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Just one year ago the first issue of the JOURNAL OF 
GASTROINTESTINAL SURGERY was published after a 
great deal of planning, and with much enthusiasm and 
optimism. T h e  driving force was the concept that a 
journal devoted solely to gastrointestinal surgery was 
needed,  and would appeal to readers and authors 
alike. Moreover, this new journal would be a voice for 
our Society, The  Society for Surgery of the Alimen- 
tary Tract  (SSAT). It  would lend legitimacy to our 
specialty, gastrointestinal surgery, and it would attract 
others to the field. No  other American journal had 
these aims. 

One year later these initial goals are well on the 
way to being achieved. T h e  JOURNAL, through the 
strong efforts of our Editorial Board and our Pub- 
lisher, and with the enthusiastic support of the SSAT, 
is off to a strong start. The  six issues of the first vol- 
ume have struck a balance between innovative clini- 
cal papers and exciting basic research. These  issues 
have also included comments  from SSAT members, 
major addresses from SSAT officers, symposia, a con- 
sensus conference, letters to the editors, and a memo- 
rial. The  content has been well received, as evidenced 
by the rapid growth of our circulation in the first year. 

All members  of the SSAT receive the JOURNAL. 
Moreover, all senior general surgical residents in the 
Uni ted  States and Canada receive the JOURNAL 
through the generous sponsorship of United States 
Surgical Corporation. In addition, many other readers 
have subscribed on their own. Even in these days of 
electronic communication, a printed journal that is at- 
tractively produced, containing high-quality scientific 
material entirely focused on the field of gastrointesti- 
nal surgery, is a sought-after item. Nonetheless,  in 
this rapidly changing era of electronic communica- 
tion, your Editors along with our capable Publisher 
are well aware of these trends and will move with 
them as they continue to develop. 

Your Editors send thanks to the SSAT for the op- 
portunity to serve the JOURNAL, tO the authors who 
have sent us such superb material, and to the Editor- 
ial Board and reviewers for their fine work. We are 
especially grateful to our readers who, through their 
support  and subscriptions, have made the JOURNAL 
possible. Please let us know what you like and don't  
like about your JOURNAL, and most  importantly, we 
ask for your suggestions as to how it can be improved. 

We look forward to the future. 



SSAT Presidential Address 

Change, Relationships, and Accountability: 
Marks of a Vibrant Society 

Tom R. DeMeester, M.D. 

A society is a group of persons who come together 
for the purpose of advancing a shared interest. The 
key components are the persons and the interest. The 
interest of The Society for Surgery of the Alimentary 
Tract is implied in its name. We are a group of per- 
sons whose feelings, concerns, and attention are fo- 
cused on surgery of the alimentary tract to the point 
that we accept accountability for its growth and de- 
velopment. This interest is pursued through individ- 
uals acting together to bring about change. The study 
of this activity and the individuals involved identifies 
characteristics that distinguish our Society--that give 
it a personality. The honor of serving as your presi- 
dent has allowed me an opportunity to know in detail 
our Society. I am convinced that we have a Society 
with a vibrant personality--one that is pulsating with 
life, vigor, and activity. The stories of how our Society 
has changed over the years are fascinating. Knowing 
them provides insight into what we are. 

Around 1957 Dr. Robert Turell had a dream 
(Fig. 1)--a dream, in his words, "of launching a new 
surgical organization oriented to the problems of the 
alimentary tract and of creating a research or educa- 
tional foundation. ''1 The surgical climate at the in- 
ception of our Society was, according to Dr. Turell, 
one of "exaltation of the then budding exotic field of 
cardiovascular surgery and the debasement of other 
fields, especially the prosaic, if not the outright pedes- 
trian, field of gastrointestinal surgery. ''1 At the time 
there was no dearth of surgical societies, but their 
memberships, as he stated, "were shut tight to new, 
younger progressive surgeons. The only hope of gain- 

ing membership was through either death or resigna- 
tion of members and worse yet, politics at times 
played an ugly but deciding role. ''l Dr. Turell dis- 
cussed the possibility of a new society with scores of 
prominent surgeons and most considered the idea a 
"speculation if not a gamble."' 

Because he was an optimist by nature and realized 
that progress without change is a myth, Dr. Turell 
proceeded to pursue his dream. He contacted Dr. 
Warren Cole, who exerted a "soothing and reassur- 
ing effect" on him 1 (Fig. 2). He agreed to help under 
the condition that Dr. John Waugh would join the 
venture (Fig. 3). The  "make-or-break" conference 
with Dr. Waugh took place in Rochester, Minnesota. 
After learning about the details of the plan and the 
meeting with Dr. Cole, Dr. Waugh pledged his full 
cooperation. He also confessed that he had been 
entertaining similar thoughts for almost identical 
reasons. 

The  founding membership consisted of authors 
who had contributed papers to six issues of the Surgi- 
cal Clinics of North America edited by Dr. Turell and 
the authors of the chapters in his textbook Diseases of 
the Colon andAnorectum. All but one of the individuals 
accepted. The sole person who declined waged an ac- 
tive campaign against the birth of the Society. In the 
end, he provided the wind that made the kite go 
higher. 

The Society was incorporated on March 30, 1960, 
as the Association for Colon Surgery and by 1962 the 
winds of change were blowing. In the beginning it 
was thought more prudent to limit the focus of the 

From the Department of Surgery, University of Southern California School of Medicine, Los Angeles, Calif. 
Presented at the Thirty-Eighth Annual Meeting of The Society for Surgery of the Alimentary Tract, Washington, D.C., May 11-14, 1997. 
Reprints requests: Tom R. DeMeester, M.D., Professor and Chairman, Department of Surgery, University of Southern California School 
of Medicine, 1510 San Pablo St., Suite 514, Los Angeles, CA 90033-4612. 



Vol. 2, No. 1 
1998 Change, Relationships, and Accountability and the SSAT 3 

Fig. 1. Dr. Robert Turell, who dreamed of launching a new 
surgical organization oriented to the problems of the alimen- 
tary tract. 
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Fig. 2. Dr. Warren Cole, who exerted a soothing and reassur- 
ing effect on Dr. Turell and agreed to help form a society if 
Dr. John Waugh would join the venture. 

Fig. 3. Dr. John Waugh, who pledged his full support and co- 
operation to Dr. Turell in developing a new surgical society. 

Fig. 4. A plaque honoring the three founding members. 

Society to the colon only. Dr. Cole, after much dis- 
cussion, proposed to the Board of Trustees that the 
name be changed to The Society for Surgery of the 
Alimentary Tract to reflect an original and wide in- 
terest in the entire alimentary tract. Dr. Turell, on ac- 
cepting the nomination as the Society's seventh pres- 
ident, summed up our beginning succinctly by stating 
"we started with anal pruritus and we ended up with 
generalized dermatitis. "2 In 1968, eight years after it 
was formed, the Society honored the three founders 
with a plaque, which is on permanent display in the 
Department of Surgery of Mount Sinai Medical Cen- 
ter (Fig. 4). 

Dr. Robert Zollinger, 3 the Society's third president, 
gave a convincing address entitled "Justifying our Ex- 
istence." The  address later became known as our 
"Declaration of Independence." He emphasized that 
by expanding the scope of the Society from the colon 
to the entire alimentary tract, all doubts as to the need 
for another surgical society were dispelled. In his 
mind, "the dramatic advances in cardiovascular 
surgery had in no way dampened the enthusiasm of 
those challenged by the equally dramatic problems in- 
volving the alimentary tract. "3 He noted that papers 
related to the alimentary tract made up less than half 
of the programs of other societies, including the 
American College of Surgeons Clinical Congress, and 
that our Society was the only one focused on surgical 
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problems of the entire alimentary tract. As far as I am 
aware, this situation still exists today. 

Dr. Zoll inger counted at least seven different 
groups of surgeons with an interest in problems of the 
alimentary tract, depending on the patient's age and 
the location of the disease. As examples he cited gen- 
eral surgeons, thoracic surgeons, pediatric surgeons, 
and coloproctologists. He stressed that to justify our 
existence these various fields must  be represented in 
our Society. My presence before you is evidence that 
his advice was heeded. 

The  requirements for membership in the Society 
have been in constant debate since its inception. The  
story is a study of how change can be resisted. In 
1965, five years after the founding of the Society, the 
Board of Trustees directed that  the membership  
should be enlarged rather than restricted to a small 
group. The  first constitution of the Society was ap- 
proved that same year. The  requirements for mem- 
bership were (1) fellowship in the American College 
of Surgeons or its equivalent and (2) demonstrated in- 
terest in the function and disease of the alimentary 
tract as evidenced by unpublished fundamental  re- 
search or publication of significant papers. Two years 
after the Board's mandate,  Dr. Jonathan Rhoads, 
Chairman of the Membership Committee,  reported 
that "there were no hard and fast rules about eligibil- 
ity "4 for membership except that the candidate be cer- 
tified in his or her specialty. According to Dr. Rhoads, 
the committee seemed "to have smiled upon people 
who have had eight to ten or more published pa- 
pers. ''4 The  fact that the committee did not attempt to 
limit membership by the number  of publications was 
in his mind' "a very favorable factor and the Society 
should look forward to a very healthy growth. ''4 De- 
spite this initial open policy, by 1981, sixteen years 
later, the requirement for at least 10 publications be- 
came the law of the membership committees. 5 As ex- 
pected, growth flattened. 

Three  years later, in 1984, the Board of Trustees 
became concerned over the lack of growth and again 
decided that the publication requirement should be 
liberalized. Dr. James Thompson ,  Chairman of the 
Board, reported to the membership that this decision 
was the most  impor tant  action taken at the board 
meeting. He stated that "the ascendancy of our colle- 
gial organization, the American Gastroenterological 
Association (AGA), to a position of great importance, 
many believe, dates from its adoption of the recom- 
mendation of Dr. Mor t  Grossman that it be an egali- 
tarian and not  an elitist organization. I have to assure 
you," he said, "it was a difficult decision for a bunch of 
pure elitists to make, but we did it. ''6 Then  he made a 
passionate speech to the membership. "The message 
is to go out and look at the people in your commu- 

nity who are practicing surgery and find those who fit 
the criteria, generous as they are, and propose them 
for membership. ''6 At that time, the only membership 
criteria were certification by the American Board of 
Surgery or its equivalent, and an interest in gastroin- 
testinal surgery. Despite this pronouncement ,  the 
membership committee continued to require a mini- 
mum of two publications. 7 

In 1993 President-Elect Dr. Bernard Langer sug- 
gested that there were three exceedingly important is- 
sues facing the Society. "First, the promulgation of 
advanced training programs in gastrointestinal 
surgery throughout  Nor th  America; second, the need 
to increase substantially the membership of the Soci- 
ety to include virtually all surgeons in Nor th  America 
who practice alimentary tract surgery; and third, fur- 
ther discussion regarding starting our own journal of 
gastrointestinal surgery. "8 During his presidency, Dr. 
Langer convened a task force that recommended to 
the Board a campaign to aggressively recruit mem- 
bers, a change in the membership process to one of 
direct application, and the creation of a trainee mem- 
bership. The  proposed criteria for membership were 
(1) a degree from a medical school acceptable to the 
Board of Trustees, (2) a license to practice medicine in 
the applicant's state, providence, or country, (3) certi- 
fication by a board that is a member  of the American 
Board of Medical Specialties, the Royal College of 
Physicians and Surgeons in Canada, or an equivalent 
body, and (4) an interest in surgical aspects of diges- 
tive disease. Membership is also available to career 
scientists with an M.D., Ph.D., or a equivalent degree 
from an institution acceptable to the Board of Trustees. 

The  most  important  part of Dr. Langer's proposal 
was that applications for membership could be initi- 
ated by the applicant. All that was necessary was to 
fill out a form and return it signed and accompanied 
by a short letter from an active or senior member. At 
our Executive Session on Wednesday morning, the 
membership will be asked to approve the new con- 
stitution and bylaws that incorporate these require- 
ments since the requirements for membership were 
never specifically spelled out  in the consti tut ion.  
Since the requirements were very general in our orig- 
inal constitution, these changes have already been ac- 
tivated by the Membersh ip  Commit tee .  T h e  ap- 
po in tment  of Dr. Robert  Beart as chairman has 
turned the commit tee  into a recrui t ing force and 
their efforts, along with the changes mentioned, have 
been effective (Fig. 5). 

T h e  story of  the Society journal is one where 
change engendered competition. The  main objective 
of the founders was the establishment of an effective 
new organization that would live in harmony with the 
already established surgical organizations. This  auto- 
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Fig. 5. SSAT growth in membership showing the effects of a 
requirement for 10 publications, Dr. Thompson's speech, and 
Dr. Langer's recommendations. 

matically eliminated consideration of an independent 
journal. Despite this, the question arose about the 
publication of the papers presented at the first annual 
meeting. Drs. Cole and Turell announced that "Dr. 
Zollinger, editor of the American Journal of Surgery, 
expressed an interest in the papers and that the Soci- 
ety made a commitment to that journal for one  year. "9 
Dr. Louis Buie, editor of Diseases of the Colon and Rec- 
tum, also had an interest in the papers but the group 
questioned the wisdom of publishing in a specialty 
journal when their aim was to appeal to a broader 
readership. Dr. Walter Maddock, one of the editors 
of Archives of Surgery, expressed his interest in the pa- 
pers and stated that his journal would be beneficial 
since it had a "captive circulation of about 40,000.  "9 
Despite the competition, Dr. Zollinger managed to 
have the American Journal of Surgery publish the pa- 
pers presented at the annual meeting of the Society 
for the next 10 years. Only once during that period, in 
1965, did the Society review the possibility of pub- 
lishing its own journal, but thought it not desirable.at 
the time. 1° In 1970, through the persuasive efforts of 
Dr. Zollinger, the American Journal of Surgery became 
the official journal of the Society with the caveat that 
all members would subscribe to the journal. 

In 1984 the issue of a Society journal was again 
raised. Dr. Frank Moody presented to the Board the 
possibility of having Surgical Gastroenterology become 
the official journal of the Society with the Society 
having a major voice in the rtmning of the journal and 
establishing its policies. The discussion was described 
as long, agonizing, and painful. In the end, Drs. James 
Thompson, Paul Jordon, and Scott Jones were 
charged to discuss the issue delicately with Dr. 

Zollinger. 11 As expected, the group recommended 
that the Society remain with the American Journal of 
Surgery and so it did. 

The issue resurfaced once more in 1993 as one of 
Dr. Langer's three important decisions facing the 
Society. The issue became part of the agenda of the 
special task force convened during his presidency. In 
response to the report of the task force, the Board 
appointed a Publication Committee, chaired by Dr. 
Keith Kelly, to study the issue. At its October 1995 
meeting, the Board accepted the recommendation of 
the Publication Committee to proceed with estab- 
lishing an S SAT journal.12 The name selected was the 
JOURNAL OF GASTROINTESTINAL SURGERY. Most im- 
portant, the journal was to be owned and copyrighted 
by the Society. The Board made the decision to have 
two co-editors and appointed Drs. Keith A~ Kelly and 
John L. Cameron to those positions. These two dis- 
tinguished surgeons from two distinguished institu- 
tions, serving as joint editors, have enhanced and dig- 
nified our new journal immensely. 

The story of our Society becoming part of Diges- 
tive Disease Week is one where change came about 
through the threat of being excluded. It also involved 
taking some risk, an unnatural thing for a society to 
do. Our Society from the beginning has shown an in- 
terest in integrating with other professional organi- 
zations. This factor, more than any other, has changed 
our character and identity. It all started when Dr. Hel- 
ger Jenkins in 1964, four years after our beginning, 
urged that a committee be appointed to work out a 
joint membership with gastroenterologists. He 
thought that "a little missionary work would be help- 
ful to them as well as to us. "13 Subsequently he was 
proven to be a prophet. Apparently in response to his 
request, a Liaison Committee to the AGA was ap- 
pointed by the Board around 1966. Dr. Lloyd Nyhus 
chaired the committee. Their charge was to explore 
possible ways of bringing the two societies interested 
in gastrointestinal diseases into closer relationship. 14 
The purpose was for cross-fertilization of new ideas 
and the formation of a united front in governmental 
relationships. The committee found it impossible to 
schedule a joint meeting with the AGA and the whole 
issue would have been dropped if it was not for the 
death of a prominent person in Minneapolis from ul- 
cerative colitis. 

The family of the deceased individual established 
the Digestive Disease Foundation of Minneapolis for 
the purpose of funding research in the broad scope of 
digestive diseases. In February 1967, Dr. Nyhus, who 
was still attempting to make contact with the AGA, 
attended a conference on Digestive Disease as a Na- 
tional Problem. This conference was sponsored by 
the Digestive Disease Foundation of Minneapolis, the 
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National Institute of Arthritis and Metabolic Dis- 
eases, and the AGA. The purpose of the conference 
was to stress to the federal government the overall 
importance of digestive diseases as they affect the 
American public. The total monies lost per year to in- 
dividuals, to industry, and to the nation were docu- 
mented in an impressive manner. Details regarding the 
prominence of the problem, the need for continued 
research, the need for manpower, and a plan to pro- 
vide for these needs in the future were presented. It 
was implied that undue attention was given to cardio- 
vascular problems and none or very little to alimen- 
tary tract problems. As a direct result of the confer- 
ence, the National Institute of Arthritis and Metabolic 
Disease identified the problem of gastrointestinal dis- 
ease for an in-depth study. It was of interest to Dr. Ny- 
hus that the gallbladder was singled out as an area 
where greater research efforts were urgently needed. 
As expected, this got the attention of the surgeons, is 

The  following year Dr. Nyhus reported to the 
Society that the AGA had taken an interest in our 
Society because of the desire to have surgeons in- 
volved in discussions about digestive disease with gov- 
ernmental agencies. This provided an opporumity for 
the two committees to discuss a variety of issues in- 
cluding the possibility of a joint annual meeting. At 
that time the annual meeting of the SSAT was held in 
conjunction with the American Medical Association 
meeting, and it was suggested that we change our 
meeting dates to coincide with those of the AGA. Our 
interest was piqued partly because the AGA was after 
research dollars and partly because the gallbladder 
was singled out as a common problem for which re- 
search was needed. 

Dr. Robert Zeppa at the time was chairman of a 
splinter organization of the AGA called the Gas- 
troenterology Research Group. He had gained con- 
siderable background information concerning indi- 
viduals and subject matter that might be helpful in 
further discussions regarding the integration of the 
two societies. Dr. Nyhus recommended that Dr. 
Zeppa be placed on the Liaison Committee, that our 
Society make no major move to alter its meeting dates 
but monitor the situation carefully by having mem- 
bers of our Society infiltrate the AGA committee, that 
all members of the Liaison Committee also be mem- 
bers of the AGA, and that the composition of our 
committee be known to the AGA so that our mem- 
bers could be members of their committee as well, or 
at least be invited to sit in on the work of their com- 
mittee.16 

The AGA, in moving toward its goal of obtaining 
research dollars, formed both a Federation of Disease 
Societies and a Digestive Disease Foundation. Dr. 
Morton Grossman spent 45 minutes with the Board 

of Trustees of the SSAT at its 1970 meeting, 17 ex- 
plaining that the goal of the Federation and the Foun- 
dation was to develop a National Digestive Disease 
Institute similar to the National Cancer Institute. The 
purpose of the institute would be to support research 
and education of the lay public, unify public relations, 
and initiate legislation regarding digestive diseases. 
He expressed the hope that our Society would join 
both organizations. There was considerable discus- 
sion of Dr. Grossman's presentation. Dr. Turell, our 
founder, was against the idea, stating he was afraid our 
Society would be swallowed up and could do better 
by itself. Dr. Nyhus did not agree. He believed that if 
the Federation should get a National Digestive Dis- 
ease Institute with our Society not involved, surgeons 
would not be represented. Dr. James Hardy con- 
curred. The decision was made to join both the Fed- 
eration and the Foundation. 

When the action of the Board was reported at the 
Society's annual business meeting, Dr. Ward Griffen 
took the issue of integration with the AGA one step 
further and recommended that the membership be 
polled regarding moving the meeting of our Society 
to coincide with the AGA meeting. 18 He stated that 
by doing so many of the members who also belong to 
the AGA would benefit by going to both meetings 
and it might help to improve our program. Dr. Dun- 
phy stated "that this was a very reasonable proposal 
and that the Board should resurface the issue at the 
next annual meeting with something that tended in 
this direction." At the meeting a year later, and after a 
lively discussion during which Dr. Moody dispelled 
the myth likening the AGA to an octopus, it was de- 
cided to poll the membership. Dr. William Silen, out 
of frustration, sent a strong letter to the Chairman of 
the Board, Dr. William Scott. 19 He encouraged a clear 
enunciation of the Society's aims, broadening the 
membership policies, improving the scientific caliber 
of the papers presented, and supporting the move to 
meet with the AGA. The latter he thought would sal- 
vage the Society, enhance immeasurably its educa- 
tional goals, and improve the gastroenterologic re- 
search done by surgeons. In response a poll of the 
membership was taken. 

At the 1972 meeting Dr. Zeppa, Chairman of the 
Liaison Committee, reported that the Digestive Dis- 
ease Foundation had become a moot issue in that the 
AGA had achieved its goal by having a bill signed into 
law by the President of the United States that did not 
set up a separate institute but changed the name of 
the National Institute for Arthritis and Metabolic 
Diseases to the National Institute for Arthritis, Meta- 
bolic and Digestive Disease. 2°,21 This indicates that a 
senior individual in that institute will be concerned 
with the outlay of money to support digestive disease 
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research. It was expected that research dollars would 
begin to flow. With respect to the Federation of Di- 
gestive Disease Societies, Dr. Zeppa reported that it 
was still active but entangled in discussion over orga- 
nizational issues. 

At the same meeting Dr. Nyhus, Secretary of the 
Society, reported that the poll of the membership 
showed that 80% were strongly in favor of changing 
the date and location of the meeting to coincide with 
the AGA in a so-called Digestive Disease Week 
(DDW), and that arrangements for a combined meet- 
ing in New York were set for May 1973. 

The combined meeting went exceedingly well and 
most members enthusiastically supported the motion 
to continue the arrangement. The Liaison Commit- 
tee to the AGA, headed by Dr. Zeppa, had done its 
job well and was retired. In October 1974, six months 
after the annual meeting, Dr. Zeppa and Dr. Moody 
were authorized to attend the newly formed Diges- 
tive Disease Week Council as representatives of our 
Society. So it was that D D W  came into being. 

Four years later in his presidential address entided 

"Cooperation to Meet the Challenges." Dr. Zeppa 22 
reviewed the Society's decision to join the Digestive 
Disease Week Council. He noted that as a conse- 
quence of this decision the following occurred: first, 
financial benefit and stability came to each of the four 
societies, namely, the AGA, the American Association 
for the Study of Liver Diseases (AASLD), the Amer- 
ican Society for Gastrointestinal Endoscopy (ASGE), 
and our Society; second, attendance at our meeting 
increased, particularly the special lectures; third, the 
quality of our program improved, mainly because of 
the competition for "ears"; fourth, the educational 
benefits for our members were expanded by the di- 
versity of programs available; and fifth, there was in- 
creased opportunity for dialogue, formal and infor- 
mal, with our medical colleagues. Dr. Zeppa con- 
cluded that the membership was to be congratulated 
for its wise decision. The growth in D D W  attendance 
and income has confirmed the wisdom of the decision 
and it all started with Dr. Jenkin's suggestion that we 
do a little "missionary" work (Figs. 6 to 9)! 

Our integration into D D W  was a sign that other 
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Fig. 6. Digestive Disease Week attendance since its inception 
in the early 1970s. 
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interactions would follow. In 1991 Dr. William Silen, 
Chairman of the Board of Trustees, appointed an ad 
hoc committee to examine the possibility of formaliz- 
ing a relationship between our Society and the United 
States Section of Collegium Internationale Chirur- 
giae Digestivae (CICD). It seemed logical that there 
should be some appropriate linkage between the soci- 
eties representing the national and international sur- 
geons interested in the alimentary tract. Dr. Robert 
Condon, then Secretary-Treasurer of CICD, was ap- 
pointed chair of the committee.  A formal proposal 
submitted by the CICD in 1992 provided the fund- 
ing, including honorarium and travel expenses, for the 
"State-of-the-Art" address at the annual SSAT meet- 
ing. 23 Our Society, while retaining the prerogative of 
choosing the speakers, would acknowledge this finan- 
cial support  in its annual program book and would 
also list the annual CICD Breakfast Forum. We 
agreed to remind the newly elected members of our 
Society of the oppor tuni ty  to join the CICD.  T h e  
proposal was accepted unanimously. 

More recently we have furthered our relationship 
with the component  societies of D D W  by contribut- 
ing to combined clinical symposiums, organizing a 
yearly consensus conference, and integrating appro- 

priate oral and poster presentations of our papers into 
AGA focused research sections and the president's 
plenary poster session. This  year's joint symposium 
on minimally invasive surgery represents an effort to 
integrate with the Society of American Gastrointesti- 
nal Endoscopic Surgeons (SAGES). Further, the So- 
ciety is exploring the possibilities of joining the Fed- 
erated Societies of Gastroenterology and Hepatology. 
This  group has been formed to maximize coordina- 
tion, cooperation, and efficiency among its members 
in global programs regarding professional, scientific, 
educational, and public policy. Our voice on global is- 
sues, for example, the delivery of medical care, would 
almost certainly be more effective in this group. 

Accountability for the teaching and science of gas- 
trointestinal surgery is a characteristic that our Soci- 
ety accepted from its inception. Our  founder, Dr. 
Turell, in his presidential address, told of his dream 
of creating a research and educational foundation. He 
believed that this was of vital importance and would 
solidify our existence. In his address to the Society as 
its seventh president,  he judged the society of his 
dreams to be a "robust reality," whereas the founda- 
tion was still a "paper tiger. ''1 In practical terms, cre- 
ating a research and educational foundation required 
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Table I. SSAT Career Development Award recipients 

University Current Current 
affiliation university academic 

Year Name at time of award affiliation rank Societies* Funded 

1987 Barbara L. Bass George Maryland Professor SSAT, AGA, SUS NIH (lyr) 
Washington 

1988t Steven E. Raper Michigan Pennsylvania Associate Professor SSAT, SUS NTH (2 yr) 
1989 Stanley W. Ashley Washington Harvard Associate Professor SSAT, AGA, SUS N I H  (1 yr) 
1991 Tien C. Ko Texas Medical Texas Medical Assistant Professor AGA, SUS NIH (1 yr) 

Branch Branch 
1991 Jeffrey B. Matthews Harvard Harvard Associate Professor SSAT, AGA, SUS NIH (2 yr) 
1992 Neil E. Seymore Texas Yale Assistant Professor None 

Southwestern 
1993 JohnJ. Ferrara Tulane Tulane Professor SSAT, ASA, SUS None 
1994 Richard A. Hodin Harvard Harvard Associate Professor SSAT, AGA, SUS N1H (2 yr) 
1995 J. Angusto Bastidas Stanford Stanford Assistant Professor SSAT None 
1996 Stephen Summers Maryland Maryland Assistant Professor SSAT None 

Note: The 1990 recipient declined the award. 
*SSAT = The Society for Surgery of the Alimentary Tract; AGA = American Gastroenterological Association; SUS = Society of University Sur- 
geons; ASA = American Surgical Association. 
tExpanded to two-year support. 

the development of an enduring source of enrichment 
money. The  first move in realizing this dream oc- 
curred at the Board of Trustees meeting in October 
1985. Dr. Bernard Jaffe, Chairman of the Ad Hoc 
Committee on Research and Education, recom- 
mended that the Board issue a policy statement sup- 
porting the development of a two-year program for 
postresidency experience in research and clinical 
surgery of the digestive tract for the purpose of pro- 
viding leadership for the discipline in the future. 24 The 
committee further recommended that the Society 
sponsor a Career Development Award to support in- 
dividuals in this advanced experience. There was an 
avalanche of discussion about the proposal, largely 
over the need to increase the dues in order to fund the 
award and the possible interference it would have 
with the training of general surgery residents. There 
was more enthusiasm for the research part and less for 
the clinical part. Dr. Jaffe was asked to redraw the 
proposal. 

The  next year Dr. Jaffe recommended a proposal 
that focused only on supporting research, which the 
Board happily approved. However, the treasurer, Dr. 
Larry Cheung, indicated that the Society had insuffi- 
cient funds to implement the proposal. A variety of 
solutions without substance were proposed and as a 
consequence a final decision was not reached. By the 
fall Board meeting, the Society had received a check 
for $18,864.00 as its share of the D D W  profits and 
Dr. Cheung announced that sufficient funds were 
now available to fund the fellowship. The Board re- 

sponded by approving the establishment of a two-year 
Career Development Award and authorized the fund- 
ing of the first year at $15,000. Drs. David Nahrwold 
and Jaffe were to work out the process of application 
and selection with the understanding that the first 
award would be given in 1987. The award was subse- 
quently increased stepwise to its current level of 
$40,000 per year. To date, 10 awards have been given, 
and 8 of the 10 recipients of these awards currently 
hold university appointments and six are receiving on- 
going funding from the National Institutes of Health 
(Table I). Indeed the program has been a success. 

To secure an enduring source of enrichment 
money to support our educational and scientific man- 
date, The  Society is investigating the possibility of 
joining the American Digestive Health Foundation 
initially formed by the AGA and ASGE, and subse- 
quently joined by the AASLD. The  mission of the 
Foundation is to support research and education re- 
garding the cause, prevention, treatment, and cure of 
digestive disease. The partnership currently supports 
four initiatives: basic research, clinical outcomes re- 
search, technology research, and applying the discov- 
eries made in these areas to restructuring of the health 
care market. It seems as though history is about to re- 
peat itself, but this time the government is not listen- 
ing. Consequently a serious effort must be made to 
encourage industry to support research. I strongly be- 
lieve we should be part of this effort. 

