. A large gallstone was found impacted in the jejunum. This patient
seems to have developed initially a cholecystohepatic fistula. Due to the acute inflammatory process,
the stone eroded through the gallbladder wall and into the gastric antrum, passing from the antrum into the
small bowel, where it became impacted. We suggest that the natural history of Mirizzi syndrome does
not end with a cholecystobiliary fistula but that the continuous inflammation in the triangle of Calot
may result in a complex fistula involving not only the biliary tract but also the adjacent viscera.
(J GASTROINTEST SURG 2005;9:686–689) � 2005 The Society for Surgery of the Alimentary Tract

KEY WORDS: Mirizzi syndrome, gallstone ileus, complications

The most common complications of chronic gall-
stone disease are acute cholecystitis, acute pancreati-
tis, cholangitis, and a gangrenous gallbladder.1 Other
complications are extremely rare and include Mirizzi
syndrome, cholecystocholedochal fistula, and gall-
stone ileus.1–10 The late nineteenth century and early
twentieth century surgical literature are rich in de-
scriptions of bizarre complications of long-standing
gallstone disease.11–20 Those complications are
seldom found today. The current knowledge of bili-
ary disease and thewidespread use of ultrasonography
have led to early diagnosis and early treatment for
those with gallstone disease. Usually patients with
gallstone disease have only the most common com-
plications associated with their disease.
External compression of the biliary tree resulting

in obstructive jaundice was described by Kehr13 in
1905,Ruge14 in 1908,Levrat andChayvialle in 194115,
and Mirizzi17 in 1948. Puestow16 first described a
cholecystobiliary fistula in 1942; Behrend and
Cullen18 in 1950 andMirizzi19 in 1952 reported other
cases. Courvoisier11 initially described so-called gall-
stone ileus resulting from obstruction of the small

From the Department of Surgery (M.A.B.), Emergency Unit, Hospital de Ovalle, Ovalle, Chile; and Department of Surgery (A.C.), Clinical
Hospital, Universidad de Chile, Santiago, Chile.
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Published by Elsevier Inc. doi:10.1016/j.gassur.2004.09.058686

bowel by an impacted gallstone in 1890. In 1896,
Bouveret12 described a syndrome of gastric outlet
obstruction caused by an impacted gallstone in the
duodenal bulb after the migration of the stone
through a cholecystoenteric fistula.
Until the early 1980s, these cases were considered

as separate entities. The diagnosis and surgical ap-
proach were almost anecdotal.4,5 In 1982 McSherry
et al.2 and Csendes et al.3 in 1989 published seminal
articles describing the physiopathologic process and
classifying Mirizzi syndrome. These articles formed
the basis on which the surgical approach to the Miri-
zzi syndrome was standardized.3,6,7,9 We report
herein an older patient who had both Mirizzi syn-
drome and gallstone ileus.

CASE REPORT

An 85-year-old man presented to the emergency
department with a 3-week history of right upper
abdominal quadrant pain. He was anxious and had
shortness of breath. The pain was associated with
nausea and protracted vomiting that had debilitated

mailto:beltran_01@yahoo.com
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him. He could not eat, and he was very weak. The
physical examination revealed a malnourished pale
man who was febrile, sweating, and delirious. The ar-
terial pressure was stable but he had a rapid pulse.
The abdomen was tender, principally in the upper
right and left quadrants, and he had rebound sensitiv-
ity. The laboratory examinations revealed a hemoglo-
bin of 12.2 g/dl, a white blood cell count of 13.6 ×
109/L, a total bilirrubin of 0.69 mg/dl, and a direct
bilirubin of 0.07 mg/dl. The alkaline phosphatase
level was 103 U/L.
Plain radiographs of the thorax, abdomen, and

pelvis were obtained, along with an abdominal ultra-
sound. The thoracoabdominal radiograph demon-
strated a curious finding. The entire extrahepatic
biliary tree, including the common bile duct, the
common hepatic duct, the gallbladder, the left and
right hepatic ducts, and some of the smaller intrahe-
patic radicals, were clearly visible, delineated by air.
The gastric antrum was also visible (Fig. 1). This

Fig. 1. The complete biliary tract is clearly delineated by air,
including the gallbladder (GB), the common, right, and left
hepatic ducts, the common bile duct (BT), and some intrahe-
patic radicals. The gastric antrum (GA) also contains air.

unusual finding was interpreted as a biliodigestive
fistula. A water-soluble contrast radiograph was sub-
sequently taken, and it demonstrated a large gallstone
lodged 60 cm distal to the ligament of Treitz (Fig. 2).
About 24 hours later, the patient underwent sur-

gery. The operative findings were a small shrunken
gallbladder, a fistula between the gastric antrum and
the gallbladder fundus, and a cholecystohepatic fis-
tula corresponding to Mirizzi syndrome type II, as
described by Csendes et al.3 A large gallstone, 45 mm
in diameter, was found in the jejunum, impacted 60
cm from the ligament ofTreitz. The stonewasmilked
proximally into a dilated healthy area and retrieved
via a longitudinal enterotomy.
The biliodigestive fistula was divided, and the

opening was closed with a 4-0 polyglycolic acid su-
ture. The cholecystohepatic fistula was sutured over
a cuff of gallbladder with the same material. A T
tube was placed into the common bile duct, and an
intraoperative cholangiograph was taken. Two drains
were left in place, and a nasojejunal tube was inserted
for postoperative feeding.

Fig. 2.Water-soluble contrast radiography showing the out-
line of a large gallstone (GS) impacted in the jejunum.
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The postoperative course was uneventful, and the
patient recovered. He was discharged on postopera-
tive day 7, on oral feeding, and without drainage from
his abdominal drains. A postoperative cholangiograph
through the T tube demonstrated only a dilated bile
duct, no stones or other anomalies. The T tube was
removed 60 days after the operation.

DISCUSSION

The original description by Puestow16 in 1942 of
a cholecystobiliary fistula and the report of Mirizzi17
in 1948 of a functional obstructive syndrome, both
as complications of longstanding gallstone disease,
led some surgical investigators to relate the two pro-
cesses.2,3 The physiopathologic process was eluci-
dated after almost 40 years, in part due to the relative
difficulty in the diagnosis that it represents1–9 and to
the low incidence reported.2,3,6–9
As stated by Csendes et al.,3 the so-called Mirizzi

syndrome and the cholecystobiliary fistula are differ-
ent evolving stages of the same disease process. The
concepts that an impacted stone in close contact with
an inflamed mucosa develops first ischemia and then
necrosis and that, because of the associated inflam-
mation of the gallbladder wall and the hepatic or
common bile duct wall, the impacted stone erodes
through them and eventually forms a fistula are ap-
plicable to other biliary fistulas, such as cholecysto-
duodenal, cholecystogastric, and cholecystocolonic
fistulas.3,6–10
This particular patient seems to have developed

initially a cholecystohepatic fistula. After the last 3
weeks of his disease, due to the acute inflammatory
process, the large stone found in the jejunum eroded
through the gastric antrum wall, passing into the
small bowel, where it became impacted. That could
be the reason why we found this complex fistula,
which appeared on the thoracoabdominal roentge-
nogram (Fig. 1).
The classic radiographic signs of gallstone ileus

were first described by Rigler21 in 1941 and included
signs of intestinal obstruction, pneumobilia, aber-
rantly located gallstone, and change in location of
the previously identified stone on serial examina-
tions. Our patient presented with pneumobilia as
well as two adjacent air-fluid levels in the right upper
quadrant. This sign, as described by Balthazar22 in
1978, is an additional helpful sign. Themedial collec-
tion is located in the duodenal bulb and the lateral
in the gallbladder (Fig. 1). It should be noted that
even though the stone was large, it did not become
impacted at the pylorus, so this patient did not
develop Bouveret syndrome.10,12 Instead the stone

migrated through the pylorus, the duodenum, and
the first 60 cm of the jejunum until it became im-
pacted (Fig. 2), causing the characteristic syndrome
of intestinal obstruction known as gallstone ileus.

CONCLUSION

We may consider the torpid evolution of this pa-
tient’s complication as a lesson in advanced biliary
pathology.We also suggest that the natural history of
Mirizzi syndromemay not end with just a cholecysto-
biliary fistula. The continuous inflammation in the
triangle of Calot area may result in a complex fistula
involving not only the biliary tract but also the ad-
jacent viscera.
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Computed Tomography Diagnosis of Ischemia
and Complete Obstruction in Small Bowel
Obstruction: A Systematic Review
Rebecca D. Mallo, B.S., Leon Salem, M.D., Tasneem Lalani, M.D.,
David R. Flum, M.D., M.P.H.

This review was designed to describe the diagnostic performance of computed tomography (CT) in
assessing bowel ischemia and complete obstruction in small bowel obstruction (SBO). AMEDLINE search
(1966–2004) identified 15 studies dealing with the CT diagnosis of ischemia and complete obstruction in
SBO. Ischemia was defined by operative findings, and complete obstruction was defined by enteroclysis
or operative findings. Aggregated sensitivity, specificity, and positive and negative predictive values (PPV
and NPV) were calculated. Eleven of 15 studies reported on the CT diagnosis of ischemia in SBO based
on 743 patients. The aggregated performance characteristics of CT for ischemia in SBOwere sensitivity of
83% (range, 63–100%), specificity of 92% (range, 61–100%), PPV of 79% (range, 69–100%), and NPV
of 93% (range, 33.3–100%). Seven of 15 studies evaluated the CT classification of complete obstruction
based on 408 patients. The aggregated performance characteristics of CT for complete obstruction
were sensitivity of 92% (range, 81–100%), specificity of 93% (range, 68–100%), PPV of 91% (range,
84–100%), and NPV of 93% (range, 76–100%). This review demonstrates the high sensitivity of
CT for ischemia in the setting of SBO and suggests that a CT scan finding of partial SBO is likely to
reflect a clinical condition that will resolve without surgical intervention. (J GASTROINTEST SURG
2005;9:690–694) � 2005 The Society for Surgery of the Alimentary Tract

KEY WORDS: Bowel obstruction, computed tomography, sensitivity and specificity, ischemia/diagnosis

In the management of small bowel obstruction
(SBO), patients with ischemia or irreversible obstruc-
tions need to be differentiated from those with revers-
ible, non-threatening conditions. Patients with
ischemia require urgent intervention or can progress
to bowel necrosis, sepsis, and death. Early detection
of patients with SBO and ischemia should improve
the outcomes of these sequelae. Another group of
patients who benefit from earlier operative interven-
tion include those without ischemia but who have a
condition that will not reverse without surgical inter-
vention. Identifying patients with irreversible SBO
might direct them to definitive therapy without un-
necessary use of resources and delay until definitive
therapy.
The diagnosis of ischemic bowel in SBO using

clinical evaluation, laboratory testing, and plain radi-
ography is not reliable.1 Similarly, plain radiography

From the Departments of Surgery (R.D.M., L.S., D.R.F.), Radiology (T.L.), and Health Services (D.R.F.), University of Washington,
Seattle, Washington.
Reprint requests: David R. Flum, M.D., M.P.H., University of Washington, Department of Surgery, BB 431, 1959 NE Pacific Street,
Box 356410, Seattle, WA 98195-6410. e-mail: daveflum@u.washington.edu

� 2005 The Society for Surgery of the Alimentary Tract 1091-255X/05/$—see front matter
Published by Elsevier Inc. doi:10.1016/j.gassur.2004.10.006690

is not accurate in diagnosing the irreversibility of
SBO.2 A complete or high-grade SBO is considered
by many surgeons to describe a condition that will
not resolve without operative intervention.3,4 The
purpose of this study was to systematically review
the diagnostic accuracy of CT for ischemia and com-
plete obstructions in patients with SBO to help better
assess its role in the management of these patients.

MATERIALS AND METHODS

A systematic and comprehensive review of the sci-
entific literature was conducted using MEDLINE
and Cochrane databases for the period 1966–2004.
This reproducible search identified all publications
related to CT evaluation of patients with SBO.

mailto:daveflum@u.washington.edu
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Search Strategy/Inclusion Criteria

Two combined search strategies were used: (1)
(“intestinal obstruction/radiography” [MeSH] AND
“Intestine, Small” [MeSH] AND “Tomography, X-
ray Computed” [MeSH] and (2) (“CT” OR “com-
puted tomography”) AND “small bowel obstruc-
tion”). Studies with primary data collection on
patients who presented with clinical signs and symp-
toms of SBO and subsequently underwent CT scan-
ning were included. The report needed to establish
whether the SBO was classified as complete or
high-grade, or if ischemia was identified on CT.

Exclusion Criteria

The search was limited to studies involving human
subjects published in the English language. Case re-
ports, abstracts only, letters, incomplete reports in
surveys, and reviews were excluded. Studies in which
the degree of obstruction was not reported were
also excluded.

Search Yield

Using the inclusion criteria, 291 publications were
detected. Seventy-three publications did not contain
data relevant to the research study. Two hundred
three met the exclusion criteria of case reports, ab-
stracts, letters, and incomplete reports in surveys and
reviews and therefore were excluded. Fifteen articles
were reviewed, and citations from these reports were
used to identify additional studies but no further stud-
ies were found.

Analysis

Two aggregated datasets were constructed—the
first including studies that reported the CT diagnosis
of bowel ischemia in SBO and the second set includ-
ing studies that reported the CT diagnosis of com-
plete or high-grade SBO. Results for the diagnosis
of complete and high-grade SBO were aggregated
together because both of these are generally con-
sidered to necessitate surgical treatment.3,4 Two of
the studies were used in both sets because they in-
cluded data on both the presence of complete or high-
grade obstruction and the presence of ischemia or
strangulation. For each dataset, the PPV,NPV, sensi-
tivity, and specificity were calculated for CT in de-
tecting intestinal ischemia or complete/high-grade
obstruction. The standard of reference for small
bowel ischemia was a finding of ischemia at the time
of operation (for the patients who were operated) or
a dischargediagnosis ofSBOwithout ischemia (for the
patients who were not operated). The standard of
reference for complete/high-grade obstruction was

either a finding of complete SBO at the time of opera-
tion (five studies) or enteroclysis (two studies).
Patients who were reported to have any other cause
of intestinal ischemia (e.g., mesenteric infarction)
were excluded from this analysis.

RESULTS
Ischemia/Strangulation

Eleven studies reported on the CT diagnosis of
ischemia in SBO and included 743 patients (Table 1).
The aggregated diagnostic values of CT for bowel
ischemia in SBO were PPV of 79% (167 of 212;
range, 69–100%), NPV of 93% (496 of 531; range,
33.3–100%), sensitivity of83% (167of202; range, 63–
100%), and specificity of 92% (496 of 541; range,
61–100%).

Complete/High Grade

Seven studies evaluated the accuracy of CT in
detecting the grade of obstruction, classified as com-
plete/high-grade or partial SBO, and included 408
patients (Table 2). The aggregated diagnostic values
of CT for high-grade/complete obstruction were
PPV of 92% (168 of 182; range, 84–100%), NPV of
93% (211 of 226; range, 76–100%), sensitivity of 92%
(168 of 183; range, 81–100%), and specificity of
94% (211 of 225; range, 68–100%).

DISCUSSION

In this systematic review, we found that CT is
a highly accurate modality for diagnosing ischemic
bowel in patients with a sensitivity of 83%, specificity
of 92%, PPV of 79%, and NPV of 93%. Although
other diagnostic modalities for ischemia in the set-
ting of SBO might detect only 50% of cases,1 these
performance characteristics of CT indicate that 83%
of cases would be identified and that if no ischemia
was identified by CT then there was a 92% chance
that no ischemia is present. The diagnostic accuracy
of CT was also good for complete/high-grade SBO,
with aggregated sensitivity, specificity, PPV andNPV
over 90%, but metrics of diagnostic performance for
complete SBO are more problematic because of the
lack of a “gold standard” for complete SBO. The PPV
and NPV for ischemia are reliable based on discrete
surgical findings or resolution without operation.
Because ischemia is unlikely to resolve without sur-
gery,3 resolution without operation suggests that
ischemia was not present and therefore CT scan ap-
pears to be an important modality in detecting isch-
emia. Conversely, the decision to operate on patients
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Table 1. Studies reporting computed tomography
diagnosis of bowel ischemia in small bowel
obstruction

Study Study Design Diagnostic Performance

Balthazar et al., Retrospective PPV � 10/10� 100%
199211 (n � 19) NPV � 3/9 � 33.3%

Sens � 10/16� 63%
Spec � 3/3 � 100%

Balthazar et al., Prospective PPV � 19/24� 79%
199714 (n � 98) NPV � 70/74� 95%

Sens � 19/23� 83%
Spec � 70/74� 93%

Donckier et al., Prospective PPV � 16/19� 84%
199815 (n � 54) NPV � 35/35� 100%

Sens � 16/16� 100%
Spec � 35/38� 92%

Frager et al., Prospective PPV � 29/41� 71%
199613 (n � 60) NPV � 19/19� 100%

Sens � 29/29� 100%
Spec � 19/31� 61%

Frager et al., Prospective PPV � 4/4 � 100%
199522 (n � 36) NPV � 32/32� 100%

Sens � 4/4 � 100%
Spec � 32/32� 100%

Kim et al., Retrospective PPV � 47/59� 80%
200427 (n � 136) NPV � 58/77� 75%

Sens � 47/66� 71%
Spec � 58/70� 83%

Makanjuola, Retrospective PPV � 2/2 � 100%
199825 (n � 49) NPV � 46/47� 98%

Sens � 2/3 � 67%
Spec � 46/46� 100%

Obuz et al., Prospective PPV � 6/6 � 100%
200328 (n � 41) NPV � 35/35� 100%

Sens � 6/6 � 100%
Spec � 35/35� 100%

Peck et al., Retrospective PPV � 3/3 � 100%
199926 (n � 55) NPV � 51/52� 98%

Sens � 3/4 � 75%
Spec � 51/51� 100%

Taourel et al., Prospective PPV � 9/13 � 69%
199529 (n � 52) NPV � 36/39� 92%

Sens � 9/12 � 75%
Spec � 36/40� 90%

Zalcman et al., Prospective PPV � 22/31� 71%
200030 (n � 143) NPV � 111/112 � 99%

Sens � 22/23� 96%
Spec � 111/120 � 93%

PPV � positive predictive value, NPV � negative predictive value,
Sens � sensitivity, Spec � specificity.

with a “complete” SBO may have been influenced by
the CT and therefore was not necessarily a reflection
of underlying pathology. The NPV is probably the
most reliable metric for evaluating CT scans of com-
plete SBO because it is based on the cases that were

Table 2. Studies reporting computed tomography
diagnosis of complete/high-grade small bowel
obstruction

Name Study Design Diagnostic Performance

Frager et al., Prospective PPV � 16/16� 100%
199522 (n � 36) NPV � 20/20 � 100%

Sens � 16/16 � 100%
Spec � 20/20� 100%

Frager et al., Prospective PPV � 46/50� 92%
199423 (n � 90) NPV � 40/40 � 100%

Sens � 46/46 � 100%
Spec � 40/44� 91%

Daneshmand Retrospective PPV � 13/14� 93%
et al., 199924 (n � 45) NPV � 30/31 � 97%

Sens � 13/14 � 93%
Spec � 30/31� 94%

Maglinte et al., Retrospective PPV � 23/26� 88%
19962 (n � 78) NPV � 47/52 � 90%

Sens � 23/28 � 82%
Spec � 47/50� 94%

Maglinte et al., Retrospective PPV � 17/17� 100%
199321 (n � 55)

NPV � 34/38 � 89%
Sens � 17/21 � 81%
Spec � 34/34� 100%

Makanjuola, Retrospective PPV � 21/21� 100%
199825 (n � 49) NPV � 27/28 � 96%

Sens � 21/22 � 95%
Spec � 27/27� 100%

Peck et al., Retrospective PPV � 32/38� 84%
199926 (n � 55) NPV � 13/17 � 76%

Sens � 32/36 � 89%
Spec � 13/19� 68%

not considered complete but instead resolved without
surgery. The importance of this finding is that in
patients without CT scan findings of complete SBO
(partial SBO), resolution without surgery was noted
in more than 90%.
Early detection of bowel ischemia in SBO is critical

because it mandates an operation,3–5 as ischemia is
associated with an increased death rate.6 Themanage-
ment of SBO is challenging because clinical, labora-
tory, and plain radiographic evaluations cannot
reliably establish or exclude the diagnosis of bowel
ischemia.7,8 In a prospective trial of 51 consecutive
patients who were about to undergo laparotomy for
complete SBO,1 the accuracy of both preoperative
testing and the clinical judgment of senior surgeons
was evaluated in the diagnosis of intestinal ischemia.
No preoperative clinical parameter proved to be
highly sensitive, specific, or predictive of ischemia.
Moreover, the senior surgeon’s clinical judgment cor-
rectly predicted ischemia in only 48% of the patients.
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Others have suggested that high preoperative levels of
interleukin 6 are associated with intestinal ischemia,
but the use of this laboratory test is not widespread.9,10
CT has been proposed as a more reliable test to detect
ischemia in the presence of SBO,11–15 but its role in
the management of patients with suspected SBO has
not been established. In this study, although we found
that CT had a high sensitivity for ischemic bowel, we
found few standard criteria for diagnosis of ischemic
bowel in SBO. Some suggest that a combination of
signs may increase the diagnostic accuracy,12,16 and
an aggregate scoring system may be attractive.
CT was also found to have a high diagnostic accu-

racy for complete SBO if considering the performance
of an exploratory laparotomy as a demonstration of a
need for operation. This may not be a helpful desig-
nation if the goal is determining the role of CT
scanning in SBO. The standard of reference for
complete SBO in these studies was either surgery
or enteroclysis, and patients who resolved without
surgery were assumed to have partial SBO. This
assumes that complete SBO is an irreversible process
and, as such, mandates surgical intervention. How-
ever, the clinical significance of complete SBO is not
completely understood, and complete SBO has been
reported to resolve with nonoperative management
in 25–65% of cases.5,17–19 The dictum “never let the
sun rise and set on an obstructed bowel” may be in
evolution, and when looking at the trends over time,
there has been a gradual increase in the delay to
operation without an increase in the rate of mortal-
ity.20 Furthermore, similar rates of bowel ischemia
have been reported in patients with complete and
partial SBO.5 This study does shed some light on the
predictive qualities of a CT designation of com-
plete SBO. This aggregated analysis demonstrated
that CT has an NPV of greater than 90% for com-
plete SBO. Because these patients without complete
SBO resolved with nonoperative management, we
conclude that those without a complete SBO on CT
have a 90% chance of resolving without surgery.
This review has several limitations. Studies in-

cluded in our review varied in design, inclusion and
exclusion criteria, CT scanning technique (helical
versus sequential), use of contrast media, radiologic
criteria used to diagnose ischemia and complete SBO,
blinding of the radiologists to the clinical data, and
the time of follow-up for those patients who did not
undergo surgery. Given the variability in these studies
and because none included prospective, randomized
data, we believed that meta-analytic or higher-level
statistical comparisons were inappropriate and have
simply provided aggregated proportions. Although
all studies used operative findings as their standard
of reference for ischemia, the timing between CT

scanning and surgery varied between studies and
within the studies themselves. This issue may have
influenced the results of the studies as SBO findings
during the course of illness can change over time.
These variations may have contributed to the wide
range of reported performance of CT. Most im-
portant, the standard of reference to diagnose
complete/high-grade SBO was enteroclysis in two
studies,2,21 whereas the others used surgery as their
standard of reference.22–26 Furthermore, two stud-
ies2,23 did not specify if a false-positive result for bowel
obstruction was partial or complete/high-grade SBO.
To avoid overestimation of the diagnostic accuracy of
CT in complete/high-grade obstruction, we assumed
that a false-positive result was assigned to patients
who did not have obstruction but were diagnosed
as having complete/high-grade obstruction. In addi-
tion, although CT scan interpretations for SBO are
often indeterminate, most of the studies reviewed
have not addressed this issue. In one study,24 there
were five patients with indeterminate findings who
were excluded from the study, and in another study,21
a voting system was used for decision making in inde-
terminate cases. Other issues, including study cost,
utilization of resources, management of false-positive
values, and the optimal timing of CT scanning,
were not included in this study and should be bal-
anced against the accuracy of CT scanning in the
relatively uncommon entity of bowel ischemia.
Although it is attractive to develop clinical proto-

cols for the use of CT in the management of patients
with SBO, the results of this review limit our ability
to do so. Even though this review suggests that CT
is quite accurate for ischemia, due to the heterogene-
ity of the CT scanning protocols (e.g., the use of
contrast media, helical versus nonhelical CT), and
heterogeneity of study populations (complete and
partial SBO), definitive recommendations must be
limited. Development of a clinical protocol would
require evidence-based appraisal of the usefulness of
CT scanning in patients with SBO as well as the
cost-effectiveness of this technology. Both of these
considerations are under review by our group.