The  Society still has looming before it the chal- 
lenge of being accountable for the quality of training 
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in the performance of  complex gastrointestinal 
surgery. The  presidential addresses of  both Dr. John 
L. Cameron 25 ("Is Fellowship Training in Alimentary 
Tract Surgery Necessary?") and Dr. Keith A. Kelly 26 
("New Directions in Gastrointestinal Surgery") ad- 
dressed this issue. In response Dr. Bernard Langer, 
during his year as president of  the Society, proposed 
disbanding the Ad Hoc  Research and Education 
Committee and appointing a new Education Com- 
mittee to evaluate the need for advanced training pro- 
grams beyond the general surgical residency. Dr. Car- 
los Pellegrini was appointed chairman. The commit- 
tee met with the executives of  the American Board of 
Surgery to exchange views about advanced training. 
The Society was urged that such fellowships should 
meet the Accreditation Council for Graduate Med- 
ical Education (ACGME) guidelines and scrupulously 
avoid interfering with the general surgery residency 
training at the institutions where these fellowships are 
awarded. After discussing various facets of the issue, 
the Board directed Dr. Pellegrini to develop a writ- 
ten proposal for an SSAT fellowship. The  proposal 
should contain elements that ensure a substantial ex- 
perience in difficult gastrointestinal operations, pro- 
tection of  the lodal general surgical residency pro- 
gram, and an oversight and accrediting mechanism by 
our Society. A fully developed comprehensive pro- 
posal was presented to the Board of Trustees in May 
1996. 27 After a polarizing discussion, it was moved to 
table the proposal. The issue still looms before us. I 
dream that change in this area will also occur. 

Like an individual, a society grows and develops by 
the process of  change. Change is usually brought 
about through the interaction of its members and is 
driven by a sense of accountability. People who really 
make an impact model the quality of  accountability. 
It gives them the energy to interact with others to 
bring about change. The  process is catalyzed by a 
shared feeling of anxiety and apprehension among the 
membership about an issue, and by the perception 
that consequences will occur if no action is taken. 
Both provide the desire and willingness to organize 
which, according to Peter Drucker, is the most pow- 
erful human tool to effect change. A basic ingredient 
is the development of relationships marked by grace, 
reasonableness, and truthfulness. Through relation- 
ships our purposes are sharpened, clarified, expanded, 
and take on common ownership. The  ability of our 
Society to develop relationships within the milieu of 
D D W  is our strength, and will lead to changes be- 
yond our boundaries that will affect the whole of di- 
gestive disease for the better. The  American College 
of Surgeons focuses on the practice of surgery. The  
Society of  University Surgeons and the American 

Surgical Association focus on the science of  surgery. 
The  Society for Surgery of  the Alimentary Tract 
needs to focus on the integration of the practice and 
science of  surgery into other disciplines of medicine. 
Herein lies our uniqueness, and our greatness. 
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Original Articles 

Should Hepatic Resections Be Performed 
at High-Volume Referral Centers? 

Michad A. Choti, M.D., Helen M. Bowman, M.S., Henry A. Pitt, M.D., Julie Ann Sosa, M.D., 
James v. Sitzmann, M.D., John L. Cameron, M.D., Toby A. Gordon, Sc.D. 

Recent studies have demonstrated the relationship between clinical outcomes of complex surgical pro- 
cedures and provider volume. Hepatic resection is one such high-risk surgical procedure. The aim of 
this analysis was to determine whether mortality and cost of performing hepatic resection are related to 
surgical volume while also examining outcomes by extent of resection and diagnosis, variables seen with 
this procedure. Maryland discharge data were used to study surgical volume, length of stay, charges, and 
mortality for 606 liver resections performed at all acute-care hospitals between January 1990 and June 
1996. One high-volume provider accounted for 43.6% of discharges, averaging 40.6 cases per year. In 
comparison, the remainder of resections were performed at 35 other hospitals, averaging 1.5 cases per 
year. Data were stratified into these high- and low-volume groups, and adjusted outcomes were com- 
pared. The mortality rate for all procedures in the low-volume group was 7.9% compared to 1.5% for the 
high-volume provider (P <0.01, relative risk = 5.2). No overall differences were observed between low- 
and high-volume providers in total hospital charges. When analyzing by procedure type and diagnosis, 
lower mortality was seen in the high-volume center for both minor and major resections, as well as re- 
sections for metastatic disease. It was concluded that hepatic resection can be performed more safely and 
at comparable cost at high-volume referral centers. (J GASTROINTEST SURG 1998;2:11-20.) 

In recent years, studies have examined the rela- 
tionship between clinical outcomes and hospital case 
volume for a variety of medical and surgical proce- 
dures) -13 The  procedures analyzed have ranged from 
cardiac operations to complex gastrointestinal surgical 
procedures. These studies have demonstrated that 
high-volume regional providers can deliver complex 
care with improved short- term outcomes at lower 
costs than community hospitals. However, no study 
has examined the relationship between outcomes and 
provider volume for hepatic resections, a commonly 
performed procedure in the United States. 

Improved overall long-term survival in patients 
with liver malignancies has resulted in an increased 
number of liver resections being performed with an 
increasingly aggressive surgical approach) 4-17 Liver 
resection, unlike other high-risk surgical procedures, 
is an operation with variable complexity and extent of 
surgery. In addition, such operations are performed 
for a variety of malignant and benign conditions with 
variable comorbid diseases. These factors all may have 

an impact on outcome. Thus this analysis was per- 
formed to determine whether mortality and cost of  
performing hepatic resection are related to surgical 
volume. 

M E T H O D S  
Data  Source  

This study examined the relationships between 
provider volume and outcomes for all patients who 
underwent hepatic resection in Maryland from Janu- 
ary 1, 1990, through June 30, 1996. Information per- 
taining to the hospital discharges used in this study 
was obtained from the Maryland Health Services Cost 
Review Commission. This database includes records 
for every discharge from all 52 nonfederal acute-care 
hospitals in Maryland. Each discharge record contains 
information on demographic characteristics, primary 
and secondary diagnoses, procedures performed dur- 
ing that hospital stay, length of stay, hospital charges, 
and discharge status. Case selection for this study was 

From the Department of Surgery, Department of Health Policy and Management School of Hygiene and Public Health, The Johns 
Hopkins Medical Institutions, Baltimore, Md. 
Presented at the Thirty-Eighth Annual Meeting of The Society for Surgery of the Alimentary Tract, Washington, D .C., May 11-14, 1997. 
Reprint requests: Michael A. Choti, M.D., The Johns Hopkins Hospital, 600 N. Wolfe St., Halsted 614, Baltimore, MD 21287. E-mail: 
mchoti@welchlink.welch.jhu.edu. 
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Fig. 1. Average volume of cases per year by provider (n = 14). High volume, >15 resections per year; 
medium volume, 7 to 15 per year; low volume, <7 per year. *Twenty-two additional low-volume 
providers not shown who performed < 1.0 resections per year. 

based on primary ICD-9 procedure codes 50.22, par- 
tial hepatectomy, and 50.3, hepatic lobectomy, is 

The distribution of discharges by hospital revealed 
that one hospital accounted for 43.6% of discharges 
and averaged 40.6 resections per year (Fig. 1). The re- 
maining resections were performed at 35 other hos- 
pitals and averaged 1.5 resections per year. Therefore 
discharges were stratified into high- and low-volume 
provider groups (high volume, more than 15 per year; 
low volume, less than or equal to 15 per year). An al- 
ternative stratification was performed for high-, 
medium-, and low-volume providers (high volume, 
more than 15 per year; medium volume, between 7 and 
15 per year; and low volume, less than 7 per year) for 
relative risk analysis of mortality. 

Outcomes  

Primary outcomes studied were average length of 
stay, average total hospital charges, and in-hospital 
mortality. Analysis was performed for all discharges 
in the data set (606 procedures) and findings were 
stratified separately by procedure and primary diag- 
nosis. Procedures were grouped into minor (ICD-9 
procedure code 50.22, partial hepatectomy) and major 
(50.3, hepatic lobectomy) liver resections. Primary di- 
agnoses were grouped into primary liver cancer 
(ICD-9 codes 155.0 and 155.2), metastatic cancer 
(ICD-9 codes 153.0, 153.9, 154.0, 157.0, 157.4, 197.0, 
and 197.7), and all other diagnoses, which includes 
liver resection for trauma, benign neoplasms, and in- 
fectious processes. The specific type of primary liver 
malignancy (i.e., hepatocellular cancer) was not iden- 

tifiable from this data set, nor was the site of primary 
cancer in those who underwent resection for metasta- 
tic disease. Cryosurgery and other nonresectional 
therapy were excluded from the analysis. 

Pat ient  Characteristics 

Patient characteristics for those treated by the 
high-volume provider compared to the group treated 
by the low-volume providers are shown in Table I. 
The age and sex distributions for the two groups were 
similar. The mean ages at the high- and low-volume 
providers were 54.3 and 55.4 years, respectively; 
males made up 50.4% of the high-volume patients 
and 54.4% of patients at other hospitals. The racial 
characteristics of the groups differed, however; pa- 
tients treated by the high-volume provider were more 
likely to be white (82.2% vs. 67.3%, P <0.01). 

The number of comorbidities was analyzed using 
the Dartmouth-Manitoba adaptation of the Charlson 
comorbidity index. 19,2° This methodology is a vali- 
dated index based on secondary diagnoses listed in the 
discharge abstracts. Instead of calculating a weighted 
comorbidity score, the number of comorbidities, 0, 1, 
2, or more, was calculated. No overall differences in 
the number of comorbidities were observed between 
the high- and low-volume providers. When compar- 
ing the number of comorbidities by procedure and di- 
agnosis, no differences were observed by provider 
group in patients undergoing either minor or major 
liver resections (Table II). In patients undergoing re- 
section for primary liver cancer, a higher number of 
comorbidities was seen in the low-volume provider 
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Fig. 2. Distribution of length of stay (LOS) and total charges after natural log transformation. Trans- 
formed variables were used for statistical analyses. 

Table I. Patient characteristics by provider group for all liver resections (n = 606) 

Demographic High-volume provider Low-volume providers 
variables (n = 264) (n = 342) P value 

Mean age (yr) 54.3 55.4 0.45 
Sex 

Male 50.4% 54.4% 0.33 
Female 49.6% 45.6% 

100.0% 100.0% 
Race 

White 82.2% 67.3% 
African-American 12.1% 27.5 % 
Other 5.7% 5.3% 

100.0% 100.1% 
No. of comorbidities 

0 72.0% 69.6% 
1 23.9% 25.7% 
>2 4.2% 4.7% 

100.1% 100.0% 

<0.01 

0.81 

group (P <0.05). N o  difference was observed between 
groups in those patients undergoing liver resection 
for metastatic cancer or other diagnoses. 

Stat is t ical  Analysis 
The  statistical analysis of  dichotomous and cate- 

gorical variables such as sex, race, number of  comor- 
bidities and mortality was conducted using the chi- 

square statistic. Continuous variables were compared 
using Student's t test. One assumption of  linear re- 
gression models is that continuous variables must be 
normally distributed. Since length of  stay and total 
charges were not normally distributed, a natural log 
transformation was performed (Fig. 2). All subsequent 
statistical analyses were performed on the trans- 
formed data. Multiple linear regression models were 
performed to assess the relationship between hospital 
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T a b l e  I I .  N u m b e r  o f  c o m o r b i d i t i e s  by  p r o c e d u r e  and d iagnos i s  

Stratification 

Provider group 

High-volume provider Low-volume providers P value 

All discharges ,  by  procedure  

All procedures (N = 606) 
No.  of  comorbidities 

0 
1 

->2 

Minor  (partial hepatectomy) (N = 374) 
No.  of  comorbidities 

0 
1 

->2 

Major  (->hepatic lobectomy) (N = 232) 
No.  of  comorbidities 

0 
1 

->2 

All d ischarges ,  by  diagnosis  

Primary liver cancer (N = 109) 
No.  of  comorbidities 

0 
1 

->2 

Metastatic cancer (N = 285) 
No.  of  comorbidities 

0 
1 

->2 

All other  diagnoses (N = 212) 
No.  of  comorbidities 

0 
1 

->2 

n = 264 n = 342 

72% 69% 
24% 26% 

4% 5% 
100% 100% 

n = 176 n = 198 

70% 71% 
26% 24% 

4% 5% 
100% 100% 

n = 88 n = 144 

76% 67% 
21% 29% 

3% 4% 
100% 100% 

n = 61 n = 48 

64% 35% 
26% 54% 
10% 11% 

100% 100% 

n = 125 n = 160 

70% 65% 
27% 29% 

3% 6% 
100% 100% 

n = 78 n = 134 

82% 88% 
17% 11% 

1% 1% 
100% 100% 

0.81 

0.91 

0.36 

0.01 

0.42 

0.48 
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volume and average length of stay and average total 
charges, adjusted for age, race, sex, and the number 
of comorbidities. Poisson regression was used to ex- 
amine the relationship between hospital volume and 
mortality, adjusted for age, race, sex, and the number 
of comorbidities. Stata 5.0 software (Stata Corpora- 
tion, College Station, Tex.) was used for statistical 
analysis. 

RESULTS 
Overall Outcomes 

For the 606 total discharges, the overall length of 
stay was 13.0 days, the average total charges were 
$20,498, and the in-hospital mortality rate was 5.1%. 
A number of differences in outcomes were noted be- 
tween the group of patients treated at the high- 
volume provider compared to outcomes in the low- 
volume group. The unadjusted average length of stay 
(12.7 vs. 13.2 days) and hospital charges ($17,923 vs. 
$22,485) did not differ between provider groups 
(Table III). The unadjusted hospital mortality rate was 
1.5% in the high-volume group compared to 7.9% in 
the low-volume group (P <0.01). Adjusted outcomes 
are shown in Table I~. The adjusted average length 
of stay was less at the low-volume providers (11.1 vs. 
9.8, P <0.05) with no difference in total charges. Rel- 
ative risk of mortality was 5.2 times higher at the low- 
volume providers compared to the high-volume 
provider (P <0.01). 

Outcomes by Procedure 

Of the liver resections, 374 (62 %) were minor and 
232 (38%) were major liver resections. The average 
overall length of stay, total charges, and in-hospital 
mortality differed according to the extent of the liver 
resection. The average length of stay for minor liver 
resections was 11.2 days compared to 16.0 days for 
major resections (P <0.001). Total charges were 
$17,085 and $25,999 for minor and major resections 
(P <0.001), respectively. The in-hospital mortality 
rate was 3.7% for minor resections compared to 7.3% 
for major liver resections (P = not significant [NS]). 

When comparing unadjusted outcomes by proce- 
dure, the average length of stay was shorter at the 
low-volume providers for minor resections (I 1.7 vs. 
10.8 days, P <0.01) but was no different for major re- 
sections (see Table HI), and average total charges were 
higher at the low-volume providers for major resec- 
tions ($21,090 vs. $30,000, P <0.05) but no different 
for minor resections. Unadjusted in-hospital mortal- 

ity was higher at the low-volume providers compared 
to the high-volume provider for both minor and ma- 
jor resections (minor: 1.1% vs. 6.1%, P <0.05; major: 
2.3% vs. 10.4%, P <0.05). After adjusting for age, sex, 
race, and comorbidities (see Table IV), both the aver- 
age length of stay and the total charges for minor re- 
sections only were less at the low-volume providers 
compared to the high-volume provider. The adjusted 
relative risk (RR) of mortality remained higher at the 
low-volume providers for both minor and major re- 
sections (minor: RR = 5.3, P <0.05; major: RR = 4.4, 
P = 0.05). 

Outcomes by Diagnosis 

One hundred nine patients (18%) underwent re- 
section for primary liver cancer. Resection was per- 
formed for metastatic cancer in 285 patients (47%), 
and 202 (33%) resections were performed for other 
diagnoses including trauma, benign tumors, and in- 
fection. Hepatic resection for primary liver cancer was 
associated overall with a significantly longer length of 
stay (P <0.01), higher average total charges (P <0.05), 
and greater in-hospital mortality (P < 0.01) compared 
to resection for metastatic cancer. The average length 
of stay for primary liver cancer was 15.1 days com- 
pared to 11.5 days for patients undergoing resection 
for metastatic disease; the average total charges for 
primary liver malignancy were $23,191 compared to 
$17,459 for metastatic disease; and the overall in- 
hospital mortality rate was 11.0% compared to 2.8% 
for those undergoing resection for metastatic disease. 

Both unadjusted and adjusted average length of 
stay and hospital charges did not differ between low- 
and high-volume providers when examining by pri- 
mary diagnosis (Fig. 3). The unadjusted mortality 
rate, however, did differ between groups (see Table III 
and Fig. 4). The mortality rate for primary liver can- 
cer was 18.8% in the low-volume provider group 
compared to 4.9% in the high-volume group (P 
<-0.05). No deaths occurred in patients undergoing 
liver resection for metastatic disease at the high-vol- 
ume provider and eight deaths occurred in the low- 
volume provider group (0% vs. 5.0%, P = NS). The 
adjusted relative risk of mortality again did not reach 
statistical significance when comparing low- to high- 
volume providers for those with metastatic disease (RR 
>5.0, P = NS) but was borderline significant between 
provider groups for resections for primary liver can- 
cer. For liver resections performed for nonmalignant 
diagnoses, no differences were seen between low- and 
high-volume providers for all measured outcomes. 
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Table V. Association of hospital surgical volume and in-hospital mortality for patients undergoing liver resection 

Hospital No. of Total Mortality Adjusted* 
volume hospitals cases Deaths rate (%) relative risk P value 

--<7 33 209 20 9.6 6.4 <0.01 
7-15 2 133 7 5.3 3.4 0.05 
>15 1 264 4 1.5 1.0 N A  

NA = not applicable. 
*Poisson regression adjusted for age, sex, race, and number of comorbidities. 

Relative Risk by Hospital Volume 

A more detailed comparison of mortality and rela- 
tive risk by hospital volume was performed using a 
three-way volume stratification of high-, medium-, 
and low-volume hospitals. In-hospital mortality rates 
using this grouping were 1.5%, 5.3%, and 9.3%, re- 
spectively (Table V). Patients treated at hospitals per- 
forming between 7 and 15 resections per year had a 
relative risk of in-hospital mortality that was 3.4 times 
that at the high-volume center; patients treated at 
hospitals performing fewer than 7 resections per year 
had a 6.4 times greater risk of death. 

DISCUSSION 

This study suggests that hepatic resections per- 
formed at a high-volume center are associated with 
improved safety and similar total charges compared 
to low-volume hospitals. The same trend was seen re- 
gardless of extent of liver resection or primary diag- 
nosis. The reason for the improved results at the 
high-volume center is likely multifactorial and may 
reflect the increased expertise that is associated with 
larger numbers of procedures performed by experi- 
enced surgeons, anesthesia staff, nurses, and other 
support staff. With early recognition of problems and 
familiarity with complex patients, adverse outcomes 
may be averted. With hepatic surgery in particular, 
improved outcomes may be associated with the use of 
newer surgical techniques and equipment, which may 
only be available where a greater number of proce- 
dures are being performed. These differences might 
include the routine use of intraoperative ultrasonog- 
raphy, argon beam coagulation, ultrasonic dissection, 
and anatomic resectional techniques. 

This study demonstrated that major liver resec- 
tions were associated with overall increases in length 
of stay, hospital charges, and in-hospital mortality 
compared to minor resections. These results parallel 
findings in some series in which higher mortality rates 
were associated with more extensive liver resec- 
tions, 21,22 whereas others report no differences in 

mortality by extent of resection. 23 One might expect a 
greater difference in outcomes between high- and 
low-volume providers with major liver resections than 
with minor liver resections. This study, however, 
found a significantly improved mortality rate at the 
high-volume provider regardless of the extent of re- 
section. Furthermore, major hepatic resections car- 
ried a lower mortality risk at the high-volume 
provider (2.3%) than minor resections at the low- 
volume providers (6.1%). 

Liver resection in patients with primary hepatic 
malignancy was associated with overall worse out- 
comes than in those undergoing resection for meta- 
static disease. This finding is not unexpected given the 
often associated cirrhosis and other comorbid condi- 
tions in patients with hepatocellular carcinoma. 14-16 
Indeed, a higher overall comorbidity index was ob- 
served in those patients undergoing liver resection for 
primary liver cancer. Although difficult to ascertain 
from this data set, one can expect that in the majority 
of patients undergoing liver resection for metastatic 
disease, the metastasis was from primary colorectal 
cancer. Other series have reported similar differences 
in hospital mortality between liver resections for 
metastatic colorectal cancer and primary liver can- 
cer.17,24 Although the present study demonstrated im- 
proved crude in-hospital mortality at the high-volume 
center for patients undergoing resection for both pri- 
mary and metastatic cancer, when adjusted, the mor- 
tality did not differ significantly between provider 
groups. 

This study has several limitations. Because only 
one hospital was included in the high-volume group, 
observed differences may not necessarily be related to 
volume alone but may be associated with variables not 
analyzed. This single high-volume center is a large 
academic institution with house staff, facilities, and 
referral patterns not seen in many community hospi- 
tals. Specific experienced surgeons or unique opera- 
rive techniques associated with such a center may have 
an impact on outcomes that is independent of case 
volume. Provider groups were divided in such a way, 
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however, because the greatest difference in volume 
was seen at this breakpoint. To attempt to correlate 
them specifically with case volume, clinical outcomes 
were also compared using three volume categories: 
high, medium, and low. Medium-volume centers per- 
forming between 7 and 15 resections per year included 
two hospitals---one community hospital and one aca- 
demic center. Such a sensitivity analysis demonstrated 
a "dose-response" effect between mortality and 
provider volume, suggesting a real association. 

A second limitation is that only in-hospital clinical 
outcomes were measured. Clearly, postdischarge 
deaths, readmissions, and quality of life could not be 
examined using this administrative data set. Similarly, 
total hospital charges were those accrued during the 
one in-patient stay and may have included a variable 
number of preoperative diagnostic tests including vis- 
ceral arteriography and CT portography. Similarly, 
limited data may have failed to dearly account for the 
extent of the surgical procedure. In addition, simple 
wedge resection of the liver may be associated with 
concomitant resection of other organs (e.g., colon). 
Coding problems with such an administrative data set 
may also oversimplify the complexity of the hepatic 
resection. Stratification by procedure type (major vs. 
minor) attempted to account for extent of liver resec- 
tion, but other unknown features of the surgical pro- 
cedure may have a significant impact on outcome 
variables. 

In summary, these data lend support for the refer- 
ral of patients for liver resection to high-volume cen- 
ters. As with other complex surgical procedures, these 
operations are costly and carry a relatively high risk 
of in-hospital death. Studies such as this help to iden- 
tify those procedures best suited for triage of patients 
to high-volume centers. 

REFERENCES 

1. Luft HS, BunkerJP, Enthoven AC. Should operations be re- 
gionalized: The empirical relation between surgical volume 
and mortality. N EnglJ Med 1979;301:1364-1369. 

2. Luft H. The relation between surgical volume and mortality: 
An exploration of causal factors and altenative models. Med 
Care 1980;18:940-959. 

3. Flood AB, Scott WR, Ewy W. Does practice make perfect? 
Part I: The relation between hospital volume and outcomes 
for selected diagnostic categories. Med Care 1984;22:98-114. 

4. Flood AB, Scott WR, Ewy W. Does practice make perfect? 
Part II: The relation between volume and outcomes and other 
hospital characteristics. Med Care 1984;22:115-125. 

5. Hannan EL, Racz M, Ryan TJ, et al. Coronary angioplasty 
volume-outcome relationships for hospitals and cardiologists. 
JAMA 1997;277:892-898. 

6. Grumbach K, Anderson GM, Luft HS, Roos LL, Brook R. 
Regionalization of cardiac surgery in the United States and 
Canada. JAMA 1995;274:1282-1288. 

7. Lieberman MD, Kilburn H, LLndsey M, Brerman ME Rela- 
tion of preoperative deaths to hospital volume among patients 
undergoing pancreatic resection for malignancy. Ann Surg 
1995;222:638-645. 

8. Glascow RE, Mulvhill SJ. Relation ofhosp/tal volume to out- 
come in patients undergoing Whipple resection for adenocar- 
cinoma ia Northern California hospitals in 1993. Presented 
at the Thirtieth Annual Meeting of Pancreas Club, Inc., San 
Francisco, Calif.,May 19, 1996. 

9. Gordon TA, Burleyson GP, TielschJM, CameronJL. The ef- 
fects of regionaIization on cost and outcome for one general 
high-risk surgical procedure. Ann Surg 1995;221:43-49. 

10. Gordon TA, Burleyson GP, Shahrokh S, Cameron JL. Cost 
and outcome for complex high-risk gastro-intestinat surgical 
procedures. Surg Forum 1996;47:618-620. 

I 1. Hannah EL, O'Doimell JF, Kilbum H Jr, et al. Investigation 
of the relationship between volume and mortality for surgical 
procedures performed inNew York state hospitals. JAMA 
1989;262:503 -510. 

12. Hannan EL, Kilburn H Jr, O'DonnellJF, et al. A longitudinal 
analysis of the relationship between in-hospital mortality in 
New York state hopsitals and the volume of abdominal aortic 
aneurysm surgeries performed. Health Serv Res 1992;27:518- 
542. 

13. ShowstackJA, Rosenfeld KE, Gamick DW, et al. Association 
of volume with outcome of coronary artery bypass graft 
surgery: Scheduled vs. nonscheduled operations. JAMA 
1987;257:785-789. 

14. Choi TK, Lai Edward CS, Fan ST, et al. Results of surgical 
resection for hepatocellular carcinoma. Hepatogastroenterol- 
ogy 1990;37:172-175. 

15. Haratake J, Takeda S, Kasai T, et al. Predictable factors for es- 
timating prognosis of patients after resection of hepatocellular 
carcinoma. Cancer 1993;72:1178-1183. 

16. Takenaka K, Kawahara N, Yamamoto K, et al. Results of 280 
liver resections for hepatocellular carcinoma. Arch Surg 
1996;131:71-76. 

17. Fong Y, Blumgart LH, Cohen AM. Surgical treatment of co- 
lorectal metastases to the liver. CA Cancer J Clin 1995;45:50- 
62. 

18. Medicode's International Classification of Diseases, 9th revi- 
sion, Clinical Modification, 4th ed, 1995. 

19. Charlson ME, Pompei P, Ales KL, Mackenzie CR. A new 
method of classifying prognostic comorbidity in longitudinal 
studies: Development and validation. J Chronic Dis 
1987;40:373-383. 

20. Romano PS, Roos LL, Jollis JG. Adapting a clinical comor- 
bidity index for use with ICD-9-CM administrative data: Dif- 
fering perspectives. J Clin Epidemiol 1993;46:1075-1079. 

21. Sitzmann JV,, Greene PS. Perioperative predictors of morbid- 
ity following hepatic resection for neoplasm. A multivariate 
analysis of a single surgeon experience with 105 patients. Ann 
Surg 1994;219:13-17. 

22. Stimpson REJ, Pellegrini CA, Way LW. Factors affecting the 
morbidity of elective liver resection. AmJ Surg 1987;153:189- 
196. 

23. Vauthey JN, Baer UB, Guastella T, Blumgart LH. Compari- 
son of outcome between extended and nonextended liver re- 
sections for neoplasms. Surgery 1993; 114:968-973. 

24. Schlag P, Hohenberger P, Herforth C. Resection of liver 
metastases in colorectal cancer: Competitive analysis of treat- 
ment results in synchronous versus metachronous metastases. 
EurJ Surg Oncol 1990;16:360-365. 



Journal of 
20 Choti et al. Gastrointestinal Surgery 

Discussion 
Dr. W.C. Meyers (Worchester, Mass.). You have shown 

that the risk seems to be greater in the low-vohime institu- 
tions, but what about the technique? Do you think with in- 
experience that there will be fewer lesions detected? You 
have one high-volume center, which I presume is your own, 
and so your more important statistical data may be from 
your median-vohime group and that probably should be 
emphasized in your report. If the length of stay was equal in 
the two sets, how did you adjust for length of stay in the 
patients who died intraoperatively? 

Dr. M.A. Cboti. The first question related to whether 
there were differences in surgical technique that may have 
influenced these results. Certainly this is a possibility. With 
analysis of these short-term outcomes, surgical technique, 
as well as other associated factors related both to the indi- 
vidual surgeon and the institution overall, may indeed have 
affected these results. With this data set it is difficult to 
know the precise reason. Your second question relates to 
the fact that a single hospital was in the high-volume 
provider group. Ideally it would be preferable to stratify 
with a different breakpoint with more providers in the 
high-volume group. This distribution was somewhat un- 

usual in that one center performed 44% of the operations 
and was a distinct outlier. Any other breakpoint would have 
been suboptimal. One option may have been to exclude the 
one oudier and analyze only the lower-volume providers. 
This, however, would have reduced the number in the sam- 
ple size and reduced the power of the study. Another study, 
which is yet to be published, examined outcomes of liver 
resection in California. In that report there was a larger 
sample size and multiple hospitals in the group of high- 
volume providers. That  study found similar results. Your 
last question was related to average length of stay and 
whether intraoperative mortality may have had an impact 
on the shorter length of stay in the low-volume provider 
group. We did not look at that spedfically. It is certainly pos- 
sible that mortality may have had an impact on length of stay. 

Dr. M. Didolkar (Baltimore, Md.). What was your def- 
inition of mortality? Was it in-hospital or 30-day mortal- 
ity? Did you collect data from hospital records or from the 
state registry? 

Dr. Cboti. We examined only in-hospital mortality. The 
data used were from the same data set for all providers-- 
the Maryland State discharge data. 



Surgical Management of Hepatocellular Carcinoma: 
Resection or Transplantation? 
Benjamin Philosophe, M.D., Paul D. Greig, M.D., Alan W. Hemming, M.D., 
Mark S. Cattral, M.D., Ian Wanless, M.D., Imran Rasul, M.D., Nancy Baxter, M.D., 
Bryce R. Taylor, M.D., Bernard Langer, M.D. 

Liver resection or transplantation offers the best opportunity for cure of hepatocellular carcinoma (HCC). 
To determine the relative roles for resection and transplantation and to evaluate the patient and tumor 
characteristics that might predict survival, the records of 125 patients treated for nonfibrolamellar HCC 
at The Toronto Hospital between 1981 and 1996 were reviewed. No adjuvant chemotherapy or antivi- 
ral protocols were used. Resection was the first operation in 67 patients; one underwent re-resection. 
Sixty patients underwent transplantation including two who had previously had a resection; 40 had known 
or suspected HCC and 20 had incidental tumors identified in the explanted liver. The incidence of cir- 
rhosis was 49% for resection and 88% for transplantation. The incidence of hepatitis B virus (HBV) was 
58% and 33%, respectively. The operative mortality rate for resection was 4.4% (9.4% in cirrhotic and 
0 in noncirrhotic patients) and 13.3 % for transplantation. The 5-year cumulative recurrence rate was 
55% following resection and 20% following transplantation (P <0.001). The 5-year Kaplan-Meier sur- 
vival rates were 38% for resection and 45% for transplantation--60% for transplanted HBV-negative 
and 17% for HBV-positive patients (P <0.001). After resection, recurrent HCC accounted for 86% of 
deaths, whereas recurrent HBV was responsible for 42 % of deaths after transplantation. By univariate 
analysis, following resection, vascular invasion, advanced stage, multiple tumors, and lack of a capsule 
were predictive of survival; cirrhosis, HBV, age, tumor size, number, and grade were not. By multivari- 
ate analysis, only vascular invasion was predictive for resection and HBV for transplantation. Resection 
and transplantation are complementary methods of treating HCC. With the current organ shortage, re- 
section should be considered first-line treatment. HBV-positive patients with HCC should only undergo 
transplantation in combination with effective antiviral therapy. (J GASTROINTEST SURG 1998;2 "21-2 7.) 