CONCLUSION

In this review, we found that CT was highly accu-
rate for the diagnosis of ischemia in SBO and, given
the absence of other predictive variables for ischemia,
these data suggest that the broader use of CT scan-
ning may improve the management of SBO. The
importance of CT scanning in diagnosing complete
SBO is unclear given the heterogeneity of the defini-
tion and an inconsistent “gold standard.” At least
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90% of patients with a CT finding inconsistent with
complete SBO resolve without operation. The clini-
cal importance of the designation of complete SBO
should be further evaluated prospectively to deter-
mine the true role of CT in the management of SBO.
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Adenocarcinoma After Ileoanal Anastomosis for
Familial Adenomatous Polyposis: Review of Risk
Factors and Current Surveillance Apropos of a Case
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Edésio Vieira da Silva, M.D., Viviane Rawet, M.D., Antônio Rocco Imperiale, M.D., Rodrigo
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Restorative proctocolectomy has become the most common surgical option for familial adenomatous
polyposis (FAP)patients, basedon thepremise that it provides good functional results and reduces colorectal
cancer risk. But several adenomas may develop in the pouch mucosa over the years, and even cancer at
the anastomosis or in the pouch mucosa has been reported rarely. This article aims to describe a case
of pouch cancer after restorative proctocolectomy for FAP, reviewing the possible causes of this
unfortunate outcome. A 40-year-old man started presenting with fecal blood loss 12 years after restorative
proctocolectomy with mucosectomy and hand-sewn anastomosis for FAP. Proctologic examination
revealed an elevated mass 3 cm from the anal margin, which biopsy determined to be a mucinous
adenocarcinoma.Thepatientunderwentpouchexcisionand terminal ileostomy.Histologic analysis showed
a 2.2 cm mucinous adenocarcinoma between the ileal and anal mucosa (T2N0Mx) and multiple tubular
microadenomas in the ileal pouch. The present case and the data presented here suggest that restorative
proctocolectomy is not a “cancer-free” alternative to ileorectal anastomosis, because it does not
remove the risk of metachronous intestinal neoplasia. Although the long-term risk of malignancy is
not known, lifelong follow-up seems to be necessary after restorative proctocolectomy. Current recom-
mendations for pouch surveillance are presented. ( J GASTROINTEST SURG 2005;9:695–702) � 2005 The
Society for Surgery of the Alimentary Tract

KEY WORDS: Adenocarcinoma, ileal-pouch anal anastomosis, restorative proctocolectomy, familial
adenomatous polyposis, cancer

INTRODUCTION

Familial adenomatous polyposis (FAP) is an au-
tosomic hereditary disease characterized by the pres-
ence of numerous colorectal adenomatous polyps. It
is associated with germinative or acquired mutations
in the APC gene that predispose to cell proliferation
and development of benign and malignant extraco-
lonic manifestations in many organs.1
The disease may account for almost 1% of colo-

rectal cancer (CRC) cases. The malignant evolution
of colorectal polyps in the third to fourth decades
of life is now practically an established, extensively
documented fact, although the syndromemay present
a variable biological and clinical behavior.2 Thus,
early detection, prophylactic colectomy, and family
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surveillance are the main steps in managing FAP pa-
tients. Furthermore, recognition and appropriate
treatment of the associated extracolonic manifesta-
tions is essential to reduce disease morbidity.3
Surgical options include proctocolectomy and

ileostomy, total abdominal colectomy with ileorectal
anastomosis (IRA), and restorative proctocolectomy
with an ileal pouch-anal anastomosis (RPC). Nowa-
days, permanent ileostomy is performed only in
patients with advanced low rectal cancer or fecal
incontinence.
In each patient, the surgical procedure should be

selected on the basis of parameters such as age,
site/number of the polyps, location of the mutation,
and patient willingness to undergo regular check-ups.
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In this context, IRA and RPC are surgical proce-
dures that yield different results in terms of functional
capability and oncologic radicality. When selecting
the primary surgery, one must remember that al-
though IRA exhibits good surgical and functional out-
comes,4 it has been associated with an elevated risk
of metachronous rectal cancer after IRA, with rates
varying from 12% to 43%.5,6
Since its introduction to clinical practice, RPC

has been progressively modified in an attempt to im-
prove functionality and reduce complication rates
while providing control of the mucosal disease.7 De-
spite some controversies, many technical advances in
pouch surgery have allowed it to become the gold
standard for the elective treatment of ulcerative colitis
(UC) and FAP patients.8 In the latter, this technique
aims to reduce CRC risk andmaintain acceptable anal
function,9 althoughdesmoid tumors andduodenal and
ileal adenomas may still develop.10
RPC was initially thought to abolish the risk of

colorectal adenoma development in FAP patients,
making surveillance of the lower gastrointestinal tract
no longer necessary. But several papers have docu-
mented the appearance of pouch adenomas after
RPC, usually after an interval of several years.11 The
potential for adenomatous polyp formation in the ter-
minal ileum has been estimated to manifest in 9% to
20% of FAP patients, even 25 years after the
colectomy.12
Furthermore, rectal mucosa may be left behind

after the stapled technique (with conservation of the
anal transitional zone) or after the standard Park’s
procedure (because of incomplete mucosectomy),
exposing the patient to the risk of polyp development
and subsequent malignancy.
During the last decade, the description of some

pouch cancer cases definitely confirmed that RPC is
not a “cancer-free” alternative to IRA.13–21 Subse-
quently, as the long-term risk of the development of
malignancy after RPC has been evaluated, sugges-
tions for surveillance have been recently raised in
the literature.
The present paper describes a rare case of pouch

cancer after RPC for FAP, reviews the cases published
in the English literature, and discusses the potential
carcinogenic mechanisms that may be involved in
this outcome.

CASE REPORT

A 40-year-old man with rectal bleeding and a fa-
milial history of FAP (mother, sister, and brother) was
admitted for surgical treatment in December 1985.
Colonoscopy showed multiple colorectal adenoma-
tous polyps and a tumor in the upper rectum. Routine

preoperative staging with CT showed no evidence
of metastasis.
As a result, he underwent a restorative proctocolec-

tomy with mucosectomy, construction of an ileal J
pouch, and hand-sewn pouch–anal anastomosis.
Technical steps were performed following oncologic
principles, and rectal dissection was carried out down
to the pelvic floor (up to the levator plane). With the
aid of two Gelpi retractors to expose the distal rectum
and anal canal, adrenaline solution was instilled into
the submucosa in four quadrants. Circumferential
mucosal dissection begun at the dentate line, prog-
ressing cranially toward the dissected rectum above.
Pouch–anal anastomosis was made with separated

4-0 Vicryl stitches, being temporarily defunctioned
with a loop ileostomy. Histologic examination of the
surgical specimen confirmed many tubular adenomas
distributed through the colon and a 3-cm well-differ-
entiated rectal adenocarcinoma situated 9 cm from
the distal margin (Dukes A, Astler-Coller B1,
T2N0M0). The 51 resected lymph nodes had no
metastatic spread. Ileostomy closure was carried out
3 months later without operative complications. Ge-
netic tests were not performed on this patient or
his family.
He was clinically followed for 18 months, when

hemoved to another city and did not return to follow-
up. Twelve years after surgical treatment (December
1997), he started to experience fecal blood loss. In
March 1998, digital examination showed a right lat-
eral elevated mass over a firm basis, located 3 cm
from the anal margin and extending cranially to the
ileal pouch.
At that time, endoscopic evaluation of the ileal

pouch revealed some small polyps, which biopsy
showed to be tubulovillous adenomas with moderate
atypia (Fig. 1). A prior biopsy of the elevated mass
disclosed a tubulovillous adenoma with severe atypia,
and in a subsequent attempt under anesthesia the
biopsy displayed a mucinous adenocarcinoma invad-
ing the muscular layer (Fig. 2). Abdominal CT scan
and carcinoembryonic antigen levels (1.3 ng/ml)
were normal.
With the diagnosis of a pouch cancer, the patient

underwent pouch excision and definitive terminal
ileostomy. Histologic analysis showed a 2.2-cm mu-
cinous adenocarcinoma between the ileal and anal
mucosa. Tumoral invasion extended to the muscular
layer, and there was distal invasion of the anal canal
through the submucosa (Dukes A, Astler-Coller B1,
T2N0Mx) (Fig. 3). Resection margins were free of
neoplasia, and three resected lymph nodes showed no
tumor invasion. The ileal pouch mucosa presented
multiple tubular microadenomas with moderate
atypia.



Vol. 9, No. 5
2005 Adenocarcinoma After Ileoanal Anastomosis for FAP 697

Fig. 1. Histologic aspect of pouch biopsy showing a tubulovillous adenoma with moderate atypia.

The patient has had no evidence of disease recur-
rence in 6 years of follow-up.

DISCUSSION

The choice of surgical treatment for FAP patients
lies between the morbidity of RPC and ileal pouch-
anal anastomosis (IPAA) and themortality from rectal
cancer after total colectomy and IRA.
Since its original description by Parks andNicholls

in 1978,22 RPC with IPAA has been considered the
treatment of choice for patients suffering from FAP,
based on the premise that it theoretically removes all
risk of intestinal malignancy and provides a better
functional outcome. But the few reports of cancer
after pouch surgery, including the present case, con-
firm that the risk of malignancy is not eliminated.
Different carcinogenic mechanisms may be in-
volved in this outcome (Table 1).
Several histologic changes have been found in the

reservoir epithelium after pouch surgery. The ileal
mucosa suffers metaplastic modifications toward a
colonic epithelium, such as villous atrophy, inflam-
mation, increased cell turnover, and even dysplasia,
coupled with bacterial proliferation and bile salt pool-
ing.23 Pouchmucosa biopsies in FAP andUC patients

Fig. 2. Mass biopsy disclosing a mucinous adenocarcinoma with muscle layer invasion

show colonization with goblet cell multiplication, re-
duction or loss of villi, and increased concentration
of crypts.24 These mucosal alterations are now de-
scribed as colonic phenotypic change rather than
true adaptative colonic metaplasia.25

But even though the physicochemical conditions in
the pouch may predispose its mucosa to carcinoma
formation, the rarity with which pouch adenocarci-
noma has been reported does not favor the hypothesis
of a metaplasia-dysplasia-neoplasia sequence.26 Cer-
tainly, the pathways of ileal pouch neoplasia in FAP
differ from those in UC patients, as there are other
molecular mechanisms involved.
In FAP patients, small bowel adenomas have been

also found in the duodenum, jejunum, terminal ileum,
and ileal mucosa after ileostomy, ileorectal anastomo-
sis, Koch pouch, or ileoanal pouch. Although the
malignant potential of noncolonic adenomas is low
(with the exception of periampullary adenomas),27 the
presumption of this risk has been confirmed in papers
reporting this rare but well-documented complica-
tion such as small bowel adenocarcinoma arising in
ileostomy areas,28–30 in ileoanal anastomoses,13–15,18,20

and ileal reservoirs.14–16,19 To our knowledge, this is
the 13th case of ileal pouch cancer described in the
English literature.
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Fig. 3. Specimen pathology showing a mucinous adenocarcinoma in ileal mucosa and infiltrating the
anal canal through the submucous layer.

Ileal adenomatous transformation has been consid-
ered a logical explanation for cancer arising in a re-
storative pouch.18,19 The incidence of adenomatous
polyps in ileal pouches has been increasingly reported
in the literature, usually consisting of small tubular
adenomas with mild dysplasia. No correlation be-
tween the site of APC mutation and the presence of
ileal pouch adenoma has been found in most series.6
Since the ileal pouchmay represent a source of malig-
nant transformation, regular endoscopic surveillance
seems warranted until the natural history of these
polyps is determined.

Table 1. Adenocarcinoma in FAP after proctocolectomy and ileoanal anastomosis

Technique Interval
Reference Age, sex of RPC (y) Cancer site Treatment Risk factor

Hochner 34, F Mucosectomy 20 Anastomosis Posterior Multiple polyps
and Metcalf13 (straight exenteration

anastomosis)
von Herbay14 33, F Mucosectomy 8 Anastomosis APR Sigmoid carcinoma,

pouch dysplasia
Bassuini 28, M Mucosectomy 3 Ileal pouch APR Not stated
and Billings15

Palkar16 39, F Mucosectomy 5 Ileal pouch Pouch polyps
Vuilleumier17 31, M Stapled 7 Rectal cuff Dysplasic adenoma

at doughnuts
Brown18 37, M Mucosectomy 7 Anastomosis APR Rectal carcinoma (Dukes C)
Remzi33 – Stapled – ATZ Redo pouch Not stated
Cherki19 36, F Mucosectomy 3.5 Ileal Pouch RT and ileostomy Intramucous cancer of

the left colon
Ooi20 (2 cases) 36, M Stapled 3 ATZ APR�RT�QT Pouch adenoma

41, M Mucosectomy 8 ATZ Transanal Rectal cancer and adenoma
(straight excision�RT�QT at ATZ
anastomosis)

Vrouenraets21

2 cases 48, F Stapled 8 Anastomosis RT�APR Adenoma in distal margin
36, M Stapled 10 Anastomosis APR Polyps at the anastomotic site

Present case 40, M Mucosectomy 12 Anastomosis APR Multiple pouch polyps

APR � abdomino-perineal resection; RT � radiotherapy; QT � chemotherapy; ATZ � anal transitional zone.

Parc et al.31 found adenomas in 35% of 85 ileal
pouches examined, and no invasive carcinomas were
noted. The risk of developing one or more adenomas
at 5, 10, and 15 years was 7%, 35%, and 75%, respec-
tively. These authors also reported that patients with
pouch adenomas were more likely to have duodenal
and ampullary adenomas. This finding was not pres-
ent in other series.11,25
In a review of 30 patients treated by RPC for FAP,

Polese et al.32 analyzed the presence of polyps in the
doughnuts from stapled anastomoses (24 patients)
and in the resection margins from hand-sewn anasto-
moses (6 patients). Surprisingly, pouch adenomas
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were found in only 2 of 30 (7%) of patients, 1 of 6
hand-sewn and 1 of 24 stapled anastomoses (P � 0.1),
9 and 11 years, respectively, after operation. The risk
of pouch adenomas after 8 years was 20% (P� 0.05).
Moreover, there was no correlation between adeno-
mas in the resection margins and the development
of pouch adenomas. But it is important to note that the
small number of patients was not enough to correctly
assess whether adenomas in the resection margins
could represent a risk factor for pouch polyps in
FAP patients.
After a median 5.5 years of follow-up, Wu et al.11

estimated the prevalence of adenomas in the ileal
pouch as 42%. Other common features are their
small size and great variation in number. The severity
of colonic disease may also influence the risk of devel-
oping polyps in the anal transitional zone, as polyps
were found in 40% of patients with severe disease
versus in 16% of those with mild disease (P� 0.05).33
The size of the pouch polyp has been also emphasized
as a significant risk factor, requiring close endo-
scopic surveillance.34
Despite the amount of data regarding the incidence

ofpouchpolypsover time, the extentof occurrencehas
not yet been truly established because of the variable
recruitment of patients after surgery and limitations
in follow-up. Moreover, further researches should
confront specific genetic mutations and the risk of
developing ileal polyps.
Ileal pouch cancers have been reported several

years after RPC (Table 1). Palkar et al.16 described a
39-year-old female with multiple pouch polyps who
had a pouch cancer diagnosed 5 years after surgery.
This patient was treated with total pouch excision and
terminal ileostomy. In another report, von Herbay
et al.14 described a 33-year-old female who developed
an ileal cancer in a pouch with high-grade dysplasia.
She had a sigmoid carcinoma resected during pouch
surgery. In 1996, Bassuini and Billings15 described a
28-year-old man who underwent RP with anal muco-
sectomy in 1991 and developed lower abdominal pain,
bloody stools, and weight loss 3 years later. Poucho-
gram showed a large polypoid tumor that biopsy re-
vealed as an adenocarcinoma. After abdominoperineal
resection, histologic examination confirmed an in-
filtrating adenocarcinoma of small bowel origin with
positive nodes.
Most reports have described pouch cancers in pa-

tients within the fourth decade of life, at intervals
varying from 3 to 10 years. As an exception, Hoehner
and Metcalf13 reported in 1994 a 34-year-old patient
who developed an invasive adenocarcinoma at the
anastomosis 20 years after proctocolectomy with
straight ileoanal anastomosis. The pouch cancer de-
scribed in the present article was diagnosed 12 years
after the initial surgery.

This unfortunate outcome has also been associated
with the presence of a malignant tumor in the re-
sected specimen during pouch surgery. But the devel-
opment of a cancer as the result of implantation of
tumor cells of the primary CRC into the ileal pouch at
the time of the operation is controversial. Although
some papers14,18–20 have reported patients with sig-
moid and rectal adenocarcinomas with some degree
of dysplasia, this fact does not explain the long interval
between the first operation and the appearance of
pouch cancer. In these reports, pouch cancer was
diagnosed more than 7 years after the initial opera-
tion. Our patient also presented with a previous rectal
cancer treated at the first operation 12 years before,
and this tumor is unlikely to be associated with
the further cancer the patient developed in the pouch.
Some technical aspects regarding pouch surgery

have also been implicated in cancer development.
Although the choice of surgical management (stapled
vs. hand-sewn anastomosis) is still controversial, the
hand-sewn ileal pouch-anal anastomosis with amuco-
sectomy of the anal transitional zone appears to
reduce cancer risk.35 Anal mucosectomy was rational-
ized in an attempt to exclude residual rectal mucosa
in the rectal cuff or at the anastomosis.
However, Park’s procedure demands technical

skills and carries the risk of an incomplete mucosec-
tomy. Residual islets of primary rectal mucosa have
been detected in up to 20% of excised pouches,36 and
extensive regeneration of rectal mucosa may occur
even after mucosal proctectomy.37 As every colorectal
cell in FAP carries the germ-line mutation in the APC
gene, any islets of columnar epithelium left behind
expose the patient to a risk of later malignant
transformation.12

Regarding the tumor described in the present
paper, our pathologist (V.R.) found a mucinous ade-
nocarcinoma located between the ileal and anal canal
mucosa. She considered the possibility that the neo-
plasia developed from a remnant rectal mucosa, de-
stroying it while growing. Progressively, it invaded
the anal canal through the submucosa. Although this
tumor could also represent the malignant evolution
of a pouch adenoma, the histologic aspects support
the first hypothesis.
The development of cancer despite mucosectomy

has also been documented in other reports.13–15,18–20

In Singapore, Brown et al.18 reported on a 37-year-
old male patient who was operated for FAP associated
with a rectal adenocarcinoma situated 7 cm from the
anal verge. Seven years after RPC, mucosectomy, and
hand-sewn anastomosis, he presented with anal pain
and pus discharge due to an adenocarcinoma at the
anastomotic ring associated with perianal abscess.
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The authors stated that the cancer arose from re-
tained mucosa beneath the ileoanal cuff, and it was
not present or at least palpable 6 months previously.
The rapid progress of the tumor was due to the lack
of normal anatomical barriers; therefore, awareness
of this possibility is essential for early detection.
On the other hand, many pouches are currently

performedwith the double-stapled technique without
mucosectomy, in which the preservation of the anal
canal mucosa is thought to provide better func-
tional outcome. This technical option is claimed to
be safer and simpler than the hand-sewn anastomosis
with mucosectomy. The anal transitional zone (ATZ)
is an area situated between the columnar epithelium
of the rectum and the squamous epithelium of the
anal canal. It has been claimed that its preservation
leads to a fine control of continence and the ability
to discriminate gas from stools.38,39

However, the above rectal epithelium crosses the
ATZ and forms digitations within 1 cm of the den-
tate line in a significant proportion of patients.40

Therefore, the stapled procedure requires a long-
term follow-up of this area because of the risk of
dysplasia and malignancy.
To solve this problem, it has been proposed to

perform a complete mucosectomy starting at the den-
tate line9 or make the hand-sewn anastomosis on the
dentate line after rectal eversion and total proctec-
tomy.41 The authors of these papers claim that the
total proctectomy avoids both problems (incom-
plete mucosectomy and ATZ preservation) and gives
similar long-term functional results. However, there
is little agreement on whether it is possible to
achieve complete mucosectomy in practical terms, as
some of the pouch cancers were diagnosed in muco-
sectomy patients.13–16,18–20

Until now, there is little information regarding the
potential risk of ATZ. It was estimated that the risk
of developing polyps at the anastomotic site is greater
in the stapled (31% vs. 10% at 7 years) when com-
pared to the hand-sewn pouch.42 Remzi et al.33

compared the outcomes aftermucosectomyandhand-
sewn IPAA (42 patients) with those after stapled IPAA
(77 patients). After an average follow-up of 5.8 and
3.6 years, respectively, pouch adenomas developed in
21.4% and 10.5% in each group. In addition, they
also found a 14% and 28% incidence of adenomas
in the ATZ, respectively. One of the patients with
staples developed cancer in the residual low rectum
(5 cm) that required further resection. This patient
was an obese male with a narrow pelvis. They con-
cluded that although stapled IPAA has a better func-
tional outcome, this advantage should be balanced
against a 28% incidence of adenomas in the ATZ.