Hepatocellular  carcinoma (HCC)  is one of  the 
most common malignant tumors in the world and is 
responsible for more than 1 million deaths annually. 
The  most important risk factors for development of 
H C C  are previous infection with hepatitis B virus 
(HBV), hepatitis C virus, or alcoholic cirrhosis. 1 The  
geographic variation in incidence relates to the preva- 
lence of  underlying liver diseases that contribute to 
its development. The  opportunities for surgical man- 
agement are limited by the fact that patients often 
present with either advanced malignancy or severe 
underlying liver disease. 

Resection has been the traditional curative ap- 
proach to the treatment of  HCC.  The operative risk 
of resection in patients with cirrhosis has limited its 

application, but with improvements in surgical tech- 
nique and supportive care, as well as better patient se- 
lection, a progressive decrease in operative mortality 
and improvement in 5-year survival have been ob- 
served. 2,3 The  majority of  treatment failures result 
from recurrent H C C  in the liver. 4,5 

Transplantation has also been used as treatment for 
H C C  and has the theoretical advantages of  not only 
removing the known primary lesion but also curing 
the underlying liver disease in which the tumor de- 
veloped and reducing the likelihood of new primary 
tumors. The  mortality and survival rates for liver 
transplantation for H C C  have also been improving 
over the past two decades, 2 and some authors have 
suggested that transplantation should be the pre- 

From the Hepatobiliary/Pancreatic and Liver Transplantation Services, Departrnent of Surgery, University of Toronto, and The Toronto 
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ferred treatment even in some resectable cirrhotic 
patients. 6 

The purpose of this study was to assess the relative 
roles of resection and transplantation for HCC in a 
single center that offers both modalities of  treatment 
and to evaluate patient and tumor characteristics that 
might be predictive of long-term survival in order to 
improve patient selection. 

P A T I E N T S  A N D  M E T H O D S  

A retrospective chart review and careful follow-up 
were carried out in 125 patients with nonfibrolamel- 
lar H C C  who were managed surgically at The  
Toronto Hospital between 1981 and 1996. 

All patients with known or suspected H C C  were 
initially evaluated as candidates for liver resection. Pa- 
tients had to be able to tolerate a major procedure and 
have minimum impairment of liver function (Child- 
Pugh class A or early B) and no complications of cir- 
rhosis (i.e., ascites, bleeding, or encephalopathy). The 
tumors had to be confined to the liver and technically 
resectable with a 1 cm margin. Liver transplantation 
was reserved for patients who had unresectable tu- 
mors confined to the liver, with minimal or no symp- 
toms. Patients with extensive involvement of the liver 
by tumor or significant tumor-related symptoms were 
not offered transplantation. In addition, one third of 
the transplanted patients with HCC had unsuspected 
or "incidental" tumors discovered in the explanted 
liver by the pathologist following transplantation for 
end-stage liver disease. 

Preoperative evaluation initially included abdomi- 
nal ultrasonography, computed tomographic (CT) 
scanning, and chest x-ray examination. More recently, 
magnetic resonance imaging has been added to the 
preoperative assessment and intraoperative ultra- 
sonography has been the final diagnostic procedure. 
Angiography was commonly used in the first decade 
of the study but it has been used infrequently since 
then. Preoperative assessment of liver function in- 
cluded standard liver profile, coagulation studies, and 
occasionally liver biopsy of the nontumor liver to as- 
sess the potential for regeneration. The  majority of 
cirrhotic patients were Child class A. 

Surgical resection was the first operation per- 
formed in 67 patients and transplantation in 58. 
Nearly two thirds of the resections were major lobec- 
tomies (Table I) because of the size or location of the 
tumor. This ratio was the same in patients with and 
without cirrhosis. Three of the resected patients de- 
veloped recurrent disease and had a second operation; 
one required re-resection and the other two under- 
went transplantation. In the analysis of data, the re- 
currence rate was therefore based on 68 resection op- 
erations and 60 transplant operations. The  survival 

rate was based on 65 patients who had resections and 
60 patients who received transplants. Follow-up was 
complete in 98% of patients and the mean follow-up 
was 28 months. Adjuvant chemotherapy was not used 
in any patient, and there was no standardized protocol 
of adjuvant antiviral therapy in use during this period 
of time, although one patient was given Lamivudine 
before and after transplantation in 1996. 

There were significant differences between the two 
treatment groups as a result of  the different selection 
criteria (Table II). Approximately half of the resection 
patients had cirrhosis based on gross appearance and 
microscopic confirmation, whereas the vast majority 
(88%) of the transplanted patients had cirrhosis. On 
the other hand, 58% of the resection patients were 
HBV positive, based on HBsAg determination, com- 
pared to 33 % of the transplant patients. Tumor size 
was determined from pathologic examination or 
imaging study reports and tended to be larger in the 
resection patients compared to the transplant patients. 
Tumor numbers were derived from pathology re- 
ports. There were many more patients with multiple 
tumors in the transplantation group than in the re- 
section group; however, this is biased by the availabil- 

Table I. Extent of liver resection 

No. 

Right lobe 2 7 
Extended right lobe 7 
Left lobe 11 
Left lateral segment 8 
Other segment/subsegment 15 

TOTAL 68 

Table II. Differences between patient groups 

Resection Transplantation 

Patient characteristics 
Cirrhotic 32 53 
Noncirrhotic 33 7 
HBV positive 38 20 
HBV negative 27 40 
Median age (yr) 58 56 

Tumor characteristics 

Size 
0-2 cm 5 23 
2-5 cm 32 26 
>5 cm 28 8 

No. of tumors 
Single 53 33 
Multiple 12 27 
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ity of the whole organ to the pathologist in transplant 
patients in which occult tumors could be found. 

Operative mortality was defined as death during 
the same hospital admission or within 30 days of the 
operation for discharged patients. Kaplan-Meier 
curves were plotted for overall survival of the resec- 
tion and transplant groups. Comparisons were done 
using the log-rank test. Cumulative recurrence rates 
were calculated using life-table analysis. The  prog- 
nostic variables were analyzed for their possible influ- 
ence on overall survival using the Cox proportional 
hazards model for the two groups separately. Each 
variable was first subjected to a univariate analysis. 
Multivariate analyses were then performed with fac- 
tors entered in a forward stepwise manner; models 
were compared with the log-likelihood ratio criterion. 
P values less than 0.05 were considered to be statisti- 
cally significant. 

R E S U L T S  

The overall operative mortality rate for liver resec- 
tion was 4.4% (9.4% in cirrhotic and 0 in noncir- 
rhotic patients). The  operative mortality for trans- 
plantation was 13.3 %. 

Table HI. Causes of late death following resection and 
transplantation 

Transplantation 

Resection I-IBV+ H B V -  
(No.) (No.) (No.) 

Recurrent H C C  19 1 3 
HBV/hepatitis 0 8 - -  
Other 3 2 5 

T O T ~  22 11 8 

The 5-year cumulative recurrence rate for H C C  
was 55% following resection and 20% following 
transplantation (P <0.001) (Fig. 1). Most of the re- 
currences in the resected patients were in the liver at 
a distance from the resection margin, and were likely 
new primary tumors. Five transplanted patients de- 
veloped recurrent tumor, each with widespread 
metastatic HCC. All five had known or suspected can- 
cer at the time of their transplant. 

Survival curves for both groups of patients are 
shown in Fig. 2 and are similar for transplantation 
(45% at 5 years) and resection (38% at 5 years). The 
influence of cirrhosis on survival in resected patients is 
shown in Fig. 3. Although the operative mortality rate 
in cirrhotic patients was slightly higher than that in 
noncirrhotic patients, the 5-year survival rates were 
similar in cirrhotic (38%) and noncirrhotic (40%) pa- 
tients. Fig. 4 depicts survival in resected patients ac- 
cording to HBV status and does not show any signif- 
icant difference in survival between HBV-positive 
(49%) and HBV-negative (17%) patients (P = 0.38). 
In the patients treated by transplantation, however, 
there is a marked difference in 5-year survival be- 
tween patients who are HBV positive (17%) and 
those who are HBV negative (60%, P = 0.001), as 
shown in Fig. 5. The  major cause of late death in 
HBV-positive transplanted patients was recurrence of 
hepatitis B in the transplanted liver. The frequency of 
deaths from other causes was not significantly different 
between HBV-positive and HBV-negative patients 
(Table III). In transplanted patients, the survival of 
those with known or suspected tumors was similar to 
the survival of patients with incidental tumors (Fig. 6). 

Table IV shows all of the factors that were exam- 
ined as potential predictors of mortality following ei- 
ther resection or transplantation. Stage was defined 
according to American Joint Committee on Cancer 
criteria, 7 and tumor grading was based on Edmond- 
son criteria, s For resection, univariate analysis sug- 

Table I~. Factors examined as potential predictors of mortality following resection and transplantation 

Resection Transplantation 

Variables Univariate Multivariate Univariate Multivariate 

Vascular invasion 0.000 I* 0.0003" 0.228 
Advanced stage 0.0001" 0.527 
Multiple tumors 0.0002* 0.066 
Lack of eapsulation 0.039* 0.454 
Size (larger) 0.453 0.645 
Grade (higher) 0.539 0.754 
Cirrhosis 0.502 0.338 
Age (younger) 0.608 0.029* 
HBV 0.387 0.003* 0.03" 

*Significant; P <0.05. 
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Fig. 3. Survival following resection for H C C  in 32 patients 
with cirrhosis and 33 without cirrhosis. 

1 ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 t i - . . + - - . - ,  U) .4 . . . . . . .  h .............................................................. 

o . o ~  J o.o~ 
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96 

Post -Opera t ive  Months  Post -Opera t ive  Months  

Fig. 4. Survival following resection for H C C  in 38 HBV-pos- Fig. 5. Survival following transplantation for H C C  in 40 HBV- 
itive patients and 27 HBV-negative patients (P = 0.38). negative patients and 20 HBV-positive patients (P = 0.001). 



Vol. 2, No. 1 
1998 Surgical Management of Hepatocellular Carcinoma 25 

1 . 0  

D 

-n 
U) 

.8  

.6 ̧  

.4 

.2 

0.0 
0 

! 

~11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  I~l~ f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I . 2 . L - l ~ "  ~ Incloental 

.................................. --7,~i .......................................... , i  
A 

......................................................... T ...... Known ........ 
7 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 24 36 48 60 72 84 96 

Post -OperaUve  Months  

Fig. 6. Survival following transplantation in 40 patients with 
known or suspected H C C  and 20 patients with incidental  
HCC.  

gested that the tumor factors of vascular invasion, ad- 
vanced stage, multiple tumors, and lack of a capsule 
appear to be significant. In the multivariate analysis, 
however, only vascular invasion was significant. In the 
transplanted patients, age and hepatitis B status ap- 
peared to be significant predictors on univariate 
analysis, but only hepatitis B status was a predictor on 
multivariate analysis. 

D I S C U S S I O N  

In 1977 Foster and Berman, 9 in their classic liver 
tumor survey, reported an operative mortality follow- 
ing resection for H C C  of 58% in cirrhotic and 12% 
in noncirrhotic patients and 5-year survival of 0 in cir- 
rhotic and 27% in noncirrhotic patients. Wi th  im- 
provement in the techniques of liver resection, anes- 
thesia, and perioperative care, and improved methods 
of selecting patients for operation, operative mortality 
has progressively improved and is now in the range of 
5% to 10% for cirrhotic patients and less than 5% for 
noncirrhotic patients. Five-year survival following re- 
section is currently, reported to be between 25 % and 
40% in both cirrhotic and noncirrhotic patients) °-13 
This  change is likely the result of earlier diagnosis 
from screening programs and improved imaging, as 
well as better selection of patients, taking into account 
those factors that h~ve been considered as predictive 
of survival. These  have included single t u m o r s ,  13,14 
presence of  a capsule, 15 absence of vascular inva- 
sion, 14,16 and small size~ :15,16 Comparison of results be- 
tween centers is difficult because of variation in selec- 
tion criteria and lack Of standardization of staging and 

reporting. Our finding of vascular invasion as the only 
predictor of survival after resection using multivari- 
ate analysis is in keeping with other recent reports. 14,16 

The  early published reports of transplantation for 
H C C  noted a high early recurrence rate of tumor and 
poor  survival. In 1988 Pichlmayr 17 questioned 
whether  transplantation had any role to play in the 
treatment of hepatic malignancies. It was apparent, 
however, since patients who were found to have inci- 
dental tumors  had the same survival rates as those 
without HCC,  18 that some early H C C  can be cured 
with transplantation. More recent reports have indi- 
cated that  with careful selection and low operative 
mortality, lower recurrence rates and improved sur- 
vival can be achieved. 2 The  tumor-related factors cur- 
rently considered to be impor tant  as predictors of  
both recurrence and survival have included the fol- 
lowing: no tumor-associated symptoms,  19 early 
stage, 2°-22 small size (<2 to 5 cm), 6,19-22 single tumors 
or fewer than t h r e e ,  6,19,21,22 low ot-fetoprotein, 22 en- 
capsulation of the t u m o r ,  21'22 and absence of vascular 
invasion. 2°-22 To further improve the results of trans- 
plantation for HCC,  preoperative chemotherapy or 
chemoembolization 19,23 and/or postoperative adjuvant 
chemotherapy 23,24 are being investigated; the role of 
this strategy remains to be defined. 

The  data from our center confirm those of others 
in showing that careful patient selection allows one to 
carry out resective surgery with low operative risk 
even in patients with cirrhosis. Our  recurrent rate of 
5 5 % is comparable to that of other authors and con- 
stitutes the major problem limiting long-term sur- 
vival. 5,2s In a small number  of patients re-resection is 
possible, and one of our patients is alive and disease 
free 8 years following the first of his two liver resec- 
tions. Use of chemotherapy, either systemically, by 
intra-arterial infusion, or by chemoembolization, has 
not been shown to improve survival, z5,26 Methods of 
adjuvant therapy to reduce the occurrence of new tu- 
mors in the susceptible liver may be more appropri- 
ate, and the report of the use of synthetic retinoids to 
decrease the recurrence rate of H C C  after curative 
t reatment  shows promise as a potential adjuvant to 
surgical resection. 27 

In the case of transplantation, our data indicate that 
the incidence of tumor recurrence in patients selected 
with early and minimally symptomatic disease is not  
as high as previously reported. T h e  survival of the 
HBV-negative patients is similar to that achieved in 
other groups of transplant patients, indicating an im- 
portant role for transplantation in carefully selected 
patients with known or suspected HCC.  Moreover, 
these results question the role of adjuvant chemother- 
apy for all patients, since our survival of HBV-nega- 
tire patients is comparable to what has been reported 
when adjuvant chemotherapy is used. 19,23,28 
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Our study failed to identify any tumor-associated 
factors predictive of survival following transplanta- 
tion. However, this may have been the result of the 
small sample size, selection bias, or other factors. 
There is a need to better define the predictive value, if 
any, of tumor size, multiplicity, presence of a capsule, 
and gross vascular invasion. This can only be achieved 
by studying larger numbers of patients using stan- 
dardized staging and multivariate analysis of data. 

The data reported in this study reinforce our pre- 
viously reported opinion z9 and that of others 3° that 
patients who are HBV positive should not undergo 
transplantation without effective antiviral therapy to 
prevent the recurrence of hepatitis B in the graft, 
which under the influence ofimmunosuppression has 
a rapidly progressive course. The best protocol has 
not yet been developed. The limited availability of 
hepatitis B immune globulin restricts its widespread 
use. Lamivudine or other similar antiviral drugs 
hold promise; however, the emergence of mutant 
strains of HBV in response to these agents is now well 
recognized. 

Theoretically, liver transplantation should provide 
the best long-term survival for patients with HCC, 
and it has been suggested that it be the treatment of 
choice in patients with cirrhosis, even those with early 
potentially resectable disease. 6 In our patient popula- 
tion of HBV-negative patients, a 5-year survival of 
60% was achieved with a low incidence of recurrence. 
The practical problem, however, is that there are in- 
sufficient livers available in most centers to offer 
transplantation to patients with resectable HCC. 

C O N C L U S I O N  

At the present time we consider both resection and 
transplantation to be appropriate and complementary 
methods of treating HCC. Given the limitation in or- 
gan availability and the absence of prospective ran- 
domized trials, resection should be considered first- 
line treatment for HCC in low risk patients who have 
good preservation of hepatic function and whose tu- 
mors are technically resectable with an adequate mar- 
gin. Effective adjuvant therapy directed at reducing 
the rate of recurrence of tumors in the liver is needed 
to improve survival. 

Liver transplantation is effective treatment for se- 
lected patients with HCC who are HBV negative. 
The importance of currently suggested selection cri- 
teria, including size, multiplicity, capsulation, and 
vascular invasion, which might be predictive of out- 
come remains to be determined. Patients with HCC 
who are HBV positive should only undergo trans- 
plantation as part of a prospective study using antivi- 
ral protocols. 
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Discussion 
Dr. C. Baker (Chapel Hill, N.C.). Did you analyze the 

20 patients in whom incidental carcinoma was seen at the 
time of transplantation? It  is a small group but I would like 
to know what happened to them. 

Dr. P.D. C-a'eig. Yes, we did. Further analysis of  the 
transplant patients has been performed. The  recurrence 
and survival rates for this incidental group of 20 patients 
are equivalent to rates for the 40 patients with no suspected 
tumor. We also found no difference when stratifying for 
those with and without hepatitis B. 

D~..~. Roslyn (Philadelphia, Pa.). I wonder if you could 
comment on what type of intraoperative assessment is used 
to determine whether the lesion is resectable? Do you use 
intraoperative ultrasound? 

Dr:. Greig. Yes, we do use intraoperative ultrasound. It  is 
useful in identifying other tumors that would preclude re- 
section and is helpful in making the final decision as to the 
extent of resection. Intraoperative ultrasound has become 
an essential part of our intraoperative assessment of these 
patients. 



Biliary CA 19-9 Values Correlate With the Risk 
of Hepatic Metastases in Patients With 
Adenocarcinoma of the Pancreas 

Richard C. Montgomery, M.D., John P Hoffman, M.D., Eric A. Ross, Ph.D., 
Lee B. Riley, M.D., Ph.D., John A. Ridge, M.D., Ph.D., Burton L. Eisenberg, M.D. 

Serum values of the tumor-associated antigen CA 19-9 are useful as an independent predictor of survival 
in patients with adenocarcinoma of the pancreas. However, the utility of biliary CA 19-9 values is un- 
known. This study was undertaken to determine whether biliary CA 19-9 levels are predictive of hepatic 
metastases. Between 1991 and 1996, thirty-eight patients treated for adenocarcinoma of the pancreas 
were evaluated using a biliary CA 19-9 assay. Bile was obtained from percutaneous stents placed during 
the perioperative period. Five of the 38 patients had low serum levels of CA 19-9 (<2 U/ml) and were ex- 
cluded from the study. Twenty-seven (80%) of the 33 patients developed distant metastases: five pul- 
monary, five peritoneal, and 17 hepatic. Liver metastases were discovered initially in 10 and after resec- 
tion of the primary tumor in seven (median interval 10 months). Biliary CA 19-9 values were signifi- 
candy higher in patients with hepatic metastases (median 267,400 U/ml; range 34,379 to 5,000,000 U/ml) 
compared to patients without metastatic disease (median 34,103 U/ml; range 6,620 to 239,880 U/ml; 
P <0.006). Patients with hepatic, peritoneal, and pulmonary metastases had median survivals of 8, 14, and 
35 months, respectively (P <0.0041). All patients without metastatic disease are alive (median 
follow-up 13 months). Biliary CA 19-9 values are associated with a stepwise increase in the risk of devel- 
oping metastatic disease. Patients with biliary CA 19-9 levels greater than 149,490 U/ml have an in- 
creased risk of developing recurrent disease in the liver and may warrant further hepatic evaluation or 
therapy. (J GASTROINTEST SURG 1998;2:28-35.) 

Since its initial description by Koprowski et al., 1 
the tumor-associated antigen CA 19-9 has become the 
predominant tumor marker for the diagnosis of ade- 
nocarcinoma of the pancreas. 2 Recent evidence has 
shown that serum CA 19-9 is useful as an indepen- 
dent predictor of recurrence and survival after resec- 
tion. 3-6 Although serum CA 19-9 values correlate with 
tumor burden and metastatic disease, 7 accurate pre- 
dictions regarding the pattern of recurrence using this 
tumor marker obtained from serum cannot be made. 
In addition, few studies have shown a use for CA 19- 
9 values obtained from sources other than the serum, 
and no study to date has examined the potential use of 
biliary CA 19-9 as a predictor of metastatic disease. 

One of the most common reasons for an aborted 
pancreatic resection is the intraoperative detection of 
unsuspected hepatic metastases. Studies on patterns 

of recurrence show that the liver is a common site of 
failure after pancreatic resection, sq° This knowledge 
has led many investigators to search for preoperative 
or intraoperative predictors of hepatic metastases in 
an effort to identify these high-risk patients for proper 
staging and treatment. 

Since serum CA 19-9 is a known tumor marker for 
patients with adenocarcinoma of the pancreas, an in- 
teresting question is whether biliary CA 19-9 values 
can accurately identify patients at risk for developing 
or having hepatic metastases after resection for ade- 
nocarcinoma of the pancreas. 

In patients with benign and malignant disease of 
the pancreas and biliary tree, bile contains identifiable 
amounts of the CA 19-9 antigen. In addition, small 
pancreatic tumors produce detectable levels of the CA 
19-9 antigen, ll and work using mathematic modeling 
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suggests that the CA 19-9 antigen could be detected 
prior to clinical identification of the primary tumor. 7 
Therefore it is theoretically possible for a clinically 
undiscovered hepatic metastases to produce sufficient 
CA 19-9 antigen to allow detection. If a correlation 
between the value of the biliary CA 19-9 and the pres- 
ence or development of hepatic metastases could be 
documented, it could prove useful in the preoperative 
workup and postoperative treatment of these patients. 
The purpose of this study was threefold: (1) to deter- 
mine if biliary CA 19-9 values are correlated with 
serum CA 19-9 values; (2) to determine if biliary CA 
19-9 alone can predict survival in patients with ade- 
nocarcinoma of the pancreas; and primarily (3) to de- 
termine if biliary CA 19-9 values are associated with 
the development of hepatic metastases. 

MATERIAL A N D  M E T H O D S  

The Tumor Registry at the Fox Chase Cancer 
Center was reviewed for the period between 1991 and 
1996. Thirty-eight patients were identified who were 
diagnosed with adenocarcinoma of the pancreas and 
had perioperative CA 19-9 assays performed on bile 
samples. Hospital, clinic, and personal physician 
records were obtained and reviewed for data pertain- 
ing to each patient'sclinical course. Data collected in- 
cluded age, sex, presenting symptoms, diagnostic 
tests, method of initial biliary decompression, biliary 
CA 19-9 value, serum CA 19-9 value, stage of disease, 
operative procedure, intraoperative findings, postop- 
erative course, adjuvant therapy, morbidity, interval 
to failure, site of failure, survival status, and date of 
last evaluation. When appropriate, patients or their 
personal physicians were contacted to establish cur- 
rent survival status. 

Biliary samples were obtained from percutaneous 
stents placed during the preoperative period in 20 pa- 
tients (including all patients eventually undergoing 
bypass), and either preoperatively or immediately 
postoperatively in all patients undergoing resection. 
Bile samples obtained closest to the operative period 
were chosen for analysis when multiple data points 
were encountered. Serum samples were drawn before 
treatment and then every 3 months for 1 year (after 
1 year, samples were drawn every 3 to 6 months). Bil- 
iary and serum CA 19-9 levels were determined using 
a CA 19-9 radioimmunoassay kit manufactured by 
Abbott Laboratories, Chicago, Illinois. The recom- 
mended normal value of 37 U/ml was used for the 
serum assays. However, a normal value for biliary 
samples has not been determined. 

Five patients with preoperative levels of serum CA 
19-9 less than 2 U/ml were considered nonsecretors 
and were excluded, leaving 33 potential subjects for 

analysis. When possible, serum alkaline phosphatase 
and serum bilirubin values were matched to each 
serum and biliary CA 19-9 value, and patient records 
were evaluated in an effort to exclude nonmalignant 
causes of CA 19-9 elevation. 

Thirty-three patients were included in this study, 
16 males and 17 females with an average age of 64 
years (range 41 to 80 years). Twenty-two had tumors 
confined to the pancreatic head, 10 had tumors in- 
volving the pancreatic body, and one had a tumor 
confined to the pancreatic tail. 

Thirty-one patients underwent surgical explo- 
ration. There were 22 ~ p p l e  procedures, one total 
pancreatectomy, and eight palliative bypasses. Two 
patients were found to have metastatic disease during 
the preoperative workup and did not undergo explo- 
ration. 

Using the ~ e r i e f i n  Joint Committee on Cancer 
Staging System, 12 patients were classified as follows: 
six patients were stage I, two were stage II, 14 were 
stage III, and 11 were stage IV.. Tumor stages included 
two T lb  lesions, 20 T2 lesions, and 11 T3 lesions as 
determined by CT scan or pathologic examination. 
Tumor differentiation was verified at the Fox Chase 
Cancer Center; tumors were well differentiated in 
three patients, moderately differentiated in 20, and 
poorly differentiated in nine. Of the 23 patients who 
underwent resection, 16 were resected with negative 
margins, two with positive margins, and five with 
close (<2 mm) margins. 

Seventeen patients were enrolled in two separate 
phase II trials of neoadjuvant therapy consisting of 
5-fluorouracil and mitomycin C combined with ex- 
ternal beam radiotherapy. Eight of these patients were 
eventually deemed unresectable because of metasta- 
tic disease. Thirteen patients received postoperative 
adjuvant therapy using a similar regimen, and one pa- 
tient did not receive any adjuvant therapy. Two pa- 
tients who had metastatic disease on presentation 
were treated with primary chemotherapy and radia- 
tion therapy. 

Categorical and continuous variables were evalu- 
ated using the log-rank and Cox-Mantel tests with re- 
spect to disease-free and overall survival. For further 
statistical analysis, serum CA 19-9 data were divided 
into preoperative values and values obtained between 
1 and 3 months postoperatively, whereas the biliary 
CA 19-9 value obtained closest to the initiation of 
surgical treatment was used. The results of the pro- 
portional hazards regression model were visualized 
using Kaplan-Meier survival curves. Empiric sensitiv- 
ity and specificity curves for the development of he- 
patic metastases were created by computing the sen- 
sitivity and specificity of a variety of different cut 
points defined by each observed biliary CA 19-9 
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value. A plot of the estimated probability of hepatic 
metastases as a function of the bile CA 19-9 was con- 
structed using predicted values derived from a linear 
logistic regression fit to the presence or absence of he- 
patic metastases. The  covariant for this regression 
model was the natural log of the biliary CA 19-9 val- 
ues. A significance level of 5 % was used for all calcu- 
lations. 

R E S U L T S  

Categorical and continuous data were analyzed us- 
ing a univariate regression analysis, and their associa- 
tion with respect to disease-free and overall survival 
is shown in Table I. Neither age, sex, nor adjuvant 
treatment was associated with improved survival. 
However, lower stage of disease, well-differentiated 
tumors, and negative margin status were associated 

T a b l e  I .  Effects o f  variables on  survival 

Variable P value 

Age <0.79 
Sex <0.78 
Neoadjuvan t  t r ea tmen t  <0.18 
Stage <0.0001 
Differentiation <0.02 
Negative margins <0.0002 
Preoperative serum CA 19-9 <0.01 
Postoperative serum CA 19-9 <0.006 
Biliary CA 19-9 <0.0002 

with improved survival. In addition, preoperative and 
postoperative CA 19-9 values were significantly as- 
sociated with overall survival as were the biliary CA 
1 9 - 9  values. 

Statistical analysis using Spearman's correlation 
coefficient revealed that the postoperative serum 
CA 19-9 values were significantly correlated with the 
biliary CA 19-9 values (P <0.02; Fig. 1). Increasing 
serum and bile CA 19-9 values were correlated with 
decreased disease-free (P <0.001) and overall (P <0.02) 
survival. 

Preoperative serum CA 19-9 values ranged from 
5 to 34,379 U/ml with a median value of 472 U/ml; 
CA 19-9 values obtained between 1 and 3 months 
postoperatively ranged from 12 to 89,500 U/ml with 
a median value of 156 U/ml. The patients with pre- 
operative serum CA 19-9 values less than the median 
value of 472 U/ml had significantly longer overall sur- 
vival (21 vs. 11 months; P <0.029) compared with pa- 
tients who had preoperative serum values greater than 
the median value (Table II). In addition, serum values 
obtained between 1 and 3 months postoperatively that 
were less than the median value of 156 U/ml were 
predictive of improved disease-free survival (14 vs. 
5 months; P <0.028) and overall survival (35 vs. 12 
months; P <0.017; Table II). 

Biliary CA 19-9 values ranged from 6620 to 
5,000,000 U/ml  with a median value of 149,490 
U/ml. Patients with biliary CA 19-9 values below the 
median value had significantly longer disease-free 
(13 vs. 1 month; P <0.04) and overall (21 vs. 11 
months; P <0.013) survival compared to patients with 
biliary values above the median (Fig. 2). 
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Fig. 1. Correlation between biliary CA 19-9 and postoperative serum CA 19-9 values. Line represents 
best fit to observed data. 
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Twenty-seven (80%) of the 33 patients developed 
metastatic disease. Sites of recurrence included pul- 
monary (n = 5), peritoneal (n = 5), and hepatic 
(n = 17) metastases. Nine of the 10 patients with pul- 
monary and peritoneal metastases had a recurrence 
after pancreatic resection, with a median interval to 
failure of 17 and 10 months, respectively. Of the 17 
patients with hepatic metastases, 10 were found at the 
initial exploration; seven of these patients underwent 
bypass, one was maintained with a percutaneous stent, 
and two who had small peripheral hepatic lesions un- 
derwent resection. Seven patients were diagnosed 
with hepatic metastases during postoperative follow- 
up or during maintenance chemotherapy with a me- 
dian interval to detection of 10 months. 