Ooi et al.20 reported two ATZ cancers after RPC.
In one patient, the tumor was diagnosed 3 years
after a double-stapled anastomosis, whereas the other
developed the cancer 8 years after a straight ileoanal
anastomosis with mucosectomy. Both patients had
previously undergone surgery elsewhere. The authors
emphasized the presence of pouch tubular adenoma
and rectal adenocarcinoma as risk factors in these
patients.
Vuilleumier et al.17 reported a 31-year-old male

patient who presented with right inguinal and peri-
anal pain 7 years after RPC for FAP. A diagnosis of
invasive columnar cuff carcinoma was made.
Another two cases of cancer at the anastomotic

site were described after the double-stapled tech-
nique.21 It is interesting to note that in 1991 one
female patient had her first operation at an older than
usual age (39 years), when the specimen presented
three foci of adenocarcinoma in the rectosigmoid
(T3N0) and some tubular and tubulovillous adeno-
mas at the distal margin. Besides this, she refrained
from follow-up for several years and returned 8 years
later with a fistula at the anastomotic site, in which
biopsies revealed an infiltrative T2N0M0 adenocarci-
noma. She was treatedwith preoperative radiotherapy
(60 Gy), abdominoperineal resection, and a perma-
nent ileostomy.
The other patient was a 27-year-old male who had

surgery in 1990 and underwent endoscopy every 2
years. Ten years after surgery, an endoscopic biopsy
revealed a T4N0M0 adenocarcinoma. Treatment
consisted of abdominoperineal resection with partial
resection of the prostate and a permanent ileostomy.
Taking into account all the aspects presented here,

the discussion about the choice of anastomosis is a
complex problem that is far from resolution. Consid-
ering the more frequent appearance of ATZ adeno-
mas after double-stapled anastomosis,11 there is a
suggestion that manual anastomosis assures a more
complete and accurate mucosectomy.43 Otherwise,
double-stapled anastomosis is quicker, easier, and
presents lower morbidity with better function,44
advantages that outweigh the problem of leaving a
little extension of ATZ in some patients. Further-
more, the ATZ area can be easily surveyed and
stripped out when necessary.
Flexible endoscopy with bowel preparation is re-

quired for diagnosis and removal of the polyps.
Once detected, pouch polyps should bemanaged with
cyclooxygenase inhibitors, fulguration, and local re-
section or partial mucosectomy, depending on their
number, location and size.20,25,33
Although endoscopic screening and surveillance

programs for these lesions have not yet been defined,
recommendations exist for regular surveillance at a



Vol. 9, No. 5
2005 Adenocarcinoma After Ileoanal Anastomosis for FAP 701

frequency similar to that of upper gastrointestinal
endoscopy.31 Other proponents have suggested
annual flexible pouchoscopy, followed by reassess-
ment 6 months after the polyp has been de-
tected.19–21,33 Some have proposed a 3-year interval
when there are no polyps in the pouch, 2 to 3 years
when polyps are found, and frequent follow-up in the
cases of large or carpeting polyps.25
Pouch adenomatosis with severe dysplasia is proba-

bly the most difficult situation. Medical treatment
with sulindac,44 laser destruction, and frequent check-
ing of the pouch by endoscopy or pouch excision are
the available options.
Cases of high-grade dysplasia or in situ carcinoma

arising in a remnant rectal stump may be managed
conservatively, by completing the mucosectomy via
a perineal approach by pouch advancement and neo-
ileoanal anastomosis.45,46 Otherwise, the presence of
an invasive cancer in a pouch will require pouch exci-
sion and ileostomy. Neoadjuvant chemoradiotherapy
must be indicated as a case-by-case basis.

CONCLUSION

For the moment, the present review suggests a
high prevalence of adenoma formation in pouches
and, as pouch endoscopy is not routine during follow-
up, the incidence of polyps after RP has probably
been underestimated so far. Thus longer follow-up
will be needed to elucidate their natural history and
the associated risk of carcinoma.
The cumulative risk of developing polyps and car-

cinoma at the pouch and at the anastomotic site
increases with time. Considering that RPC has been
performed for more than two decades and that the
number of cancer cases already reported is still small,
one may suppose that this risk is undoubtedly
small, although a longer follow-up may clarify this
question. Some high-risk factors for cancer at the time
of IPAA have been suggested, such as multiple pouch
polyps, polyp size and age, incomplete mucosectomy,
and preservation of the ATZ.
After RPC, cancer may arise in the ileal pouch

itself and in the ATZ either after stapled technique
or mucosectomy with hand-sewn anastomosis. Ad-
enomas arising on remnant rectal mucosa have a
much higher risk of malignant transformation than
those adenomas found on the ileal mucosa of the
pouch. This is in accordance with the fact that only
three cases of pouch cancers have been described
until now. In addition, patients with double-stapled
anastomosis may require closer follow-up, especially
those with severe colonic disease.
These ideas strengthen the recommendation

for careful and long-term surveillance of FAP pa-

tients after RPC, regardless of anastomotic
technique.11,13,17,42,43
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Selective Inhibition of Endothelin Receptor A as an
Anti-angiogenic and Anti-proliferative Strategy for
Human Pancreatic Cancer
Sarah Bhargava, Ph.D., Till Stummeyer, Birgit Hotz, O. Joe Hines, M.D.,
Howard A. Reber, M.D., Heinz J. Buhr, M.D., Hubert G. Hotz, M.D.

Endothelin-1 (ET-1) plays a major role in tumor proliferation and angiogenesis of various types of cancer
acting through endothelin receptors A and B (ETRA and ETRB). The aim of this study was to analyze
theET-1/ETRsysteminhumanpancreatic cancercell linesandtoevaluate theeffectof a selectiveendothelin
A inhibitor in vitro and in vivo in an orthotopic mouse model. Three different human pancreatic cancer
cell lines, MiaPaCa-2, AsPC-1, and Panc-1, were studied. We found that proliferation of human
pancreatic carcinoma cells expressing ETRA was significantly reduced with a selective antagonist. Hypoxic
conditions led to improved results compared to a normoxic environment (MiaPaCa-2: �53% vs. �18%;
AsPC-1: �54% vs. �46%). Proliferation of ETRA negative Panc-1 cells was not decreased. In vivo,
the selective ETRA inhibition resulted in reduced angiogenesis as measured by lower microvessel
densities (MiaPaCa-2:�47%; AsPC-1:�55%). The blockade of ETRA decreased the volume (MiaPaCa-
2: �87%; AsPC-1: �28%) and metastatic spread (MiaPaCa-2: �95.5%; AsPC-1: �27%) of receptor-
positive tumors, thereby increasing survival in experimental pancreatic cancer. ETRA blockade did not
show an effect on ETRA negative Panc-1 tumors. Therefore, targeting ETRA with a selective antagonist
might provide a new approach to reducing proliferation and angiogenesis in human pancreatic cancer.
(J GASTROINTEST SURG 2005;9:703–709) � 2005 The Society for Surgery of the Alimentary Tract
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INTRODUCTION

Pancreatic cancer is the fifth leading cause of
cancer-related death in Western countries. Its overall
5-year survival rate of less than 5%1 did not improve
in the past three decades. Currently, surgical resec-
tion presents the only curative approach to this dis-
ease. Because of the late appearance of symptoms,
more than 80% patients are diagnosed with pancre-
atic cancer at a locally advanced or metastatic stage
when surgery is not feasible.2 Even after curative
resection, most patients will succumb to local tumor
recurrence and/or distant metastasis.2,3 The response
of pancreatic cancer and its metastases to conven-
tional therapies like radio- and chemotherapy is poor.4
Therefore, there is a need for additional studies to
target better therapeutic strategies.

Presented in part at the Forty-Fourth Annual Meeting of The Society for Surgery of the Alimentary Tract, Orlando, Florida, May 18–21, 2003.
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Endothelin-1 (ET-1) is a multifunctional cytokine
derived from endothelial cells that is known to regu-
late vasoconstriction. This peptide is also supposed
to contribute to proliferation of tumor cells and to
the process of tumor angiogenesis.5,6 It plays a major
role in mitogenesis and is produced by cell lines
from numerous cancers, including human pancreatic
cancer.7 Previous studies have demonstrated that
various human pancreatic cancer cell lines express
mRNA for ET-1. It has also been shown that pancre-
atic cancer cells produce ET-1 protein, which is then
released into the media.8 The biological function of
ET-1 is mediated via the endothelin receptors A
(ETRA) and B (ETRB).9 Previous studies indicate that
activation of endothelin receptors increases cell pro-
liferation, inhibition of apoptosis, and remodeling of
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the surrounding matrix, thereby enabling an en-
hanced tumor progression.10 It has been shown that
ET-1 acts in an autocrine stimulatory way selectively
through ETRA11 and also stimulates the production
of vascular endothelial growth factor (VEGF), the
main regulator of angiogenesis.12,13 ETRA blockade
inhibits in vitro growth of ovarian carcinoma, cervical
carcinoma, colon carcinoma cells, and Kaposi’s sar-
coma cells.14–17 This has also been demonstrated in
vivo with xenograft models for carcinoma of the ovary
and cervix and for Kaposi’s sarcoma.18–20 Further-
more, antagonizing ETRA as a monotherapy in men
with hormone-refractory prostate cancer exhibited
encouraging results in a clinical phase II study.21
The functional role of the endothelin system in

pancreatic cancer has not yet been elucidated. The
aim of the present study was therefore to assess
the expression of ET-1 and endothelin receptors A
and B in human pancreatic cancer cell lines. To deter-
mine the therapeutic potential of the selective ETRA
inhibition, we tested the in vitro effects on prolifera-
tion of the tumor cells. The effects of the selective
antagonist on tumor growth and angiogenesis were
further studied in vivo in a clinically relevant or-
thotopic nude mouse model of human pancreatic
cancer by analyzing the tumor microvessel densities.

MATERIALS AND METHODS
Drugs

For in vitro assays and intraperitoneal injection,
LU-302146 (Knoll AG, Ludwigshafen, Germany), a
selective ETRA receptor antagonist, was dissolved in
different concentrations (10�9 to 10�6 M) in 0.9%
NaCl (pH 7.5). Endothelin-1 (BioTrend, Cologne,
Germany) was suspended in PBS (pH 7.5) to the final
concentrations of 10�9 to 10�7 M.

Cell Lines and Culture Conditions

The following human pancreatic adenocarcinoma
cell lines were obtained from the American Type
Culture Collection (Rockville, MD): MiaPaCa-2
(undifferentiated), AsPC-1 (poorly to moderately dif-
ferentiated), and PANC-1 (poorly differentiated).22
MiaPaCa-2 cells and PANC-1 cells were cultured in
Dulbecco modified Eagle’s medium (DMEN; Gibco,
Grand Island, NY), and AsPC-1 cells were cultured
in RPMI-1640 medium (Gibco). All media were sup-
plemented with 10% heat-inactivated fetal bovine
serum (FBS;Gibco), penicillin G (100U/ml), strepto-
mycin (100 µg/ml), and 0.1% fungizone (Gibco). The
cells were incubated at 37�C in humidified air with
5% CO2. The medium was replaced twice weekly,

and cells were maintained by serial passaging after
trypsinization with 0.1% trypsin.

Reverse Transcriptase Polymerase Chain
Reaction (PCR)

Total cellular RNA was extracted from cell cul-
tures using TRIzol (Invitrogen, Karlsruhe, Germany)
according to the manufacturer’s instructions and re-
suspended in 10 µl of DMPC-treated water. RNA
concentration was determined using a BioPhoto-
meter (Eppendorf Scientific, Hamburg, Germany).
Total RNA (2 µg) was primed with an oligo(dT)
oligonucleotide and reverse-transcribed with M-
MLV reverse transcriptase and dNTPs (Promega,
Mannheim, Germany) according to the manu-
facturer’s instructions. First-strand cDNA was amplif-
ied with transcript-specific oligonucleotides using
ReadyMix Taq PCR Reaction Mix (Sigma-Aldrich,
Seelze, Germany). The primers (TIB MOLBIOL,
Berlin, Germany) for the respective genes were
designed as follows: ET-1 (sense: 5′- TGC TCC
TGC TCG TCC CTG ATG GAT AAA GAG-3;
antisense: 5′- GGT CAC ATA ACG CTC TCT
GGA GGG CTT-3′), ETRA (sense: 5′- CAC TGG
TTG GAT GTG TAA TC-3′; antisense: 5′- GGA
GAT CAA TGA CCA CAT AG-3′), ETRB (sense:
5′- TGA ACA CGG TTG TGT CCT GC-3′, anti-
sense: 5′- ACT GAA TAG CCA CCA ATC TT-3′).
PCR products and a 1 kb DNA molecular weight
marker were then electrophoresed on a 1% agarose
gel; the gel was then visualized and photographed
under ultraviolet light.

In Vitro Assessment of Cell Proliferation

All cell lines were exposed to LU-302146 under
normoxia or hypoxic (0% O2, 95% N2, 5% CO2)
conditions using a hypoxia chamber (Billups-Ro-
thenberg, Del Mar, CA). To examine the effect of
LU-302146 on in vitro cell proliferation, 2 × 105 cells
from each cell line were seeded in six-well culture
plates in 2 ml of the respective cell culture medium.
The medium was changed the next day (day 1), and
LU-302146 was added in the following concentra-
tions: 1nM, 10 nM, 100nM, and 1000 nM. After 72
hours (day 4), the cells were trypsinized and counted
in a standard hemocytometer.

Laboratory Animals and Orthotopic
Implantation Technique

Four-week-old male nude mice (Crl:NU/NU-
nuBR) weighing 20 to 22 g were obtained from
Charles River Laboratories (Wilmington, MA). The
animals were housed in microisolator cages with
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autoclaved bedding, food, and water. The mice were
maintained on a daily 12-hour light/12-hour dark
cycle. All experiments were conducted in accordance
with the national guidelines for the care and use of
laboratory animals, and the experimental protocol
was approved by the Chancellor’s Animal Research
Committee of the University of California, Los
Angeles.
The orthotopic pancreatic tumor implantation

technique was previously described in detail.23 5 ×
106 cells of each human pancreatic cancer cell line
were injected subcutaneously into the flanks of donor
nude mice. The animals were sacrificed after 3 to 4
weeks, when the subcutaneous tumors had reached a
size of 1 cm in the largest diameter. The donor tumors
were harvested and minced by a scalpel (no. 11) into
fragments of 1 mm3 in size. The abdomen of the
anesthetized tumor-recipient nudemousewas opened
by a midline incision under aseptic conditions at
a laminar air flow working bench, and the pancreatic
tail with the spleen was gently exteriorized. Two
small tissue pockets were prepared in the pancreatic
parenchyma as an implantation bed with a microscis-
sor (RS-5610 VANNAS; Roboz, Rockville, MD).
One donor tumor fragment was placed into each pan-
creatic tissue pocket in a way that the tumor tissue
was completely surrounded by pancreatic paren-
chyma. The pancreas was relocated into the abdomi-
nal cavity, which was then closed in two layers with
5-0 absorbable sutures (DEXON “S”; Davis�Geck,
Manati, Puerto Rico).

In Vivo Treatment with LU-302146

Forty-eight recipient animals (8 nude mice per
pancreatic cancer cell line) were randomly allocated
into one treatment and one control group. Treatment
with LU-302146 was started 3 days after orthotopic
tumor implantation. The therapeutic substance was
administered daily by gavage with a dosage of 30 mg/
kg over a period of 14 weeks. The control group
received the carrier substance (0.9%NaCl). Themice
were monitored daily for their clinical condition,
weighed weekly, and sacrificed 14 weeks after the
orthotopic tumor implantation by a lethal dose of
sodium pentobarbital (0.5 mg/g).
All animals underwent an autopsy at the end of

the observation period. The perpendicular diameters
of the primary orthotopic tumor were measured with
calipers, and the volume was calculated using the fol-
lowing formula: volume� length × width × depth/2.
A dissemination score was developed to assess local
tumor infiltration as well as distant metastasis.23 Local
infiltration was determined at the following sites:
spleen, stomach, liver (hilus), kidney (hilus), retro-
peritoneum, diaphragm, mesentery, bowel loops,

and abdominal wall. Isolated tumor nodules with
no anatomical connection to the primary were judged
as distant metastases. The sites of evaluation in-
cluded liver, kidney, spleen, lung, diaphragm, mes-
entery, retroperitoneum, mediastinum, and the suture
line. Tumor dissemination was quantified as follows:
every manifestation of tumor infiltration or metasta-
sis was credited with one point. Additional points
were awarded for massive local infiltration (e.g., in-
cluding more than half of the circumference of the
spleen), multiple metastatic nodules (�1 in paren-
chymal organs; �10 on diaphragm, mesentery, or
retroperitoneum), and metastatic nodules larger than
50 mm3. Clinical consequences of the tumor growth
were incorporated into this scoring system: formation
of ascites (2 points if volume�5ml) and development
of jaundice, ileus, and cachexia. The autopsy data
were analyzed by one individual (HGH) who was
blinded to the treatment groups.
The primary tumor and all sites of potential infil-

tration or metastasis were harvested, fixed in para-
formaldehyde, and embedded in paraffin. Five-micron
thin-tissue sections were obtained and stained with
hematoxylin and eosin for microscopic examination.
The sections were reviewed to confirm the findings
of the macroscopic dissemination score.

Microvessel Density

Anti-CD31 was used as endothelial marker to
highlight intratumoral microvessels. The human
pancreatic cancer xenograft tumors orthotopically
grown in the pancreas of nude mice were immedi-
ately fixed in 10% neutral buffered formalin and em-
bedded in paraffin. Tissue sections (3 µm) were
deparaffinized and rehydrated, and target retrieval
was done by cooking tissues at 97�C for 15 min in
0.01% EDTA (pH 8.0) followed by a 5-minute
treatment in a 3% hydrogen peroxide solution to
block endogenous alkaline phosphatase activity. After
blocking slides for 5 minutes, a purified anti-mouse
CD31 (PECAM-1) antibody (SantaCruz, SanDiego,
CA) was applied in a 1:100 dilution and was incubated
at 37�C for 30 minutes. After thorough rinsing in
PBS-Tween solution, slides were incubated with a
biotinylated secondary antibody for 20 minutes, fol-
lowed by a 20-minute incubation with streptavidin
peroxidase. For color development, slides were incu-
bated for 2 minutes in DAB (3,3′-diaminobenzidine
tetrahydrochloride). Microvessel density was quanti-
fied as described by Weidner et al.24,25 Areas of high-
est neovascularization were found by scanning the
sections at low power (40× and 100× total magnifica-
tion). Individual microvessel counts were made on
ten 200× fields (0.74 mm2 per field).
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Statistical Analysis

Data are presented as mean � SEM. Continu-
ous, normally distributed variables were analyzed by
the Student’s t test. Discontinuous variables (dissemi-
nation score, microvessel density) were analyzed by
the Mann-Whitney rank sum test. Differences were
considered significant at P � 0.05.

RESULTS
In Vitro

mRNA Expression. The three different human
pancreatic cancer cell lines, MiaPaCa-2 (Fig. 1A),
AsPC-1 (Fig. 1B), and Panc-1 (Fig. 1C), were evalu-
ated for mRNA expression of ET-1, ETRA, and
ETRB by reverse transcriptase PCR. The PCR
products were separated on a 1% agarose gel. As a
control, all three human pancreatic cancer cell lines
were measured for the expression of β-actin. All cell
lines expressed ET-1 at the same level. ETRA was
expressed by MiaPaCa-2 and AsPC-1 but not Panc-
1 cells. ETRB was not produced by any of the investi-
gated cell lines.
Tumor Cell Proliferation. The effects of the se-

lective ETRA inhibitor on the proliferation of the
three human pancreatic cancer cell lines MiaPaCa-
2, AsPC-1, and Panc-1 were studied under normoxic
and hypoxic conditions over a period of 72 hours
(Fig. 2). The selective inhibitor LU-302146 was ap-
plied to the cell using four different concentrations:
1 nM, 10 nM, 100 nM, and 1000 nM. The ETRA
blockade resulted in a moderate reduction of prolifer-
ation in the ETRA-positive cells, MiaPaCa-2 and

A B C

ET-1

ETRB

ETRA

β-Actin

Fig. 1. One representative 1% agarose DNA gel of the RT-
PCR products for ET-1 (462 bp), ETRA (366 bp), ETRB (530
bp), and β-Actin (336 bp) in human pancreatic cancer cell
lines MiaPaCa-2 (A), Panc-1 (B), and AsPC-1 (C). ETRA is
expressed only by MiaPaCa-2 and AsPC-1, whereas none of
the pancreatic cancer cell lines produced ETRB.
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Fig. 2. Effect of selective ETRA blockade on proliferation of
pancreatic cancer cells under either normoxic (�) or hypoxic
conditions (■). A dose-dependent effect of LU-302145 on
MiaPaCa-2 andAsPC-1 can be observed, which is more prom-
inent under hypoxia. Panc-1 cells are not influenced
(* � p � 0.05 vs. control, # � p � 0.05 vs. normoxic).

AsPC-1. The selective blockade was more effective
under hypoxic conditions; the highest concentration
of LU-302146 (10�6 M) reduced cell proliferation of
MiaPaCa-2 to less than half (�52.8%). Equivalent
results were obtained with AsPC-1 cells (�52.2%).
Panc-1 was not affected by the addition of LU-
302146 at either normoxic or at hypoxic conditions.