Overall survival for the entire study group was 13 
months (all five patients without evidence of disease 
are alive with a median follow-up of 13 months). The 
median survival of those patients who developed he- 

Table 1I. Serum CA 19-9 as a predictor of survival 
using the median value as a threshold 

C A  19-9  v a l u e s  Overall survival 
(too) 

Preoperative serum CA 19-9 
>472 U/ml (median) 11 
<472 U/ml 21 

Postoperative CA 19-9 (I-3 mo) 
> 156 U/ml (median) 12 
<156 U/ml 35 

patic, peritoneal, and pulmonary metastases was 8, 14, 
and 35 months, respectively (P <0.0041). 

The values for biliary CA 19-9 correlated with a 
stepwise increase in the risk of developing metastatic 
disease with the lowest values associated with no 
metastases, intermediate values with pulmonary and 
peritoneal metastases, and the highest values with he- 
patic metastases (Fig. 3; P <0.01). Biliary CA 19-9 
values were significantly higher in patients with 
metastatic disease in the liver (median 267,400 U/ml; 
range 34,379 to 5,000,000 U/ml) compared to pa- 
tients without metastatic disease (median 34,103 
U/ml; range 6620 to 239,880 U/ml; P <0.006). De- 
spite the correlation between increasing biliary CA 
1 9 - 9  values and the development of metastatic dis- 
ease, the ranges of the biliary CA 19-9 values for pa- 
tients with different metastatic sites overlapped (see 
Fig. 3). In fact, biliary CA 19-9 values for patients 
with hepatic metastases were not significantly differ- 
ent from those values in patients who developed peri- 
toneal metastases (median 91,890 U/ml; range 44,198 
to 1,059,200 U/ml), although the median value for 
the patients with hepatic metastases was higher than 
that for patients with peritoneal metastases. This may 
be related to undetected hepatic metastases in the 
peritoneal group because the patient with the highest 
value from the peritoneal group (3 times the next pa- 
tent's value) was found to have undetected hepatic 
metastases at autopsy. Although the biliary and serum 
CA 19-9 values were correlated, serum values were 
not predictive for the site of metastatic disease. 

Sensitivity and specificity curves as a function of 
the risk of developing hepatic metastases were com- 
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puted using each observed biliary CA 19-9 value (Fig. 
4). Sensitivity is defined as the proportion of patients 
with disease who test positive, whereas specificity is 
defined as the proportion of patients without disease 
who test negative. As the threshold for biliary CA 
19-9  values increased, a higher specificity with regard 
to identifying hepatic metastases was obtained• How- 
ever, as these values increased, there was a decrease in 

the sensitivity in identifying all patients at risk for de- 
veloping hepatic metastases. 

A plot  of the estimated probability of hepatic 
metastases as a function of the biliary CA 19-9 value is 
shown in Fig. 5. T h e  predicted values are derived 
from a linear logistic regression analysis calibrated to 
the presence or absence of hepatic metastases. As bil- 
iary CA 19-9 values increased, an increase in the 
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Fig. 5. Estimated probability of developing hepatic metastases as a function of individual biliary CA 19-9 
values. 

probability of developing hepatic metastases was 
clearly observed. 

DISCUSSION 

The  propensity to develop metastatic disease con- 
tinues to make adenocarcinoma of the pancreas one 
of the deadliest malignancies treated in the Uni ted 
States today, accounting for approximately 27,800 
deaths in 1996 alone. 13 Lymphatic spread can occur 
early in tumor  development, and some studies have 
shown that as many as 75% of patients with T1 tu- 
mors confined to the pancreas will have microscopic 
lymphatic metastases at the time of resection. 14,15 De- 
spite the widespread use of computed  tomography 
and angiography in the preoperative evaluation of  
these patients, one of the most  common reasons for 
an aborted pancreatic resection remains the discovery 
of unsuspected hepatic metastases. Since the only 
hope for long-term survival is surgical resection, sig- 
nificant time and expense are expended to identify dis- 
rant spread of disease as well as high-risk patients who 
may benefit from neoadjuvant or adjuvant therapy. 

T h e  tumor-associated antigen CA 19-9 is the sia- 
lylated Le ab antigen and is present in salivary mucus, 
serum, and physiologic exocrine pancreatic secre- 
l i ons .  2 Immunohistochemical techniques demonstrate 
the CA 19-9 antigen in several different gastrointesti- 
nal malignancies as well as in nonneoplastic epithelia 
from the pancreas, stomach, liver, and biliary tract. 16 
Thus  benign conditions such as cholelithiasis, cholan- 
girls, and biliary obstruction can result in an elevated 

serum CA 19-9 level, which can cause confusion when 
this assay is used as a diagnostic test. 

Although decompression of the biliary tree results 
in a rapid fall in the serum CA 19-9 levels, these val- 
ues do not  return to normal in patients with malig- 
nant disease as opposed to patients with nonmalignant 
biliary disease. 17,18 CA 19-9 values have been shown 
to parallel documented tumor burden and decrease in 
response to treatment. 19 In addition, serum CA 19-9 
marker  concentrat ions have been mathematically 
shown to closely follow tumor  burden and the devel- 
opment  of hepatic metastases in a patient with adeno- 
carcinoma of the pancreas. 7 If  metastatic disease is 
present in the liver, then theoretically the CA 19-9 
antigen shed by metastatic tumor  would correlate 
with tumor burden and be detectable in biliary sam- 
pies. 

In this study, biliary CA 19-9 values were directly 
correlated with serum CA 19-9 values in patients with 
adenocarcinoma of the pancreas (see Fig. 1), and bil- 
iary CA 19-9 values alone were independent predic- 
tors of survival. When  we arbitrarily assigned the me- 
dian value as our threshold, a clear difference in dis- 
ease-free and overall survival between the patients 
with biliary values greater than the median of 149,490 
U/ml  could be seen in comparison to patients with 
biliary values less than the median value (see Fig. 2). 
Despite the correlation between biliary and serum CA 
19-9, serum values did not correlate with the site of 
metastatic disease. 

We at tempted to minimize the effect biliary ob- 
strnction had on the CA 19-9 value by reviewing con- 
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current liver function tests and by using bile samples 
obtained after a period of decompression. Although 
the retrospective nature of this study prevented com- 
plete resolution of this problem, CA 19-9 was pro- 
duced by the tumor in sufficient amounts to correlate 
with the different sites of metastatic disease. Biliary 
CA 19-9 values are associated with the risk of devel- 
oping metastatic disease at any site. However, com- 
plete independent discrimination between separate 
metastatic sites using the biliary value is not possible 
because of the overlapping ranges of the biliary CA 
19-9 values (see Fig. 3). Regardless, higher values are 
significantly associated with the greatest risk of devel- 
oping hepatic metastases. In fact, the biliary CA 19-9 
value may be more sensitive than we can demonstrate 
because a patient with peritoneal metastases by imag- 
ing studies (and included in that group for analysis), 
and the highest biliary CA 19-9 value for that group, 
was found to have hepatic metastases only after au- 
topsy. 

Since elevated biliary CA 19-9 values are associated 
with hepatic metastases, we turned our attention to 
identifying individual biliary CA 19-9 values that 
could be used as threshold values to stratify patients 
into separate groups with opposing risks of hepatic 
metastases. Sensitivity and specificity curves con- 
structed from our data reveal that as biliary CA 19-9 
values increase, the specificity also increases. Unfor- 
tunately the converse is true with regard to sensitivity, 
which decreases as biliary CA 19-9 values increase. 
Thus any threshold value chosen will require a trade- 
off between sensitivity and specificity. Therefore 
choosing a threshold value will require a knowledge 
of the consequences of false negative and false posi- 
tive results. 

A threshold with a high specificity will reduce the 
number of false positive results. This situation would 
be more desirable when attempting to identify pa- 
tients who may benefit from a more thorough, and 
presumably expensive, diagnostic workup. Higher  
specificity is more desirable when attempting to iden- 
tify those patients with a high enough risk to justify 
treatment with a more intensive systemic or hepatic- 
directed therapy. 

However, some patients who are at risk of devel- 
oping hepatic metastases will not be identified using 
any of the higher biliary CA 19-9 values because of 
the lower sensitivity associated with these values. De- 
pending on the threshold value chosen, patients with 
values above the threshold will have a risk that is suf- 
ficiently high to justify a more intensive workup or 
additional treatment. 

Keeping these limitations in mind, a patient's prob- 
ability of developing hepatic metastases can be identi- 
fied using the biliary CA 19-9 value (see Fig. 5). For 

example, based on our results, patients with a biliary 
CA 19-9 value greater than 1,214,812 U/ml have an 
85 % probability (sensitivity 24%; specificity 100%) 
of developing hepatic metastases. Patients with values 
greater than 386,600 U/ml have a 70% probability 
(sensitivity 35%, specificity 86%) of developing he- 
patic metastases. Conversely, patients with a biliary 
value of 32,859 U/ml have a 27% probability (sensi- 
tivity 100%, specificity 20%) of developing hepatic 
metastases. Clearly the biliary CA 19-9 value can be 
useful in identifying those patients at a high risk of 
developing hepatic metastases despite the fact that 
some patients at risk will not be identified. 

Some caution must be exercised when attempting 
to use any of our threshold values for generalized pur- 
poses, however, since statistically significant thresh- 
old values will vary depending on the time interval 
used and the population size. 2° Although our data are 
strongly suggestive, enough variability exists within 
this small series of patients to prevent the application 
of our threshold values to the general population. A 
prospective study with a large group of patients is 
needed to identify statistically sound threshold values 
that can be considered suitable for routine use. 

At present, the absence of effective adjuvant ther- 
apy for metastatic pancreatic cancer is the most im- 
portant obstacle preventing the potential use of the 
biliary CA 19-9 assay to identify patients at risk for 
hepatic metastases. Although biliary CA 19-9 may 
provide information indicating the presence of he- 
patic metastases, systemic adjuvant treatment should 
not be based on this value alone in the absence of 
identifiable disease. Once prospective studies clarify 
the parameters surrounding the use of the biliary 
CA 19-9 assay, trials can be designed using this as- 
say to identify patients with a high risk of developing 
hepatic metastases and examine the potential effects 
of hepatic-directed adjuvant therapy such as contin- 
uous postoperative infusion chemotherapy. 21 Cur- 
rently, the use of biliary CA 19-9 assays for anything 
other than an indication for a more intensive diag- 
nostic search for metastatic disease is not recom- 
mended. 

In summary, biliary CA 19-9 is correlated with 
serum CA 19-9 and increasing values are correlated 
with decreased survival. Biliary CA 19-9 values alone 
are predictors of survival and are associated with the 
development of hepatic metastases with the higher 
values carrying the greatest risk. In our study, patients 
with biliary CA 19-9 values greater than the median 
value of 149,490 U/ml were at greater risk of devel- 
oping hepatic metastases compared to patients with 
lower values. Patients with biliary CA 19-9 values 
greater than 386,600 U/ml have a 70% probability of 
developing hepatic metastases. Because of the inaccu- 
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racy  o f  c u r r e n t  i m a g i n g  t echn iques  in the  de t ec t ion  
o f  small  hepa t ic  metastases,  the  bil iary C A  19-9 value 
m a y  be m o r e  specific than  we are able to  demonst ra te .  
P rospec t ive  studies o n  larger  popu la t ions  o f  pat ients  
wi th  a d e n o c a r c i n o m a  o f  the  pancreas  are needed  be-  
fore  h i g h l y  accura te  t h r e s h o l d  values can  be  es tab-  
l ished for  clinical use. 
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A Novel Strategy for Inhibiting Growth of 
Human Pancreatic Cancer Cells by Blocking 
Cyclin-Dependent Kinase Activity 
Hideaki lseki, M.D., Tien C. Ko, M.D., Xiang Ying Xue, M.D., Annie Seapan, B.S., 
Courtney M. Townsend, Jr., M.D. 

Pancreatic cancers frequently carry mutations in the K-ras, p53, and p16 genes, which regulate cell pro- 
liferation. Transition from G1 to S phase of the cell cycle requires activation of cyclin-dependent kinase 
2 (Cdk2), which is inhibited by olomoucine and roscovitine. The purpose of this study was to determine 
whether olomoucine and roscovitine can block Cdk2 kinase activity and inhibit proliferation of four hu- 
man pancreatic cancer cell lines with various genetic alterations. Human pancreatic carcinoma cell lines 
BxPC-3, PANC-1, Capan-2, and CAV were treated with olomoucine or roscovitine. Cdk2 kinase activ- 
ity was determined using histone H1 as the substrate. Cell cycle distribution was analyzed by DNA flow 
cytometry. Cell numbers were quantitated by Coulter counter. Olomoucine and roscovitine blocked 
Cdk2 activity in all four pancreatic cancer cell lines. Both compounds also inhibited cell proliferation in 
a dose-dependent fashion. Roscovitine was at least threefold more potent than olomoucine for both Cdk2 
activity and cell proliferation. We have shown that Cdk inhibitors, olomoucine and roscovitine, block 
proliferation of human pancreatic cancer cells regardless of their mutations in K-ras, p53, or pl 6 genes. 
These compounds represent a novel therapeutic strategy with potential therapeutic benefits for pancre- 
atic cancers. (JGASTROn'CTEST SURG 1998;2:36-43.) 

Pancreatic cancer is the second leading cause of  
gastrointestinal cancer-related deaths and the fifth 
most common cause of all cancer deaths in the United 
States. a It is estimated that there will be 27,600 new 
cases in 1997 with an overall 5-year survival rate of 
less than 5% .1 This poor prognosis attests to the very 
aggressive nature of pancreatic cancer and its propen- 
sity to spread early into regional lymph nodes and dis- 
tant organs. Surgery remains the treatment of choice 
for localized disease, which is present in only 10% to 
15% of affected individuals. 2 Even after curative re- 
section, the 5-year survival rate is approximately 
12 %.1,2 Conventional radiation therapy and systemic 
chemotherapy have been ineffective in improving the 
prognosis for advanced disease) Clearly, new strate- 
gies are needed if significant improvement in survival 

is tO be achieved in pancreatic cancer. The  develop- 
ment of  novel therapeutic approaches requires an un- 
derstanding of  the molecular alterations that occur 
during pancreatic tumorigenesis. 

During the past 10 years, advances in molecular 
techniques have identified three frequently altered 
genes in pancreatic cancer: K-ras, p53, and pl6. K-ras 
is a member of the ras oncogene family and encodes a 
21 kDa membrane-bound protein involved in signal 
transduction. Point mutation at codon 12 of  the K- 
ras oncogene is found in at least 75% of pancreatic 
adenocarcinomas. 4,5 This leads to inappropriate acti- 
vation of  the ras pathway resulting in uncontrolled 
cell proliferation, p53 is a transcription factor and ac- 
tivates genes involved in cell cycle control and apop- 
tosis. This tumor-suppressor gene is mutated in 50% 
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to 70% of pancreatic carcinomas. 5-7 pl6 (also known 
as MTS 1/INK4A) is a tumor-suppressor gene that is 
deleted or mutated in nearly 80% of pancreatic carci- 
nomas, s Both p53 and pl6 send inhibitory signals to 
the cell division cycle. 

Progression through the cell cycle requires se- 
quential activation of a family of protein kinases, the 
cyclin-dependent kinases (Cdks) .  9,10 Cdk is activated 
when it is bound to a specific cyclin protein, 11 and the 
cyclin/Cdk complex can be inhibited by Cdk in- 
hibitory proteins (CKIs). 12,13 The cell cycle is regu- 
lated at two key checkpoints: the G1/S transition and 
the G2/M transition. 14 Cdk2 activity is required for 
G1/S transition, 15,16 and Cdkl (also known as cdc2) is 
essential for G2/M transition. 9,1° Cdk4 and Cdk6 are 
activated during early to mid-G1 transition and are 
specifically inhibited by the 16 kDa product of the 
p l 6 / M T S 1  gene .  17 p53 blocks cell cycle progression 
by transcriptionally activating the p21Cipl gene, 18-2° 
which can inhibit all known Cdks. Thus both p53 and 
pl6 mutations can lead to increased Cdk activity and 
uncontrolled proliferation. 

Recently two compounds, olomoucine and roscov- 
itine, have been shown to inhibit Cdk activity. 21,22 
These compounds are purine analogues with struc- 
tural similarity to adenosine 5'-triphosphate (ATP) 
and can compete for ATP binding to Cdks. The 
specificity of these compounds for Cdks is dictated by 
the side chain residues of the purine ring. Iso-olo- 
moucine and olomoucine differ only in the placement 
of the methyl group, yet iso-olomoucine is relatively 
ineffective in blocking Cdk activity. 23 Olomoucine 
and roscovitine have been shown to inhibit prolifera- 
tion of 60 human tumor cell lines comprising nine tu- 
mor types including central nervous system cancer, 
non-small cell lung cancer, breast cancer, colon can- 
cer, renal cancer, ovarian cancer, prostate cancer, 
melanoma, and leukemia. 24,25 The average ICs0 for 
olomoucine and roscovitine is 60.3 IxM and 16 la~M, 
respectively. The sensitivity of cancer cells to these 
Cdk inhibitors does not require the presence of wild- 
type p5 3. Previously we have shown that both olo- 
moucine and roscovitine can inhibit proliferation of 
human gastric cancer cell lines. 23 In the present study 
we evaluated the effects of these compounds on Cdk2 
kinase activity and cell proliferation in four human 
pancreatic cancer cell lines that have various genetic 
alterations in the K-ras, p53, and pl6 genes. 

MATERIAL A N D  M E T H O D S  

Olomoucine, 2-(2-hydroxyethylamino)-6-benzyl- 
amino-9-methylpurine, and iso-olomoucine, 6-ben- 

zylamino-2-(2-hydroxyethylamino)-7-methylpurine, 
were obtained from Calbioehem (La Jolla, Calif.) and 
dissolved in dimethylsulfoxide (DMSO) to a concen- 
tration of 100 mmol/L. Roseovitine, 2-(1-D,L-hy- 
droxymethyl-propylamino)-6-benzylamino-9-iso- 
propylpurine, was a generous gift of Dr. L. Meijer 
(Centre National de la Recherche Scientifique, 
Roscoff, France) and was dissolved in DMSO to a 
concentration of 10 mmol/L. Culture media were ob= 
tained from Mediatech Inc. (Herndon, Va.) and fetal 
bovine serum (FBS) was obtained from Hyclone Lab- 
oratories (Logan, Utah). FBS was heat inactivated by 
incubation at 60 ° C for 30 minutes. RNase A was pur- 
chased from Boehringer Mannheim (Indianapolis, 
Ind.). For kinase assays the rabbit polyelonal anti- 
Cdk2 antibody was obtained from Santa Cruz 
Biotechnology, Inc. (Santa Cruz, Calif.). Histone 
H1 protein was obtained from Life Technologies. 
[~/-32p]ATP was obtained from DuPont New England 
Nuclear (Boston, Mass.). All other reagents were pur- 
chased from Sigma Chemical (St. Louis, Mo.). 

Cell Culture and Proliferation 
Assay 

The human pancreatic adenocarcinoma cell line 
CAV was established in our laboratory 26,27 and was 
maintained as monolayer cultures in DMEM:RPMI 
1640 (I: 1) medium supplemented with 10 % (vol/vol) 
FBS. Three other human pancreatic adenocareinoma 
cell lines, BxPC-3, PANC-1, and Capan-2, used in 
this study were obtained from the American Type 
Culture Collection (ATCC, Rockland, Md.). BxPC-3 
cells were cultured in RPMI 1640 medium with 5% 
FBS; PANC-1 cells were grown in DMEM medium 
with 5% FBS; and CAPAN-2 cells were incubated in 
McCoy's 5A medium with 10% FBS. All cells were 
maintained at 37 ° C in a humidified atmosphere con- 
taining 5% carbon dioxide. 

For proliferation assays, cells were seeded into 12- 
well plates (1.5 to 5.0 × 104 cells per well) and incu- 
bated in 5% to 10% FBS for 24 hours. To study the 
effects of FBS on cell proliferation, cultures were 
washed twice with Dulbecco's phosphate-buffered 
saline (PBS) and incubated for an additional 48 hours 
in various concentrations of FBS (0% to 10%). To ex- 
amine the effects of Cdk inhibitors on cell prolifera- 
tion, cells were treated with 0.3% DMSO (vehicle), 
olomoucine (10 to 300 la~l), roscovitine (1 to 30 pAVI), 
or iso-olomoucine (300 laAVl) for various times before 
harvesting. Cells were dispersed with trypsin and 
counted using a model Zf Coulter counter (Coulter 
Electronics, Hialeah, Fla.). 
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DNA Flow Cytometry 

BxPC-3 cells (0.5 × 106 cells per 100 m m  plate) 
were incubated in 5% FBS for 24 hours, then washed 
twice with PBS. Culture medium was changed to 0% 
to 10% FBS. After 48 hours, cells were harvested by 
trypsin and collected by centrifugation. Cell pellets 
were resuspended in 0.3 ml low-salt stain (4 mmol /L  
sodium citrate, 0.1% Triton X- 100, 30 mg/ml  poly- 
ethylene glycol [molecular weight 8000; P E G  8000], 
and 50 v~g/ml propidium iodide) plus 10 wl of 2 
mg/ml RNase A and incubated at 37 ° C for 20 min- 
utes. Cells were lysed by adding 0.3 ml high salt stain 
(400 mmol /L  NaC1, 0.1% Triton X-100, 30 mg/ml  
PEG 8000, and 50 wg/ml propidium iodide) and in- 
cubating at 4 ° C overnight. Stained nuclei (10,000 per 
sample) were analyzed by FACScan (Becton Dickson, 
San Jose, Calif.), and the percentage of the S-phase 
population of cells was determined by Modfit LT pro- 
gram (Verity, Maine). 

Cdk2 Kinase Assay 

Cells (0.5 to 1.5 × 106 cells per 100 m m  plate) were 
incubated in 5% to 10% FBS for 24 hours, then 
washed twice with PBS. Culture medium was 
changed to 0% to 10% FBS. After 48 hours, cells 
were harvested by scraping and collected by centrifu- 
gation. Protein lysates were prepared in NP40 buffer 
as described previously. 28 The  lysates were clarified by 
centrifugation and protein concentrations were quan- 
titated by the Bradford assay (Bio-Rad Laboratories, 
Hercules, Calif.). Cdk2 activity was assayed essentially 
as described by Dulic et al. 15 Samples (50 to 100 wg of 
protein) were incubated with anti-Cdk2 (0.5 wg) anti- 
body or preimmune serum (1 wl) for 3 hours at 4 ° C, 
followed by a 2-hour  incubation with protein A- 
Sepharose. Immunocomplexes were collected by cen- 
trifugation and washed three times in NP40 buffer 
and three times in reaction buffer (20 mmol /L  Tris at 
pH 7.5 and 4 mmol /L  MgC12). The  kinase assay was 
performed for 30 minutes at 37 ° C in 10 wl of reac- 
tion buffer containing 2.4 wg histone H1, 40 ~M [-/- 
32p]ATP (10 Ci/mmol) ptus either 0.3 % DMSO, 010- 
moucine (10 to 300 wM), roscovitine (1 to 30 wM), 
or iso-olomoucine (300 wM). T h e  reaction was 
stopped by adding 12 Ix1 2×  Laemmli  buffer (125 
mmol /L  Tris at pH 6.8, 4% sodium dodecyl sulfate 
[SDS], 20% glycerol, 10% 13-mercaptoethanol, and 
0.5 mg/ml bromophenol blue). Samples were boiled 
for 5 minutes, then resolved by 10% SDS-polyacry- 
lamide gel electrophoresis. The  gels were dried, and 
phosphorylated histone H1 proteins were visualized 
by autoradiography and quantitated by a Lynx densit- 
ometer (Applied Imaging, Pittsburg, Pa.). 

RESULTS 
Cdk2 Kinase Activity Correlates W i t h  t he  
S-Phase Population of Human Pancreatic 
Cancer Cells  

In nontransformed cells, Cdk2 is activated during 
late G1 and remains active th roughout  the S- 
phase. 15,16 If  this is true for pancreatic cancer cells, 
then cultures with an increasing S-phase population 
of cells should exhibit augmented Cdk2 enzyme ac- 
tivity. We tested this hypothesis by determining Cdk2 
kinase activity and the S-phase population in human 
pancreatic adenocarcinoma cells, BxPC-3, that were 
treated with various concentrations of FBS (0% to 
10%) for 48 hours. Protein lysates were prepared and 
assayed for Cdk2 ldnase activity as described in Mate- 
rial and Methods. To determine nonspecific enzyme 
activity, protein lysates from 10% FBS-treated cul- 
tures were also immunoprecii~itated with a preim- 
mune serum and analyzed for kinase activity. Cells 
from parallel cultures were stained with propidium io- 
dide and analyzed by a flow cytometer. The  results are 
shown in Fig. 1. Increased Cdk2 activity was noted in 
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Fig. 1. Effects of fetal bovine serum (FBS) on Cdk2 kinase ac- 
tivity and the S-phase population in BxPC-3 cells. Cells were 
grown in 5% FBS for 24 hours, then incubated for an addi- 
tional 48 hours in 0% to 10% FBS. Protein lysates were im- 
munoprecipitated with anti-Cdk2 antibody (otCdk2) or preim- 
mune serum (Pre) and assayed for kinase activity using histone 
H1 as the substrate. A, Autoradiogram of the kinase assay 
showing phosphorylated histone H1. B, Densitometric analy- 
sis of the autoradiogram was performed and results were ex- 
pressed as percentage of 0% FBS (hatched bars). Parallel cul- 
tures were processed for cell cycle analysis. Cell nuclei were 
stained with propidium iodide and analyzed for percentage of 
S-phase population by flow eytometry (solid bars). Results 
were expressed as mean + standard error of the mean. 
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cells maintained in higher concentrations of FBS (see 
also Fig. 2, A). W h e n  cells were incubated in 10% 
FBS, they had eightfold greater Cdk2 activity than 
cells maintained in 0% FBS. Similar increases were 
noted when cells were analyzed for S-phase popula- 
tion. Cells in 10% FBS had threefold greater S-phase 
fractions than cells maintained in 0% FBS. At each 
concentration of  FBS tested, the increase in Cdk2 
functional activity correlated with increased S-phase 
population of cells (see Fig. 1). Similar alterations in 
Cdk2 enzyme activity (Fig. 3, lanes 1 and 2) and S- 
phase fraction (results not  shown) were observed in 
three additional pancreatic cancer cell lines (PANC-1, 
Capan-2, and CAV) that were cultured in the absence 
or presence of 5% to 10% FBS. These results suggest 
that Cdk2 activity is associated with G1/S transition 
in human pancreatic carcinoma cells and may be cru- 
cial for cell proliferation. 
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Fig. 2. Effects of olomoucine and roscovitine on Cdk2 kinase 
activity in BxPC-3 cells. Cells were incubated in 0% (-)  or 5% 
(+) fetal bovine serum (FBS) for 48 hours. Cell lysates were 
immunoprecipitated with anti-Cdk2 antibody and assayed for 
kinase activity in the presence of olomoucine (0 to 300 V2VI), 
roscovifine (0 to 30 V2¢I), or iso-olomoucine (300 v2VI) using 
histone H1 as the substrate. A, Autoradiogram of the kinase 
assay showing phosphorylated histone H1. B, Densitometric 
analysis of the autoradiogram. Results were expressed as per- 
centages of control values (5% FBS, lane 2) for olomoucine 
(closed circles) or roscovitine (closed squares). 

O l o m o u c i n e  and Roscovi t ine  Inh ib i t  Cdk2  
Kinase  Activi ty in H u m a n  Panc rea t i c  
C a n c e r  Cells  

Olomoucine and roscovitine are potent inhibitors 
ofCdk2 kinase activity in human gastric cancer cells. 23 
We determined whether olomoucine and roscovitine 
inhibited Cdk2 kinase activity in four human pancre- 
atic cancer cell lines that have different genetic alter- 
ations. First, we examined the effects of  different 
doses of these compounds on Cdk2 enzyme activity 
in BxPC-3 pancreatic cancer cells. Protein lysates 
were prepared from cells cultured in 0% or 5% FBS 
for 48 hours and immunoprecipitated with anti-Cdk2 
antibody. The immunocomplexes were assayed for ki- 
nase activity in the presence of increasing concentra- 
tions of olomoucine, roscovitine, or iso-olomoucine. 
As shown in Fig. 2, A and B, olomoucine and roscov- 
itine inhibited Cdk2 activity in a dose-dependent 
fashion, with the ICs0 value of 10 ladVI for olomoucine 
and 3 txM for roscovitine. At the maximum concen- 
trations tested, both compounds reduced Cdk2 activ- 
ity to levels below those from cells cultured in 0% 
FBS (see Fig. 2, A, lanes 1 and 6). Furthermore, olo- 
moucine, at 300 la2VI, inhibited Cdk2 activity by 97% 
(lane 6), whereas iso-olomoucine inhibited Cdk2 ac- 
tivity by 43 % (lane 7). These results indicate that olo- 
moucine and roscovitine are potent  inhibitors of  
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FBS - 4- 4- 4- 4- 

BxPC-3 "] Histone H1 
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CAV 7 Histone H1 
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Fig. 3. Effects of olomoucine and roscovitine on Cdk2 kinase 
activity in four human pancreatic cancer cell lines. Cells were 
incubated in absence (-) or presence (+) of 5% or 10% fetal 
bovine serum (FBS) for 48 hours. Protein lysates were im- 
munoprecipitated with anti-Cdk2 antibody and assayed for ki- 
nase activity in the presence of 0.3% DMSO (Veh), 300 V2¢I 
olomoucine (O/o), 30 jam roscovitine (Ros), or 300 ~ I  iso-olo- 
moueine (lso) using histone H1 as the substrate. 
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Fig. 4. Time course of the effects of olomoucine and roscovitine on proliferation of BxPC-3 cells. Cells 
were treated with various doses of olomoucine or roscovitine for 8 days. Cells were counted every other 
day from triplicate wells and expressed as mean - standard error of the mean. A, Growth curve after 
treatment with olomoucine (0 to 300 p3Vl). B, Growth curve after treatment with roscovitine (0 to 30 
~M). 

Cdk2 kinase activity in BxPC-3 cells. Roscovitine was 
threefold more potent than olomoucine, whereas iso- 
olomoucine was significantly less effective in block- 
ing Cdk2 activity. 

Next we examined the effects of a single dose of 
olomoucine (300 IxM), roscovitine (30 txM), or iso- 
olomoucine (300 txM) on Cdk2 enzyme activity in 
three additional pancreatic carcinoma cell l ines--  
PANC-1,  Capan-2, and CAV. As shown in Fig. 3, 
both olomoucine and roscovitine blocked activation 
of Cdk2, whereas iso-olomoucine had a small effect 
on Cdk2 activity. These results demonstrate that both 
compounds were able to inhibit Cdk2 activity in all 
four human pancreatic cancer cells used for this study. 

Olomoucine and Roscovitine 
Inhibit Proliferation of  Human 
Pancreatic Cancer Cells 

Since olomoucine and roscovitine inhibited Cdk2 
activity, which is required for cell cycle progres- 
sion, 1s J6 we determined their effects on proliferation 
of human pancreatic cancer cells. First, we performed 
a t ime-course experiment examining the effects of 
various doses of olomoucine, roscovitine, or iso-olo- 
moucine on proliferation of BxPC-3 cells. As shown 
in Fig. 4, A, olomoucine inhibited cell proliferation 
in a dose-dependent  fashion beginning 4 days after 
treatment.  By day 8, cultures treated with 300 ~M 
of olomoucine had greater than a 90% reduction in 
the number of cells compared to control cells (0 laND. 
As expected, iso-olomoucine, which had little Cdk2 
inhibitory activity (see Fig. 2), also had a significantly 
less antiproliferative effect on BxPC-3 cells than olo- 

moucine over the 8-day treatment course (results not 
shown). These results suggest that the antiprolifera- 
tive effect of olomoucine is mediated through its in- 
hibition of Cdk2 activity. Similarly, roscovitine also 
inhibited BxPC-3 cell growth in a dose-dependent  
fashion beginning 4 days after treatment (Fig. 4, B). 
To better define the potency of these two compounds, 
proliferation assays were performed on four human 
pancreatic carcinoma cell lines to determine the ICs0 
values for growth suppression after 6 days of treat- 
ment.  Both olomoucine and roscovitine inhibited 
proliferation of all four cell lines in a dose-dependent 
fashion (Fig. 5). The  IC50 values of olomoucine on 
BxPC-3, PANC-1, Capan-2, and CAV cells were 80, 
90, 50, and 90 IxM, respectively. The  ICs0 values of 
roscovitine on BxPC-3, PANC-1, Capan-2, and CAV 
cells were 10, 13, 18, and 13 IxM, respectively. These 
results demonstrate  that  roscovitine was three- to 
eightfold more potent than olomoucine in suppress- 
ing the proliferation of human pancreatic cancer cells. 
Iso-olomoucine, at equal molar concentrations, had 
significantly less growth-inhibitory activity on each 
cell line tested compared to olomoucine (results not 
shown). Despite various alterations in K-ras, p 16, and 
p53 genes, all four human pancreatic cancer cell lines 
were similarly inhibited by both olomoucine and 
roscovitine. 

D I S C U S S I O N  

Pancreatic cancer remains a major health challenge 
in the United States as well as worldwide. It is a bio- 
logically aggressive tumor and early diagnosis is ham- 
pered by its location within the abdomen. Most pa- 
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Fig. 5. Dose curves of the effects of olomoucine and roscovi- 
fine on proliferation of four human pancreatic cancer cell lines. 
Cells were incubated in fetal bovine serum (5% or 10%) with 
0.3% DMSO (control), olomoucine (10 to 300 ~M; closed 
circles), or roscovitine (1 to 30 IxM; closed squares) for 6 days. 
Cell were counted from triplicate wells and results were ex- 
pressed as percentages of control values, mean --- standard er- 
ror of the mean. 

tients do not  develop symptoms until the tumor has 
spread to regional lymph nodes or distant organs. 
The  exact pathogenesis of pancreatic adenocarcinoma 
is not  known, but like other epithelial tumors it re- 
quires multiple somatic mutations to develop the ma- 
lignant phenotype. The  most common genetic alter- 
ations observed in pancreatic cancer cells are found in 
the K-ras, p53, and p l6  genes. 4-8 The  protein prod- 
ucts of these genes are involved in the control of sig- 
nal transduction pathways, cell cycle machinery, and 
apoptosis. K-ras is an oncogene, whereas p53 and p l6  
act as tumor suppressors. W h e n  a cancer cell acquires 
several of these defects, it can give rise to a clone of 
cells with a selective growth advantage over the sur- 
rounding cells. Current  radiation and chemotherapy 
regimens offer a marginal survival advantage for ad- 
vanced pancreatic cancer. 3 

Although cells have multiple kinase pathways that 
regulate cell proliferation, we chose to block the func- 
tional activity of Cdk2 because it regulates a key tran- 
sition point in the cell cycle. 15,16 Moreover, Cdk2 acts 

downstream of the three cell cycle regulators, K-ras, 
p53, and pl6,  which are frequently mutated in pan- 
creatic cancer cells. Others have attempted to control 
pancreatic cancer growth by selectively targeting 
K-ras or p53. 29,3° This  strategy has the advantage of 
specifically affecting only cells that carry the mutated 
genes. However, cancer cells without the targeted ge- 
netic alteration would not be inhibited by this treat- 
ment.  29 We selected several pancreatic cancer cell 
lines for our investigation because their genetic alter- 
ations have been well characterized. The  K-ras gene is 
mutated in PANC-1 and Capan-2 cell lines but is un- 
altered in BxPC-3 cells. 31 The  p53 protein is abnor- 
mally expressed in BxPC-3 and PANC-1 cells, but not 
in Capan-2 cells. 32 The  p l6  tumor suppressor gene is 
deleted in both BxPC-3 and PANC-1 cells and is nor- 
mally expressed in Capan-2.33 CAV is a moderately 
to well-differentiated pancreatic ductal cancer cell line 
established in our laboratory and is maintained both 
as a cell line and as xenografts in nude mice. 26,27 Its 
genetic alterations have not  been characterized and 
served as an unknown control. We have shown that 
both olomoucine and roscovitine inhibited prolifera- 
tion of all four cell lines. These results suggest that 
Cdk inhibitors can block cell proliferation without the 
presence of wild-type p53 or p l6  tumor  suppressor 
genes. Moreover, both compounds blocked growth of 
cells with activated K-ras protein. These results indi- 
cate that  compounds  which inactivate Cdk activity 
may be effective in pancreatic cancers regardless of 
their molecular phenotype. 

T h e  activity of Cdk is regulated by positive and 
negative phosphorylation of several of its amino acid 
residues. 34,3s Cdk activation also requires the binding 
of a regulatory protein (cyclin) 11 and is inhibited by 
inhibitory proteins (CKIs).12.13 Although we have only 
examined compounds that directly inhibit Cdk activ- 
ity, it is obvious that molecules which suppress cyclin 
expression, augment  CKI activity, or interfere with 
Cdk phosphoryla t ion/dephosphoryla t ion may also 
block cell proliferation. These  agents are potential 
candidates for treatment of pancreatic adenocarcino- 
mas. One possible problem with a therapeutic strat- 
egy that targets cell cycle regulators is one of speci- 
ficity and toxicity. Olomoucine and roscovitine also 
inhibit cell proliferation in nontransformed cells (un- 
published observations, T.C.K.), and their toxicity in 
animals has not been tested. 

We have shown that both olomoucine and roscov- 
itine inhibited Cdk2 activity in pancreatic cancer cells. 
Both compounds  also should block cdc2 activity, 
which has been shown in human gastric cancer cells. 23 
Olomoucine was originally synthesized to inhibit en- 
zymes involved in metabolism of certain plant growth 
hormones. 36 Later, olomoucine was found to be a po- 
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tent inhibitor of cyclin B/cdc2 kinase during an ex- 
tensive survey of purine analogues as potential in- 
hibitors of Cdks. 21 The specificity of olomoucine has 
been examined using 3 5 highly purified protein ki- 
nases reconstituted from baculovirus-infected Sf9 in- 
sect cells or from starfish oocytes. 21 Under in vitro 
conditions, only Cdk2, cdc2, Cdk5, and to a lesser ex- 
tent, erkl are substantially inhibited by olomoucine. 
The ICs0 values for Cdk2, cdc2, and erkl are 7, 7, and 
30 Ixm, respectively. 2! Roscovitine was developed to 
be a more potent and selective inhibitor of Cdks. 22 
The ICs0 values of roscovitine for Cdk2, cdc2, and 
erkl are 0.7, 0.65, and 30 faNl, respectively. We have 
found similar ICs0 values for these compounds on 
Cdk2 kinase activity in pancreatic cancer cells. How- 
ever, the IC50 values for olomoucine and roscovitine 
on cell proliferation were several-fold higher than 
those for Cdk2 enzyme activity. These differences 
may be due to a decrease in the uptake, an increase in 
intracellular degradation, or compartmentalization of 
these compounds, resulting in decreased intracellular 
activity. 

In summary, this study demonstrates that the Cdk 
inhibitors olomoucine and roscovitine are novel anti- 
neoplastic compounds with potential therapeutic ben- 
efits for pancreatic carcinomas regardless of their ge- 
netic alterations. Moreover, inhibiting cell cycle reg- 
ulators such as Cdks appears to be a promising novel 
strategy in the development of effective chemothera- 
peutic agents. 

We thank Karen Martin for help in the preparation of this manu- 
script. 
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Enterocyte Apoptosis Is Increased Following 
Small Bowel Resection 
Michael A. Helmrath, M.D., Christopher R. Erwin, Ph.D., Cathy E. Shin, M.D., 
Brad W. Warner, M.D. 

The intestinal mucosa is in a steady state of turnover as the rate of cellular proliferation is balanced by the 
rate of cell death. Although it is accepted that adaptation after small bowel resection (SBR) results in in- 
creased proliferation, its effect on apoptosis is not known. The purpose of this study was to determine the 
effect of adaptation following SBR on rates of enterocyte apoptosis. Male ICR mice underwent either 
50% proximal SBR or sham operation (bowel transection/reanastomosis). After 12 and 24 hours, and 3 and 
7 days, rates of proliferation were measured in the ileum as the percentage of crypt cells incorporating 
bromodeoxyuridine. Apoptosis was quantitated by end labeling of DNA strand breaks and propidium 
iodide staining of the number of apoptotic bodies per crypt and villus. Significant increases in enterocyte 
proliferation (30% to 40%) as well as apoptosis (57% to 87%) occurred at all time points following SBR 
when compared with sham-operated mice. Adaptation following SBR increases both the rate of enterocyte 
proliferation and the rate of apoptosis. Understanding the pathophysiology of intestinal adaptation and 
therapeutic interventions designed to augment this important response will require complete character- 
ization of their effects on both proliferation and apoptosis. (J GASTRO1NTEST SURG 1998;2:44-49.) 

The  mucosa of  the gastrointestinal tract is in a 
tightly regulated steady state of turnover that balances 
the rate of enterocyte proliferation with the rate of  
enterocyte loss. The exact mechanism(s) for entero- 
cyte loss is not well understood. It has long been held 
that cells which are produced in the crypts migrate 
and differentiate up to the villus tip whereby they are 
simply exfoliated into the intestinal lumen. 1,2 Thus 
during conditions of increased enterocyte prolifera- 
tion, there is a direct relationship between cellular 
production and exfoliation for purposes of maintain- 
ing homeostasis. 1,3 On the other hand, there is 
mounting evidence to suggest that apoptosis, and not 
simple exfoliation of  enterocytes from the villus tips, 
may account for most of the cell loss into the lumen 
of the gut. 4-6 

Apoptosis, or programmed cell death, is an energy- 
dependent, highly ordered process that can be pre- 
vented by inhibitors of RNA and protein synthesis. 7 

The importance of this process is underscored in p53 
knockout mice in whom apoptosis is inhibited. In 
these animals the symmetry of cellular proliferation 
and death is perturbed, and neoplastic transformation 
is observed at multiple sites, s 

Another hyperplastic condition is the adaptive re- 
sponse of the intestine to massive small bowel loss. 
This  important  compensatory response results in 
taller villi, deeper crypts, and enhanced mucosal sur- 
face area. These morphologic changes may be the 
result of  an alteration of  the balance between en- 
terocyte proliferation and death. Although it is ac- 
cepted that intestinal adaptation following small 
bowel resection (SBR) enhances enterocyte prolifera- 
tion, its effect on rates of  apoptosis have not  been 
previously characterized. The  purpose of  this study, 
therefore, was to determine the effect of adaptation 
following intestinal resection on rates of  enterocyte 
apoptosis. 
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MATERIAL A N D  M E T H O D S  
Animals 

A protocol for this study was approved by the In- 
stitutional Animal Care and Use Committee of the 
Children's Hospital Research Foundation (Children's 
Hospital Medical Center, Cincinnati, Ohio). Male 
ICR mice (The Jackson Laboratory, Bar Harbor, 
Maine) were housed in groups of four at 21 o C on 12- 
hour day/night cycles (6 AM to 6 PM). At approxi- 
mately 8 to I0 weeks of life, the mice were random- 
ized to undergo either a 50% proximal SBR with re- 
anastomosis or a sham operation (transection of the 
bowel with reanastomosis only). 

Small Bowel Resection Procedure 

Details of this model have been previously re- 
ported. 9 Briefly, the mice were anesthetized with in- 
haled 2 % isoflorane. The abdomen was clipped, pre- 
pared with povidone iodine solution, and draped ster- 
ilely. Operations were performed with the aid of an 
operating microscope. Through a midline incision the 
ileocecal junction was identified. Sham operations 
consisted of division and reanastomosis of the bowel 
approximately 15 cm proximal to the ileocecal junc- 
tion. In mice undergoing SBR, the bowel was divided 
approximately 15 cm proximal to the ileocecal junc- 
tion and again 2 to 3 cm distal to the ligament of 
Treitz. The intervening 15 cm of small intestine was 
removed (50% resection). The mesentery of the re- 
sected intestine was ligated and intestinal continuity 
was restored by an end-to-end, single-layered anasto- 
mosis with interrupted 9-0 monofilament suture 
(Ethicon, Inc., Somerville, N.J.). The abdomen was 
closed and the mice were resuscitated with an in- 
traperitoneal injection of 0.9% saline solution (2 ml) 
and allowed to recover in a warmed incubator (33 ° C). 
After 2 hours, they were returned to their regular fa- 
cilities and provided with water, ad libitum, for the 
first postoperative night. Thereafter a liquid rodent 
diet (Micro-Stabilized Rodent Liquid Diet LD 
101/101A, Purina Mills Inc., St. Louis, Mo.) was pro- 
vided ad libitum. 

Tissue Harvest 

Mice from both groups were killed by an overdose 
of inhaled methoxyfluorane after 12 and 24 hours, and 
3 and 7 days. The ileum 2 cm distal to the anastomo- 
sis was immediately excised and luminal feces gently 
removed with cotton swabs. The bowel was sus- 
pended with a 3.1 gm weight, its length recorded, and 
the distal 7 cm immersed in liquid nitrogen for sub- 
sequent measurements of DNA and protein. The re- 
maining ileum was used for histologic examination to 
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determine a proliferative index and apoptotic index as 
described below. 

D N A  and Protein Measurement 

Individual ileum samples were thawed and homog- 
enized (PowerGen, Fisher Scientific Co., Pittsburgh, 
Pa.). DNA content was determined using the Burton 
modification of the diphenylamine procedure, 1° with 
calf thymus DNA as standard. Total protein was 
quantitated by a modified Lowry assay, H with bovine 
serum as the standard. Both DNA and protein con- 
tents are expressed per centimeter of ileum. 

Proliferative Index 

One hour before the mice were killed, they were 
given an intraperitoneal injection of 5-bromo- 
deoxyuridine (BrdU) provided as "labeling reagent" 
(1 ml/100 gm body weight; Zymed Laboratories Inc., 
San Francisco, Calif.). At the time the animals were 
killed, the ileum was removed and fixed in 10% neu- 
tral buffered formalin for 24 hours and then stored in 
80% ethanol until embedded in paraffin. Once em- 
bedded, 5 ~m slices were cut, mounted on poly-1- 
lysine-coated slides, and deparaffinized with xylene. 
Sections were then rehydrated with ethanol (100%, 
95%, and 75%) and endogenous tissue peroxidase was 
inactivated with 30% hydrogen peroxide in methanol 
(1:9). BrdU incorporation into proliferating crypt 
cells (S-phase) was detected using a biotinylated mono- 
clonal anti-BrdU antibody system with streptavidin- 
peroxidase as a signal generator. The staining reagents 
and methods were provided in kit form (Zymed Lab- 
oratories Inc.). An index of crypt cell proliferation rate 
was derived by the percentage of crypt cells incorpo- 
rating BrdU. Ten representative crypts were counted 
(ability to visualize the crypt-villus junction on both 
sides of the crypt) from each animal. The investiga- 
tor was blinded as to the origin of the tissue section 
during the scoring procedure. 

Apoptotic Index 

Apoptosis is quantitated by immunohistochemical 
labeling of DNA strand breaks in enterocytes and 
confirmed by morphometric analysis of propidium 
iodide-stained tissue sections. Labeling of DNA 
strand breaks was accomplished using the ApopTag 
kit (Oncor, Gaithersburg, Md.) following the instruc- 
tions of the manufacturer. In short, formalin-fixed, 
paraffin-embedded ileal specimens were deparaf- 
finized with xylene and then rehydrated with a series 
of ethanol washes (100%, 95%, and 70%). Protein 
was digested with proteinase-K and endogenous per- 
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oxidase activity was quenched with 2 % hydrogen per- 
oxide. T h e  slides were then incubated with a reaction 
mixture containing terminal deoxynucleotidyl  trans- 
ferase and its substrate digoxigenin-11-deoxyuridine 
t r iphosphate  at 37 ° C for 1 hour. T h e  react ion was 
te rminated  and an antidigoxigenin-peroxidase anti- 
body was applied for 30 minutes at room temperature. 
H y droge n  peroxide was added as a chromogenic  sub- 
strate. T h e  slides were  then  counters ta ined  with 
methyl  green, washed in 100% butanol,  dehydrated 
with xylene, and mounted .  Di f fe ren t  sections f rom 
embedded  i leum were then  stained with propid ium 
iodide for morphologic  examination to conf i rm the 
findings of  the labeling procedure  as above. A quanti- 
tative index of  apoptosis was derived by count ing the 
number  of  apoptodc  bodies per crypt and villus that 
were bo th  n ick-end  labeled and moving  abnormal  
morpho logy  (pyknotic nuclei, condensed chromatin,  
and nuclear  f ragmenta t ion) .  Bl inded scor ing o f  50 
crypts and villi per mouse was performed in triplicate. 

S ta t i s t i ca l  Ana lys i s  

Results are presented as mean  values _+ standard 
error  of  the mean (SEM). Student's t test was used for 
comparisons of  group means. A P value less than 0.05 
was considered significant. 

R E S U L T S  

T h e  overall survival was 20 of  28 (71%) for mice 
that underwent  sham-operat ion and 23 of  28 (82%) 

for mice that underwent  SBR. T h e  greater mortal i ty  
in the sham-operated group occurred early in the ex- 
periments  and was due to bleeding at the mesenter ic  
margin of  the divided bowel. As expected, adaptation 
occur red  in the i leum of  the SBR mice as d emon-  
strated by greater D N A  content  after 24 hours as well 
as in p ro te in  con ten t  at the 3- and 7-day intervals 
(Table I). 

Pro l i fe ra t ion  was substant ial ly increased in the 

Table  I. Ileal D N A  and protein content 

Group (n) DNA (mg/cm) Protein (mg/cm) 

12 hr Sham (5) 0.04 + 0.004 2.22 -+ 0.15 
12 hr SBR (5) 0.05 -+ 0.005 2.30 + 0.13 

P value 0.24 0.7 
24 hr Sham (5) 0.036 -+ 0.005 1.71 + 0.22 
24hr SBR (7) 0.051 -+ 0.004 2.19 + 0.07 

P value 0.036 0.12 
3-day Sham (5) 0.029 + 0.003 1.75 + 0.14 
3-day SBR (6) 0.07 -+ 0.005 2.79 -+ 0.11 

P value <0.001 <0.001 
7-day Sham (5) 0.039 -+ 0.01 1.77 -+ 0.19 
7-day SBR (5) 0.09 +- 0.019 3.75 +- 0.21 

P value <0.001 <0.001 

Ileum was harvested from mice at various time points following either 
50% proximal small bowel resection (SBR) or sham operation (tran- 
section of the bowel with reanastomosis only). 
Values are presented as mean _+ SEM, and statistical comparisons were 
made between the two groups at each time point using Student's t test. 
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Fig. 1. Ileal crypt cell proliferation rates from mice at various times following either 50% proximal small 
bowel resection (SBR) or sham operation (bowel transection with reanastomosis only). A proliferative in- 
dex is calculated by the number of crypt cells incorporating 5-bromodeoxyuridine divided by the total 
number of cells within the crypt. Ten crypts from each animal were counted per mouse; n = 5 from 
each group at each time point. 
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Fig. 2. Propidium iodide-stained ileal crypt from a mouse 3 
days following 50% proximal SBR. Apoptotic bodies are iden- 
tified (arrows) by nuclear condensation and fragmentation. 
(Original magnification × 50.) 

ileum of mice that underwent SBR and was greater 
than in sham-operated mice at every time point (Fig. 
1). The  increase in proliferation following SBR was 
roughly 30% to 40% greater when compared with 
sham-operated mice at each time point. The  values 
obtained for the proliferative index at these time 
points following SBR or sham operation are consis- 
tent with our previous observations. 9 

The appearance of  apoptotic bodies was more fre- 
quently observed in the ileum after SBR at all time 
points in both crypts and villi (Fig. 2). These obser- 
vations were quantitated by the apoptotic index and 
confirmed to be greater following SBR in the crypt 
(Fig. 3) and villus units at all time points studied (Fig. 
4). When  compared with sham-operated mice, SBR 
resulted in apoptotic indices that were 57% to 86% 
greater in the crypts and 63% to 87% greater in the 
villi for each time point. 

D I S C U S S I O N  

In the present study we have shown for the first 
time that apoptosis, as documented by scoring the 
presence of apoptotic bodies, is increased in the ileum 
following small bowel resection. This increase in 
apoptosis occurred in the context of  enhanced en- 
terocyte proliferation. These  findings suggest that 
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Fig. 3. Rates of apoptosis in ileal crypts at various times fol- 
lowing either 50% proximal small bowel resection (SBR) or 
sham operation (bowel transection with reanastomosis only). 
An apoptotic index was derived by counting the number of 
apoptotic bodies per crypt that were both in situ end labeled 
for DNA strand breaks and demonstrated abnormal morphol- 
ogy (pyknotic nuclei, condensed chromatin, and nuclear frag- 
mentation). Blinded scoring of 50 crypts and villi per mouse 
was performed in triplicate. 

12 Hoar 24 Hour 3 Day 7 Day 

Fig. 4. Rates of apoptosis in ileal villi at various times follow- 
ing either 50% proximal small bowel resection (SBR) or sham 
operation (bowel transection with reanastomosis only). An 
apoptotic index was derived by counting the number of apop- 
totic bodies per villus that were both in situ end labeled for 
DNA strand breaks and demonstrated abnormal morphology 
(pyknotic nuclei, condensed chromatin, and nuclear fragmen- 
tation). Blinded scoring of 50 villi per mouse was performed 
in triplicate. 
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apoptosis is an integral componen t  of adaptive re- 
sponse of the intestine to massive small bowel loss. 

Our murine model of SBR is a reproducible and 
efficient system for the study of intestinal adaptation. 
T h e  values that we measured with regard to D N A  
and protein content  in the ileum after SBR in this 
study closely approximate those that we have previ- 
ously reported. 9 We did not measure changes in villus 
height and crypt depth in this study since we have al- 
ready monitored substantial changes in these parame- 
ters using this model.  9 T h e  ileum, and not  the je- 
junum, was used for analysis since this is the site of 
greatest adaptive change following intestinal resec- 
tion. 12 Further, most of the jejunum is removed dur- 
ing a proximal intestinal resection, thus leaving litde 
tissue for subsequent analysis. 

The  limitations of visualization and scoring apop- 
totic bodies in the gastrointestinal tract as a means to 
estimate the rate of apoptosis have been elegantly ad- 
dressed by Potten 13 and include an unknown duration 
of time for the apoptotic process, as well as uncer- 
tainty as to the route of elimination of the apoptotic 
bodies (e.g., epithelial cell or macrophage phagocyto- 
sis, luminal extrusion). Also, since apoptotic bodies 
represent fragmented remnants of a cell, the number  
of apoptotic bodies identified in a tissue section could 
originate from a single or multiple cells. The  apop- 
totic index, therefore, should probably not be equated 
with a cell death score. This  phenomenon probably 
accounts for the fact that we observed a greater mag- 
nitude of increase in apoptosis relative to the increase 
in proliferation. 

Another technique for the detection of apoptosis 
that we used to corroborate our morphologic obser- 
vations takes advantage of the presence of fragmented 
DNA in the cells undergoing apoptosis. Free 3 ' -OH 
ends are end labeled in situ with exogenous d U T P  or 
dATP by a terminal deoxynucleotidyl transferase en- 
zyme. 4'5'14 This method is also imprecise and is influ- 
enced by such factors as delayed fixation s and non- 
specific background staining. 14 In addition, D N A  
strand breaks induced by other factors such as injury 
or frank necrosis cannot be distinguished from apop- 
tosis. 

It is presently not clear where the predominant site 
of apoptosis is within the crypt/villus axis. Apoptotic 
cell death has been observed to occur only at the tip of 
the villus in one report 4 and was identified in both the 
crypt and the villus in another. 5 Other investigators, 
however, have identified apoptosis occurring only in 
the crypts at approximately the fourth cell position, 
which coincides with the site of stem cells. 14,15 In our 
study we identified increased numbers of apoptotic 
bodies in both villi and crypts following SBR. In the 
crypts we also observed the greatest frequency of 

apoptosis occurring at or near the fourth cell position. 
The  number  of apoptotic bodies that we recorded 

in the ileal crypts of sham-operated mice was very 
similar to the frequency that has been previously re- 
ported.15 Our measurements of the number  of apop- 
totic bodies along the villus, however, tended to be 
less than those previously reported. 5 We believe that 
this was due to the fact that we were fairly stringent in 
what we were willing to call an apoptotic body. Fur- 
ther, an apoptotic body was not  counted unless the 
morphology was validated by in situ end-labeling. 

In addition to scoring morphologic changes and in 
situ end-labeling, other techniques that might  allow 
for a more precise and objective quantitation of apop- 
tosis include measuring the expression of various fac- 
tors known to correlate with apoptotic cell death. Al- 
though extremely complex, a few factors are worthy 
of consideration. Expression of deoxyribonuclease I 
has been linked to apoptosis in the intestine. 16,17 
Radiation-induced apoptosis in the gastrointestinal 
tract has been shown to coincide with the expression 
of p5 318 and is ablated in mice that are p5 3 deficient. 19 
The  product of the protooncogene bcl-2 is known to 
play a role in cell survival and act as an inhibitor of 
apoptosis. 2° Negligible levels of bcl-2 in the small in- 
testine (hence, increased apoptosis) and greater con- 
tent in the colon have been proposed to explain the 
greater frequency of carcinoma and adenomas that are 
known to develop in the colon. 14 Homologues  of 
bcl-2 including bax and mcl-1 have all been identified 
in intestinal epithelial cells and probably play integral, 
interdependent roles during apoptosis. 21-24 

Therapy designed to enhance adaptation following 
massive intestinal loss may prove useful to reduce par- 
enteral nutrition requirements and to improve patient 
survival. Although most approaches have focused on 
the augmentation of enterocyte proliferation through 
the administration of various trophic agents or growth 
factors, an alternative strategy directed toward re- 
tarding apoptosis may be advantageous. 25 Further-  
more, the beneficial effects of these agents may result 
from a mechanism of impeding apoptosis in addition 
to enhancing proliferation. One example is inter- 
leukin-11, which was shown to be trophic to the in- 
testine in rats following a 90% SBR. 26 This  same 
growth factor was found to retard apoptosis and ac- 
celerate proliferation in the intestine following com- 
bined chemotherapy and radiation. 27 

The  significance of increased apoptosis following 
massive intestinal resection is presently unknown.  
However, we speculate that as enterocyte prolifera- 
tion is increased, the rate of enterocyte apoptosis must 
also increase to maintain homeostasis. The  establish- 
ment  of a new set point in the balance of proliferation 
to apoptosis is probably vital toward the development 
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of taller villi and deeper crypts that characterize the 
adaptive response. Comprehension of both prolifera- 
tion and rate of programmed cell death is an impor- 
tant step toward elucidating the mechanism for in- 
testinal adaptation. Since apoptotic cell death is an ac- 
tive process requiring transcription and translation, 
therapy directed toward inhibiting apoptosis may pro- 
vide a more effective, novel strategy in the manage- 
ment of patients with the short gut syndrome or other 
pathologic gastrointestinal conditions. 25 
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The Utility of Intracorporeal Ultrasonography 
for Screening of the Bile Duct During 
Laparoscopic Cholecystectomy 
Justin S. Wu, M.D., Deannia L. Dunnegan, R.N., Nathaniel J. Soper, M.D., EA.C.S. 

Different strategies and imaging modalities have been used to detect common bile duct (CBD) stones 
during laparoscopic cholecystectomy. We prospectively compared fluoroscopic intraoperative cholan- 
giography (FIOC) and laparoscopic intracorporeal ultrasonography (LICU) in patients undergoing lap- 
aroscopic cholecystectomy for this purpose. In a consecutive series of 607 laparoscopic cholecystectomies, 
FIOC was used in the first 407 patients, whereas LICU was preferentially applied to the subsequent 
200 patients. When LICU documented CBD stones, the duct was flushed with saline solution after in- 
travenous administration of glucagon, and stone persistence or absence was confirmed by FIOC and/or 
repeat LICU. In the FIOC group, 10 patients were converted to open cholecystectomy and 16 patients 
did not undergo FIOC. Among the remaining 381 patients, FIOC was successful in 370 (97%). In the 
LICU group, two patients were converted and LICU was not performed in 26 patients. In the remain- 
ing 172 patients, the cystic duct (CBD) junction and the CBD were visualized in all cases (P <0.05 vs. 
FIOC). The mean (-+ SEM) times required to complete FIOC and LICU were 15.1 -+ 0.4 minutes and 
5.3 + 0.2 minutes, respectively (P <0.0001). Choledocholithiasis was detected in 25 patients (7%) un- 
dergoing FIOC and in 22 patients (13%) undergoing LICU (P <0.05). In the LICU group, the mean 
sizes of the stones cleared by ampullary dilatation and flushing (17 of 22, 77 %) and those requiring more 
invasive methods (5 of 22, 23%) were 1.6 _+ 0.2 mm and 2.7 -+ 0.3 mm, respectively (P <0.01). Sludge was 
seen in the CBD by LICU in 10 patients (6%), which disappeared with flushing in all cases. LICU is ac- 
curate, safe, and permits more rapid evaluation of bile duct stones than FIOC during laparoscopic chole- 
cystectomy. LICU may be overly sensitive in detecting small stones and sludge, which are of questionable 
significance. Stones 2 mm or less can usually be cleared by flushing, whereas larger ones often require in- 
vasive techniques for removal. (J GASTROINTEST SURG 1998;2:50-60.) 