In Vivo

Volumes of Primary Tumors. In vivo treatment
with the selective ETRA inhibitor LU-302146 re-
sulted in significant reductions of the size of tumors
derived from ETRA-positive MiaPaca-2 and AsPC-
1 cells (Fig. 3A). The highest decrease was observed
at MiaPaCa-2 tumors, with approximately a tenth of
the initial tumor volume (482 mm3 � 247 mm3 vs.
3676 mm3 � 285 mm3; P � 0.05). AsPC-1 tumors
were reduced to two-thirds of tumor size by treatment
with LU-302146 (1248 mm3 � 152 mm3 vs. 1733
mm3 � 213 mm3). The mean tumor volumes did not
differ in the Panc-1 group expressing no ETRA (2732
mm3 � 415 mm3 vs. 2629 mm3 � 484 mm3).
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Fig. 3. Tumor volume (A), dissemination scores (B), and survival (C) in LU-302145-treated (�) and
untreated (■) animals bearing tumors derived from human pancreatic cancer cell lines (* � p � 0.05
vs. control).

Tumor Dissemination. For comparing the groups
in terms of tumor spread,we usedmean scores. Treat-
ment with LU-302146 resulted in a statistically sig-
nificant reduction of tumor spread in the groups with
tumors expressing ETRA (Fig. 3B). The incidence of
local infiltration and distant metastasis in the control
group was significantly higher than in the LU-
302146-treated group with MiaPaCa-2 tumors
(0.6� 0.5 vs. 13.3 � 1.4; P � 0.05). In the AsPC-1
group, themean dissemination score diminished from
16.9 � 1.3 points to 12.1 � 1.3 points (P � 0.05).
There were no significant differences regarding the
dissemination score in the Panc-1 groups (controls,
9.5 � 1.7; LU-302146, 7.5 � 1.8).
Survival. The MiaPaCa-2 and AsPC-1 tumors

showed a relative aggressive behavior in vivo, which
was reflected in a low 14-week-survival of the controls
(37.5% and 12.5%, respectively), but because of the
limited number of animals in each group (n � 8), this
difference was not statistically significant (Fig. 3C).
Therapy with LU-302146 revealed a trend to in-
creased survival rates in both groups (87.5% and
62.5%). Survival rates of mice with Panc-1 tumors
did not differ considerably (37.5% vs. 50%) in the
treated and untreated group.

Microvessel Density

As a parameter of angiogenic activity, the mi-
crovessel density was determined by immunohisto-
chemistry using Anti-CD31 as an endothelial marker.
The ETRA-positive tumor tissue samples collected
from treated animals revealed a significantly de-
creased rate of microvessels compared to tissue of
untreated animals (MiaPaCa-2: 32.9 � 3.8/0.74 mm2
vs.70.0 � 4.2;AsPC-1:43.0 � 3.0vs. 77.6 � 4.2/0.74
mm2; P � 0.05) (Fig. 4). The microvessel densities
of the tumors of ETRA-negative Panc-1 cells were not
significantly affected by treatment with LU-302146
(Panc-1: 60.3 � 5.4 vs. 69.5 � 3.6; P � 0.05).

DISCUSSION

Pancreatic cancer is a highly malignant and devas-
tating disease. Novel therapeutic approaches are
needed, since surgery cures only few patients and
radiation and chemotherapy are of limited effects.
Pancreatic cancer is characterized by highmicrovessel
densities compared to the tissue area of normal pan-
creas, a result of the overexpression of mitogenic and
angiogenic factors.26 Therefore, targeting the angio-
genesis of pancreatic cancer presents a promising an-
ticancer strategy.
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Fig. 4. Microvessel density as determined by CD31 immunostaining. LU-302146 treated animals (�)
bearing MiaPaCa-2 and AsPC-1 tumors had significantly fewer microvessels as compared to untreated
animals (■), Panc-1 tumors were not influenced (*� p � 0.05 vs. control).

Endothelin and its receptors, referring to the endo-
thelin axis, are involved in tumorigenesis and tumor
progression.6 ET-1 acts as an autocrine growth
factor on endothelial cells and stimulates neovascu-
larization.27 Recent findings showed that increased
expression rates of ET-1 and its receptors are linked
to elevated microvessel densities.28 The use of ETRA
antagonists seems to be an attractive approach be-
cause the selective inhibition of ETRA reduces both
tumor cell proliferation and angiogenesis in different
tumor types.18 Rosano et al. established the reduction
of cell proliferation and angiogenesis by applying
an ETRA antagonist (ABT-627) to ovarian cancer.19
Similar antitumoral effects have been achieved within
prostate cancer.21
Previous studies showed that ET-1 is produced by

numerous humanpancreatic cancer cell lines.7 In view
of this, the present study analyzed the ET-1 system
in pancreatic cancer and also studied the effects of
the selective blockade on tumor cell proliferation and
tumor angiogenesis.
In our analysis we successfully confirmed this, and

moreover showed that mRNA expression of ETRA is
limited to some cell lines (MiaCaPa-2 and AsPC-1,
not Panc-1), while ETRB is not produced by the
investigated pancreatic cell lines. In vitro assays dem-
onstrated that the ETRA antagonist LU-302146 re-
duces proliferation of human pancreatic cancer cells
carrying ETRA. As expected, ETRA-negative cells
were not influenced by the presence of the inhibitor.
Pancreatic cancer is a devastating malignancy with

a variety of alterations that lead to invasive and meta-
static tumor growth. The reasons for the aggressive
nature are poorly understood. As shown by intraoper-
ative needle measurement, adenocarcinoma of the
pancreas presents with significant hypoxia. Those
high levels of hypoxia are assumed to promote thema-
lignant progression and outstanding aggressiveness of
this disease.29,30 Recent studies indicate that hypoxia

causes genomic alterations and can result in an in-
creased resistance toward chemo- and radiation ther-
apy. Intratumoral hypoxia acts as a physiological
stimulus for ET-1, improving the angiogenic pheno-
type.28 We suggest that the specific inhibition of in-
creased ET-1 levels enhances the anti-proliferative
effects under hypoxic conditions. For that reason
we compared the inhibitory effect of LU-302146
under normoxic and hypoxic conditions. We found
that the antagonist reduced tumor cell proliferation
under hypoxic conditions more efficiently than
within normoxic cells. Consequently, the hypoxia-
induced growth of pancreatic cancer cells seems to
be regulated at least in part via ET-1 and ETRA.
For evaluating the effects of ETRA blockade in

vivo we used an orthotopic nude mouse model.23 We
found that administration of LU-302146 reduced
tumor volume in ETRA-positive tumors. Tumor vol-
umes of the MiaCaPa-2 group were significantly de-
creased, and those of the AsPC-1 group tended to
be reduced. Similar results were obtained concerning
local infiltration and metastatic spread. Dissemina-
tion scores were fundamentally decreased to lower
than 5% in the treated MiaPaCa-2 group com-
pared to untreated group. Within the AsPC-1 group,
the score was reduced to 70%. Receptor-negative
tumors (Panc-1) were not influenced by application
of the antagonist. These results can be assigned to
survival rates with an increasing tendency from 37%
to 87% in the MiaPaCa-2 group and from 12% to
62% in the AsPC-1 animals. Angiogenesis was esti-
mated by determining microvessel densities using an
anti-CD31 antibody for immunohistochemical stain-
ing. The reduced microvessel density in primary
tumors indicated an anti-angiogenic effect of the se-
lective ETRA blockade with LU-302146 in receptor
positive tumors.
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CONCLUSION

We conclude that endothelin-1 plays a role in the
angiogenesis and tumor cell proliferation of human
pancreatic cancer. The current analysis represents the
first study for an anti-angiogenic and anti-prolifera-
tive approach by selective inhibition of ETRA in pan-
creatic cancer cells. We demonstrated that the
selective blockade exhibits therapeutic efficiency in a
clinical relevant orthotopic mouse model, which is
associated with diminished tumor volumes, systemic
spread, and a substantially reduced microvessel den-
sity. In view of these findings, future studies on the
clinical application of endothelin receptor antagonists
for ETRA-positive pancreatic cancers seem to be
warranted.

Dedicated to the 60th birthday of Heinz J. Buhr.
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Surgical Treatment of Pancreas Divisum Causing
Chronic Pancreatitis: The Outcome Benefits of
Duodenum-Preserving Pancreatic Head Resection
W. Schlosser, M.D., B. M. Rau, M.D., B. Poch, M.D., H. G. Beger, M.D.

Pancreas divisum (PD) represents a duct anomaly in the pancreatic head ducts, leading frequently leading
to recurrent acute pancreatitis (rAP) or chronic pancreatitis (CP). Based on endoscopic retrograde
cholangiopancreatography, pancreas divisum can be found in 1% to 6% of patients with pancreatitis.
The correlation of this abnormality with pancreatic disease is an issue of continuing controversy. Because of
the underlying duct anomalies and major pathomorphological changes in the pancreatic head, duodenum-
preserving pancreatic head resection (DPPHR) offers an option for causal treatment. Thirty-six patients
with pancreatitis caused by PD were treated surgically. Thirty patients suffered from CP, 6 from rAP.
The mean duration of the disease was 47.5 and 49.8 months, respectively. The age at the time of surgery
was 39.2 years in the CP group, and 27.6 years in the rAP group.Median hospitalization since diagnosis was
18.8 weeks for CP patients and 24.6 weeks for rAP patients. Previous procedures performed in these
patients included endoscopic papillotomy (30%), duct stenting (14%), and surgical treatment (17%).
The median preoperative pain score was 8 on a visual analog scale. According to the classification of
pancreas divisum, 10 patients demonstrated a complete PD, 25 had a functionally incomplete PD, and
1 had a dorsal duct type. The pain status as well as the endocrine (oral glucose tolerance test) and exocrine
(pancreolauryl test) function were evaluated preoperatively and early and late postoperatively with a
median follow-up time of 39.3 months. There was no operative-related mortality. The follow-up was
100%; 4 patients died (1 from suicide, 1 from cardiac arrest, and 2 from cancer of the esophagus). Fifty
percentof thepatientswere completelypain-free, 31%hada significant reductionofpainwith amedianpain
score of 2 (P � 0.001). Six patients (5 CP, 1 rAP) had further attacks of acute pancreatitis with a need
for hospitalization. DPPHR reduced pain and preserved the endocrine function in the majority of patients
with pancreas divisum. Therefore, DPPHR is an alternative to other resective or drainage procedures after
failure of interventional treatment. (J GASTROINTEST SURG 2005;9:710–715) � 2005 The Society
for Surgery of the Alimentary Tract

KEY WORDS: Chronic pancreatitis, pancreas division, duodenum-preserving pancreatic head resection

Pancreas divisum (PD) is the most common con-
genital anomaly of the pancreas. In autopsy studies,
PD is found in 4% to 14% of patients;1–3 on the
basis of endoscopic retrograde cholangiopancreatog-
raphy documentation, PD has been identified in up
to 6%.2,4,5 However, PD is found in up to 25% of
patients with acute idiopathic pancreatitis.1,6,7
The clinical appearance of PD is characterized by

the development of pancreatitis in individuals with
high-grade PD anomalies.1,8,9Most frequently, a dorsal
duct hypertension secondary to inadequate flow
through a narrowed segment of the duct of Santorini
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and/or the papilla leads to chronic pancreatitis (CP).4,10
In addition, recurrent acute pancreatitis (rAP) without
pathologic endo- and exocrine pancreatic function
and pathomorphological signs ofCP is causally linked
to the presence of PD.7 In some patients the presence
of PD is the leading pathomorphological factor, but
additional injuries such as alcohol overconsumption
are needed for the development of rAP or finally CP.
Many endoscopic interventional and surgical proce-
dures, such as endoscopic dilatation, papillotomy and
stent implantation, sphincteroplasty, or even surgical
duct drainage, have been employed to prevent or

mailto:hansibeger@medizin.uni-ulm.de
mailto:hansibeger@medizin.uni-ulm.de
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improve the acute or chronic inflammatory changes
of PD.1–4 Only a few studies have reported improve-
ment of pain and a reduction of pancreatic episodes
after endoscopic interventional treatment.11–15 In most,
including recent prospective series, only a short-
lasting improvement has been reported.11,16,17 Since
PD is a disease of the duct system in the pancreatic
head that usually causes CP, duodenum-preserving
pancreatic head resection (DPPHR), which has led
to evident long-lasting eradication of pain as well
as improvement of clinical symptoms and pancreatic
functions in patients with chronic alcoholic pancreati-
tis, offers the potential to contribute significantly to
the successful management of patients with PD.18,19
In this study we report the short- and long-term

follow-up results in a group of 36 patients suffering
from CP or rAP due to PD, using DPPHR as the
surgical treatment.

PATIENTS AND METHODS

BetweenMay 1982 and February 2000, 36 patients
with clinical consequences of PD were treated in the
Department of General Surgery, University of Ulm.
Thirty patients suffered from CP and 6 patients had
rAP. Of the 36 patients, 21 were men, and the mean
age was 37.9 years. The mean duration of the disease
since diagnosis was 47.6 months in the CP group and
34.6 months in the rAP group.
The study and data collection were performed as

a prospective trial. Thirty patients with CP and 6
patients with rAP were included on the basis of clini-
cally, radiologically, and functionally proven disease.
The diagnosis of CP and rAP was made using the
case history data, exocrine and endocrine function
tests, imaging procedures, and intraoperative findings
as well as the histologic investigation of operative
specimens. Clinical data, endocrine and exocrine
function tests, and pain status were assessed pre- and
postoperatively to evaluate the late outcome. For
measurement of the endocrine function, an oral glu-
cose tolerance test (OGTT) was performed, and a

Table 1. Treatment before surgery

Treatment CP (n � 30) rAP (n � 6) Total (n � 36)

Hospitalization since diagnosis (per pt) 18.8 wk 24.6 wk
Annual periods of acute pancreatitis (per pt) 1.5 2.2
Endoscopic papillotomy 7 4 11 (31%)
Pancreatic duct stenting 3 2 5 (14%)
Surgical treatment up to now 4 2 6 (17%)
Annual periods of hospitalizations (per pt) 1.7 2.8

CP � chronic pancreatitis; rAP � recurrent acute pancreatitis.

pancreolauryl test was used for exocrine function
measurement.20,21

Preoperative Morbidity

The patients with CP due to PD had been hosp-
italized a median of 18.8 weeks per patient since
diagnosis; patients with rAP had been hospitalized
24.6 weeks per patient. The patients with CP suffered
1.5 periods of acute pancreatitis per patient per year;
in patients suffering from rAP, the frequency of at-
tacks of acute pancreatitis was 2.2 per patient per year
(Table 1).
On the basis of the endoscopic retrograde cholan-

giopancreatography and/or magnetic resonance cho-
langiopancreatography, a complete classic PD was
observed in 10 patients (28%), 25 patients (69%) had
a functionally incomplete PD, and 1 patient (3%)
had a dorsal duct type. Relapsing or permanent upper
abdominal pain were the main preoperative symp-
toms in both groups of patients. To evaluate the
degree of pain, patients had to describe the intensity
of pain on a visual analog scale (VAS) ranging from
0 (no pain) to 10 (maximal unbearable pain). In 8
of the patients with CP, alcohol consumption was
recorded, whereas one of the patients with rAP re-
ported alcohol consumption. Sixteen of the 36 pa-
tients reported previous interventional treatment. Up
to the point of the study, 6 patients (4 with CP and
2 with rAP) had undergone surgical treatment. Two
patients had had transduodenal sphincteroplasty (one
in the papilla of vater and one in the minor papilla),
and 4 patients had had a duct drainage procedure
(Table 1).

Preoperative and Intraoperative Assessment

Twelve of the patients with CP and 4 of the pa-
tients with rAP displayed a prepapillary stenosis of the
duct of Santorini. Pancreatic tissue calcification was
observed in 11 of the patients with CP, and duct
stones were found in 6 of the patients with CP and
none of the patients with rAP. Pseudocystic lesions,
exclusively developed in thehead of thepancreas, were



Journal of
Gastrointestinal Surgery712 Schlosser et al.

observed in 10 patients, 9 with CP and one with rAP.
An inflammatory mass in the head of the pancreas
was objectified in 14 patients with CP and in 1 patient
with rAP. A duct dilatation of the left pancreas in the
corpus and cauda was found in 12 patients, 10 with
CP and 2 with rAP.
Preoperative evaluation of endocrine function

using the OGTT showed an impaired glucose metab-
olism in 13 (36%) of the patients; 2 of these patients
were in the state of insulin-dependent diabetes.
Twenty-three patients had normal glucose metabo-
lism (Table 2). In terms of exocrine function, a normal
pancreolauryl test was observed in 24%of the patients
with CP and in 4 of the 6 patients with rAP.

Late Follow-up

All patients were followed in the outpatient clinic
postoperatively. Ninety-six percent of the patients
were followed closely. Four patients died in the
follow-up period due to esophageal cancer (2), cardiac
arrest (1), and suicide (1). One patient from Turkey
was lost after a close follow-up of 2.5 years. The
follow-up rate was 100%; the median length of
the late follow-up was 39.3 months (range: 5–109
months). The data presented for the late follow-up
period are based on the recent evaluation using the
case history, the data from the exocrine and endo-
crine function tests, and the pain status measured by
the VAS pain score.

Statistics

Statistical evaluation was performed using the
McNemar and the Wilcoxon test. A P value �0.05
was considered significant.

RESULTS

DPPHRwas performed in all 36 patients using the
technique described elsewhere.18,19 The wet weight
of the operative specimens was between 25 and 45 g.

Table 2. Endocrine status

Early Late
Preoperative postoperative postoperative*

Patient condition (n � 36) (n � 36) (n � 32)

Normal OGTT 23 (64%) 27 (75%) 24 (75%)
Impaired OGTT 11 (31%) 5 (14%) 3 (9%)
IDDM 2 (6%) 4 (11%) 5 (16%)

OGTT � oral glucose tolerance test; IDDM � insulin-dependent
diabetes mellitus.
*Late postoperative follow-up: 32/32 patients (median follow-up: 39.3
months [range, 5–109 months]).

In one patient with a large pseudocyst of the pan-
creatic head, a pseudocyst drainage was performed.
In two patients with a stenosis of the prepapillary
common bile duct, caused by an inflammatory mass
in the pancreatic head, internal biliary drainage, as
described elsewhere, had to be performed.18,19 In
two additional patients with severe CP and dilated
pancreatic main duct with multiple stenosis, a latero-
lateral pancreaticojejunostomy using the Partington-
Rochelle procedure was added to the DPPHR.19

Early Postoperative Course

Themean postoperative hospitalization periodwas
14.9 days. Early postoperative morbidity occurred
in nine patients; we observed pleural effusions (two
patients), pulmonary infection (two patients), cholan-
gitis (one patient), transient ischemic attack (one pa-
tient), and gastrointestinal motility disorder and
wound infection (one patient); one patient in the CP
group had to undergo reoperation because of an in-
traabdominal abscess. Hospital mortality was 0%
(Table 3). Concerning endocrine function, as assessed
by the OGTT, 4 patients with preoperatively im-
paired glucose tolerance returned to normal status,
whereas 2 additional patients developed insulin-
dependent diabetes (Table 2). In terms of exocrine
function, 25 patients with CP and 1 patient with
rAP received substitute pancreatic enzymes because
of ongoing exocrine functional impairment.

Late Postoperative Status

The follow-up period of the 36 patients was a
median of 39.3 months (range, 5–109 months). Four
patients died in the late follow-up period (one from
suicide, one from cardiac arrest, and two from cancer
of the esophagus), the late mortality being 11%.
Five of 26 patients with CP and 1 of 6 with rAP were
rehospitalized because of periods of pancreatitis.
Two patients needed a reoperation; one patient had
a stenosis of the pancreatic main duct anastomosis
and one patient needed an additional duct drainage

Table 3. Early and postoperative results after
DPPHR

CP rAP Total
Patient condition (n � 30) (n � 6) (n � 36)

Postoperative hospitalization (d) 14.8 15.5 14.9
Early postoperative morbidity 7 2 9 (25%)
Reoperation 1 0 1 (3%)
Hospital mortality 0 0 0 (0%)

CP � chronic pancreatitis; rAP � recurrent acute pancreatitis;
DPPHR � duodenum-preserving pancreatic head resection.
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Fig. 1. Pain score before and after surgery. *May 1982 to February 2000, Department of General
Surgery, University of Ulm, Germany. **Late postoperative follow-up: 32/32 patients (median follow-
up: 39.3 months [range, 5–109 months]).

procedure because of the development of multiple
pancreatic main duct stenosis and dilatations.
In terms of pain status, 16 (of 32) patients were

completely pain-free in the long-term follow-up.
The VAS pain score decreased significantly from a
preoperative level of 8 points to a lower median level
of 2 points (P� 0.001) (Fig. 1). Six (of 32) patients had
further attacks of acute pancreatitis. The frequency of
periods of hospitalization for pancreatitis dropped
preoperatively from 1.8 per patient to 0.2 per patient
(P � 0.002) (Table 4). In terms of endocrine status,
24 (of 32) patients remained in a normal glucose
status. Eight (of 32) patients showed an impaired
glucose status: 3 had an impaired OGTT and 5
had insulin-dependent diabetes mellitus (Table 2).

Table 4. Pain status after surgery

Late
Preoperative postoperative*

Patient condition (n � 36) (n � 32)

Pain status
Daily 14 (38%) 3 (9%)
Weekly 7 (19%) 2 (6%)
Monthly 14 (38%) 11 (34%)
No pain 1 (3%) 16 (50%)†

Pancreatitis attacks 35 (97%) 6 (19%)†

Periods of hospitalization 63 (1.8/pt) 6 (0.2/pt)†

*Late postoperative follow-up: 32/32 patients (median follow-up: 39.3
months [range, 5–109 months]).
†P � 0.002 (McNemar) preoperative vs. postoperative.

DISCUSSION

The appropriate treatment of PD depends on the
severity of the clinical symptoms, the degree of alter-
ations in the main duct and side branches, the state of
the disease as shown by pathomorphological changes,
and endocrine and exocrine function. The established
medical treatment is not causally effective, but pa-
tients with minimal symptoms benefit from it.8
The clinical presentation of patients suffering from

PD is characterized by the development of pancreati-
tis. In some patients, the obstruction of the pancreatic
duct leads to rAP or finally to CP. However, PD
might not be the only cause of pancreatitis in all
patients. In our group of patients with PD, 9 patients
reported alcohol consumption in their clinical his-
tory. In the group of patients with CP (30 patients),
8 patients had a history of light or moderate drinking
of alcohol. Alcohol might have been a cofactor for
the development of chronic pancreatitis in this group.
On the other hand, only 1 of the 6 patients in the rAP
group admitted alcohol consumption. Two patients
(children) in the rAP group had never been exposed
to alcoholic beverages.
A variety of interventional and surgical procedures

have been used to reduce the degree of narrowing
of the minor papilla and/or to bridge the narrowed
segment of the duct of Santorini. Endoscopic dilata-
tion or papillotomy of the minor papilla are mostly
of limited benefit in respect to short-term pain relief
and also bear the risks of local complications such
as bleeding, pancreatitis, and ductal disruption.22–24
Pain relief is frequently observed with endoscopic
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stenting of the minor papilla; however, this proce-
dure necessitates a change of the stents every 3 to 4
months.25,26 The reported long-term results suggest
a limited benefit in less than 50% of the patients with
CP27,28 and in 60% to 70% of patients with rAP.29,30
Transduodenal surgical sphincteroplasty has been
performed with a very low morbidity and, in relation
to endoscopic sphincterotomy, a comparable mortal-
ity.29,30 It had been performed in 30% of the patients
in this series with a limited benefit. Five patients un-
derwent stenting, with short-term benefit. In patients
with a dilated duct system in the left pancreas a drain-
age procedure may be indicated, using a modifica-
tion of the Partington-Rochelle procedure. Three
patients of this series had a previous duct drainage
that ultimately failed in terms of prevention of pain
and further attacks of pancreatitis.
The pathomorphological changes of PD develop

in the duct system in the pancreatic head. On the
basis of CT investigations, 42% of the patients in
our series demonstrated an inflammatory mass in the
head of the pancreas. The presence of pseudocystic
lesions in 28% of the patients and prepapillary steno-
sis of the duct of Santorini in 44% emphasized that
the pancreatic head is the leading area in this type of
CP and rAP.We decided on the basis of the beneficial
experience with the DPHHR in patients with alco-
holic CP to start a prospective investigation using
DPPHR in patients with symptomatic PD.18,19
The major advantage of DPPHR in comparison

to other resective procedures is the preservation of
the gastrointestinal tract despite the removal of all
of the pancreatic head except a shell-like remnant
between the common bile duct and duodenal wall.
This limited surgical resection has a low postopera-
tive morbidity, and no hospital deaths occurred in this
series of 36 patients. The surgical procedure can be
combined with a drainage procedure of the dilated
left pancreatic main duct, as was done in two patients.
In patients with compression of the intrapancreatic
common bile duct, it is easy to decompress the
common bile duct or to perform a biliary anastomosis
with the jejunal loop.
As demonstrated by the early and late postopera-

tive evaluation of the endocrine function of the 36
patients, a nonsignificant improvement in the fre-
quency of impaired glucose metabolism was seen in
the early postoperative period; four patients with
preoperatively impaired glucose metabolism had a
more normal glucose tolerance postoperatively. Two
patients showed a deteriorated endocrine function
and went from impaired to insulin-dependent glucose
metabolism. Nevertheless, there was an early postop-
erative improvement in 11% of the patients. This can
be best explained by the importance of the duodenum

for the preservation of the enteroinsulinar axis in
glucose homeostasis (Table 2). After a median of 39.9
months of follow-up, 75% of the patients continued
to demonstrate a normal glucose metabolism.
However, three patients showed a deterioration in
endocrine function and developed insulin-dependent
diabetes mellitus.
In terms of pain status, 50% of the patients were

completely pain-free in the late postoperative period,
and 31% had a significant reduction of pain, shown
by a reduction in the median VAS pain score from
8 to 2 (Fig. 1). Only 6 of the 32 patients experienced
further attacks of pancreatitis, and the hospitalization
rate was significantly reduced to 0.2 times per patient.
Sixteen (50%) were not completely pain-free in the
long-term follow-up (Table 4); however, only three
(9%) suffered from continuing daily pain. Although
a relatively high number of patients suffered from
pain in the late postoperative period, only 13%
(4/32) needed analgesic treatment regularly. The re-
duction in severity of pain can also be seen in the
significant reduction of pain measured by the VAS
pain score (Fig. 1).
These data show that the clinical symptoms of the

disease in both groups of patients are improved by
this surgical procedure. These favorable results were
paralleled by improvement in the body weight in 90%
of the patients. However, enzyme supplementation
was mandatory in most of the patients because of
the still reduced exocrine function capacity in the late
postoperative period.
In PD causing rAP or CP an appropriate selection

of treatment modalities, including interventional
endoscopic treatment, is fundamental to transform
the improvement of treatment modalities to the pa-
tients’ long-lasting benefit. The first choice for treat-
ment in patients with PD and a stenotic minor papilla
should be endoscopic papillotomy. In patients with
a stenotic segment of the d. Santorini in the pancreatic
head, stenting of the duct should be the first approach.
After failure ofmedical and interventional endoscopic
treatment of PD causing rAP or CP, DPPHR offers
major advantages in terms of preservation of the en-
docrine function and improvement in pain, resulting
in a slower progression of the disease. This may be
particularly important for the group of mostly young
patients suffering from rAP. However, the observa-
tion time, with a median of 39.3 months (ranging
up to 105 months), in this study was not sufficient
to predict a long-lasting change in the natural course
of the disease.

CONCLUSION

Upper abdominal pain and pancreatitis attacks are
the leading symptoms of patients suffering from pan-
creas divisum.DPPHR represents a more physiologic
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operation compared to pylorus-preserving duodeno-
pancreatectomy in patients with pancreas divisum and
chronic pancreatitis as well as recurrent acute pancre-
atitis. The limited resection of the pancreatic head
with preservation of the duodenum led to a significant
reduction of pain in 31% of patients. Fifty percent of
the patients became completely pain-free. DPPHR
furthermore preserves the endocrine function in the
early and late postoperative period. The low recur-
rence rate of acute pancreatitis after DPPHR and the
preservation of endocrine function may indicate a
slower progression of the disease. The duodenum-
preserving head resection has a low early and late mor-
bidity and surgical-related mortality. The DPPHR
offers a surgical option that promises a favorable
short-term and beneficial long-term outcome after
failure of interventional treatment of PD.
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Transphrenic Fistulization of a Subphrenic Abscess to
Lung Parenchyma
Sander Romijn, M.D., Maarten Sturm, M.D., Georges van der Schelling, M.D.

A 53-year-old woman was admitted with respiratory distress. For several years, she had chronic alcoholic
pancreatitis with ductal stones that were treated with a stent and with shockwave lithotripsy. Both
treatments were unsuccessful, and the pancreatitis was complicated with an infected pseudocyst. The
pancreatic head had to be resected, which was complicated with recurrent subphrenic abscesses. She then
was admitted with respiratory distress and initially diagnosed with pneumonia of the right lower lobe.
Further investigations showed supradiaphragmatic and subdiaphragmatic air-fluid levels. In both
collections Streptococcus milleri was cultured, and subsequently the patient was diagnosed with a fistula
connecting the subdiaphragmatic abscess with pulmonary tissue. This was treated with intravenous
amoxicillin/clavulanate and drainage of the subdiaphragmatic collection. She did not develop a pulmonary
empyema, because multiple adhesions, which were due to recurrent abscesses after pancreatic surgery,
prevented breakthrough into the pleural cavity. (J GASTROINTEST SURG 2005;9:716–717) � 2005 The
Society for Surgery of the Alimentary Tract

KEY WORDS: Pancreatitis, pancreatic surgery, subphrenic abscess, fistula

Intra-abdominal inflammation can cause enter-
oenteral fistulas, as seen in Crohn’s disease. Intratho-
racic inflammation can result in bronchopleural
fistulas, as seen in pneumonic abscesses. Our patient
presented with an abdominothoracic fistula due to a
subphrenic abscess, a complication after pancreatic
surgery.

CASE REPORT

A 53-year-old woman presented with respiratory
distress. She was known to have chronic pancreatitis
caused by excessive alcohol consumption. For several
months, she had complained of progressive abdomi-
nal pain, intermittent vomiting, and anorexia. An ab-
dominal computed tomography (CT) scan showed
concrements in the pancreatic duct and signs of
chronic calcifying pancreatitis. An endoscopic retro-
grade cholangiopancreaticogram was performed, and
a prepapillary stricturewith a widened pancreatic duct
was seen. The pancreatic duct contained stones. The
stricture was treated with a stent. This treatment,
however, was unsuccessful, and because of persis-
tent complaints, the patient was transferred to a uni-
versity hospital. Here, she underwent extracorporeal
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shockwave lithotripsy to pulverize the pancreatic
stones. At 5 weeks later, ongoing abdominal pain
made readmission necessary. An abdominal CT
showed a fluid collection near the pancreas suspicious
for a pseudocyst. Puncture and analysis of this collec-
tion cultured Escherichia coli, and the diagnosis of an
infected pseudocyst was made. This was treated with
drainage, and to prevent recurrence, she underwent
surgical removal of the pseudocyst and the pancreatic
head according to Beger’s method.1 The surgical pro-
cedure was complicated with a persistent subphrenic
abscess, which was repetitively treated with percuta-
neous drainage. She was referred by the general prac-
titioner to our hospital for continuing respiratory
distress. She had difficulty breathing, had no appetite,
was nauseated, and vomited mucus. She also had ab-
dominal pain caused by her chronic pancreatitis.
Physical examination showed a weak, cachectic, ill
woman with dyspnea. There was no jaundice or
anemia. She had a fever with a temperature of 38.6�C.
Her blood pressure was 177/100 mm Hg, and her

heart rate was 105/min. Pulmonary examination dem-
onstrated rhonchi in both lung fields and diminished
breath sounds, particularly in the right lower lung
field. Increased tactile and vocal fremitus and dull
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percussion were present in the right lower lung field.
Abdominal examination revealed tenderness in the
epigastric region. Laboratory findings showed a leu-
kocyte count of 44.8 × 109/L (reference, 4.0–10.5 ×
109/L) and an abnormal gas exchange (PCO2, 9.5 kPa
[reference, 4.5–6.1 kPa]; PO2, 8.2 kPa [reference,
10.6–13.3 kPa]). On chest radiograph, alveolar con-
solidation was seen in the right lower lobe. Based
on these findings, she was initially diagnosed with
respiratory failure due to pneumonia of the right
lower lobe. She was admitted to the intensive care
unit for intubation, mechanical ventilation, and anti-
microbial therapywith intravenous amoxicillin/clavu-
lanate 2.2 g four time daily and tobramycin 5 mg/
kg. A sputum sample was taken for culture. On day
2, an abdominal ultrasound showed a subphrenic fluid
collection.This collection was punctured under ultra-
sound guidance, and purulent fluid was retrieved and
cultured. A drain was left behind for irrigation and
drainage. On day 3, chest and abdominal CT scans
revealed supradiaphragmatic and subdiaphragmatic
air-fluid levels (Fig. 1).Microbiological results proved
the connection between the two cavities. In both sam-
ples, Streptococcus milleri was cultured. Based on these
findings, she was diagnosed with a subphrenic abscess
after pancreatic surgery with breakthrough through
the diaphragm into the pulmonary parenchyma,
without formation of empyema.
Further treatment consisted of intravenous amoxi-

cillin/clavulanate 2.2 g four times daily and drainage,
which resulted in day-by-day improvement.

DISCUSSION

Fistulous connections develop in inflammatory
processes at a locus minoris resistentiae. Intra-ab-
dominal inflammation can cause enteroenteral fistu-
las, and intrathoracic inflammation can result in

Fig. 1. The subphrenic abscess shifts the liver down.
H � cephalad, F � caudad, 1 � liver, 2 � subphrenic abscess,
3 � pulmonary abscess, 4 � right lung.

bronchopleural fistulas, as seen in pneumonic ab-
scesses. Our patient presented with an abdomi-
nothoracic fistula due to a subphrenic abscess, a
complication after pancreatic surgery. The literature
does not describe a fistulous connection between a
subphrenic abscess and pulmonary tissue without for-
mation of empyema. In our case, S. milleri was cul-
tured, which is known for abscess formation. An
empyema was probably not formed in our patient
because her repetitive subphrenic abscesses resulted
in pleural adhesions. Thus, the pleural cavity was no
longer a locus minoris resistentiae.
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Survival After Gastric Adenocarcinoma Resection:
Eighteen-Year Experience at a Single Institution
Steven C. Cunningham, M.D., Farin Kamangar, M.D., M.P.H., Min P. Kim, M.D.,
Sommer Hammoud, Raqeeb Haque, Anirban Maitra, M.B.B.S., Elizabeth Montgomery,
M.D., Richard E. Heitmiller, M.D., F.A.C.S., Michael A. Choti, M.D., F.A.C.S., Keith D.
Lillemoe, M.D., F.A.C.S., John L. Cameron, M.D., F.A.C.S., F.R.C.S.(Eng.) (hon),
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Gastric adenocarcinoma is the second leading cause of cancer death worldwide. InWestern series, survival
rates vary widely and are generally lower than those reported from Eastern series. We performed a
retrospective analysis of cases operated on at the Johns Hopkins Hospital over the past 18 years and
collected data ondemographics, tumor characteristics, pathologic stage, treatmentmethods, complications,
survival time, and other relevant factors. Survival according to stage of disease, Lauren tumor type,
tumor location, timeperiod, andadministrationofadjuvant therapywasanalyzed, andresultswerecompared
with those of other Western series. During this period, 436 patients with gastric adenocarcinoma
underwent resection. We have shown a statistically significant association between survival and margin
status, stage of disease, and Lauren tumor type. Overall 5-year survival was 26%, and 5-year survival
after R0 resection was 33%. No significant difference was detected between survival and tumor location,
time period of treatment, or administration of adjuvant therapy. Analysis of variousWestern series reveals
major differences between the cohorts under study, such as stage of disease, extent of resection, tumor
type, and tumor location. Many of the reported differences among Western series may be due to cohort
differences, such as stage of disease, extent of resection, tumor type, and tumor location. (J GASTROINTEST

SURG 2005;9:718–725) � 2005 The Society for Surgery of the Alimentary Tract
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Gastric adenocarcinoma (GA) is the second leading
cause of cancer death worldwide.1 There are an esti-
mated 22,710 new cases of gastric cancer annually in
the United States, and about 11,780 of those patients
will die of their disease.2 Over the past several de-
cades, the epidemiologic profile of gastric cancer
has changed dramatically. Although the incidence of
gastric noncardia adenocarcinoma (GNA) is decreas-
ing, the incidence of gastric cardia adenocarcinoma
(GCA) is increasing.3
Survival after resection of GA has been studied in

multiple series with patients stratified by stage of
disease, Lauren tumor type,4 tumor location, time
period, and administration of adjuvant therapy. All
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studies uniformly show an association between stage
and survival. The Lauren classification correlates sig-
nificantly with survival, in that intestinal-type tumors
are associated with longer survival than are diffuse-
type tumors.5 According to some data analyses, tumor
location is significantly associated with survival, with
GNA having an improved prognosis over GCA.3 In
many studies, both operative mortality and 5-year
survival have improved over the past several de-
cades.6–8 With respect to adjuvant therapy, MacDon-
ald et al.,9 in a randomized controlled clinical trial,
showed an improvement in survival with adjuvant
chemoradiotherapy.
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In light of these separate survival findings, we ex-
amined survival as a function of all of the above factors
in our 18-year single-institution experience. In addi-
tion to survival data, we assessed patient, tumor, and
operative characteristics for this cohort.

PATIENTS AND METHODS

From May 1984 through July 2002, 436 patients
with GA underwent resection at the Johns Hopkins
Hospital. Under Johns Hopkins University Institu-
tional Review Board-approved exemption 45 CFR
46.101(b), demographic characteristics, date of sur-
gery, presenting signs and symptoms, stage, surgical
and medical treatment methods, complications, sur-
vival time, and other relevant data were extracted
from hospital records. Patient confidentiality was en-
sured in all cases.
Staging data are provided according to the sixth

edition of the American Joint Committee on Cancer’s
CancerStagingManual.10 For thepurposeof this study,
morbidity was defined as a complication, that is, a
disease or disorder that occurred as a result of GA
or its resection, and operative mortality was defined as
death occurring during or within 30 days of the
operation.
The Kaplan-Meier method was used to calculate

survival.11 Survival rates were compared using log-
rank tests and Cox proportional hazards models. In
bivariate analyses, the results of log-rank test and Cox
model were almost identical; therefore, only results
from the Cox model are reported. Cox proportional
hazards model was also used to test the significance
between survival after adjustment for age and stage.
The assumption of proportionality of hazards was
verified in all tests. For comparisonsof early versus late
study periods, the early period was May 16, 1984,
through January 1, 1995 (N � 198), and the late
period was January 2, 1995, through July 24, 2002
(N � 233). Significance was accepted at P � 0.05.

RESULTS
Patient Characteristics

The median age of the patients at the time of
diagnosis was 66 years. Patients were predominantly
white men: 305 (70%) were males, 314 (72%) were
white, 80 (18%) were black, and 42 (10%) were of
other descent. The most commonly reported comor-
bid conditions were hypertension (33%), gastro-
esophageal reflux (14%), peptic ulcer disease (13%),
and diabetes mellitus (10%). Pain (33%), weight loss
(32%), and dysphagia (26%) were the most common
presenting symptoms. There was no significant

change in age at diagnosis (P � 0.73) or gender
(P � 0.45) between the early and late periods of
the study.

Tumor Characteristics

Patient and tumor characteristics are shown in
Table 1. The most common tumor location was the
cardia in 160 (37%) patients, followed by the antrum
in 86 (20%), the body in 22 (5%), the fundus in
19 (4%), the pylorus in 12 (3%), and multiple or
overlapping locations in 137 (31%). In this series,
the cardia was a significantly more common location
during the late time period than during the early
period (53% versus 31%, respectively; P � 0.001).
Tumor stage at diagnosiswas stage I in 85 (20%), stage
II in 83 (19%), stage III in 145 (34%), and stage IV
in 117 (27%) (Fig. 1).
Histologic evaluation was available for all the re-

sected specimens. In only 224 cases were data regard-
ing cell morphology present in the final pathology
report.Themajority (160; 71%)werediffuse typewith
signet cell morphology, and 64 (29%) were intestinal-
type cancers.

Treatment Characteristics

Operative Treatment. The most common opera-
tions were subtotal distal gastrectomy (36%), prox-
imal resections (proximal gastrectomy with or
without transhiatal esophagectomy [THE]) (34%),
and total gastrectomy (29%); accordingly, the usual
reconstruction techniques were gastrojejunostomy,
esophagogastrostomy, and esophagojejunostomy, re-
spectively. Of 373 patients with unambiguous data
available regarding tumor margins, 109 (29%) had
positive margins reported in the final pathology

Table 1. Patient and Tumor Characteristics

Median patient age (yr) 66
Male gender (n) 305 (70%)
Female gender (n) 131 (30%)
Tumor stage (n)
I 85 (20%)
II 83 (19%)
III 145 (34%)
IV 117 (27%)

Tumor location (n)
GCA 160 (37%)
GNA 276 (63%)

Tumor type (n)
Intestinal 64 (29%)
Diffuse 160 (71%)

GCA � gastric cardia adenocarcinoma; GNA � gastric noncardia ad-
enocarcinoma.
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Fig. 1.Tumor stage at diagnosis for 430 patients. Themajority
of patients had advanced disease at the time of resection: stage
I, 85 (20%); stage II, 83 (19%); stage III, 145 (34%); stage IV,
117 (27%).

report. Proximal gastrectomy plus THE was a sig-
nificantly more likely operation during the late time
period than during the early period (P � 0.001),
whereas there was a significant decline in the use of
subtotal distal and total gastrectomies (P � 0.001)
in the late period compared with the early period.
Regarding lymphadenectomy, the standard practice
at our institution over the past two decades has been a
D1 dissection, that is, removal of the nodes in Group
1 of the Japanese Classification of Gastric Carcinoma
(the perigastric lymph nodes). This is the most
common procedure performed in the United States
and Europe12,13 and has recently been shown in a
randomized clinical trial to result in significantly less
morbidity and equal survival at long-term (11-year)
follow-up compared with the more extensive D2
operation.14
Adjuvant Treatment. One hundred twenty-two

patients received postoperative adjuvant, and 41 re-
ceived neoadjuvant therapy. Adjuvant regimens
were highly varied over the 18 years spanned by
this series. Neoadjuvant therapy was significantly
more likely to be administered during the late time
period than during the early period (15% versus 7%,
respectively; P � 0.02).

Morbidity and Mortality

Data regarding complications were available for
335 of the 436 patients in the study. The eight most

common complications and their occurrence, respec-
tively, were anastomotic leak, 15 of 335 (4%); pneu-
monia, 15 of 335 (4%); arrhythmia, 14 of 335 (4%);
wound infection, 13 of 335 (4%); ileus, 11 of 335
(3%); postoperative fever of uncertain origin, 11 of
335 (3%); psychiatric complications, 9 of 335 (3%);
and urinary tract infection, 7 of 335 (2%). Other
complications and their occurrence, respectively,
were intra-abdominal infection, 4 of 335 (1%); intes-
tinal obstruction, 3 of 335 (1%); cardiac arrest, 3 of
335 (1%); bacteremia, 3 of 335 (1%); central venous
catheter-related infections, 2 of 335 (�1%); pleural
effusion, 2 of 335 (�1%); marginal ulcer, 2 of 335
(�1%); pancreatitis, 1 of 335 (�1%); and myocardial
infarction, 1 of 335 (�1%). Reoperation was required
in 10 of 335 (3%) patients. Operative death occurred
in 11 of 433 (2%) patients. The complication and
operativemortality rates in the earlyand lateperiodsof
the study were not significantly different (P � 0.69).

Survival

Five-year survival was calculated for the study pop-
ulation stratified by tumor stage (I versus II versus
III versus IV), margin status (R0 versus R1/2), Lauren
type (diffuse versus intestinal), tumor location (GCA
versus GNA), time period of treatment (1984–1994
versus 1995–2002), and administration of adjuvant
therapy (Table 2). Survival correlated significantly
with stage of disease (Fig. 2), positive margin status
(Fig. 3), and with Lauren tumor histology type (Fig.
4). Five-year survival in patients operated on during
the early time period was 23% compared with 31%
for the late period, a difference that did not reach
statistical significance. No significant association was
detected between survival and tumor location or adju-
vant therapy in this retrospective analysis.