Different  strategies and imaging modalities have 
been used to detect common  bile duct (CBD) stones 
during laparoscopic cholecystectomy. Fluoroscopic  
intraoperat ive cholangiography (FIOC)  has largely 
replaced static cholangiography as the standard tech- 
nique to screen for choledocholithiasis and to clarify 
ductal anatomy in  order to reduce bile duct injuries 
during laparoscopic cholecystectomy. Th e  incidence 
of  concomi tan t  choledocholi thiasis  dur ing laparo- 
scopic cholecystec tomy is 5% to 10%. 1-3 This  inci- 
dence is higher when patients have preoperative or in- 
traoperative signs of  C B D  stones (ultrasonographic 
findings of  dilated C B D >6 mm, history of  jaundice 
or pancreatitis, elevated serum liver enzymes, cystic 

duct stones, or dilated cystic duct > 4  mm) as opposed 
to the 1% to 5% incidence in patients without  these 
findings. 4,s However,  F I O C  itself is not  wi thout  risk 
and costs. Many  surgeons argue against routine F I O C  
because of  the small risk of  iatrogenic ductal injury as 
well as the increased length and cost o f  the proce-  
dure. 6-1° In addition, F I O C  carries a finite rate of  fail- 
ure to cannulate the cystic duct of  1% to 10% as well 
as false positive and negative studies. 6,11-14 

Recently, laparoscopic intracorporeal  ul t rasonog- 
raphy (LICU)  has been suggested to be as accurate 
but  more  rapid than F I O C  in screening for chole-  
dochol i thias is  dur ing  laparoscopic  cholecys tec-  
tomy.11,14-22 T he  accuracy of  defining ductal anatomy 
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by LICU, however, has not been as good as that of 
FIOC. 14,23 This role may not be as important during 
laparoscopic cholecystectomy since meticulous dis- 
section, and not cholangiography, may be the best 
method of preventing iatrogenic biliary i n j u r i e s .  4,2° 

Also, LICU allows the laparoscopic surgeon to "see" 
beyond the visible surfaces, which may be very valu- 
able in difficult dissections and for other purposes. 24 
We therefore changed to a policy of routine LICU to 
assess the CBD for stones during laparoscopic chole- 
cystectomy and prospectively evaluated this method 
with respect to the former policy of routine FIOC. 

was then completed in all patients, who were subse- 
quently admitted to the hospital overnight and dis- 
charged when they were able to tolerate oral feedings 
and experienced minimal abdominal discomfort. Pa- 
tients were examined in the outpatient office at 1 
month postoperatively and thereafter as clinically in- 
dicated. Data that were recorded included duration of 
the operation (from skin incision to skin closure), time 
to obtain the cholangiogram or LICU, pertinent find- 
ings, intraoperative and postoperative complications, 
duration of postoperative hospitalization, and postop- 
erative evidence of retained CBD stones. 

MATERIAL A N D  M E T H O D S  

Consecutive patients (N = 607) undergoing lap- 
aroscopic cholecystectomy by the senior author 
(N.J.S.) were entered prospectively in a database. The 
demographics of the patients are presented in Table 
I. The laparoscopic operation was performed using 
four access ports with surgical trainees performing 
most operations as described previously. 25 After the 
gallbladder neck and the proximal cystic duct were 
dissected, an initial assessment of the distal cystic duct 
and CBD was made using FIOC or LICU (see be- 
low). FIOC was used in the first 407 patients, whereas 
LICU became available for use in the subsequent 200 
patients. Patients who were converted to open opera- 
tions before screening of the CBD and patients who 
were not screened by their respective imaging modal- 
ities were excluded from the study. When the imaging 
study documented CBD stones, the duct was flushed 
with saline solution after intravenous administration 
of glucagon, and stone persistence or absence was 
confirmed by FIOC or LICU. 

More invasive means of treating duct stones were 
employed when indicated and included laparoscopic 
transcystic choledochoscopy or choledochotomy, con- 
version to laparotomy with CBD exploration, or post- 
operative endoscopic retrograde cholangiography 
with sphincterotomy. Laparoscopic cholecystectomy 

Table I. Demographics of study groups 

FIOC group LICU group 

Consecutive number  407 200 
Age (yr)* 49 -+ 1 49 -+ 1 
Weight  (kg)* 78 -+ 1 85 -+ 2 
Female sex (%) 303 (74%) 149 (74%) 
ASA class* 1.9 + 0.1 2.0 -+ 0.1 

FIOC = fluoroscopic intraoperative cholangiography; LICU = lap- 
aroscopic intracorporeal ultrasonography; ASA = American Society 
of Anesthesia. 
*Mean --- standard error of the mean. 

Fluoroscopic Intraoperative 
Cholangiographic  Techn ique  

Cholangiograms were obtained after catheteriza- 
tion of the cystic duct. A clip was first placed across 
the junction of the cystic duct with the gallbladder, 
and a small cystic ductotomy was made just distal to 
the clip. Atraumatic dissecting forceps were used to 
palpate and squeeze the cystic duct gently, beginning 
near its junction with the CBD and "milking" the 
duct toward the incision to discover and remove cys- 
tic duct stones. 25 The cystic duct was then intubated 
with a 4 F ureteral catheter and stabilized with a 
cholangioclamp (Karl Storz Endoscopy-America, 
Inc., Culver City, Calif.) that was placed through a 
subcostal port. Fluorocholangiography was per- 
formed using a standard C-ann connected to a digital 
image processor (OEC Diasonics, Inc., Salt Lake 
City, Utah). Iodinated contrast medium (Conray-60 
[dothalamate sodium; Mallinckrodt Medical, St. 
Louis, Mo.] diluted 1:1 with sterile saline solution) 
was injected slowly and stopped if the pancreatic duct 
started to fill. When filling defects thought to be air 
bubbles were seen, the bile and air bubbles were aspi- 
rated and/or flushed into the duodenum under fluo- 
roscopic imaging. Duct calculi were identified as dis- 
crete filling defects that did not change shape with as- 
piration or irrigation. When small stones were seen 
or contrast medium did not enter the duodenum, 
x-ray imaging was repeated after intravenous admin- 
istration of 1 mg of glucagon. Successful FIOC ex- 
amination consisted of complete visualization of the 
extrahepatic bile ducts. Time to perform the FIOC 
was calculated from placement of the cystic duct clip 
to the time of catheter removal. 

Laparoscopic Intracorporeal Ultrasound 
Technique  

Intracorporeal ultrasonography of the extrahepatic 
bile ducts was performed after dissecting the hepato- 
cystic triangle and placing a clip on the proximal cys- 
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Fig. 1. Transverse view of the hepatoduodenal ligament by lap- 
aroscopic intracorporeal ultrasonography ("Mickey Mouse 
head" image), a = Common bile duct; b = hepatic artery, 
c = portal vein. 

tic duct. Examinations were done via the epigastric 
port using a rigid 7.5 MHz  linear-array 10 m m  diam- 
eter transducer equipped with a Doppler flow-detec- 
tion system (Tetrad Corporation, Englewood, Colo.). 
The  transducer was placed directly on the porta he- 
paris and transverse scanning was performed in real 
time from the cystic duct-CBD junction to the termi- 
nal end of the CBD. The  probe was positioned to ob- 
tain the cross-sectional image configuration of the 
three tubular structures in the hepatoduodenal liga- 
ment: CBD, hepatic artery, and portal vein (Fig. 1). 
The  image of these structures usually resembled the 
silhouette of a "Mickey Mouse head. ''17 Visualization 
of the distal CBD and the pancreatic duct as they join 
at the papilla was achieved by clockwise rotation of 
the probe. In some patients, saline solution was in- 
stilled into the right upper  quadrant  to enhance 
acoustic coupling and facilitate the examination. 22 
Notat ion was made of the diameter of the mid and 
distal common bile ducts, the presence, location, and 
size of stones or sludge, and the completeness of the 
ultrasound examination. Successful L I C U  examina- 
tion was defined as complete visualization of the bil- 
iary tree from the cystic duct-CBD junction to the 
ampulla of Vater. 

After the sonographic examination, the cystic duct 
was incised and "milked" for stones, and the distal 

Fig. 2. Laparoscopic intracorporeal ultrasonography revealing 
a common bile duct (CBD) stone (straight arrow). Note the 
echogenic object within the CBD casting a discrete acoustic 
shadow (curved arrow). PV = portal vein; 1VC = inferior vena 
cava. 

duct was double clipped. Time to perform the ultra- 
sound examination was calculated from the placement 
of the first clip until placement of the second clip. 
Duct  calculi were identified ultrasonographically as 
echogenic objects within the CBD, which cast dis- 
crete acoustic shadows (Fig. 2). Sludge was defined as 
small (< 1 m m  diameter) areas of mobile echogenic 
material without discrete acoustic shadowing (Fig. 3, 
A). W h e n  calculi or sludge was identified, 1 mg of  
glucagon was administered intravenously, and the 
CBD was flushed with saline solution injected 
through a cystic duct catheter in an attempt to clear 
the duct by irrigation. FIOC or repeat L I C U  (Fig. 3, 
B) was then performed to confirm the persistence or 
absence of the stones. 

Data Analyses 

T h e  InStat  Biostatistics computer  program 
(GraphPad Software, Inc., San Diego, Calif.) was used 
to perform Fisher's exact test to compare discrete 
variables and the Mann-Whi tney U test to compare 
continuous data. Statistical significance was desig- 
nated at the P <0.05 level. Summary data in the text 
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A B 

Fig. 3. Laparoscopic intracorporeal ultrasonography revealing common bile duct sludge. A, Note the 
small area of echogenic material (arrow) without discrete acoustic shadowing in contrast to Fig. 2. B, 
Successhtl clearance of the common bile duct after saline irrigation through a catheter (arrow) via the 
cystic duct. 

are expressed as mean +- standard error of the mean 
(SEM). 

R E S U L T S  

The indications for laparoscopic cholecystectomy 
were similar for both the FIOC and LICU groups. 
The most common preoperative indication was symp- 
tomatic cholelithiasis (81% and 87%, respectively), 
followed by acalculous cholecystitis (8% and 6%), 
acute cholecystitis (5% and 4%), and gallstone pan- 
creatitis (6% and 2%). In addition, laparoscopic 
cholecystec.tomy was performed in the LICU group 
for gallbladder polyps (1%) and porcelain gallbladder 
(1%). In the FIOC group, 10 patients (2%) were con- 
verted to open cholecystectomy because of adhesions 
or severe inflammation (Table II). FIOC was not per- 
formed in 16 patients (4%) because of lack of equip- 
ment, technical problems, critically ill status, preg- 
nancy, or training for LICU (Table III). In the re- 
maining 381 cases, the CBD was successfully imaged 
by means of FIOC in 370 patients (97%). 

In the LICU group, two patients (1%) were con- 
verted to an open operation because of adhesions 

(n = 1) or severe inflammation (n = 1). Twenty-six 
patients did not undergo LICU for various reasons 
(Table HI). Early in our experience with LICU, 12 pa- 
tients with preoperative suspicion of choledocholithi- 
asis or the diagnosis of chronic acalculous cholecysti- 
tis underwent FIOC directly without LICU. All of 
these exceptions occurred in the first 55 cases, and we 
now routinely image the CBD by LICU in these pa- 
tients. In addition, five patients intraoperatively sus- 
pected of having ductal anomalies or the potential for 
injury also underwent FIOC directly without LICU; 
an aberrant right hepatic duct and a cystic duct enter- 
ing the right hepatic duct were found in two patients 
each, whereas one patient had a torn cystic duct 
caused by dissection. Lack of available equipment or 
technical problems precluded the use of LICU in four 
patients, and five patients required expedient opera- 
tions because of a concomitant procedure or critically 
ill status, so imaging was avoided. In all of the re- 
maining 172 patients, the cystic duct-CBD junction 
and the terminal CBD were clearly visualized (P <0.05 
vs. FIOC group; Table 1I). The mean times required 
to complete FIOC and LICU were 15.1 __ 0.4 min- 
utes and 5.3 + 0.2 minutes, respectively (P <0.0001). 
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T a b l e  I I .  Resul ts  o f  c o m m o n  bile  duc t  s c r e e n i n g  

FIOC group LICU group 

No. of patients 407 200 
No. of conversions to open operation* 10 (2%) 2 (1%) 
CBD screening not  attempted by 

F IOC 16 (4%) - -  
L I C U  - -  26 (13%) 

Attempted screening 381 172 
Visualization of CBD 

Unsuccessful 11 (3 %) t  0 (0%) 
Successful 370 (97%) 172 (100%)qt 

T ime  to perform study 15.1 + 0.4 5.3 + 0.2§ 
(min; mean -- SEM) 

FIOC = fluoroscopic intraoperative cholangiography; LICU = laparoscopic intracorporeal ultrasonography; CBD = common bile duct. 
*Before screening for CBD stones. 
tlnability to cannulate (n = 8), avulsed cystic duct (n = 3). 
~tp <0.05. 
§P <0.0001. 

T a b l e  I I I .  Reasons  for  n o t  a t t e m p t i n g  to sc reen  the  c o m m o n  bi le  duc t  

FIOC group LICU group 

Preoperative suspicion of CBD stones* - -  7 t  
Acalculous cholecystitis* - -  5 t  
Suspect ductal anomalies - -  5tqt 
Equipment  problems/unavailability 9 4 
Concurrent  operations - -  4 
Learning L I C U  4 - -  
Critically ill status 2 1 
Pregnancy 1 - -  

TOTAL 16 26 

FIOC = fluoroscopic intraoperative cholangiography; LICU = laparoscopic intracorporeal ultrasonography; CBD = common bile duct. 
*All within the first 55 patients in the LICU group; no longer used as exclusion for LICU. 
tFIOC without LICU. 
~tCystic duct offright hepatic duct (n = 2); aberrant right hepatic duct (n = 2); torn cystic duct (n = 1). 

T a b l e  IV.. I n t r aope ra t i ve  d e t ec t i o n  and  m a n a g e m e n t  o f  c o m m o n  bile  duc t  s tones / s ludge  

FIOC group LICU group 

CBD stones detected 
Successful t reatment of stones 

Glucagon and saline flush 
Extraction techniquest  

CBD sludge detected 
Successful treatment of sludge 

Glucagon and saline flush 

25 (7%) 22 (13%)* 

10/25 (4%) 17/22 (77%)* 
15/15 (100%) 5/5 (100%) 

0 (0%) 10 (6%)# 

10/10 (100%)~ 

FIOC = fluoroscopic intraoperative cholangiography; LICU = laparoscopic intracorporeal ultrasonography; CBD = common bile duct. 
*P <0.05. 
tLaparoscopic transcystic extraction, laparoscopic or open CBD exploration with T-tube placement, and/or postoperative endoscopic retrograde 
cholangiography. 
qtp <0.0001. 
§One patient had FIOC showing only air bubbles but was readmitted postoperatively after clinically passing a CBD stone. 
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Table V. Size of common bile duct by laparoscopic intracorporeal ultrasonography 

Patients with stones/sludge Patients without stones/sludge 

No. of patients 32 150 
Maximum CBD diameter (mm)* 5.5 +- 0.4 4.8 - 0.1 

Range (mm) 2.0-10.0 2.0-10.0 
Location of maximium CBD diameter 

Mid CBD 18 (56%)t 121 (81%) 
Distal CBD 14 (44%)t 29 (19%) 

CBD = common bile duct. 
*Mean +_ standard error of the mean. 
tP <0,01 vs. patients without stones/sludge. 

Table VI. Mean size of common bile duct stones detected by laparoscopic intracorpeal ultrasonography 

Clearance by Removal by 
glucagon and saline flush invasive techniques 

No. of patients 17/22 (77%) 5/22 (23%) 
Mean diameter of stone (ram) 1.6 -+ 0.2 2.7 -+ 0.3* 

Range (mm) 1.0-2.0 2.0-3.0 

*P <0.01. 

Choledocholithiasis was detected in 25 patients 
(7%) in the FIOC group and in 22 patients (13%) un- 
dergoing LICU (P <0.05; Table IV). In the FIOC 
group, CBD stones were cleared by flushing with 
saline solution after intravenous glucagon in 10 pa- 
tients (40%), whereas more invasive techniques were 
required in 15 (60%). In contrast, most patients with 
CBD stones in the LICU group had the stones suc- 
cessfully cleared with saline irrigation after intra- 
venous glucagon (77%, P <0.05 vs. FIOC), whereas 
five patients (23 %) required extraction techniques. 
CBD sludge was detected in 10 patients (6%) in the 
LICU group, which was apparently cleared by saline 
flushes after intravenous glucagon administration, as 
evidenced by repeat LICU and/or FIOC. CBD 
sludge was never visualized by FIOC. 

In the LICU group, maximal bile duct diameter 
ranged from 2 to 10 mm and the mean was similar in 
those:with (5,5 +- 0.4 mm) and without (4.8 _ 0.1 
mm) duct stones/sludge. The location of the maximal 
bile duct diameter was more commonly found in the 
mid (supraduodenal) rather than the distal CBD 
(Table V). However, the distal duct was more likely 
to be the largest part of the CBD in patients with duc- 
tal stones/sludge than in patients without these find- 
ings (P <0.01). The mean size of the stones cleared 
by ampullary dilatation with glucagon and saline irri- 
gation was 1.6 --- 0.2 mm, whereas more invasive 

methods were required for larger stones with a mean 
diameter of 2.7 +-- 0.3 mm (P <0.01; Table VI). 

There was no morbidity or mortality associated 
with either FIOC or LICU. Median duration of hos- 
pitalization was 1 day for patients in both groups. All 
patients were seen in follow-up within 1 month post- 
operatively. Three patients in the FIOC group (0.8%) 
were readmitted to the hospital because of ductal 
problems. One patient had a retained CBD stone 
(false negative rate of 0.3 %), despite a normal fluoro- 
scopic intraoperative cholangiogram, which was suc- 
cessfully treated by endoscopic retrograde cholan- 
giography. A second patient who did not undergo 
screening because of a concomitant procedure was 
readmitted for presumed retained stone(s), which re- 
solved spontaneously during readmission, and a third 
patient developed a cystic duct stump leak. One pa- 
tient in the LICU group was readmitted for abdomi- 
nal discomfort, elevated liver function values, and a 
presumed retained CBD stone, which resolved spon- 
taneously. In that particular case, screening of the 
CBD by LICU showed sludge but no stones, FIOC 
revealed air bubbles, and a repeat LICU showed 
clearance of the sludge after irrigation. The presumed 
false negative rate of LICU was therefore 0.6%. 

Cost data were available for operating room time 
and disposable equipment. Table VII shows that 
screening with FIOC costs approximately $145 more 
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Table VII. Cost analysis* 

FIOC group LICU group 

Operating room t imer  $10.53/min $10.53/min 
Mean time of use 15 min 5 min 
Average cost $158 $53 

F IOC supplies (contrast, catheter) $ 40 - -  
Total cost $198 $53 

FIOC = fluoroscopic intraoperative cholangiography; LICU = laparoscopic intracorporeal ultrasonography. 
*Does not include professional fees or charges for capital depreciation. 
tBased on "second half-hour" operating room cost. 

than screening with LICU. These data do not include 
professional fees or charges for capital depredation of 
equipment. 

DISCUSSION 

Although the patients were not randomized into 
the H O C  and the LICU groups, the current study 
analyzed the evolution of our techniques of CBD 
screening during laparoscopic cholecystectomy and 
provided insight regarding the advantages and disad- 
vantages of the two imaging modalities. The senior 
author (N.J.S.) initially performed static cholangiog- 
raphy during laparoscopic cholecystectomy, demon- 
strating in a prospective randomized trial that selec- 
tive application of intraoperafive cholangiography was 
equally safe and less costly than routine static cholan- 
giography. 6 Subsequently, fluoroscopic techniques for 
intraoperative cholangiography were applied rou- 
tinely, after this procedure was revealed to be accu- 
rate, safe, and more rapid than static intraoperative 
cholangiography for screening the CBD; mean 
cholangiography times decreased significantly from 
24 minutes for static images to 14 minutes for FIOC. 4 
Recently many studies have suggested that laparo- 
scopic sonography is as accurate as cholangiography 
in detecting CBD stones. 11,14-22 Because of these pre- 
liminary reports, as well as our initial successful expe- 
rience with LICU, 11 we initiated the routine perfor- 
mance of LICU to evaluate the CBD for stones dur- 
ing laparoscopic cholecystectomy. However, since 
ductal anatomy is better appreciated by FIOC, 11 
cholangiography was performed when ductal anom- 
alies or injuries were suspected. Currently our aims 
for using routine LICU are to detect ductal stones 
and teach surgical trainees how to perform LICU. 
The ongoing prospective database has been contin- 
ued during this transition, allowing the authors to 
compare FIOC and LICU in consecutive patients un- 
dergoing laparoscopic cholecystectomy. 

One disadvantage of FIOC is its generation of po- 

tentially hazardous ionizing radiation, precluding its 
use in one pregnant patient in this series, before 
LICU was available. Another disadvantage of FIOC is 
the necessity to cannulate the cystic duct and the po- 
tential danger of perforating/avulsing the cystic duct 
with the cholangiocatheter. The former occurred in 
eight patients (2%) and the latter in three (1%), pre- 
cluding performance of FIOC. Fortunately none of 
these 1 1 patients had postoperative evidence of chole- 
docholithiasis or ductal complications. Other series 
have reported a similar failure rate in performing 
FIOC of 2% to 10%. 1'2'12-14 In contrast, the cystic 
duct-CBD junction and the distal CBD were success- 
fully visualized, without iatrogenic ductal injury 
caused by sonographic scanning, in all patients in the 
LICU group. The sonographic images obtained by 
LICU scanning using a transducer placed through the 
epigastric trocar were transverse cuts through the he- 
patoduodenal ligament and oblique images through 
the head of the pancreas. This technique, as opposed 
to longitudinal scans of the ductal system obtained by 
placing the transducer through the umbilical port as 
suggested by o the r s ,  22,26 allowed examination of the 
papillary region without interposition of the duode- 
num, which may account for some failures in visualiz- 
ing the terminal CBD. 26 Also,  the transducer is easily 
and rapidly placed via the epigastric port without 
changing the laparoscopic imaging arrangement. A 
disadvantage of transverse scanning using this tech- 
nique is that the bile ducts proximal to the common 
duct are poorly visualized. Fortunately most ductal 
stones are located in the distal CBD, and only one pa- 
tient was presumed to have retained CBD stones fol- 
lowing negative LICU. Thus the advantages of LICU 
are clearly seen in that it does not rely on a specific 
cystic duct size for cannulation, there is less risk of 
perforating or avulsing the cystic duct, and ionizing 
radiation is eliminated. 

Advocates of routine cholangiography point out 
that abnormalities of the ductal system detected radi- 
ographically can alter the conduct of cholecystectomy 
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and prevent ductal injury. LICU was not used in this 
study to identify ductal anatomy, although with in- 
creased experience the ductal anatomy can be demon- 
strated well. Additional anatomic information, such 
as arterial and venous structures, can also be obtained 
by means of LICU and not by FIOC. 17,18 The most 
critical technical maneuver during laparoscopic chole- 
cystectomy is to dissect the infundibulum of the gall- 
bladder from both the ventral and dorsal aspects of 
the hepatocystic triangle and thereby demonstrate the 
cystic duct arising in continuity from the gallbladder 
neck, 6 hence exposing the "critical view" of safety  27 
rather than relying on a cholangiogram for preventing 
iatrogenic ductal injuries. If ductal injuries were sus- 
pected, FIOC was indeed useful for ductal evaluation. 
In this current series with 170 patients undergoing 
LICU, there were no major ductal injuries without 
cholangiography. 

Another advantage of LICU is the significantly re- 
duced time required for its performance compared to 
that of FIOC. The evolution of our strategy to screen 
the CBD has shown tangible differences in the oper- 
ating time required, beginning with a mean of 24 
minutes for static cholangiography, 6 to 15 minutes for 
FIOC, 4 to only 5 minutes for LICU. Furthermore, 
disposable cholangiocatheters and related equipment 
are unnecessary, and specialized fluoroscopic tables 
are not required. These advantages translate to a 
lower cost, averaging $145 per patient at our institu- 
tion, which is especially important in the current cost- 
containment environment. 

The incidence of CBD stones detected by LICU 
was significantly greater than that detected by FIOC. 
Although both imaging techniques were not per- 
formed in all patients to determine the false negative 
and positive rates as well as their precise sensitivity 
and specificity, it is interesting that the incidence was 
almost twofold greater in the LICU group. One pos- 
sible explanation is that LICU is more sensitive than 
FIOC in detecting small stones, as has been previ- 
ously suggested. 11,14 Unfortunately data for the diam- 
eter of CBD stones detected by FIOC were not col- 
lected prospectively. The data showed that the major- 
ity of the stones detected by LICU (77%) were easily 
cleared from the CBD by saline irrigation. In con- 
trast, only 40% of the stones detected by FIOC were 
cleared by the saline flush technique, whereas more 
invasive extraction techniques were required to re- 
move the remainder of stones. Furthermore, within 
the LICU group, stones less than 2.0 mm (mean di- 
ameter 1.6 _+ 0.2 mm) were always successfully 
cleared by saline irrigation and intravenous glucagon 
administration, whereas stones greater than 2.0 mm 
(mean diameter 2.7 + 0.3 mm) could not be cleared 
by saline irrigation and required invasive extraction 

techniques. Thus not only does LICU seem to be 
more sensitive than FIOC in detecting CBD stones, 
but LICU may be overly sensitive in identifying small 
stones that may be clinically irrelevant even if they 
had not been cleared by saline irrigation. 

Additional information from LICU undetectable 
by FIOC was the presence of sludge in the CBD. 15 
Although it may be difficult to differentiate between 
bile duct sludge and artifacts, adherence to well- 
known sonographic criteria allows this distinction. 2s 
In this series, sludge was demonstrated in 6% of pa- 
tients and was easily cleared by saline irrigation tech- 
niques. The significance of sludge is not well estab- 
lished, and many clinicians believe it to be clinically 
insignificant. However, recent studies suggest that bil- 
iary sludge may not be innocuous, potentially causing 
acute cholangitis 29 and acute pancreatitis. 3° Thus the 
apparent greater sensitivity of the LICU to detect 
sludge may be useful, for instance, in patients whose 
indication for cholecystectomy is gallstone pancre- 
atitis. 14 

The maximum CBD diameter detected by LICU 
did not predict the presence or absence of CBD 
stones/sludge. However, the location of the maximum 
CBD diameter was found significantly more often in 
the distal CBD in patients with ductal stones/sludge 
than in patients without CBD stones/sludge. Never- 
theless, definitive diagnosis of CBD stones by LICU 
relied on actual visualization of an echogenic mass 
with acoustic shadowing. 

As a result of these findings, our current policy is to 
treat small (<2.0 mm) CBD stones with transcystic 
saline irrigation and intravenous glucagon adminis- 
tration; unsuccessful clearance of these stones de- 
tected by repeat LICU, as well as the presence of 
sludge, may not require further intervention because 
they will probably be insignificant clinically (Fig. 4). 
We also attempt to flush stones 2.0 mm or larger, re- 
alizing that this technique will often be unsuccessful, 
necessitating invasive extraction techniques. Fortu- 
nately these stones can usually be successfully treated 
using laparoscopic or endoscopic techniques, thus 
preserving the goals of minimally invasive therapy and 
minimizing postoperative hospitalization and conva- 
lescence. 

C O N C L U S I O N  

LICU offers the following advantages over FIOC 
in screening the CBD for stones during laparoscopic 
cholecystectomy: 

1. No ionizing radiation 
2. No iodinated contrast material 
3. Less invasive 

Can be performed before any tissue dissection 
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Fig. 4. Proposed new algorithm for screening and management of choledocholithiasis during lap- 
aroscopic cholecystectomy. LICU = laparoscopic intracorporeal nltrasonography; CD = cystic duct; 
CBD = common bile duct; LC = laparoscopic cholecystectomy; IOC = intraoperative cholangiog- 
raphy; ERC = endoscopic retrograde cholangiography; CBDE = common bile duct exploration. 

Does not depend on cystic duct cannulation 
Less risk of injury to cystic or common ducts 

4. Higher success rate in visualizing distal CBD 
5. Detects sludge 
6. More rapid 
7. More convenient and less cumbersome 

No fluoroscopic table, C-arm, or x-ray techni- 
cian required 
Can be repeated easily at any time 

8. Less costly 
L I C U  is accurate, safe, and permits more rapid eval- 
uation of bile duct stones. We routinely screen the 
CBD with L I C U  during laparoscopic cholecystec- 
tomy to allow trainees to master this relatively new 
technique, which may be very helpful for visualizing 
structures deep to the surface during other laparo- 
scopic procedures. 24 Selective use of L I C U  to screen 
for choledocholithiasis on the basis of preoperative in- 
vestigations or intraoperative findings is certainly an 
alternative. L ICU may be overly sensitive in detecting 
small CBD stones and sludge, which are of question- 
able significance. Stones 2 m m  or less can usually be 
cleared by flushing, whereas larger ones will most  
likely require duct exploration or endoscopic retro- 
grade cholangiography for removal. The  convenience 

of L I C U  also allows it to be easily repeated at any 
stage of the operation. Selective use of FIOC can be 
complementary if the L I C U  examination is incom- 
plete or ductal injuries/anomalies are suspected. 14 
L I C U  has the potential to replace FIOC for screen- 
ing the CBD in most  patients undergoing laparo- 
scopic cholecystectomy. 