DISCUSSION

Survival after resection of GA has improved over
the past half-century.7 Still, each year more than half
of those individuals who acquire GA die of the disease
in the Western world.2 Stage-stratified survival ap-
pears to be much higher in the Eastern than in the
Western world.15–18 Three hypotheses explaining this
difference were previously reviewed.19 First, the
“different disease” hypothesis invokes race-related
differences in tumor biology or tumor–host interac-
tion. Second, the “stage migration” or “Will Rogers
phenomenon” hypothesis holds that improved detec-
tion of disease due to more extensive lymphade-
nectomy and lymph node analysis results in an
upstaging of disease such that the survival of each
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Table 2. Survival

N 5-Year Unadjusted Hazard Ratio Adjusted Hazard Ratio
Parameter (in survival analysis) Survival (%) (P value)*† (P value)*‡

Stage
I 85 63
II 81 28
III 144 18 1.74 (�0.001) 1.78 (�0.001)
IV 115 10
All 425 26

Margin status
R0 264 33 2.50 (�0.0001) 1.88 (�0.0001)
R1/2 109 10

Tumor type
Diffuse 158 20 1.76 (0.005) 1.57 (0.03)
Intestinal 62 36

Tumor location
GCA 160 28 0.92 (0.54) 0.86 (0.29)
GNA 206 29

Time period
1984–1994 198 23 0.84 (0.15) 0.88 (0.32)
1995–2002 233 31

Adjuvant therapy
Yes 150 20 1.18 (0.23) 0.86 (0.30)
No 204 27

GCA � gastric cardia adenocarcinoma; GNA � gastric noncardia adenocarcinoma.
*Hazard ratios are calculated for each level of increment in stage, R0 versus R1/2 margin status, diffuse versus intestinal, GNA versus GCA,
early versus late period, and positive versus negative history of either adjuvant or neoadjuvant therapy.
†Unadjusted P values are calculated using Cox proportional hazards model.
‡Adjusted P values are derived from Cox proportional hazards model after adjustment for age and stage.

stage group increases. Last, according to the “treat-
ment” hypothesis, the more extensive lymph node
dissections favored by the Japanese generate a su-
perior therapeutic response. It may be that all three
hypotheses contribute in some manner to explaining
the Western–Eastern difference. The following dis-
cussion applies predominantly to Western series of
GA.
In this study, we compared survival rates of patients

with resected GA after stratification by stage, Lauren
tumor type, location, time period, and use of adjuvant
therapy. Our results largely agree with the previously
reported Western experience. Comparison across
studies, however, is wrought with difficulty due to
time- and institution-dependent differences in stag-
ing, treatment biases, and referral patterns. In the
present study, we evaluated survival by each of the
above parameters within the same cohort.
Overall survival after resection of GA varies widely

in the literature (Table 3), ranging from a relative 5-
year survival of 20% according to 1990 SEER data,1
to 28% according to National Cancer Data Base
data,19 to 32%–49% according to the two largest
published Western single-institution series,20,21 to
65% in a large Eastern series.18

Consistent with published data, we found a sig-
nificant relationship between stage and survival.
Nearly all series of GA provide stage-stratified data,
but some studies include only R0 resections, whereas
other studies include all resections (Table 3). As ex-
pected, those studies that do not eliminate R1 and
R2 cases (the present study included) tend to have
lower overall survival than those studies including
only R0 resections.
With respect to the Lauren classification of tumor

type, we found that the survival of patients with
diffuse-type histology was significantly lower than
that of patients with intestinal-type histology. This is
consistent with published studies that do not exclude
gastroesophageal junction (GEJ) tumors from the
analysis,22 an important consideration because tumors
in the GEJ are more likely to be of the diffuse-type
histology with a correspondingly poorer prognosis.
Regarding the association between tumor location

and survival, conflicting data exist. Studies that elimi-
nate GEJ tumors, for example, find no significant
association between survival and tumor location.22,23
Other studies that included GEJ tumors in the analy-
sis, however, have found that distal tumors are associ-
ated with an improved prognosis compared with
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Fig. 2. Kaplan-Meier survival graph for 430 patients stratified by stage of disease after resection of
gastric adenocarcinoma. The 5-year survival rates by stage of disease were 63% for stage I, 28% for
stage II, 18% for stage III, and 10% for stage IV (P � 0.001).

proximal tumors.3,24–27 Here, we found no significant
association between proximal and distal lesions, likely
due to the much larger proportion of patients in our
study with more advanced disease. For example, in
one study examining proximal versus distal GA, Har-
rison et al.24 reported a 42% 5-year survival rate

Fig. 3. Kaplan-Meier survival graph for 373 patients stratified by status of margin of resection on final
pathologic diagnosis. The 5-year survival rates by margin status were 33% for margin-negative resections
and 10% for margin-positive resection (P � 0.0001).

for proximal GA and a 61% 5-year survival rate for
distal lesions. However, only 43% of patients in that
study had stage III or IV disease, whereas in our study
the proportion is over 60%. Furthermore, our
study has included approximately 10-fold as many
patients with stage IV disease.
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Fig. 4. Kaplan-Meier survival graph for 224 patients stratified for Lauren histology type after resection
of gastric adenocarcinoma. The 5-year survival rates by histology type were 36% for intestinal histology
and 20% for diffuse histology (P � 0.03).

Similarly, with respect to overall 5-year survival,
patient cohort differences provide explanations for
the lower overall survival compared with otherWest-
ern series. Karpeh et al.,21 for example, reported an
overall 5-year survival rate after R0 resection or GA
to be 49%. However, there are at least three major
differences between that cohort and our cohort: (1)
again, in that study, as in Harrison et al., there were
more patients with lower-stage disease than in the
present study; (2) only patients with an R0 resection
were included in the Karpeh et al. series, whereas R0,
R1, and R2 were included in our series; and (3) in
an earlier report from these investigators reporting
tumor location,24 there were 3.4-fold asmany patients
with distal tumors as proximal tumors, compared with
only 1.7-fold in the current series. Although our series
did not bear out a survival difference between proxi-
mal and distal location, multiple studies have in-
dicated that proximal location is associated with a
worse survival (Table 3). Furthermore, although
Karpeh et al. do not report the proportion of patients
with diffuse versus intestinal histology, our series
has nearly twofold asmany patients as those series that
do report this proportion (Table 3).
In a large meta-analysis of 100 English-language

publications since 1970, Akoh and Macintyre7 found
survival to improve from early to later time periods.
In the current study, we found only a nonsignificant
difference. This is likely due to the limited sample size
imposed by a single-institution study, the advanced

disease that characterized our tertiary-care popula-
tion, the shorter andmore recent time period spanned
by our series, and the greater proportion of cardia
tumors during the late period comparedwith the early
period (53% versus 31%, respectively; P � 0.001).
In 2001, MacDonald et al.9 showed, in a prospec-

tive randomized clinical trial (RCT) of adjuvant treat-
ment, a significant improvement in survival following
GA resection, but grade 3 toxicity occurred in the
majorityofpatients. In aneffort to improve the toxicity
profile of effective adjuvant chemoradiation, another
group recently studied an alternative chemoradiation
regimen and found the rate of grade 3 toxicity to
decrease to 38%, but due to small sample size
(N � 18 postoperative patients) and short follow-
up (1 year), the effectiveness of this less-toxic regimen
in unclear.28 Other recent RCTs of chemotherapy
without radiation have failed to show a difference.29,30
A recent multi-institutional trial of preoperative che-
moradiotherapy suggested that neoadjuvant therapy
may addmeaningful survival time to the now standard
adjuvant therapy.31 However, this study contained
only 34 patients and was performed in nonrandom-
ized fashion. To fully evaluate this issue, larger RCTs
must be performed. In our retrospective study, we
observed no significant improvement in survival with
adjuvant therapy, likely due to the lack of a uniform
regimen over the study’s 18-year period.
The limitations of our study include its retrospec-

tive nature, which precludes the controlled acquisi-
tion and real-time verification of data that benefit
prospective series.
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CONCLUSION

We have shown a statistically significant associa-
tion between survival after GA resection and margin
status, stage of disease, and Lauren tumor type. No
significant difference was detected between survival
and tumor location, time period of treatment, or adju-
vant therapy in this single-institution retrospective
study. Series-specific patient selection and elimina-
tion differences, such as stage of disease, extent of
resection, tumor type, and tumor location, may result
in discordant survival rates between different series.

The authors thank the Departments of Oncology and Pathology for
assistance with databases maintained in those departments.
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Identification and Management of an Errant
Antiperistaltic Roux Limb After Total Gastrectomy
John K. DiBaise, M.D., F.A.C.G., Kishore Iyer, M.B.B.S., F.R.C.S. (Eng.), F.A.C.S.,
Jon S. Thompson, M.D., F.A.C.S.

We recently evaluated two patients because of persistent, unexplained bilious vomiting following total
gastrectomywithRoux-en-Y esophagojejunostomy.With the aid of intestinalmanometry and reoperation,
an antiperistaltic Roux limb was discovered in both cases. Isoperistaltic repositioning of the Roux limb
led to resolution of both patients’ symptoms. These case reports illustrate the devastating consequences
of a poorly constructed Roux-en-Y esophagojejunostomy and demonstrate the utility of intestinal
manometry in aiding the diagnosis of problems related to the Roux limb, particularly when surgical
reexploration is not preferred or is inconclusive. By highlighting this avoidable technical error, we hope
to prevent its future occurrence. (J GASTROINTEST SURG 2005;9:726–732) � 2005 The Society for
Surgery of the Alimentary Tract

KEY WORDS: Roux-en-Y, manometry, gastrectomy, juvenile polyposis, Ménétrier’s disease

To err is human…
Alexander Pope, An Essay on Criticism, 1711

Roux-en-Y reconstruction is a well-established
surgical option following gastric resection.We report
on two patients we recently saw who were referred to
our institution because of persistent bilious vomiting
following total gastrectomy with Roux-en-Y esopha-
gojejunostomy. These cases presented novel prob-
lems related to both diagnosis and management. At
reoperation, an antiperistaltic Roux limb was sus-
pected. Given the supporting evidence from preoper-
ative intestinal manometry, which also suggested a
Roux reversal, isoperistaltic repositioning was carried
out and led to complete resolution of their symptoms.
Although the reported complication appears to be
extremely rare, the Roux-en-Y reconstruction is used
routinely in modern surgery and our hope in pres-
enting these cases is to highlight the devastating
consequences of improper technique, to prevent
future occurrence of this previously unreported
complication.

From the Intestinal Rehabilitation Program, Departments of Internal Medicine (J.K.D.) and Surgery (K.I., J.S.T.), University of Nebraska
Medical Center, Omaha, Nebraska.
Reprint requests: John K. DiBaise, M.D., Mayo Clinic Scottsdale, 13400 E, Shea Blvd., Scottsdale, AZ 85259. e-mail: dibaise.john@mayo.edu

� 2005 The Society for Surgery of the Alimentary Tract 1091-255X/05/$—see front matter
Published by Elsevier Inc. doi:10.1016/j.gassur.2004.12.004726

CASE REPORTS
Case 1

A 51-year-old man with generalized juvenile pol-
yposis (JP) syndrome was transferred to our institu-
tion 4 months postoperatively because of persistent,
unexplained bilious vomiting following total gastrec-
tomy andRoux-en-Y esophagojejunostomy performed
because of chronic bleeding and protein-losing enter-
opathy related to extensive gastric polyposis. No evi-
dence of malignancy was found in the gastrectomy
specimen. He had been diagnosed with JP in 1998
and subsequently underwent a total proctocolectomy
with ileostomy. His past medical history was other-
wise notable for type 2 diabetes mellitus, hyperten-
sion, hyperlipidemia, and coronary artery disease. He
had previously undergone a cholecystectomy.
His postoperative course was complicated by the

immediate development of persistent bilious vom-
iting resulting in recurrent aspiration pneumonia. In
addition, esophagojejunal anastomotic leakage devel-
oped on three separate occasions, requiring repeated
surgical intervention. Evaluation performed locally
did not demonstrate evidence of bowel obstruction,
and he was unable to tolerate enteral feeding via a

mailto:dibaise.john@mayo.edu
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jejunostomy tube placed at the time of the gastrec-
tomy. He subsequently had received parenteral nutri-
tion. Placement of a nasoenteral tube into the Roux
loopwas noted to remove about 600–700ml of bilious
material daily.
Further history revealed that the vomiting was not

preceded by nausea and occurred during the day and
night. There was no abdominal discomfort or disten-
tion, and the ostomy functioned normally. Subse-
quent evaluation included an abdominal computed
tomography scan that demonstrated a fluid-filled
esophagus suggestive of anastomotic stenosis but no
evidence of bowel obstruction or abscess. Upper
endoscopy revealed LA classification Grade D eso-
phagitis extending to his proximal esophagus and a
high-grade anastomotic stricture that could not be
traversed with a standard adult diagnostic videoendo-
scope. Following balloon dilatation of the stricture,
the endoscope was advanced across the anastomosis.
Within the Roux limb immediately distal to the eso-
phagojejunal (EJ) anastomosis, a mucosal defect,
thought to represent a fistulous opening, was seen.
Noothermucosal abnormalities were identified in the
Roux limb. Antegrade and retrograde barium contrast
studies through a nasojejunal tube and his ileostomy
revealed no evidence of obstruction, bowel dilatation,
or retrograde flow of contrast. Hepatobiliary scintig-
raphy did not detect clear evidence of a bilioenteric
fistula, and no radionuclides were seen within the
esophagus.
Due to continued suspicion of a bilioenteric fistula,

the patient underwent an exploratory laparotomy,
during which a long sinus tract extending from the
esophageal anastomosis to the hilum of the liver was
found and corrected. There was no evidence of ob-
struction. The Roux limb was noted to be very long,
about 100 cm. Due to concern that this could be
contributing to his persistent bilious vomiting, the
Roux limb was shortened to 60 cm. Although a suspi-
cion was raised as to whether the Roux limb was
oriented in an antiperistaltic fashion, two experienced
surgeons could not satisfactorily confirm this. In view
of the more likely explanation for persistent biliary
vomiting noted earlier, the orientation of the Roux
loop was left unchanged.
Postoperatively, his bilious vomiting did not im-

prove. In an attempt to differentiate between poten-
tial reversal of the Roux loop and severe Roux limb
dysmotility, intestinal manometry using a six-sensor
solid-state ambulatory system was performed. Visual
analysis of the tracing revealed normal amplitude and
frequency of contractile activity in the Roux limb,
paucity of phase II activity, and frequent phase III
activity, occurring about once per hour, with obvious

disorganized motor activity and numerous abnormal-
ities in propagation of the phase III, most notable for
retrograde propagation in the vast majority (Fig. 1,
A). There were no findings suggestive of mechani-
cal obstruction.
With the additional supportive, albeit nonconfir-

matory, evidence for inadvertent reversal of the Roux
limb, a decision was made to reexplore the patient.
Upon surgical exploration, it was thought that the
mesentery of the distal bowel appeared to be com-
pletely separate from the mesentery to the Roux loop
that was in continuity with the proximal jejunal mes-
entery (Fig. 2), findings consistent with a reversed
Roux limb. Following extensive adhesiolysis, division
of the Roux-en-Y esophagojejunostomy with place-
ment in its proper isoperistaltic orientation was ac-
complished (Fig. 2, C). Resection of the previous
Roux limb was specifically avoided, favoring instead
to reorient it in an isoperistaltic fashion due to con-
cern for remaining bowel length and potential prob-
lems related to high ostomy output if any additional
bowel length was lost.
The patient’s postoperative course was uneventful.

The bilious vomiting resolved within 24 hours of
the operation. He was discharged home 1 month
postoperatively—7 months following the original
gastrectomy—with combined oral and jejunostomy
tube feeding. Over the following 2 years, he has done
well: jejunostomy tube feedings ended over a year
ago, he has regained his weight to his pregastrectomy
level, and he empties his ostomy bag three or four
times per day.

Case 2

More recently, a 39-year-old woman with Méné-
trier’s disease presented for evaluation of chronic
vomiting and weight loss following total gastrectomy
with Roux-en-Y esophagojejunostomy performed at
another university medical center 3 months pre-
viously. She complained of bilious vomiting, up to
10 times a day, which was unrelated to eating and
not preceded by nausea. This began immediately fol-
lowing her surgery. As a result, she had lost 40 pounds
postoperatively. Abdominal pain was not a significant
complaint. There was no evidence of malignancy in
the gastrectomy specimen. Treatment with antisecre-
tory and prokinetic agents and dietary modifications
resulted in no improvement. Her past medical and
surgical histories were notable for a previous chole-
cystectomy and incisional hernia repair.
Physical examination revealed awell-developedbut

chronically ill-appearing white woman who vomited
biliousmaterial numerous times during her interview.
She was afebrile with normal vital signs and a weight
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Fig. 1. (A) Intestinal manometry tracing from the Roux limb taken from the patient in case 1 demonstra-
ting retrograde propagation of phase III of the migrating motor complex (arrow), with premature
termination and other disorganized phase III–type activity following. Note that all six sensors are located
within the Roux limb and are oriented in a craniocaudal direction (top to bottom). (B) For comparison,
an intestinal manometry tracing taken from a healthy individual demonstrates normal phase III activity
with antegrade propagation.

of 66.8 kg. Her general examination was unremark-
able, and her abdominal examinationwas notable only
for healed scars. Her abdomen was soft and nondis-
tended with normoactive bowel sounds.
Numerous laboratory studies were normal. A

barium-contrast small bowel series revealed a delay
in emptying from the esophagojejunal “pouch” but no
anastomotic narrowing, bowel obstruction, or dilated
bowel. Upper endoscopy revealed copious bilious se-
cretions in her esophagus. The EJ anastomosis was
widely patent. About 20 cm distal from the EJ anasto-
mosis, a side-to-side anastomosis was encountered.
One limb appeared to come to a blind end after about
10 cm. The other limb was normal. A solid-state
manometric catheter was then placed with endoscopic
guidance so that the three distal pressure sensors

were positioned within the “normal” limb and the
three proximal sensors were positioned within the
segment between the EJ anastomosis and the distal
anastomosis (i.e., Roux limb). Similar to patient 1,
visual analysis of the tracing revealed normal ampli-
tude and frequency of contractile activity in the Roux
limb, paucity of phase II activity, and frequent phase
III activity, occurring about once per hour, with nu-
merous abnormalities of propagation of the phase III
most notable for the consistent occurrence of retro-
grade propagation in the proximal three sensors but
antegrade propagation in the distal three sensors
(Fig. 3).
With the information fromboth the endoscopy and

manometry, a decision was made to surgically explore
the patient. Upon surgical exploration, it was appar-
ent that the afferent limb from the ligament of Treitz
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Fig. 1. Continued.

came up to a side-to-side anastomosis and then con-
tinued as the limb leading up to the EJ anastomosis,
whereas the distal bowel was merely anastomosed
distally—a situation identical to Fig. 2, A with the
distance between points A and B of about 20 cm.
Following the correction of the positioning of the
Roux and duodenojejunal limbs, the patient recovered
uneventfully, the vomiting resolved within 24 hours
of the operation, and shewas discharged home shortly
thereafter. She has been free from vomiting ever
since.

DISCUSSION

These case reports illustrate the devastating conse-
quences of a poorly constructed Roux-en-Y eso-
phagojejunostomy and demonstrate the utility of
intestinal manometry in aiding the diagnosis of prob-
lems related to the Roux limb. To our knowledge,

these are the first cases reported in the literature that
detail the consequence, diagnosis, andmanagement of
inadvertent antiperistaltic Roux-en-Y esophagojeju-
nostomy reconstruction following a total gastrec-
tomy. Interestingly, a review of the literature did
reveal two cases of inadvertent antiperistaltic Roux-
en-Y choledochojejunostomy manifesting as recur-
rent cholangitis.1 Technical aspects of Roux limb
construction have been well described. In general,
the jejunum should be divided a short distance from
the ligament of Treitz. The distal end is then mobi-
lized for anastomosis to the esophagus, stomach, or
pancreaticobiliary system, while the proximal end is
anastomosed to the Roux limb at a point distal enough
to limit the reflux of enteric contents. In our cases,
it was thought that the inadvertent Roux reversal at
the initial operation occurred because division of the
proximal jejunum at the time of creation of the origi-
nal Roux loop had been carried out too far distal to
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Fig. 2. (A) Diagram of the findings at exploratory laparotomy in case 1 showing the Roux limb constructed
in an antiperistaltic orientation. The distance from A to B, representing the Roux limb, was 100 cm.
Note that in case 2, this length was only about 20 cm. (B) Diagram of the findings at the completion
of the first exploration consisting of repair of the bilioenteric fistula and shortening of the Roux limb
(A to B′ � 60 cm). Note that the antiperistaltic positioning remains. (C) Diagram of the findings after
the second operation with isoperistaltic repositioning of the Roux-en-Y esophagojejunostomy (B′ to A).
The flow of bowel contents is shown (arrows).

the ligament of Treitz, allowing the wrong end of the
Roux loop to be carried superiorly to the esophagus
without an overt twist in the mesentery (Fig. 2, A).
Case 1 also highlights the difficulty that may arise in

the identification of a poorly constructed Roux-en-Y
despite thorough examination at the time of repeat
exploratory laparotomy. We suspect that the diffi-
culty in identifying the reversed Roux limb in patient
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Fig. 3. Intestinal manometry tracing from the Roux limb taken from patient 2 demonstrating retrograde
(top three sensors) and antegrade (bottom three sensors) propagation of the phase III of the migrating
motor complex. Note that all six sensors are oriented in a craniocaudal direction (top to bottom). The
direction of propagation is indicated (arrows). See the text for details of the sensor positions relative to
the Roux limb.

1 relates to the patient’s multiple recent abdominal
surgeries. The most strikingly consistent clinical fea-
ture in both cases was the presence of persistent,
severe, bilious vomiting unrelated to eating and with-
out preceding nausea or abdominal pain that began
immediately postoperatively. This clinical scenario
should alert the treating physician to the possibility
of an inadvertent reversal of the Roux limb.
The Roux-en-Y operation was originally described

in 1892 by Swiss surgeon Cesar Roux. It was specu-
lated that amajor advantage of this type of reconstruc-
tion following partial or total gastrectomy would be
the prevention of reflux of pancreaticobiliary contents
into the gastric remnant or esophagus. Despite its
potential merit, amajor problem related to this proce-
dure has been the development of the Roux-en-Y
syndrome. First described in 1985, this syndrome
is characterized by chronic abdominal pain, fullness,

nausea, and vomiting worsened by eating.2 The inci-
dence of this syndrome varies widely, ranging from
10% to 67%,3,4 and the risk appears to increase as
the length of the Roux limb increases.5 While the
Roux-en-Y syndrome ultimately proved not to be
the underlying problem in our patients, it was a diag-
nostic consideration when they first presented.
A number of studies have evaluated transit and

motility patterns in the Roux limb of patients follow-
ing gastric resection, albeit, mainly in distal gastrec-
tomy patients rather than total gastrectomy patients,
as in our case. Available evidence is conflicting and
derived from studies using small numbers of patients.
Although motor abnormalities are present in most
symptomatic and asymptomatic patients following
Roux-en-Y gastrojejunostomy, the basic motor pat-
terns (i.e., interdigestive migrating motor complex
[MMC] and fed response) appear to be preserved in
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most patients. While differences in study methods
limit direct comparisons, in general, abnormalities of
the frequency2,6,7 and propagation2,6–8 of phase III
of the MMC and postprandial response, including
shorter duration of the fed response and an overall
decrease in postprandial motility,6,9–11 have been con-
sistently demonstrated. Whether these differences
relate to the degree of gastric resection (i.e, distal
or total), underlying diagnosis, or some other factor
remains unclear.11,12 The recent demonstration of
slower propagation/migration velocity of phase III
has been suggested as a useful discriminator between
symptomatic and asymptomatic patients.6 Symptom-
atic patients also seem to havemore incomplete prop-
agation of the phase III compared with asymptomatic
patients.6 Only a single study has assessed motility
before Roux-en-Y creation, finding that it was
normal, thus suggesting that the postoperative Roux
limb dysmotility was not a preexisting condition.6
More severe motility disturbances have been noted
in those patients with multiple surgeries before the
Roux-en-Y reconstruction, suggesting that the other
surgeries may somehow have played a role in the
Roux limb dysmotility.8
Although the clinical utility of gastroduodenal and

intestinal manometry remains somewhat controver-
sial,13–16 in our cases, intestinal manometry provided
key information that led to reexploration, to deter-
mine whether the Roux limb was anastomosed in
an antiperistaltic orientation. In our patients, similar
to reports of patients with the Roux-en-Y syndrome,
manometry of the Roux limb demonstrated sig-
nificant abnormalities of phase III of the MMC
consisting of increased frequency and abnormal prop-
agation. Importantly, and unlike previous reports of
motility in the Roux-en-Y syndrome, retrograde
propagation of phase III was the most notable finding
in our patients. Although retrograde propagation of
phase III has been infrequently described in the Roux
limb,9 because of the predominance of the retrograde
propagation, Roux-en-Y syndrome was thought to
be an unlikely explanation. Although manometry
cannot be credited with diagnosing the errant Roux
limb construction, it certainly aided our decision to
proceed with surgical exploration and reexamination
of the orientation of the Roux limb.
In summary, we have presented two cases that

illustrate the devastating consequences of a poorly
constructed Roux-en-Y esophagojejunostomy and
demonstrate the utility of intestinal manometry in
aiding the diagnosis of problems related to the Roux
limb. The clinical scenario of persistent, severe, bil-
ious vomiting unrelated to eating and without preced-
ing nausea or abdominal pain that begins immediately

postoperatively should alert the treating physician
to the possibility of an inadvertent reversal of the
Roux limb.
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“How I Do It”

Laparoscopic Spleen-Preserving Distal
Pancreatectomy
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F.A.C.S., Luke O. Schoeniger, M.D., Ph.D., F.A.C.S.

Distal pancreatectomy with spleen preservation may be the preferred procedure for certain benign tumors
and cystic lesions of the pancreatic body or tail. Alternatively, laparoscopic removal including either
distal pancreatectomy with splenectomy or splenic-preservation with ligation of the splenic vessels have
also been described. We describe, herein, our method to perform spleen-preserving laparoscopic distal
pancreatectomy that preserves the splenic vessels and hence splenic function. The described technique
of spleen-preserving distal pancreatectomy has been used in two patients with favorable results. Both
patients underwent laparoscopic distal pancreatectomy with splenic conservation for an oligocystic serous
cystadenoma and serous cystadenoma. Operative time was 3–6 hours with total blood loss of less than
200 cc in both cases. The length of stay in the hospital was 4–8 days and both patients returned to work
within 3 weeks. Laparoscopic spleen-preserving distal pancreatectomy should be considered for younger
patientswith select body or tail lesions that are not candidates for less extensive procedures. (JGASTROINTEST
SURG 2005;9:733–738) � 2005 The Society for Surgery of the Alimentary Tract
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Laparoscopic distal pancreatectomy may be the
preferred technique regarding the treatment of small
benign tumors and cystic neoplasms in the body or
tail of the pancreas in select patients1,2 and, as such,
is commonly performed. Most often this is achieved
with splenectomy, dissecting from lateral to medial.
In younger patients, splenic preservation may be ben-
eficial.3 To date, however, most reports of laparos-
copic splenic-preserving distal pancreatectomy have
involved either the en-bloc resection of the splenic
artery andvein and reliedupon the short gastric vessels
for post-pancreatectomy splenic blood flow4 or com-
menced pancreatic dissection at the splenic hilum.
Preservation of the short gastrics alone, although
technically spleen preserving, does not preserve es-
sential splenic immunologic function. An intact
splenic artery and portal vein have been demonstrated
to be critical for splenic clearance of encapsulated or-
ganisms.5 We have begun to apply a laparoscopic
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approach to spleen-preserving distal pancreatectomy
in select patients with pancreatic lesions. The tech-
nique involves the medial-to-lateral separation of the
pancreas from the splenic vessels with their preserva-
tion. Our technique is presented herein.

MATERIAL AND METHODS

Port placement is diagrammed in Fig. 1 (inset). A
5 mm 30� laparascope is used. The superio-lateral
port is 12 mm in diameter. All other ports are
5 mm. As with all pancreatic surgeries, the proce-
dure is initiatedwith a careful inspection of the perito-
neal surfaces, omentum, mesentery, and the viscera to
rule out metastatic disease. Intraoperative ultrasound
can be used to evaluate the liver and localize the
lesion in the pancreas.

mailto:Luke_Schoeniger@urmc.rochester.edu
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Fig. 1. (Inset) Trochar placement for spleen-preserving laparoscopic distal pancreatectomy. Depiction
of laparoscopic exposure for distal pancreatectomy after division of the gastrocolic omentum. A paddle
retractor placed in the lesser sac elevates the stomach. The splenic flexure and transverse colon (splenocolic
ligament) have been mobilized and the colon reflected inferiorly to improve exposure of the lesser
sac. Retroperitoneal dissection at the inferior edge of the pancreas has been initiated.

The body and tail of the pancreas are exposed by
opening the lesser sac. Staying outside of the gastroe-
piploic vessels, the gastrocolic omentum is divided
and widely mobilized with the harmonic scalpel. The
inferior most short gastric vessels may require divi-
sion so that the stomach can be retracted and the
body and tail of the pancreas can be completely visual-
ized. A paddle retractor is placed through the left
superior-lateral 12 mm port into the lesser sac and
used to elevate the stomach anterior-medially. Next,
the splenocolic ligament is divided and the colon is
reflected inferiorly. After these maneuvers, the infe-
rior pancreatic margin should be exposed. A retroper-
itoneal dissection is then initiated after the incision of
the peritoneum along the inferior pancreatic border
(Fig. 1).
Sharp and blunt dissection along the inferior pan-

creatic border is used to separate the pancreatic body
from the retroperitoneum. Laparoscopic ultrasound
and direct visual inspection combined with preopera-
tive imagingmaybeused todetermine theextentof the
resection. Initial dissection should be directed so as

to be medial to the pancreatic lesion. Once this loca-
tion is determined, blunt and sharp dissection is
used to elevate the pancreatic body. With this blunt
dissection the splenic vein will be easily encountered
and visualized (Fig. 2). Care must be exercised to
prevent its inadvertent injury. After identification of
the splenic vein, careful dissection with the use of a
right angle clamp is performed to circumferentially
dissect around the splenic vein. Such dissection will,
in addition, help identify the splenic artery, which is
also circumferentially dissected and may be con-
trolled with a vessel loop. These precautionary mea-
sures should allow forquick control of bleeding should
a subsequent vascular tear occur. Using laparoscopic
Metzenbaum scissors for sharp dissection and the
harmonic scalpel to divide vessels, the pancreatic
branches of the splenic vein are sequentially identified
and dissected free (Fig. 3). A medial-to-lateral ap-
proach is used with dissection moving toward the
splenic hilum. During this dissection, branches of
the splenic artery, which run just superior to the vein,
are treated in a similar fashion. It is important to note
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Fig. 2. Identification of the splenic vein after mobilization of the pancreatic body from the retroperi-
toneum.

that we have not deemed it necessary to place metal
clips on any of these vessels, achieving excellent he-
mostasis with the harmonic scalpel without the risk
of clip dislodgement or interference with subsequent
firing of the linear stapler.
Once adequatemobilization of the pancreatic body

from the splenic vessels has occurred, the paddle re-
tractor is temporarily exchanged for a vascular endo-
scopic stapler that is placed across the body of the
pancreas sparing the main splenic vessels (Fig. 4).
Alternatively, the harmonic scalpel can also be used to
divide the pancreatic parenchyma. Once the proximal
pancreatic tissue is divided, the specimen is grasped
and gently retracted anteriorly to further allow dissec-
tion of the vessels in their course to the spleen. When
working near the hilum to identify and divide these
attachments using the harmonic scalpel (Fig. 5),
special care must be taken. In contrast with other
techniques, having the pancreas already transected
facilitates retraction and vision during hilar dissec-
tion. After completion of the spleen-preserving distal
pancreatectomy, the specimen is placed and removed
in a standard endo-catch device. The pancreatic rem-
nant can then be oversewn with a series of interrupted

horizontal mattress sutures using an absorbable
suture (Vicryl). A single round Jackson Pratt drain is
placed at the stapled pancreas and brought out
through one of the 5 mm lateral ports. Use of a size
12 mm port results in a greater cosmetic result and
minimal postoperative pain.

RESULTS

The described technique has been used in theman-
agement of symptomatic pancreatic lesions in 2 pa-
tients. The first patient was a 21-year-old otherwise
healthy female who presented with a complaint of
epigastric tenderness. Right upper quadrant ultra-
sound detected a cystic pancreatic lesion of the pan-
creatic body. A computed tomography (CT) scan was
performed which demonstrated a complex cystic
lesion of the pancreatic body that seemed to connect
with the pancreatic duct. The patient was offered
aspiration of the mass but expressed a desire to un-
dergo definitive resection rather than additional
diagnostic procedures and therefore underwent a
laparoscopic spleen-preserving distal pancreatec-
tomy. The procedure took 3 hours and there was a
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Fig. 3. Branches of the splenic vein and artery undergoing ligation using the harmonic scalpel.

blood loss of 50 ml. On postoperative day 3 the
patient’s diet was advanced. The patient was dis-
charged on postoperative day 4 and returned to work
on postoperative day 14.
The second patient was a 43-year-old female with

a history of recurrent sigmoid diverticulitis. A preop-
erative CT scan of the abdomen was performed that
demonstrated a complex cystic lesion of the pancre-
atic body and tail. The patient underwent a laparos-
copic sigmoid colectomy and spleen-preserving distal
pancreatectomy. The procedure took 6 hours and
there was a blood loss of 200 cc. The patient was
discharged on postoperative day 8 and returned to
work by the third postoperative week.
In the first patient, pathology revealed an oligocys-

tic serous cystadenoma that is an unusual variant
whose resection is clearly required because of its gross
and radiographic similarity to the potentially prema-
lignant mucinous cystadenoma. In the second patient,
pathology revealed a serous cystadenoma.

DISCUSSION

Patients presenting with pancreatic adenocarci-
noma or mucinous cyst-adenocarcinoma of the body
or tail that seems resectable using a CT scanmay ben-
efit from laparoscopic staging procedures.6 In such
patients, however, an open distal pancreatectomy and
splenectomy most likely remain the preferred sur-
gical approach.1 Laparoscopic spleen-preserving distal
pancreatectomy, in contrast, is only one ofmany tech-
niques that may be employed to treat less aggressive
tumors such as smaller islet cell tumors or premalig-
nant cystic lesions of the pancreatic body or tail. Less

invasive options may include aspiration and biopsy,
observation of the cysts, particularly serous collec-
tions, or enucleation of small cysts or islet lesions.7
Limitations regarding these other less invasive ap-
proaches, however, include the development of a
pancreatic duct leak and an insufficient margin of
resection, possibly resulting in local recurrence and
the uncertainty of diagnosis.
We have used a laparoscopic spleen-preserving

distal pancreatectomy for younger patients with body
or tail lesions that are not candidates for a less exten-
sive procedure (i.e., enucleation), generally because
of the proximity of the pancreatic duct to the lesion or
because of the uncertainty of diagnosis. It is worth
noting that the presence of considerable pancreatitis
has been a relative contraindication for a spleen-pre-
serving distal pancreatectomy, especially laparoscopi-
cally, because of the increased difficulty encountered
with regard to separating the splenic blood vessels
from the pancreas. In older patients, no clear long-
term benefit seems to be associated with splenic pres-
ervation although a trend toward lower perioperative
morbidity has been reported.3 This described ap-
proach has been successfully attempted in 2 patients.
Both patients exhibited low-risk lesions and were
young which, with regard to enucleation, would pos-
sibly have resulted in a ductal disruption. Both pa-
tients achieved a rapid postoperative recovery with
a 4-day hospital stay and were able to return to work
within several weeks of the procedure. Our search of
the literature has yielded a single report of medial-to-
lateral dissection as part of a technique that differs
from that presented herein.8
Important technical details of our approach in-

clude the medial-to-lateral pancreatic dissection. The
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Fig. 4. After identification of the resection margin, a vascular endoscopic stapler is applied across the
body of the pancreas sparing the main splenic vessels. Alternatively, the harmonic scalpel may be applied
to divide the pancreas and afterwards by the application of interrupted mattress sutures.

pancreas and splenic vessels are identified medial to
the lesion early in the dissection. It is noteworthy
to state that we have identified the splenic vessels
early in the procedure to assure hemostatic control

Fig. 5. After proximal pancreatic division, the specimen is retracted anteriorly to further allow dissection
of the vessels in their course to the splenic hilum.

in the event that the subsequent dissection results
in inadvertent bleeding. This is in contrast to other
technical approaches.9 A major observation is that
sutures or clips are not required for ligation in these
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occurrences and we have, instead, successfully relied
on the harmonic scalpel. Major issues regarding the
application of this approach include careful patient
selection and optimal visualization with the use of
the laparoscopic retractor and ultrasound.10 Spleen-
preserving distal pancreatectomy may be considered
for the subset of younger patients with select body
and tail lesions.
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Review Article

Gallstones in Chronic Liver Disease
Michael Anthony Silva, M.B.B.S., M.S., F.R.C.S.Ed, Terence Wong, M.B.B.S., Ph.D., M.R.C.P.

Gallstones occur more commonly in patients with cirrhosis. The incidence increases with severity of
liver disease, and the majority remain asymptomatic. When symptoms do occur, morbidity and mortality
are much higher than in noncirrhotic patients. Asymptomatic gallstones in cirrhotic patients are best
managed conservatively with close follow-up and surgery if symptoms occur. The management of
asymptomatic gallstones found incidentally at abdominal surgery for another indication is controversial.
Laparoscopic cholecystectomy is the treatment of choice for symptomatic cholelithiasis in patients with
well-compensated liver disease, whereas patients with choledocholithiasis are best managed endo-
scopically. Symptomatic cholelithiasis in the decompensated patient remains a challenge, and these
patients are best managed in specialized hepatobiliary centers. This review examines the evidence currently
available on gallstones in chronic liver disease and the factors that influence its management.
(J GASTROINTEST SURG 2005;9:739–746) � 2005 The Society for Surgery of the Alimentary Tract

KEY WORDS: Cholelithiasis, choledocholithiasis, cirrhosis, cholecystectomy, cholecystostomy

Gallstones (GS) are common in the general popu-
lation, and it is estimated that about 10–20% of the
adult population in developed countries have GS.1–3
The prevalence is higher in women, the obese, and
older patients.1–3 The reported frequencies of GS in
chronic liver disease (CLD), in comparison, tends to
be higher.1–6 In autopsy studies, the frequency of GS
in patients with CLD ranges from 3.6% to 46%, with
a 1.2- to 3-fold increase compared with the general
population.1–3,7 Studies using ultrasonography report
a prevalence GS ranging between 22% and 54%.1,2,
4–6,8–11 Despite this high prevalence, the management
of GS in patients with CLD remains controversial,1–4
and the aim of this reviewwas to examine the evidence
for current treatment strategies.

THE EPIDEMIOLOGY OF GALLSTONES
IN PATIENTS WITH CHRONIC
LIVER DISEASE

GS are found in 10–20% of the general adult popu-
lation.1–3,12 In comparison, autopsy studies have
shown up to a threefold increase in GS among cir-
rhotic patients compared with noncirrhotic con-
trols.7,10,13,14 Similarly, ultrasonographic studies have
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also confirmed the higher prevalence of GS in pa-
tients with CLD5,6,8–10,15,16 (Table 1).
These studies report the prevalence of asymptom-

atic GS. The prevalence of clinically manifest GS in
patients with CLD is largely unknown.17 A recent
retrospective review of medical records of 38,459 in-
patients with various forms of liver disease found
the prevalence of symptomatic GS to be 7.5%,18
although the possibility of occasional detection bias
cannot be excluded. In a longitudinal cohort study
of a group of 34 patients with asymptomatic GS and
CLD, 18% developed symptoms over 6 years.19 Al-
though the number of patients in the study was
small and the duration of follow-up was short, this
figure is comparable to that of asymptomatic GS in
noncirrhotic patients.1 In noncirrhotic patients, there
is a mean delay of about 8 years between stone forma-
tion and the onset of symptoms.20 It is not clear
whether this holds true for GS in CLD.
There exists a 3:1 female predominance for the

incidence of GS in the population without CLD.1,2,12
This pattern is similar in patients with CLD,11,21–23
although some early reports indicated that the inci-
dence of GS was higher in males.5 GS occur more
frequently in patients with cirrhosis than in patients
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Table 1. Prevalence of gallstones in chronic liver disease (CLD)

Author (first) Year Type of study No. of subjects Prevalence of gallstones (%)

Bouchier IAD7 1969 Autopsy Patients with CLD (n � 235) 29.4
Controls (n � 4460) 12.8

Iber FL10 1977 Autopsy Patients with CLD (n � 460) 33
Controls (n � 316) 13

Iber FL10 1990 Autopsy Patients with CLD (n � 299) 46
Controls (n � 178) 21

Fornari F5 1990 Ultrasound Patients with CLD (n � 410) 31.9
Controls (n � 414) 20

with chronic hepatitis,9 and pigment stones occur
more frequently in GS of patients with CLD, while
its incidence also increases with age.8,15,24,25

GALLSTONES IN RELATION TO
ETIOLOGY AND SEVERITY OF LIVER
DISEASE

The risk of GS appears to be independent of the
underlying etiology of liver disease.4,15,26 In a study
looking at the etiology of CLD, in 313 cirrhotic pa-
tients, its cause did not seem to be important as a risk
factor for GS formation.26 In another study of the
prevalence of GS in CLD in relation to the etiology
of disease, 356 cirrhotic patients were compared with
247 cases of chronic hepatitis B and Cwithout cirrho-
sis; a multivariate analysis showed that the duration
and severity of cirrhosis were the only factors inde-
pendently related to the development of GS in CLD,
whereas hepatitis B surface antigen (HBsAg) positi-
vity behaved as a negative factor.9 Several other stud-
ies have confirmed that the risk of developing GS is
correlated with severity of CLD as graded by the
Childs-Pugh classification, rather than the etiology
of the disease.5,6,8,9,18,21
The etiology of symptoms in patients with GS

is unknown.27 It may be partly due to chance, de-
pending on the movement of stones and their im-
paction in Hartmann’s pouch or in the cystic duct.1
It follows that the relative size of the calculi and
the caliber of various parts of the biliary tree may be
important.1 It is, however, clear that other factors
play a role. Stasis may precipitate symptoms and
is considered particularly relevant in the etiology of
postoperative cholecystitis.28–30 Stasis to bile flow is
increased in CLD and may be a cause for the in-
creased incidence of GS in these patients.31–35 Ad-
vanced age, female gender, viral etiology of cirrhosis,
family history of GS, and duration of GS disease are,
however, factors that are associated with symptomatic

gallbladder disease.17 Male gender and alcoholic cir-
rhosis have interestingly been found to have an in-
verse relationship to the presence of symptoms.17

MECHANISMS OF GALLSTONE
FORMATION IN CHRONIC LIVER
DISEASE

The mechanisms leading to the increased inci-
dence ofGS inCLD are not well understood.18 About
80% of GS in patients with CLD are pigment
stones compared with 20% in noncirrhotic pa-
tients.17,18,21,25,36 Patients with liver cirrhosis may also
have increased hemolysis secondary to hypersplen-
ism, resulting in a higher incidence of pigment
stones.4,10 Studies have shown that however effi-
cient, the liver does not convert all the unconjugated
bilirubin into bilirubin monoglucuronides and diglu-
curonides: a small fraction of the unconjugated
moiety escapes conjugation and ‘spills’ into bile.37 In
CLD, the fraction of bilirubin escaping conjuga-
tion increases. The resultant excess unconjugated bi-
lirubin in bile is vulnerable to polymerization and/
or to co-precipitation with free ionized calcium.37,38
Deconjugation may also be catalyzed by glucuroni-
dases of bacterial or mucosal origin,39 and bilirubin
monoglucuronide may also undergo nonenzymatic
hydrolysis to form unconjugated bilirubin. Even in
normal bile, therefore, the low concentration of
unconjugated bilirubin still exceeds its aqueous solu-
bility by 100- to 1000-fold.39,40 This unconjugated
bilirubin has been identified as a component of biliary
sludge, which is believed to precede GS, especially
pigment stones.39 Additionally, decreased apolipo-
protein A-I and A-II levels in advanced CLD have
also been implicated as cause for a higher incidence of
GS in these patients.22
Pigment GS could be either black or brown. Black

pigment stones, which commonly occur in the gall-
bladder only, are small (approximately 3 mm) and
occur with increased frequency in patients with CLD
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and in those with hemolytic disease.9,11,15 Brown pig-
ment stones are found more often in the biliary tree
than in the gallbladder. Brown stones are convention-
ally associated with bacterial infection and parasitic
infestations like fascioliasis (caused by the liver fluke).
Recent studies have, however, shown that neither
the color nor the chemical composition accurately
predicts the presence or absence of gallbladder bacte-
ria and diseases that cause brown pigment stones,
like fascioliasis, which may result in CLD, in turn
possibly resulting in the formation of black pig-
ment stones.41,42

Studies have shown thatmoderate intake of alcohol
actually decreases the risk of GS formation.22,25,43,44

Alcohol lowers bile cholesterol saturation with a re-
sultant reduction of cholesterol stones18 and may
cause an increase in conversion of cholesterol to bile
acids.45–47 An increased high-density lipoprotein cho-
lesterol serum concentration is associated with mod-
erate alcohol consumption, and this could result in the
lower incidence in cholesterol stone formation.48–50

In contrast to this protective role alcohol may have
on GS formation, heavy ethanol intake is a major
risk factor for the development of liver disease by
promoting fibrosis and cirrhosis, both of which are
risk factors for developing GS, especially of the pig-
mented type.18,22

It has been suggested that high levels of estro-
gens and progesterone in CLD could play a role in
the higher incidence of GS in these patients, by the
impairment of gallbladder emptying similar to that
observed in pregnancy.5 A study evaluating the fasting
volume and meal-stimulated emptying of the gall-
bladder, plasma levels of estradiol, progesterone, and
basal and postprandial secretion of cholecystokinin
in Child-Pugh class A cirrhotic patients compared
them with results for normal subjects.34 Normal ki-
netics of postprandial emptying was demonstrated
in both groups, although cirrhotic patients showed
an increased fasting gallbladder volume and higher
levels of basal and postprandial cholecystokinin.34

The circulating estradiol and progesterone levels
were not significantly elevated to be implicated as
causative of GS in CLD.34

The study of gallbladder kinetics in the presence
of CLD and cirrhosis has shown on ultrasonography
and radionuclide cholescintigraphy that its emptying
is sluggish.51–53 On ultrasonography, the unstimu-
lated gallbladder in patients with CLD and cirrhosis
has also been found to have significantly increased
volumes with signs of a hypotonia.52,54 There is some
evidence to suggest that gallbladder contraction is
also under neural control.32 It has also been demon-
strated that patients with moderate to severe liver

dysfunction have impaired autonomic function.31 Au-
tonomic neuropathy may therefore contribute to the
formation of GS in patients with advanced cirrhosis,
perhaps by impairing gallbladder and sphincter of
Oddi motility.32 Gallbladder disease has also been
found to be increased in patients with CLD and coex-
istent autonomic neuropathy.32

CLINICAL DIAGNOSIS OF GALLSTONES
IN PATIENTS WITH CHRONIC
LIVER DISEASE

A recent study has described upper abdominal pain
that is especially postprandial as more common
in those with CLD than in normal controls.55 Early
symptoms due to GS disease need to be differentiated
from those of dyspepsia, peptic ulcer disease, or irrita-
ble bowel syndrome.56 In CLD patients, upper ab-
dominal pain in the absence of the above causes may
result from gastric motility dysfunction.55 An alterna-
tive explanation for these postprandial symptoms in-
clude increasedportal bloodflowand volume changes.
Duplex ultrasound and magnetic resonance imaging
have shown that patientswith chronic hepatitisChave
a greater volume change to the left lobe of the liver
compared with normal controls. This in theory may
result inmore congestion and stretch of theGlission’s
capsule, resulting in the symptoms of pain.57 With
these in mind, the clinical presentation, liver function
tests, and imaging techniques are usually sufficient
to diagnose symptomatic GS disease in patients
with CLD.