We thank Donna R. Luttmann, R.N., for her assistance with the 
data collection. 
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Discussion 
Dr. K. Lillemoe (Baltimore, Md.). I have no doubt that 

you have answered the question that this technique is very 
valuable in the detection of common duct stones. Of course, 
the other role of cholangiography is identification of 
anatomy and avoidance of bile duct injury. The classic in- 
jury with laparoscopic eholecystectomy, as described by Dr. 
Meyers and the group at Duke University, has involved the 
mistaken identity of the cystic duct and the common duct 
and actually dipping and dividing of the common duct. In 
that situation, an intraoperative cholangiogram will be ob- 
viously abnormal, showing no filling of the proximal biliary 
tree. What safeguards does this sonographic, technique have 
to avoid such an injury in the patients in whom that same 
classic injury may occur. Furthermore, can you give us any 
information about the role of this technique in the identifi- 
cation of bile duct anatomy and the prevention of injury. 

Dr. 97. Wu. Looking at this series, we felt that the iatro- 
genic injuries were really due to lack of careful dissection, 
and we do not believe that screening for ductal anomalies or 
ductal anatomy really helps to prevent these injuries. Dur- 
ing the dissection, however, if we are concerned that there 
could be a ductal anomaly or a question of iatrogenic in- 
jury, we would proceed with cholangiography in addition 
to ultrasonography. 

Dr. W. Richards (Nashville, Tenn.). How many proce- 
dures are required to train a surgeon to use this technol- 
ogy? You were able to perform the ultrasound screening in 
5~A minutes. I doubt many of us would be able to do it in 
that amount of time. 

Dr. Wu. There were 16 patients in the cholangiography 
group who were excluded for various reasons. Four of those 
patients were used to learn the technique of ultrasonogra- 



Journal of 
60 Wu et al. Gastrointestinal Surgery 

phy. After becoming comfortable with the use of ultra- 
sonography in just those four patients, we proceeded with 
the 200 consecutive laparoscopic ultrasound studies. As I 
stated, within the first 55 ultrasound patients, we felt com- 
fortable with cholangiography so when there was high in- 
dex of suspicion, we proceeded with the cholangiography. 
After the first 55 patients, then we screened all patients with 
ultrasonography. When we studied the first 50 patients with 
ultrasonography, we found, much to our surprise, that the 
mean time to perform ultrasonography was 5.6 minutes. 
For the latest 50 cases, it was 5.1 minutes. 

Dr. S. Crrundfest (Cleveland, Ohio). You stated that in- 
traoperative ultrasonography was more sensitive for de- 
tecting smaller stones, but how do you know that the small 
stones were not just flushed out when you performed the 
operative cholangiography. 

Dr. Wu. We do not know that. We believe that this may 
have occurred in several patients during the cholangiogra- 
phy. 

Dr. J. Becket (Boston, Mass.). You suggested that it may 
be an overly sensitive technique. Do you have any data to 
suggest what would be the fate of the sludge and small 
stones if you had left them in place? 

Dr. [~Vu. We would also like to know what the signifi- 
cance of sludge is. We feel that it does pose a potential 
problem to the patients. If we do flush the sludge and it 
does not clear, we would not attempt any further extraction 
and we would not send the patient for postoperative endo- 
scopic retrograde cholangiography. We would just follow 
them clinically. On the other hand, there are two papers 

that have reported gallstone pancreatitis due to sludge, and 
another report showed acute cholangitis due to sludge, but 
we feel that the incidence of this is very low. 

Dr. L. Way (San Francisco, Calif.). When you state that 
the sensitivity is very high, you imply that there is the pos- 
sibility of an increasing number of false positive results. Do 
you have independent validation of what you were inter- 
preting on these ultrasound images as sludge and small 
stones. How do you know for sure that is what they really 
were. 

Dr. IVu. Prior to this, we conducted a multicenter trial 
screening the common bile duct using both ultrasonogra- 
phy and cholangiography. In all 100 patients, we confirmed 
the ultrasound findings with the cholangiogram. As a result 
we felt comfortable interpreting the ultrasound images our- 
selves. 

Dr. M. Dayton (Salt Lake City, Utah). One of the ad- 
vantages of cholangiography is the ability to simultaneously 
visualize the entire biliary tree. How effective is this tech- 
nique going to be in finding intrahepatic stones? 

Dr. l, Vu. We only went as far as the cystic duct common 
bile duct junction and the distal common bile duct. With 
the transducer through the epigastric port, we could not see 
the proximal biliary duct, but we feel that most of the stones 
are either in the mid or distal duct. To date, only 1 out of 
the 200 patients had a retained stone. There could have 
been a stone in the proximal duct, but if one really wants 
to image the proximal duct, the transducer can be moved 
to the umbilicus and the camera can be moved to another 
port. 
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Bile duct injury is perhaps the most feared complication of laparoscopic cholecystectomy. The focus of 
this study was on the immediate and short-term outcome of patients who have undergone repair of ma- 
jor bile duct injuries with respect to hospital stay, perioperative interventions, and reoperations. The 
records of patients who underwent surgery at three academic hospitals in Philadelphia (Hospital of the 
University of Pennsylvania, Thomas Jefferson University Hospital, and Graduate Hospital) from 1990 to 
1995 for repair of a major biliary injury following laparoscopic cholecystectomy were reviewed. A major 
biliary injury was defined as any disruption (including ligation, avulsion, or resection) of the extrahepatic 
biliary system. Small biliary leaks not requiring surgery were excluded. Thirty-two patients sustained 
major bile duct injuries. The injury was recognized immediately in 10 patients. The remaining 22 patients 
had pain (59%), jaundice (50%), and/or fever (32 %) as the symptom heralding the injury. Bismuth class- 
ification was as follows: 13% of patients were class I, 63% were class II, 7% were class III, 7% were class 
IV,, and 10% were class V. Biliary reconstruction included a Roux-en-¥ hepaticojejunostomy in 30 patients 
and two were primary repairs. There was one postoperative death from multiorgan system failure. The 
mean length of hospital stay after repair was 17 + 8 days. Over a mean follow-up period of 11.5 _+ 10.5 
months, 11 patients (38%) required 19 emergency readmissions, most commonly for cholangitis. Five pa- 
tients (17%) required postoperative balloon dilatation for biliary stricture. At follow-up 18 patients 
(62.0%) remain asymptomatic with normal liver function values, eight (28%) are experiencing episodic 
cholangitis, and three (10%) are asymptomatic with persistently elevated liver function values. The con- 
sequences of a major biliary tract injury following laparoscopic cholecystectomy include a complex op- 
erative repair resulting in a lengthy postoperative stay with an increased risk of death, an excessive num- 
ber of perioperative diagnostic and therapeutic studies, frequent readmissions (often as emergencies), 
and a lifelong risk of restricture. The "cost" to these patients remains enormous. (J GASTROINTEST SURG 
1998;2:61-66.) 

In the past several years laparoscopic cholecystec- 
tomy has proved to be the preferred technique for re- 
moval of  the gallbladder. 1 Laparoscopic as compared 
to open cholecystectomy has yielded several benefits 
including decreased length of hospital stay, less post- 
operative discomfort, and a shorter convalescent pe- 
riod for patients. 1 However, major bile duct injury, 
one of the most feared complications of cholecystec- 
tomy, has been shown to occur 2.5 to 4 times more 
frequently during laparoscopic as compared to open 
cholecystectomy. 2-4 The  operative management  of 
bile duct injuries has been reviewed by several au- 

thors. 2,5-8 Many of these excellent studies have focused 
on operative strategy and technique. This study was 
conducted to assess the immediate and short- term 
consequences among patients who undergo repair of 
major biliary tract injuries sustained during laparo- 
scopic cholecystectomy. 

M E T H O D S  

The  patients included in this series were managed 
at three academic centers in Philadelphia including 
the Departments of  Surgery at the Hospital of  the 
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Reprint requests: Jon B. Morris, M.D., Gastrointestinal Surgery, Department of Surgery~ 4 Silverstein, Hospital of the University of 
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University of Pennsylvania, Thomas Jefferson Uni- 
versity Hospital, and Graduate Hospital. The 32 pa- 
tients included in this review sustained a major biliary 
tract injury during laparoscopic cholecystectomy over 
a period of 5 years. Major biliary tract injuries were 
defined as disruption of the extrahepatic biliary sys- 
tem including ligation, avulsion, and resection. Cystic 
duct leaks, bilomas, and small duct lacerations were 
excluded. The hospital records of these patients were 
reviewed including detailed operative reports, inpa- 
tient records, and outpatient follow-up records. 

RESULTS 

Laparoscopic cholecystectomy was performed at a 
referring institution in 29 (91%) of the 32 patients, 
and three were performed at one of our institutions. 
The incidence of bile duct injury for each of the sur- 
geons is not known. The mean age of the patients was 
47 years (range 21 to 74 years), and 75% were female. 
The indication for laparoscopic cholecystectomy was 
symptomatic cholelithiasis in 20 patients (62%) and 
acute cholecystitis in 12 (38%). The operation was 
converted to an open procedure in 15 cases, and a bil- 
iary injury was known or suspected before conversion 
to an open procedure in eight patients. Injury was 
known or suspected after conversion to an open pro- 
cedure in two patients but was never recognized in 
five. Overall the biliary injury was recognized at the 
time of the original cholecystectomy in 10 patients 
(31%). 

Seven patients underwent intraoperative cholan- 
giography during their laparoscopic cholecystectomy. 
Five patients did not undergo intraoperative cholan- 
giography, and in 20 of the 32 patients it was not 
known whether or not intraoperative cholangiogra- 
phy was performed. Among the seven patients who 
underwent cholangiography, the injury was immedi- 
ately recognized in five cases. Among the five patients 
who did not undergo cholangiography, the injury was 
immediately recognized in only one. Among the re- 
maining 20 patients, there was immediate recognition 
of the injury in five. 

Biliary injury was immediately recognized in 10 
(31%) of the 32 patients. Seven patients (22%) 
showed signs or symptoms of injury during their ini- 
tial hospital stay by postoperative day 3.6 _+ 2.0. The 
remaining 15 patients (47 %) presented following dis- 
charge on postoperative day 8.6 -+ 3.8. Overall the 
most common symptoms were pain (59%), jaundice 
(50%), and fever (32 %). Four patients underwent un- 
successful repair prior to referral to our centers. Pri- 
mary bile duct repair was attempted in two of these 

patients, loop hepaticojejunostomy in one, and Roux- 
en-¥ hepaticojejunostomy in one. 

Preoperative Management 

Of the 10 patients whose injuries were immediately 
recognized, six underwent immediate repair. Three of 
these patients had incurred their injuries at one of our 
institutions. The other three patients underwent im- 
mediate repair and were then referred to our institu- 
tion for revision of a failed reconstruction. Three pa- 
tients were referred to us immediately following their 
injury prior to attempt at repair. Two of these patients 
had biliary catheters in place in the proximal and dis- 
tal bile ducts; one patient underwent repair on the day 
of referral, the other patient 2 days later. The third 
patient had no biliary catheters in place and under- 
went endoscopic retrograde cholangiopancreatogra- 
phy (ERCP) and percutaneous transhepatic cholan- 
giography (PTC) followed by operative repair 3 days 
after referral. One patient underwent biliary T-tube 
placement and was referred 4 months later with a 
stricture. 

The median length of time from injury to referral 
for definitive repair was 14 days (range 0 days to 2.5 
years) and from injury to repair, 16.5 days. Operative 
repair was performed on the day of referral in four pa- 
tients. The remaining patients typically underwent re- 
pair within 4 days of referral. 

After referral, most patients underwent studies to 
define their anatomy and to provide biliary drainage. 
Twenty (69%) of the 29 referred patients underwent 
ERCP, 17 (59%) underwent PTC, and in one patient 
cholangiography was performed through an in- 
dwelling catheter. Of the 12 patients who did not un- 
dergo PTC for drainage, five had indwelling catheters 
providing biliary drainage. Only four patients did not 
undergo either ERCP or PTC. Three of these four 
patients had indwelling catheters present from the 
original cholecystectomy (Table I). 

Operative Repair  

Bismuth classification of the injury was possible in 
30 patients. Bismuth classification was as follows: 13 % 
of patients were class I, 63% were class II, 7% were 
class III, 7% were class I~, and 10% were class V. Two 
(7%) had concomitant injury to the right hepatic 
artery. One patient had erosion of a biliary stent 
through the common bile duct into the duodenum 30 
months following stent placement for a common bile 
duct injury. Four of the reconstructions were revisions 
of previous repairs. 
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Two patients who had a resection of the common 
bile duct underwent  primary bile duct anastomosis 
over a stent. The  remaining 30 (94%) underwent  
Roux-en-¥ hepaticojejunostomy, 29 of  which were 
over a stent. One patient underwent a two-stage re- 
pair with placement of a T-tube followed by choledo- 
chojejunostomy 41 days later. Twenty-one anasto- 
moses (70%) were to a single duct, and three (10%) 
were to two ducts. Six (20%) involved an anastomosis 
to a "neoconfluence" (common septum). In no case 
was it necessary to perform an anastomosis to the left 
hepatic duct after dropping the hilar plate. Thirty-one 
(97%) of 32 patients had stents placed at the time of 
repair. Most of these stents remained in place for 30 
to 90 days, and many were still in place at the time of 
follow-up. 

Table I. Preoperative studies or interventions in 29 
referred patients with major bile duct injuries 

No. (%) 

ERCP 20 69 
PTC 17 59 
CT 10 34 
Uhrasonography 9 31 
Biliary stent placement 9 31 
Nuclear biliary scan 3 10 
Hepatic arteriography 1 3 

ERCP = endoscopic retrograde cholangiopancreatography; PTC = 
percutaneous transhepatic cholangiography; CT = computed tomog- 
raphy. 

O u t c o m e  

One patient with a history of angina, congestive 
heart failure, and chronic obstructive pulmonary dis- 
ease died of multiorgan system failure following 
Roux-en-¥ choledochojejunostomy for a common 
bile duct resection. The  patient developed jaundice 
on postoperative day 4 following laparoscopic chole- 
cystectomy and was taken for exploratory laparotomy, 
which revealed biliary ascites and a transected com- 
mon bile duct. After referral, he underwent  CT- 
guided drainage of a large volume of bilious ascites. 
Thirteen days after transfer, he underwent choledo- 
chojejunostomy. Postoperatively he could not  be 
weaned from the ventilator; he developed sepsis and 
died of multiorgan system failure on postoperative 
day 19. 

A variety of other postoperative complications oc- 
curred and are listed in Table II. The  mean length of 
hospital stay for the biliary reconstruction was 17 +- 8 
days (range 5 to 24 days). Follow-up data were avail- 
able for 29 patients at 11.5 - 10.5 months. Thirteen 
patients (45%) required 22 readmissions. There  were 
three elective readmissions in three patients and 19 
emergency readmissions, most commonly for cholan- 
gitis and stricture, in 11 patients (Table III). The  av- 
erage length of stay for the readmissions was 7 -+ 5 
days. Five patients (17%) developed postoperative 
strictures, which have been managed by percutaneous 
transhepatic balloon dilatation, and one patient re- 
quired operative revision of the anastomosis. 

During the 1-year follow-up period a large num- 
ber of  diagnostic and therapeutic studies were per- 
formed (Table IV). The  outcome of the biliary recon- 
struction was as follows: 18 (62%) of the 29 patients 
are asymptomatic with normal liver function values, 

Table II. Early complications after repair of major bile 
duct injury 

No. of patients 

Wound infection 
Pleural effusion 
Hepatic abscess 
Pancreatitis 
Stress gastritis, upper gastro- 

intestinal bleeding 
Abdominal wall hematoma 
Pulmonary failure 
Right subclavian vein thrombosis 

and reactive thrombocytopenia 
Death from multiorgan system failure 

Table III. Readmissions following complex biliary 
reconstruction 

Reason for No. of 
readmission readmissions 

Elective readmissions 

Excision of wound granuloma 
Incisional hernia repair 

TOTAL 

Emergency  readmissions 
Cholangitis without stricture 
Cholangitis with stricture 
Hepatic abscess 
Partial small bowel obstruction 
Infected intra-abdominal hematoma 
Revision of strictured anastomosis 

TOTAL 

1 
2 
3 

7 
5 
4 
1 
1 
1 

19 
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eight patients (28%) suffer from symptoms related to 
intermittent cholangitis or stricture, and three pa- 
tients (10%) remain asymptomatic with persistently 
elevated liver function values. 

A Bismuth class II injury was the most common in- 
jury, occurring in 63% of patients. Of  the patients 
with Bismuth class II injuries, 63 % were asymptom- 
atic at follow-up, closely approximating the overall 
outcome (Table V). Three  (75 %) of the four patients 
with Bismuth class I injuries were asymptomatic at 
follow-up. MI of the patients with Bismuth class III 
and IV injuries (total of  4 patients) were symptom- 
atic at follow-up--also included in this group was the 
one postoperative death. Two of the three patients 
with Bismuth class V injuries were asymptomatic at 
follow-up. 

Table IM. Evaluations following repair of major bile 
duct injury* 

Total No. 
of studies 

Office visits 159 
Serum liver function tests 153 
Cholangiography 115 
Abdominal x-rays 81 
CT 35 
Ultrasonography 23 
Endoscopic retrograde cholangio- 12 

pancreatography 
Nuclear biliary scans 6 
PTC 6 
Upper gastrointestinal barium studies 4 
MRI 1 

MRI = magnetic resonance imaging; other abbreviations as in Table I. 
*Data obtained from 29 patients. 

D I S C U S S I O N  

Major bile duct injury is perhaps the most serious 
complication of laparoscopic cholecystectomy and oc- 
curs at 2.5 to 4 times the incidence when compared 
to open cholecystectomy. 2-4 Repair of  these injuries, 
usually with a Roux-en-Y biliary-enteric anastomosis, 
can be a technically demanding operation. This re- 
suits in prolonged hospitalization and greater dis- 
comfort for the patient. However, the greatest con- 
cern is the long-term morbidity imposed by such an 
injury. Our short-term and early (1 year) follow-up 
was notable for the significant number of emergency 
readmissions, interventions, and reoperations. After 
approximately 1 year of follow-up, we noted an oper- 
ative mortality rate of 3 % and a reoperation rate of 
3 %. Initially 12 (41%) of the 29 patients were symp- 
tomatic. After further intervention (one reoperation 
and multiple balloon dilatations), only eight (2 8 %) re- 
main symptomatic, 18 (62%) are asymptomatic, and 
an additional three (10%) are asymptomatic with ele- 
vated liver function values. The  long-term signifi- 
cance of this last group is unknown (Fig. 1). 

Analysis of our data shows an association between 
obtaining an intraoperative cholangiogram and im- 
mediate detection of an injury. This association, al- 
though not statistically significant, may be due to a se- 
lection bias in those patients undergoing intraopera- 
rive cholangiography; the surgeon's suspicion of an in- 
jury may prompt him or her to obtain an intraopera- 
tire cholangiogram, which confirms the injury. 

In our series Bismuth classification of injury served 
as a predictor of outcome, although this relationship 
is not  statistically significant because of the small 
number of patients with class I, III, W, and V injuries 
(see Table V). Patients with class I and II injuries had 
a better outcome than those with class III and IV in- 
juries. The  patients with class V injuries, however, 
also had a good outcome. The  correlation between 

Table V. Bismuth classification of injury and outcome of patients 

Outcome 

Asymptomatic Abnormal liver 
Bismuth class No. (%) (%) function tests (%) 

Symptomatic 
(%) Other 

I 4 13 75 0 
II 19 63 63 16 

III 2 7 0 0 
IV 2 7 0 0 
V 3 10 67 0 

Overall 30 100 63 10 

25 
21 

100 
100 
33 
28 

1 death 
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29 Patients 

. /  
Immediate 
Outcome 

Asymptomati¢ 
15/29 52% 

~ C Symptomatic ~ ( ElevatedLFT ~ 
12/29 41% 2/29 7% 

15 Further 
Intervention 12 

Early ( l y r ) ~  Asymptomsti¢ ~ (Symptomatic ~ ~ ElevatedLFT ~ 
Outcome 18/29 62% 8/29 28% 3/29 10% 

Fig. 1. Immediate and early outcome after repair of major bile duct injury. LFT = liver function tests. 

higher  Bismuth class and poor  outcome has been 
demonstrated by other series including the recent re- 
view by Lillemoe etal. 9 from the Johns Hopkins Hos- 
pital. They  found Bismuth class I l l  or higher to be a 
predictor of poor outcome in their series. 

We were not  able to establish a relationship be- 
tween the type of repair and outcome of patients, 
since only two patients underwent  primary repair. 
One of these patients was lost to follow-up and the 
other  is asymptomatic  with elevated liver function 
values. 

Early results after repair of major bile duct injuries 
vary greatly from one series to another. Lillemoe et 
al. 9 recently reported a 92 % success rate following 
surgical reconstruct ion with a follow-up of 33.4 
months.  Our  lower success rate may, in part, be at- 
tributable to our shorter follow-up interval. Three  
(25%) of the 12 patients who initially were symp- 
tomatic following repair improved with further inter- 
vention and are currently asymptomatic.  Perhaps 
additional patients who were still symptomatic  at 
follow-up may be symptom free after a longer follow- 
up period. 

The  long-term morbidity of these injuries is less 
well known because of the relatively recent introduc- 
tion of laparoscopic cholecystectomy. However, long- 

term follow-up ofbiliary injuries after open cholecys- 
tectomy has demonstrated results similar to o u r s .  1°-12 

Frattaroli et al. 1° reported on 194 patients with biliary 
injuries (74 resulting from open cholecystectomy) 
with a mean follow-up of 9.3 years with an operative 
mortality rate of 2.6%, a reoperation rate of 9.6%, 
and a "good" (absence of cholestasis and infection) re- 
sult rate of 79.6%. Chapman et al. 11 reported on 130 
biliary injuries after open cholecystectomy with a 
mean follow-up of 7.2 years with an operative mor-  
tality rate of 1.8%, a reoperation rate of 9.8%, and a 
"good" (no biliary symptoms and no need for inter- 
vention) result rate of 76%. 

It is evident that the short-term and lifelong "cost" 
to these patients is enormous. Patients often undergo 
numerous studies (ERCP, PTC,  CT, and liver func- 
tion tests) to detect their injuries. The  operative re- 
pair for major biliary injuries, the long hospital stay, 
and the numerous  interventional radiology proce- 
dures represent a major medical expense. Savader et 
al? 3 calculated the mean hospital and interventional 
radiology charges as $51,411 per patient for the pa- 
tients who underwent  t reatment  of  laparoscopic- 
related bile duct injuries at the Johns Hopkins Hospi- 
tal f rom 1990 to 1995. Patients are unexpectedly 
forced out of work for the duration of this time in- 
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cluding the convalescent period at home. This  time 
lost from work often results in a financial loss to the 
patient. A significant but unmeasured cost is the qual- 
ity-of-life change in these patients. Litigation result- 
ing from biliary injuries represents a substantial fi- 
nancial outlay. Kern 14 has reported a 20-fold increase 
in litigation claims resulting from injuries following 
cholecystectomy since the widespread adoption of  lap- 
aroscopic cholecystectomy in 1990. Kern estimates 
that  approximately 200 cases of  litigation involving 
laparoscopic cholecystectomies are filed annually in 
the United States. 

A biliary injury following laparoscopic cholecys- 
tectomy is a tragedy for both the patient and the sur- 
geon. Both have expectations of  a simple operation 
and a short recovery period. However, they are faced 
with a major operative repair, prolonged hospitaliza- 
tion, numerous postoperative complications, and pos- 
sibly litigation. These consequences have a lasting im- 
pact on both the patient and the surgeon. 

REFERENCES 
1. NIH consensus conference statement on gallstones and lap- 

aroscopic cholecystectomy. AmJ Surg 1993;165:390-398. 
2. Gouma DJ, Go PM. Bile duct injury during laparoscopic and 

conventional cholecystectomy. J Am Coll Surg 1994;178:229- 
233. 

3. Strasberg SM, Herd M, Soper NJ. An analysis of the problem 
of biliary injury during laparoscopic cholecystectomy. J Am 
Coll Surg 1995;180:101-125. 

4. Bernard HR, Hartman TW. Complications after laparoscopic 
cholecystectomy. AmJ Surg 1993;165:533-535. 

5. Ress AM, Sarr MG, Nagorney DM, Farnell MB, Donahue 
JH, Mcllrath DC. Spectrum and management of major com- 
plications of laparoscopic cholecystectomy. Am J Surg 
1993;165:655-662. 

6. Soper NJ, Flye MW, Brunt LM, Stockmann PT, Sicard GA, 
Picus D, Edmundowicz SA, Aliperti G. Diagnosis and man- 
agement of biliary complications of laparoscopic cholecystec- 
tomy. AmJ Surg 1993;165:663-669. 

7. Branum G, Schmitt C, Baillie J, Suhocki P, Baker M, Davidoff 
A, Branch S, Chari R, Cucchiaro G, Murray E, Pappas T, 
Cotton P, Meyers WC. Management of major biliary compli- 
cations after laparoscopic cholecystectomy. Ann Snrg 
1993;217:532-541. 

8. MadariagaJR, Dodson SF, Selby R, Todo S, Iwatsuki S, Starzl 
TE. Corrective treatment and anatomic considerations for 
laparoscopic cholecystectomy injuries. J Am Coil Surg 
1994;179:321-325. 

9. Lillemoe KD, Martin SA, CameronJL, Yeo CJ, Talamini MA, 
Kaushal S, Coleman J, Venbrux AC, Savader SJ, Osterman FA, 
Pitt HA. Major bile duct injuries during laparoscopic chole- 
cystectomy--Follow-up after combined surgical and radio- 
logic management. Ann Surg 1997;225:459-471. 

10. Frattaroli FM, Reggio D, Guadalaxara A, Illomei G, Pap- 
palardo G. Benign biliary strictures: A review of 21 years of 
experience. J Am Coil Surg 1996;183:506-513. 

11. Chapman WC, Halevy A, Blumgart LH, Benjamin IS. Post- 
cholecystectomy bile duct strictures---Management and out- 
come in 130 patients. Arch Surg 1995;130:597-604. 

12. Tocchi A, Costa G, Lepre L, Liotta G, Mazzoni G, Sita A. 
The long-term outcome of hepaticojejunostomy in the treat- 
ment of benign bile duct strictures. Ann Surg 1996;224:162- 
167. 

13. Savader SJ, Lillemoe KD, Prescott CA, Winick AB, Venbrux 
AC, Lund GB, Mitchell SE, Cameron JL, Osterman FA. Lap- 
aroscopic cholecystectomy-related bile duct injuries--A health 
and financial disaster. Ann Surg 1997;225:268-273. 

14. Kern KA. Malpractice litigation involving laparoscopic chole- 
cystectomy: Cost, cause, and consequences. Arch Surg 
1997;132:392-398. 



Cumulative Incidence of Colorectal and Extracolonic 
Cancers in MLH1 and MSH2 Mutation Carriers 
of Hereditary Nonpolyposis Colorectal Cancer 

Kevin M. Lin, M.D., M. Shashidharan, M.D., Alan G. Thorson, M.D., Charles A. Ternent, M.D., 
Garnet J. Blatchford, M.D., Mark A. Christensen, M.D., Patrice Watson, Ph.D., 
Stephen J. Lemon, M.D., M.PH., Barbara Franklin, B.S.N., Beth Ka~ B.S.N., 
Jane Lynch, B.S.N., Henry T. Lynch, M.D. 

The extracolonic tumor spectrum of hereditary nonpolyposis colorectal cancer (HNPCC) includes can- 
cer of the endometrium, ovaries, stomach, biliary tract, and urinary tract. This study was designed to de- 
termine the penetrance of colorectal and extracolonic tumors in HNPCC mutation carriers. Forty-nine 
patients (22 females and 27 males) were identified with an MSH2 germline mutation, and 56 patients 
(28 females and 28 males) were identified with an MLH1 mutation. Cumulative incidence by age 60 (life- 
time risk) and mean age of cancer diagnosis were compared. The lifetime risk of extracolonic cancers in 
MSH2 and MLH1 carriers was 48% and 11% respectively (P = 0.016). Extracolonic cancer risk in 
MSH2 females and males was 69% and 34%, respectively (P = 0.042). Mean age of extracolonic cancer 
diagnosis was significantly older for MSH2 males than females (55.4 vs. 39.0, P = 0.013). No difference 
was observed in colorectal cancer risk between MLH1 and MSH2 carriers (84% vs. 71%). Colorectal 
cancer risk was 96% in MSH2 males compared to 39% in MSH2 females (P -- 0.034). No differences in 
colorectal and extracolonic cancer risks between MLH1 females and males were identified. The risk of 
extracolonic cancer by age 60 was greater in MSH2 mutation carriers than in MLH1 carriers. Gender dif- 
ferences in colorectal and extracolonic cancer risk were observed for MSH2 carriers only. These pheno- 
typic features of HNPCC genotypes may have clinical significance in the design of genotype-specific 
screening, surveillance, and follow-up for affected individuals. (J GASTROINTEST SURG 1998;2:67-71.) 

Fifteen to 20 percent of the total colorectal cancer 
burden is associated with a positive family history 
(cancer in one or more parents, siblings, or children). 1-4 
Hereditary nonpolyposis colorectal cancer (HNPCC) 
accounts for 4% to 7% of all cases of colorectal can- 
cer. Familial adenomatous polyposis represents about 
1%. Inflammatory bowel disease, Peutz-Jeghers, and 
familial juvenile polyposis all contribute approxi- 
mately 1%. The natural history of HNPCC,  an au- 
tosomal dominant inherited disorder, has been stud- 
ied in detail.L6 A family history of colorectal cancers 
consistent with the Amsterdam criteria is the usual 
means of identifying H N P C C  families. 7-9 Recent 

identification of the genes responsible for H N P C C  
have enabled patients to be conclusively identified as 
having HNPCC.  This is accomplished by analyzing 
the DNA of peripheral blood lymphocytes for these 
genetic defects. 