THE NATURAL HISTORY OF
GALLSTONES IN CIRRHOTIC PATIENTS

The management of GS in patients with CLD is
a frequent dilemma. The risks of an operation need to
be weighed against the likelihood of GS progressing
to acute cholecystitis or bile duct obstruction. There
is, however, a paucity of data on the natural history
of GS in this cohort of patients. Jaundice in this
subpopulation of patients is more commonly due to
hepatocellular dysfunction than to bile duct obstruc-
tion.35,58 Ultrasonography and magnetic resonance
cholangiopancreatography are the preferred methods
for the diagnosis of choledocholithiasis in patients
with CLD rather than endoscopic retrograde cholan-
giopancreatography.21 Although the risks of the de-
velopment of symptoms and complications are low,
the mortality associated with acute complications is
in comparison higher with symptomatic GS than in
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the general population.17,59 These patients are there-
fore best managed in units equipped with suitable
diagnostic and therapeutic facilities such as that avail-
able in specialized hepatobiliary centers.

TREATMENT OF GALLSTONES
IN CHRONIC LIVER DISEASE

An overall mortality rate for patients with CLD
undergoing anesthesia and operation has been
reported to be as high as 11.6%.60 In a recent meta-
analysis of patients with CLD undergoing laparos-
copic cholecystectomy, an overall morbidity rate of
21% is described in cirrhotic patients compared with
an 8% morbidity in noncirrhotic patients.61 These
morbidities included liver bleeding, bile leaks, wound
infection, new onset of ascites, peritonitis, pulmonary
embolism, and cardiopulmonary complications.61
Conversion rates from the laparoscopic procedure
to open cholecystectomy was 7% versus 3.6%61,62

(P � 0.023). Mortality rates between the two
groups, however, were not different statistically.61
The patients with CLD compared in this study were
principally of Child-Pugh class A and B. The laparos-
copic procedure in patients with Child-Pugh class C
was avoided, with the potential risks of morbidity and
mortality in this group being unacceptable.62–64 Only
one study included six patients of Child-Pugh class
C, with one death (17%),61 but no conclusions can
be drawn regarding the outcome of laparoscopic cho-
lecystectomy in this subset of high-risk patients due
to the lack of data.
When compared with open cholecystectomy in

patients with CLD, the laparoscopic procedure is
associated with less operative blood loss, a shorter
operative time, and a decreased length of hospital
stay.59,61 There was no statistically significant differ-
ence in morbidity or wound infection rates between
the two groups.61 There have, however, been no pro-
spective studies comparing laparoscopic and open
cholecystectomy in patients with CLD. The data
available at present are inadequate for definite conclu-
sions to be made on outcomes comparing these two
methods of treatment.
The purpose of cholecystectomy for symptomatic

GS is twofold: namely, the relief of symptoms and
the prevention of potentially life-threatening compli-
cations.1 Cholecystectomy for asymptomatic GS,
however, must be weighed against the hazards of
treatment. In noncirrhotic patients, elective cholecys-
tectomy is not indicated because most remain asymp-
tomatic and because mortality rates are low after
prompt treatment of those who develop symptoms.1
Similarly, there is no place for prophylactic chole-
cystectomy for GS in CLD patients.1,19

Many GS are discovered for the first time at lapa-
rotomy for an unrelated condition.1,19 There have
been reports describing the subsequent incidence of
biliary symptoms in these patients, if left un-
treated.1,65 In patients without CLD, due to the re-
ported incidence of biliary symptoms after operation
(20–45%), incidental cholecystectomy has been advo-
cated.1,65–69 In a study involving 34 patients with CLD
and GS, 82% remained asymptomatic over a period
of 6 years following an abdominal operation for portal
hypertension.19 The role of incidental cholecystec-
tomy in patients with CLD is unclear.19 The emphasis
therefore, in patients with CLD, is for close follow-
up with early interventional treatment for GS when
symptoms supervene.
The morbidity and mortality rates associated with

laparoscopic cholecystectomy in Child-Pugh class A
and B patients with symptomaticGS have been shown
to be acceptable.62,63,70–73 The presence, however, of
a prolonged prothrombin time, thrombocytopenia,
and portal hypertension in CLD patients is a risk
factor for increased bleeding in these patients. There-
fore, appropriate preoperative preparations and
meticulous operative techniques are required to
reduce blood loss during the procedure. Laparoscopic
cholecystectomy is particularly useful in liver trans-
plant candidates who develop significant biliary
symptoms because of its associated fewer postopera-
tive adhesions and rapid recuperation.61,62 Some
groups have even described stenting of the cystic duct
endoscopically using biliary stents from gallbladder
to duodenum, in this group of patients awaiting
liver transplantation, to relieve symptoms.74,75

There is an increased risk of morbidity and mor-
tality with common bile duct exploration in pati-
ents with CLD,76,77 with mortality rates as high as
30–50%.21,77–79 As a result, endoscopic management
is preferred when a common bile duct stone is clini-
cally suspected in these patients.62,77,78 Endoscopic
biliary sphincterotomy is the method of choice for the
treatment of choledocholithiasis in patients without
CLD, although it is associated with an overall compli-
cation rate of about 10% and a mortality rate of
0.5%.80,81 The reports on endoscopic sphincterotomy
in cirrhotic patients are few, but the reported mortal-
ity rate is approximately 15%.78,82 Endoscopic pap-
illary balloon dilatation without sphincterotomy and
removal of common bile duct stones has been de-
scribed as a safer method in patients with CLD with
a lower risk of bleeding83,84 and has been shown to
be suitable for removal of small bile duct stones.85

With larger stones, methods combining balloon dila-
tation with mechanical lithotripsy83 or sphinctero-
tomy are required.85
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Cholecystitis is a known complication in patients
with intact gallbladders following endoscopic biliary
sphincterotomy.86,87 The combination of endoscopic
sphincterotomy and laparoscopic cholecystectomy is
therefore the safer option for patients with Child-
Pugh class A and B cirrhosis with GS and common
bile duct stones.

SYMPTOMATIC GALLSTONE DISEASE IN
PATIENTS WITH CHILD-PUGH CLASS C
CHRONIC LIVER DISEASE

Patients with advanced liver disease continue to
be at risk of excessive mortality and morbidity rates
following surgery despite advances in surgery, an-
esthesia, management of coagulopathy, and intensive
care.88 Compared with patients with compensated
liver disease, these patients are more prone to acute
liver failure, severe coagulopathy, encephalopathy,
adult respiratory distress syndrome, acute renal fail-
ure, and sepsis.88 The degree of malnutrition,
control of ascites, level of encephalopathy, prothrom-
bin time, concentration of serum albumin, and con-
centration of serum bilirubin predict the risk of
complications and death after surgery. Other deter-
minants of adverse outcomes include emergency
surgery and the presence of portal hypertension.88,89
Therefore,despite the lackofdefinitive clinical trials, a
more conservative approach seems preferable for
patients with Child-Pugh class C cirrhosis and symp-
tomatic GS.61,62
Portal hypertension predisposes the patient to vari-

ceal hemorrhage, hepatorenal syndrome, hepato-
pulmonary syndrome, and uncontrolled ascites.88
During the past 15 years, the transjugular intrahepatic
portosystemic shunt (TIPS) procedure has become a
safe and effective treatment of portal hypertension.90
TIPS, however, is most effective and safest when
placed in patients with preserved hepatocellular func-
tion.88 Child-Pugh class C CLD is a factor that pre-
dicts high mortality rates for this procedure.90,91 A
switch to decompressive surgical shunt procedures is
theobviouschoice ifTIPS fails tocontrolpatientswith
recurrent variceal bleeding.92This, too, is only an
option in the well-compensated CLD patient with a
low operative risk.92 In addition to expert radiologic
and endoscopic facilities, such a patient needs the
input of a hepatologist, if preoperative optimization is
to be achieved. In such a multidisciplinary team
anesthetic support, ability to monitor and control
coagulopathy are required to address the common
features of advanced liver disease with a view to reduc-
ing complications and mortality after surgery.88,93
A partial cholecystectomy, performed either lapar-

oscopically or via open technique, has occasionally

been recommended in the Child-Pugh class C CLD
patient, but the available reports have not used con-
trols.94,95 A larger experience supports the use of
endoscopic retrograde cholangiopancreatography
(ERC) in those high-risk patients who present with
biliary obstruction. Endoscopic drainage of the gall-
bladder has been added in some cases but remains an
uncommon procedure.74,75 Alternatively, percutane-
ous cholecystostomy may reverse the progression of
inflammation in patients with cholecystitis and often
provides symptomatic relief.96 Percutaneous chole-
cystostomy is a radiologic procedure that requires
only local anesthesia and could be carried out in an
Intensive Therapy Unit setting.97–99 It allows imme-
diate decompression of the acutely inflamed gallblad-
der and can serve as a temporizing measure or as
a definitive treatment.97 However, in the presence of
portal hypertension and/or ascites, its use is associated
with hemorrhage or sepsis. Therefore, there remains
a debate as to whether the transhepatic or the
transperitoneal route is preferable.100 A Child-Pugh
class C CLD patient who presents with acute chole-
cystitis and patients with severe CLD who are hospi-
talized for management of their disease and develop
acute cholecystitis during their hospital stay are two
distinct groups of patients who benefit from percuta-
neous cholecystostomy.98 In the presence of GS dis-
ease, recurrent cholecystitis can be as frequent as
25–30% after removal of the cholecystostomy
tube.101,102 PercutaneousGS removal or optimization
of the patient where possible, followed by elective
laparoscopic cholecystectomy if indicated, is
therefore advisable.97,98 These patients are best man-
aged in hepatobiliary centers where highly specialized
hepatologic, radiologic, anesthetic, surgical, and in-
tensive care facilities are available.

CONCLUSIONS

The frequency of GS in patients with CLD is
greater than that in noncirrhotic patients and in-
creases with disease severity. Pigment stones seem to
be more common in CLD, occurring in up to 80%
of cases. Like in the noncirrhotic patient, the vast
majority of GS in CLD remain asymptomatic.
Asymptomatic GS and incidental GS, discovered

at the time of an abdominal surgery for another
cause, in CLD are best managed nonoperatively with
close follow-up and early therapeutic intervention if
biliary symptoms do occur. The treatment of choice
for bile duct stones is ERC, because surgical explora-
tion of the common bile duct has been associated
with an unacceptable morbidity and mortality. The
treatment of Child-Pugh class A and B patients with
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symptomatic cholelithiasis is best done by the laparos-
copic method after optimization of the patient. La-
paroscopic cholecystectomy is the treatment of choice
in the liver transplant candidate, with its associated
fewer postoperative adhesions and rapid recupera-
tion. The treatment of symptomatic GS in potential
liver transplant recipients is, however, best done after
direct consultation with regional hepatobiliary and
transplant units.
The treatment of symptomatic cholelithiasis in a

Child-Pugh class C cirrhotic patient needs to be ap-
proached with caution, because evidence has shown
a high rate of morbidity and mortality in this group
of patients, even in specialized liver units. For these
reasons, such patients are best managed in units that
have facilities and the necessary expertise with regard
to endoscopic, radiologic, hepatologic, anesthetic, and
surgical options.
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We describe a unique case of a patient presenting with rectal impaction following self-administration
of a liquid used as masonry adhesive for anal sexual gratification. The solidifiedmatter required laparotomy
for its removal. Strategies for removing rectal foreign bodies are discussed as well as other consequences
of inserting foreign material per rectum. (J GASTROINTEST SURG 2005;9:747–749) � 2005 The Society
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Since the early days of medical journalism, reports
describing the complications caused by the insertion
of foreign objects into the rectum for sexual stimula-
tion have been numerous. An exhaustive list of sub-
stances used for anal erotic enjoyment would include
animal, vegetable or mineral materials in a liquid,
solid or gaseous state. Patients presenting with rectal
foreign bodies are predominantly men.
We report an unusual case of rectal impaction

resulting from the deliberate injection of a type of
glue for sexual pleasure.We believe this to be the first
reported case of the unaided insertion of an adhesive
material into the rectum for erotic stimulation. A
discussion of the use and abuse of enemas and various
methods of removal of rectal foreign bodies follows.

CASE REPORT

A 27-year-old unemployed young man presented
with lower abdominal discomfort following injection
of a liquid adhesive per rectum 5 hours previously.
He injected the viscous liquids into his rectum via a
dual-chambered glue gun, resulting in an instan-
taneous exothermic reaction that caused the mixture
to solidify and become fixed internally. He had no
previous history of bowel disorder or psychiatric dis-
turbance. The patient admitted he had done this for
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anal erotic enjoyment. The apparatus was examined
carefully, but apart from a company name and a
product code number, there was no clue as to what
chemical had been present in the dual-chambered
gun. A general Internet search using just the company
name and the product code number was performed.
This led us to an exact photograph of the glue gun
and a precise description of the adhesive. The product
contained 330 ml of epoxyacrylate resin. The resin
was supplied as a dual cartridge, which, in addition
contained dibenzoyl peroxide and styrene. Final
mixing of the chemicals occurs in the nozzle upon
squeezing the applicator gun trigger, discharging
both chambers simultaneously. It is meant for use in
the building and construction trade as a masonry
adhesive.
On examination the patient looked well. His vital

signs, including temperature, pulse and blood pres-
sure, were normal. There wasminimal lower abdomi-
nal tenderness but no distension or palpable masses.
On rectal examination, a rock-solid foreign body
was both visible and palpable just inside the anal
sphincter. A plain abdominal x-ray showed a radio-
paque foreign object following the exact contour of
the rectum stretching from the anal canal to the
rectosigmoid junction (Fig. 1). There was no obvious
dilatation of bowel loops and no sign of free
intraabdominal gas.
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Fig. 1. Plain abdominal-radiograph showing the impacted
material.

Advice was sought by telephone from the National
Poisons Information Service at Guy’s & St Thomas’
Hospital, London. They reported that systemic ef-
fects from these chemicals were unlikely, but local
chemical and thermal irritation was very possible.
Additionally, full-thickness erosion was also a poten-
tial hazard. It was suggested that oily enemas might
be useful in dislodging the solidified epoxy resin. As
themasonry adhesive hadmolded itself to the contour
of the rectum extending for a considerable length
(about 16 cm) and caused complete blockage of the
lumen, conservative treatment was not an option.
The decision was made to take the patient to the
operating room and attempt removal of the foreign
body under general anesthesia. The patient was aware
of the possibility of the need to proceed to laparotomy
and colostomy to remove the foreign body. It was
not possible to mobilize the foreign body transanally.
Therefore, the abdomen was opened through a lower
midline incision. With gentle manipulation of the
rectosigmoid junction, it was possible to deliver the
rock-hard material through the anus along with copi-
ous mucus discharge and a small amount of blood.
Therectalwallwas intactwithno leaksas confirmedby
air andwater tests. Sigmoidoscopy showed edematous
and inflamed rectal mucosa. Bearing in mind the
possibility of full thickness “burn” of the rectal wall
and potential risk of later perforation, a loop sigmoid
colostomy was raised in the left iliac fossa and the
abdomen was closed. Examination of the specimen
revealed a perfect stony cast of the rectum, 16 cm
long and 300 g in weight (Fig. 2). Grooves in the
mass were consistent with rectal mucosal folds.
The patient made an uneventful recovery. Psychi-

atric counseling was offered to the patient, but he
declined. Flexible sigmoidoscopy 6 weeks later

Fig. 2. Specimen after extraction from the rectum.

revealed normal and healthy mucosa with no stric-
tures. The stoma was reversed without complication.

DISCUSSION

The introduction of foreign bodies into the rectum
is not uncommon in medical literature. Objects can
be inserted into the rectum for diagnostic or thera-
peutic purposes, for self-treatment of symptomatic
anorectal disease, for sexual erotic activity, by crimi-
nal assault, or by accidental occurrence.
The list of objects used for criminal or sexual pur-

poses is exhaustive and is growing. About half of these
retained objects tend to be designed originally for
the purpose of rectal stimulation, such as toy phalluses
or vibrators. The diagnosis is usually easy to establish
from the history and a physical examination aided
by radiology.
Enemas are mainly used in medicine for diagnostic

or therapeutic purposes. Their use as a source of
sexual gratification has also been known for a consid-
erable period. The term “klismaphilia” was coined by
Denko in 1973 for subjects who used enemas as the
primary agents for seeking sexual pleasure.1 Enemas
can induce pleasure by causing mechanical distension
of rectum by gas or liquid, which then causes stimula-
tion of nerve endings supplying pelvic organs. Addi-
tionally, chemicals can induce pleasurable experiences
by causing irritation and rapid absorption. Various so-
lutions are used, including plain water, soap suds,
coffee, yogurt, and alcoholic beverages. Drugs used
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for this purpose include mainly sedatives and
hypnotics.
The use of enemas is not without danger and

the consequences of excessive use can even be life
threatening. Complications may include impaction,
mechanical trauma, infection, hemorrhage, chemical
colitis, anaphylactic reactions, embolism, and, in the
longer term, formation of strictures. In extreme cir-
cumstances, major complications can occur such as
complete large bowel obstruction and perforation
with possible progression to fecal peritonitis.2–5
A useful classification of rectal foreign bodies is

based on the extent of injury caused and includes four
categories, with category one being retained foreign
body causing no injury, category two causing non-
perforative mucosal laceration, and categories three
and four representing sphincter injury and rectosig-
moid perforation.6 Alternatively, they can be classi-
fied as high-lying or low-lying to help with the initial
approach to the problem and in formulating an ulti-
mate treatment plan.7
With adequate sedative relaxation aided by local

anesthetic, transanal removal in the emergency de-
partment may be feasible for most types of foreign
bodies in the rectum, avoiding laparotomy.8 This ap-
plies more so to the majority of objects in the lower
or mid-rectum up to a level of 10 cm. The conscious
patientmay be able to assist with aValsalva maneuver.
Sometimes spinal or general anesthesia becomes nec-
essary because of pronounced muscle spasm and sig-
nificant patient discomfort. Those in the upper
rectum may require laparotomy for retrieval.9 This
offers the additional advantage of transabdominal ma-
nipulation to aid transanal recovery of an impacted
foreign body. Occasionally, colotomy has been per-
formed for removal.10 Recently, some foreign bodies
have been successfully removed endoscopically using
novel methods.11
AMedline search from 1966 to the present showed

only one paper describing a scenario similar to ours.
Stephens and Taff, in 1987, presented a patient who
was voluntarily given a concrete enema that was in-
troduced by his sexual partner.12 Removal required
a general anesthetic and anal dilatation. Transanal
delivery of the solidified concrete mix was then possi-
ble without abdominal surgery. The appearance of
the rectal mucosa was hyperemic and edematous on
visualization with a sigmoidoscope. There were no
persisting injuries to the bowel in the long term.
Through this search we realized that ours was a
unique case, and we believe that it is the first reported
case of the unaided insertion of an epoxy resin adhe-
sive into the rectum for anal erotic stimulation.

As in the aforementioned case, we attempted to
remove the hardened resin through the rectum by
digital manipulation aided by oily enemas. Since the
foreign body hadmolded itself so well to the contours
of the rectum, all the options that were attempted
for nonoperative removal failed. To prevent any fur-
ther trauma to the rectal mucosa, progression to lapa-
rotomy was necessary. We considered that formation
of a temporary diverting colostomy was the safest
management plan to allow healing to occur and to
reduce the potential complications of late perforation.
We stress the potential danger created bymanufac-

turers who produce hazardous materials but fail to
label the product with details of their contents. Addi-
tionally, health warnings or advice printed directly
on the external casing may speed diagnosis and treat-
ment in the event of a medical emergency. It may
even prove to be life saving. In this case, we were
able to discover the chemical composition of the sub-
stance via the Internet, and base our management
plan on that information.
As the exploration of anal eroticism increases in

popularity, more and more cases of complications as
a direct result of their abuse are likely to be encoun-
tered. Ingenuity and patience are advocated in at-
tempting their removal. Patients should be offered
psychosocial counseling.
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