The majority of H N P C C  kindreds have a germline 
mutation in one of four mismatch repair genes 
(hMLH1, hMSH2, hPMS1, or hPMS2). 1°-19 The re- 
pair of DNA mismatches during cellular replication 
requires the normal function of four protein subunits. 
MSH2 and guanidine-thymidine binding protein first 
combine to form a heterodimer that recognizes and 
binds to base-pair mismatches on DNA. MLH1 and 
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PMS2 protein subunits then attach to the het- 
erodimer to form a complex that excises the DN A de- 
fect and allows for polymerization. 2° Germline muta- 
tions of  MSH2 and M L H 1  consist of  missense 
(frameshifts) or nonsense (deletions) mutations in dif- 
ferent exons of the chromosome. This genetic alter- 
ation results in a premature stop codon that produces 
a shortened malfunctioning protein subunit of D N A  
mismatch repair. 13,2°-24 

The majority of  H N P C C  tumors show genomic 
instability from defective D N A  mismatch repair. 4,s 
Kindred members who carry the H N P C C  genetic 
mutation will have a 78% lifetime risk for colorectal 
cancers and 43 % for endometrial cancers. Increased 
risk of extracolonic cancers such as those in the stom- 
ach (19%), biliary tract (18%), urinary tract (10%), 
ovaries (9%), brain (1%), and small bowel (1%) has 
also been observed. 25 Other extracolonic cancers such 
as those in the breast, pancreas, liver, larynx, bron- 
chus, lung, esophagus, sarcoma, leukemia, and central 
nervous system have been noted in some H N P C C  
families but they may be incidental.  26-29 

We hypothesized that there is phenotypic variation 
in the frequency of cancer expression within H N P C C  
based on MSH2 or MLH1 genotype and gender. The 
purpose of this study was to determine the cumula- 
tive incidence of colorectal and extracolonic cancers 
within H N P C C  mutation carriers. The  mean age of 
cancer diagnosis was also examined. 

M E T H O D S  A N D  S T A T I S T I C A L  
ANALYSIS 

The study group was composed of  105 patients. 
Seventy-eight underwent genetic testing and 27 were 
determined to be obligate gene carriers under the as- 
sumption that the genetic mutations in the members 
of a single kindred were identical by descent. Twenty- 
two females and 27 males from two kindreds were 
identified with MSH2 germline mutations. Twenty- 
eight females and 28 males from two kindreds were 
identified with M L H  1 germline mutations. Cumula- 
tive incidence by age 60 and mean age of extracolonic 
and colorectal cancers were calculated for each geno- 
type and compared. Cancer cumulative incidence was 
calculated with Kaplan-Meier curves and analyzed 
with the log-rank test for trend. Mean age of cancer 
diagnosis was analyzed using the unpaired Student's t 
test. 

R E S U L T S  

The cumulative incidence of extracolonic cancers 
to age 60 was 48% in MSH2 carriers compared to 
11% in M L H 1  carriers (P = 0.016) (Fig. 1). Wi th  
gender-specific comparisons, the cumulative inci- 

dence of  extracolonic cancer was 69% in MSH2 fe- 
males compared to 19% in MLH1 females (P = 0.024) 
and 34% in MSH2 males compared to 5% in MLH1 
males (P = 0.046) (Fig. 2). 

The  cumulative incidence of extracolonic cancers 
was 69% in MSH2 females compared to 34% in 
MSH2 males (P = 0.042) (Fig. 2) and 19% in MLH1 
females compared to 5% in M L H 1  males (P -- not 
significant [NS]). Endometrial cancers were the most 
common extracolonic cancer in both genotypic fe- 
males with a cumulative incidence of 36% in MSH2 
compared to 19% in MLH1 (Table I). The  specific 
extracolonic cancers in males are enumerated in Table 
II. 

Mean age of extracolonic cancer diagnosis was 55.4 
years for MSH2 males compared to 39.0 years for 
MSH2 females (P = 0.013). This age difference for 
extracolonic cancers was not observed between 
MLH1 males and females (41.0 vs. 43.0 years). Mean 
age of endometrial cancer was 40.5 years for MSH2 
and 43.0 years for MLH1 (P -- NS). Mean age of col- 
orectal cancers was 47 years for MSH2 males com- 
pared to 52 years for MSH2 females (P = NS) and 45 
years for M L H 1  males compared to 45.4 years for 
M L H  1 females (P -- NS). 

The  cumulative incidence of colorectal cancer was 
84% in MLH1 and 71% in MSH2 carriers (P = NS) 
(Fig. 3). The  cumulative incidence of colorectal can- 
cer was 96% in MSH2 males compared to 39% in 
MSH2 females (P = 0.034) (Fig. 4) and 94% in 

Table I. Extracolonic cancers in females 

Genotype 

MSH2 M L H 1  
Cancer (n = 22) (n = 28) 

Endometrial 4 3 
Ovarian 1 1 
Cervical 2 
Esophageal 1 
Leukemia 1 

Table II. Extracolonic cancers in males 

Genotypes 

MSH2 MLH1 
Cancer (n = 27) (n = 28) 

Kidney 2 
Bladder 1 
Ureter 2 
Stomach 1 
Thyroid 1 
Brain 1 
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Fig. 1. Lifetime extracolonic cancer risk in MSH2 mutation 
carriers vs. MLH1 mutation carders. 

Fig. 2. Lifetime extracolonic cancer risk for females and 
males with the MSH2 genotype vs. the MLH1 genotype. 
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Fig. 3. Lifetime colorectal cancer risk in MLH1 mutation 
carriers vs. MSH2 mutation carriers. 

Fig. 4. Lifetime colorectal cancer risk for 
males and females with the MSH2 genotype 
vs. the MLH1 genotype. 

% risk 
96% 

IO0 

7s MSH2 f 

8o - -  males A 
26 - -  f e m a l e V ~ 9 %  

0 i i i i i i 
0 2 0  4 0  6 0  

94% 
MLH1 ~ 63% 

- -  males ~ -  [ -  

i i i i i ! 

p=0.034 p=NS age 



Journal of 
70 Lin et al. Gastrointestinal Surgery 

MLH1 males compared to 63% in MLH1 females 
(P = NS). Thus gender differences in colorectal and 
extracolonic cancer risks were observed in MSH2 but 
not in MLH1 carriers. 

DISCUSSION 

Phenotypic differences between MSH2 and 
MLH1 genotypes have been suggested in the litera- 
ture. 3° The overall lifetime risk of colorectal cancer is 
estimated at 80% in both genotypes. Although the 
risk of endometrial cancer appears greater in MSH2 
(61%) than in M L H  1 (42 %) carriers, this difference 
has not  been shown to be statistically significant. 
MSH2 carriers have been reported to have a signifi- 
candy increased relative risk (R_R) of cancer of the uri- 
nary tract (RR = 75.3), stomach (RR = 19.3), and 
ovaries (RR = 8.0) compared to the general popula- 
tion. Both genotypes have shown a higher relative risk 
of small bowel cancer (RR > 100) compared to the 
general population. This study did not calculate the 
overall extracolonic cancer risk between the two 
genotypes. Our study found an increased overall risk 
of extracolonic cancers in MSH2 compared to M L H  1 
carriers (48% vs. 11%, P = 0.016). This observation 
held true for gender-specific comparisons. The  
marked excess of extracolonic cancers among MSH2 
mutation carriers is an interesting phenomenon and 
is the only evidence to date that mutations in different 
mismatch repair genes have different effects. 

Gender  appears to play a role in phenotypic ex- 
pression. A study involving 67 H N P C C  gene carriers 
showed a lifetime risk to age 70 for all cancers of91% 
in males and 69% in females. 31 The  lifetime risk of 
colorectal cancers was reported to be significantly 
greater for males than females (74% vs. 30%, P -- 
0.006). This study did not calculate colorectal cancer 
risks based on specific genotypes. Our study demon- 
strated a gender difference in colorectal cancer risk 
only in MSH2 carriers with increased risk in males, 
which is more specific but remains consistent with the 
preceding study. 

The risk of uterine cancer (42%) exceeded that for 
colorectal cancer (30%) in females in that study. 31 Our 
study demonstrated that females expressed a signifi- 
cant excess of extracolonic cancers over their male 
counterparts in MSH2 mutation carriers. This find- 
ing is expected because of the contribution from en- 
dometrial and ovarian cancers in females. 

The clinical implications of our findings of geno- 
type and gender differences in cancer risk apply most 
obviously to female members of H N P C C  families. 
Gynecologic cancers are the most common manifes- 
tation of H N P C C  after colorectal cancers. Thus gy- 
necologic cancer screening and prophylactic surgery 

are the only extracolonic cancer-preventing measures 
widely recommended in H N P C C .  Specific organ 
cancer risk estimates for each genetic H N P C C  sub- 
group are needed to appropriately plan cancer pre- 
vention strategies. 

C O N C L U S I O N  

Significant heterogeneity in phenotypic expression 
of extracolonic cancer between MLH1 and MSH2 
carriers has been demonstrated. Gender differences 
in colorectal and extracolonic cancer expression 
within the MSH2 genotype were also noted. Based on 
our findings, closer surveillance for extracolonic can- 
cers is recommended in MSH2-positive members, es- 
pecially MSH2 females. These phenotypic features of 
H N P C C  genotypes may have clinical significance in 
the design of genotype specific screening, surveil- 
lance, and follow-up recommendations for affected 
individuals. 
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Discussion 
Dr. J.E. Fischer (Cincinnati, Ohio). It  seems to me that 

perhaps the outcome of  the study is really determined by 
the groupings of  the cancers. The  cancers that are higher 
risk are mostly gynecologic with some stomach and uro-  
logic carcinoma. One might argue that the presence of  one 
case of  cancer of  the stomach in each group was highly sig- 
nificant and equivalent because this is a very rare cancer. Is 
there another way of  comparing these two genetic defects 
that are really gender neutral if you fail to consider the con- 
tribution of  the gynecologic cancer. 

Dr. K.M. Lin. I t  is true that the endometrial cancers are 
the most  common extracolonic cancers in these patients. 
We looked at the overall extracolonic cancer risks and 
found that the risks were significantly different between the 
two genotypes. If  you eliminated the endometrial cancers, I 
believe there would still be an excess of  extracolonic can- 
cers in the female MSH2 population in this study. We have 

performed similar studies in a larger population, which 
demonstrated that the MSH2 genotypes expressed a 
marked excess of  extracolonic cancers regardless o f  en- 
dometrial cancers. 

Dr. Fischer. To what do you ascribe this seeming differ- 
ence in virulence? 

Dr. Lin. It  is not  certain why the H N P C C  genotypes 
have different phenotypic expression. As I have mentioned, 
there are four protein subunits that are involved in D N A  
mismatch repair in H N P C C .  The  proper function of  these 
subunits is crucial for D N A  repair. Which subunit is more 
important than the rest in repairing D N A  has yet to be de- 
termined. We may find that there are different degrees of  
malfunction in D N A  repair. A specific H N P C C  genotype 
may prove to have only partial malfunction of  D N A  repair 
and thus express fewer cancers than other genotypes. 
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The long-term sequelae of pancreaticoduodenectomy are not completely understood. In the present 
study nutritional status, pancreatic function, and subjective quality-of-life parameters were evaluated in 
45 patients who had previously undergone either pylorus-preserving pancreaticoduodenectomy (PPPD) 
or standard pancreaticoduodenectomy (SPD). Quality-of-life parameters, as measured by the Short 
Form-36 health survey, demonstrated no significant differences between the subgroups and normal con- 
trol subjects in six of the eight domains for physical and mental health. Patients who had undergone SPD 
were noted to have significantly lower scores for general health and vitality than either age-matched con- 
trol subjects or those who had undergone PPPD. No differences in nutritional parameters or indicators 
of pancreatic exocrine function between the two groups were identified. An elevated hemoglobin Alc 
value was seen in only one patient who was not diabetic preoperatively. Our data indicate that long-term 
survivors of pancreaticoduodenectomy generally feel as good as their normal counterparts, although SPD 
may result in some health satisfaction deficits. Nutritional status and pancreatic exocrine function are 
not improved in patients undergoing a pylorus-preserving procedure, and postoperative pancreatic en- 
docrine dysfunction is unusual in both groups. (J GASTROINTEST SURG 1998;2:72-78.) 

Pancreat icoduodenectomy is indicated for the 
potential cure or surgical palliation of pancreatic and 
periampullary neoplasms and some benign diseases) 
Initially associated with significant perioperative mor- 
tality, few long-term survivors were reported. Recent 
advances in anesthesia, critical care, and surgical tech- 
nique have resulted in an operative mortality rate of 
less than 5 % and have allowed a greater number of 
patients with a wide variety of diagnoses to be treated. 
In 1978 Traverso and Longrnire 2 published their sup- 
port  for pylorus-preserving pancreaticoduodenec- 
tomy, which suggested improved nutritional status. 
Many reports followed that validated their results, but 
these demonstrated only small improvements in sur- 
vival or hospital course, and few included long-term 
data. In the 1900s approximately 5000 pancreatico- 
duodenectomies per year are being performed for a 
variety of indications, 3 and the number of long-term 
survivors is increasing. It was, therefore, the object of 
this study to accurately quantify the effects of pylorus- 
preserving pancreat icoduodenectomy (PPPD) and 

standard pancreaticoduodenectomy (SPD) on quality 
of life, nutrition, metabolism, and pancreatic function 
in long-term survivors. 

M E T H O D S  
Pa t i en t s  

Patients undergoing pancreat icoduodenectomy 
have been entered into a computerized database since 
1985 at our institution. We used this database to iden- 
tify patients who were alive a minimum of 12 months 
following pancreaticoduodenectomy for inclusion in 
this study. Patients were contacted and asked to par- 
ticipate in our survey and to submit to further labora- 
tory investigations and physical examination. 

Evaluations 

Quality of life was assessed by the Short Form-36 
health survey (SF-36, United States version 1.0), as 
provided by the Medical Outcomes Trust. A stan- 
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dardized question-and-answer format was used over 
the telephone and scores were entered into a database. 
These scores were grouped according to the eight 
health domains and converted to transformed scores 
that then could then be compared to normal stan- 
dards of age-matched control subjects from the 
United States population as supplied by the Medical 
Outcomes Trust from responses of more than 1000 
respondents. The control group differed depending 
on the average age of the subgroup examined. 

Nutritional parameters were identifed through a 
variety of methods. Physical examination and anthro- 
pomorphic measurements were obtained. Ideal body 
weight (IBW) was calculated and compared to nor- 
mal values using 1983 Metropolitan Life height and 
weight tables. Body mass index (BMI) was calculated 
by dividing the patient's weight in kilograms by the 
height in meters squared (kg/m2). Body impedance 
analysis was performed using standard tetra-polar 
technique and the body impedance analysis machine 
(model 101A, R.J.L. Systems, Mt. Clemens, Mich.) to 
estimate the percentage of lean body mass. Visceral 
protein mass was determined by measuring the serum 
concentrations of albumin and transferrin. Immune 
competence was indirectly assessed by measuring 
total lymphocyte counts. Other laboratory tests in- 
cluded hemoglobin, white blood cell count, platelet 
count, serum electrolytes, liver enzymes, fasting glu- 
cose, and serum calcium concentrations. Pancreatic 
exocrine function was indirectly assessed by deter- 
mining the necessity of pancreatic enzyme replace- 
ment and the frequency of bowel movements. Pan- 
creatic endocrine function was evaluated in all pa- 
tients by determining serum levels of hemoglobin A1c 

(HbAlc). 

Surgery 

All patients were operated on by a single group of 
surgeons using similar techniques. The decision to 
perform an antrectomy or a PPPD was made intra- 
operatively at the discretion of the operating surgeon 
and was based on the clinical scenario. Surgical tech- 
nique for a PPPD included preservation of the prox- 
imal 3 cm of duodenum with reconstruction utilizing 
an end-to-side duodenojejunostomy in two layers. 
Reconstruction following antrectomy was done with 
an antecolic loop gastrojejunostomy with a similar 
anastomotic technique. Pancreatic reconstruction was 
performed by means of an end-to-side pancreaticoje- 
junostomy with a mucosa-to-mucosa ductal anasto- 
mosis using interrupted absorbable sutures. A single- 
layer biliary-enteric anastomosis was then created us- 
ing absorbable sutures. No stents were used for either 
anastomosis. 

Statistical Analysis 

Patients were divided into subgroups based on type 
of operation and indication for surgery. Results were 
expressed as mean _+ standard deviation. Compar- 
isons of proportions were performed using Fisher's 
exact test. The Student's t test for unpaired samples 
and the Mann-Whitney U test were used to compare 
mean values of data between groups. P values <0.05 
were considered significant. 

RESULTS 

A total of 156 eligible patients were entered in the 
database during the study period. Of the 61 patients 
considered to be survivors, eight were lost to further 
follow-up, four refused to participate, and four had 
active disease. These patients were excluded from the 
study. Complete quality-of-life data were obtained 
from 45 patients, and laboratory and physical exami- 
nation data were obtained from 25 patients. Of the 45 
patients, there were 24 females and 21 males; 24 pa- 
tients underwent PPPD and 21 patients underwent 
SPD. The indication for surgery was malignancy in 
27 patients and benign disease in 18. The average 
overall age was 57.3 years (52.1 years for the PPPD 
group vs. 61.9 years for the SPD group). The mean 
period of postoperative observation time was 5.5 years 
with a range of 17 to 143 months. Mean postoperative 
observation time for the PPPD group (4.8 years) was 
not considered to be statistically different from that 
of the SPD group (6.1 years). Demographic data are 
presented in Table I. 

Complete quality-of-life data were obtained in 45 
patients. The eight domains of the SF-36 were indi- 
vidually compared to evaluate differences between 
both subgroups and age-matched control subjects 
(Fig. 1). For the three best measures of mental health 
(social functioning, role emotional, and mental 
health), there were no significant differences between 
either the total group or each subgroup when com- 
pared to normal controls. The three scales that have 
the best validity in assessing measures of physical 
health are termed physical function, role physical, and 
bodily pain. Each of these scales addresses a different 
aspect of physical health. Postoperative patients did 
not demonstrate any significant decrease in these 
measures. In fact, in the scales for physical function- 
ing and bodily pain, patients who had undergone 
PPPD demonstrated improved scores when com- 
pared to normal control subjects but not when com- 
pared to the group that underwent SPD. General 
health and vitality are scales that demonstrate validity 
in assessing both physical and mental health. In both 
domains, significantly lower scores were noted in the 
subgroup of patients who had undergone SPD com- 
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Table I. Preoperative patient demographics 

P P P D  (n = 21) SPD (n = 24) P v a l u e  

Age (mean -+ SD) 52.1 + 14.5 yr 61.9 -+ 9.6yr 0.013" 
Sex (M/F) 14/7 12/12 0.366t 
Follow-up time (mean _+ SD) 57.3 -+ 40.4 mo 73.0 -+ 36.7 mo 0.182" 
Malignancy 57.1% 50.0% 0.767t 

PPPD = pylorus-preserving pancreaticoduodenectomy; SPD = standard pancreaticoduodenectomy; SD = standard deviation. 
*By two-sample Student's t test. 
tBy two-tailed Fisher's exact test for comparison of  frequencies. P values <0.05 are considered significant. 
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* p<0.05 vs age-matched controls 
** p<0.05 standard vs pylorus preserving 

Fig. 1. Short Form-36 health survey results for patients undergoing standard vs. pylorus-preserving 
pancreaficoduodenectomy. Mean group values are reported as percentages of values in age-matched con- 
trol subjects. PF = physical function; RP = role physical; BP = bodily pain; GH = general health; 
VT = vitality; SF = social fimctioning; RE = role emotional; MH = mental health. 

pared to those who had undergone PPPD. This dif- 
ference could not be explained by the younger age in 
the P P P D  group alone. We compared the scores 
computed as a percentage of normal in age-matched 
controls for the two groups and there was still a sig- 
nificant difference. There was no difference seen be- 
tween responses in patients who had undergone re- 
section for malignancy when compared to those who 
had a benign process. 

Nutritionally, the mean values of the various mea- 
surements obtained were all within normal limits. No  
significant deviations from normal populations were 
seen in any of the parameters we assessed (Table II). 
Twenty-five patients underwent complete anthropo- 
morphic measurements, physical examination, and 
laboratory testing, with 12 patients having undergone 
SPD and 13 patients PPPD. None of the patients had 
a severe weight deficit, identified as an IBW less than 
70%. Only 5 of the 25 had any weight deficit noted. 

Following PPPD, two patients had a moderate weight 
deficit (70% to 79% of IBW). Following SPD, two 
patients had a mild deficit (80% to 89% IBW) and 
one patient had a moderate deficit. BMI was consid- 
ered less than normal if below 18 kg/m 2. Below- 
normal values were obtained in two patients following 
P P P D  and in only one after SPD. Mild obesity, a 
BMI of between 25 and 30 kg/m 2, was observed in six 
patients following PPPD, and severe obesity was seen 
in one patient (BMI 31.1 kg/m2). Average lean body 
mass was 66.2 + 11.2 kg for all patients. N o  differ- 
ences in lean body mass were observed between pa- 
tients undergoing PPPD or SPD (63.3 + 11.1 kg vs. 
69.4 + 10.5 kg). When  compared to normal values of 
75% to 90% for men and 70% to 82% for women, 
no patients had less than normal body fat. For all pa- 
tients the mean total lymphocyte count was within 
normal limits (1.72 K/Izl). Three patients following 
PPPD and two patients following SPD were below 



Vol. 2, No. 1 
1998 Pancreaticoduodenectomy Survivor Outcome 75 

T a b l e  II. Postoperative nutritional parameters at time of follow-up 

PPPD (n = 12) SPD (n = 13) Pvalue  

Body weight  (pounds) 142.3 -+ 30.3 147.2 + 29.9 0.605* 
Body mass index 23.6 +- 3.8 25.2 - 4.9 0.253* 
% Ideal body weight  104.0 -+ 16.2 109.5 - 20.9 0.355* 
% Lean bodymass  6 9 . 4 -  11.0 63.3 -+ 11.5 0.142" 
Albumin (g/dl) 3.65 - 0.52 3.92 + 0.42 0.112" 
Transferrin (mg/dl) 297.7 + 80.8 273.6 +- 46.2 0.807* 
Total lymphocyte count  (K/I~I) 1.80 + 0.70 1.79 + 0.63 0.727* 

Abbreviations as in Table I; values are listed as mean -+ standard deviation. 
*By two-sample Mann-Whitney U test. P values <0.05 are eonsidered significant. 

T a b l e  III. Postoperative indicators of pancreatic exocrine function at the time of follow-up 

P P P D  (n = 21)  S P D  (n = 24) Pvalue 

Patients with more than 47.6 70.8 0.138* 
3 stools per day 

Patients requiring oral pancre- 19.0 20.8 1.000" 
atic enzyme replacement 

Abbreviations as in Table I; values are listed as percentages. 
*By two-tailed Fisher's exact test for comparison of frequencies. P values <0.05 are considered significant. 

the lower limit of normal. Albumin levels were below 
normal in four patients, following SPD in two and 
following PPPD in two. 

Twenty-four of the 25 patients tested had normal 
HbA1c values with an average frequency of 6.1% 
(normal range 4.4% to 8.0%). A value of 8.8% was 
obtained in a single patient who was not previously 
identified as diabetic. Four other patients, previously 
identified as having insulin-dependent diabetes, had 
normal HbAlc values. Nineteen of the 45 patients 
surveyed regularly were taking pancreatic exocrine 
supplements for significant steatorrhea. Twelve of the 
21 PPPD patients and seven of the 24 SPD patients 
were taking enzymes. Only eight patients reported a 
stool frequency averaging more than three per day, 
and only four of these patients had ever taken pancre- 
atic enzyme supplements (Table III). 

D I S C U S S I O N  

Pancreaticoduodenectomy has historically been as- 
sociated with significant perioperative and long-term 
postoperative morbidity and mortality. Recent reports 
have clearly documented the decreasing perioperative 
mortality of pancreaticoduodenectomy and better 
long-term prognosis. 4-6 Thus more long-term sur- 
vivors of pancreaticoduodenectomy are being fol- 
lowed in surgical practices. Therefore this study was 

performed to evaluate and document the physiologic 
and nutritional sequelae that may be seen in these 
long-term survivors. 

Pancreaticoduodenectomy was popularized and 
evaluated as a surgical procedure that included a 30% 
gastrectomy rate. 1 The outcome of patients surviving 
the postoperative period was generally favorable; 
however, many patients had gastrointestinal distur- 
bances. In 1969 Fish et al. 7 evaluated six patients with 
a follow-up of 20 to 84 months. All patients had a sig- 
nificantly decreased weight, between 10 and 40 
pounds, as well as decreased serum albumin concen- 
trations. Much of the postoperative symptomatology 
was attributed to the gastrectomy, s-~° Thus in 1978 
Traverso and Longnaire 2 readvocated preservation of 
the distal stomach and pylorus when pancreaticoduo- 
denectomy was performed. In 1980 they evaluated 
eight patients with a follow-up of 2 to 12 months. 11 
All of these patients had abnormal pancreatic exocrine 
function, although most were generally healthy. In 
1988 Fink et al. 12 compared six long-term survivors 
of SRD with six patients who had undergone PPPD. 
Their postgastrectomy-type symptoms were identi- 
cal; however, a delay in liquid-phase gastric emptying 
was seen in patients with an antrectomy compared to 
PPPD. 

Quality-of-life measurements have recently come 
to the forefront of medical analysis as an overall as- 
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sessment of patients' well-being during illness and 
treatment. A variety of instruments have been devel- 
oped to assess the impact of illness and treatment on 
patients' physical and mental health, as well as their 
personal feelings of well-being. The SF-36 has been 
developed and modified over several years as an in- 
strument to quantify the effect of acute illness on an 
individual's well-being. It has been extensively utilized 
and validated in a variety of clinical settings; these in- 
clude assessing treatment for medical conditions such 
as chronic obstructive pulmonary disease, diabetes 
mellitus, and angina, as well as surgical interventions 
including coronary artery bypass grafting and joint 
replacement. The SF-36 does not address specific dis- 
ease processes, and it does not include questions con- 
cerning specific symptoms. We chose the SF-36 as an 
assessment tool because, to our knowledge, it has not 
been previously applied to patients following pancre- 
aticoduodenectomy and because it is a valid and reli- 
able instrument for assessing overall quality of life. 

Quality of life as an outcome measure has been re- 
ported for patients with other gastrointestinal diseases 
including gastroesophageal reflux disease and postop- 
erative pancreaticoduodenectomy. In 1995 McLeod 
et al. 13 presented their findings after evaluating 25 
long-term survivors of pancreaticoduodenectomy. 
They measured outcomes in quality of life using six 
different methodologies including the disease-specific 
Gastrointestinal Quality of Life Index and Visick 
scales. No differences were seen between their group 
of patients and age-matched control subjects who had 
undergone cholecystectomy alone. No difference was 
seen between the types of operations performed. Only 
one other study has assessed quality of life following 
pancreaticoduodenectomy. Patel et al. 14 used the 
Memorial-Slone Kettering Pain Assessment Card and 
questioned 23 patients (21 after SPD and 2 after 
PPPD) an average of 32 months following surgery. 
There were no differences between the groups and 
both groups scored high, demonstrating little deficit 
in function following surgery. 

We were able to discern very little difference in 
quality of life as measured by the SF-36 in our pa- 
tients. The eight domains of the SF-36 evaluated dif- 
ferent aspects of an individual's health status. The  
most significant differences were seen in the domains 
of vitality and general health. Both of these domains 
are valid in assessing overall physical and mental 
health in combination. General health is specifically 
assessed by asking patients to rank their own health 
in general as excellent, very good, good, fair, or poor. 
The second part asks them to compare their health to 
that of others and quantify as true or false whether 
their health is excellent, if they expect their health to 
get worse, and whether they are healthier or sicker 

than other people they know. In the domain of vital- 
ity, participants are asked to grade their feelings of 
pep, nervousness, cheerfulness, calmness, and happi- 
ness. Additionally, they are questioned as to whether 
they consider themselves to have a great deal of en- 
ergy and whether they feel tired or worn out. Patients 
undergoing a SPD scored significantly worse than 
those undergoing PPPD and control subjects with re- 
gard to both questions. The  reasons for these dis- 
crepancies are not clear. The  difference in the raw 
score can perhaps be attributed, at least in part, to the 
difference in age, but when the scores from these pa- 
tients were compared as a percentage of their "nor- 
mal" counterparts of similar age, there was still a sig- 
nificant difference. 

Overall nutritional status is difficult to quantify. 
IBW is a calculated estimate that can be used as a 
screening tool for malnutrition. Eighty percent of our 
patients fell within normal population limits for IBW. 
The  remainder had a mild-to-moderate weight 
deficit, and two of these patients reported that their 
current weight was unchanged from their baseline 
weight. BMI is another measurement of a patient's 
nutritional state that has been utilized extensively but 
is more often used in patients with morbid obesity 
and, in fact, may not apply to patients with malnutri- 
tion. 15 The BMI was below the normal range in only 
three patients, and each of these patients was identi- 
fied as having a moderate weight deficit by IBW. Body 
impedance analysis is a valid technique that is used to 
measure body composition and thus estimate the 
amount of body fat. The percentage of body fat was 
higher in the study patients than in normal subjects, 
and this may reflect losses of lean body mass during 
acute illness. Additionally, we compared our patient 
population with sex-matched normal individuals but 
not age-matched control subjects and found that 
older patients may have a higher percentage of body 
fat. Most important, however, is that few patients had 
low levels of body fat. 

Protein malnutrition can occur more subtly than 
calorie malnutrition but can be accurately determined 
in euvolemic patients by measurement of serum pro- 
teins. Serum albumin was below normal in four pa- 
tients and these patients also had below-normal values 
for body weight and all had low percentages of body 
fat. Three of the four patients with low albumin re- 
ported regular symptoms of steatorrhea despite pan- 
creatic enzyme replacement. All patients had normal 
transferrin concentration. Our results were similar to 
those of Royall et al. 16 who reported the long-term 
nutritional consequences of 24 patients undergoing 
pancreaticoduodenectomy. The mean follow-up was 
4.6 years. When compared with control subjects, pa- 
tients had a lower body weight, but when values were 
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converted to BMI no difference was seen. Addition- 
ally, serum concentrations of  albumin and transferrin 
were not  different from control values. W h e n  patients 
were subgrouped into those undergoing  SPD (n = 
14) vs. PPPD (n = 10), body weight was equal and no 
difference was seen in biochemical parameters  and 
body composition as determined by body impedance 
analysis. This  is in contrast to the report of  Zerbi et 
al., 17 who  demons t ra ted  significantly bet ter  nutr i -  
t ional parameters  in patients undergoing  P P P D  as 
compared to SPD. T h a t  group evaluated nutri t ion by 
body weight  expressed as a percentage of  preopera- 
tive weight  and serum albumin.  This  was a large 
group of  patients, 47 following SPD and 75 follow- 
ing PPPD,  who were evaluated at 6 months  postop- 
eratively. Most  of  the patients evaluated required pan- 
creatic exocrine supplementation because many of  the 
patients had undergone  pancreat ic  duct  injection 
rather  than  pancreat icoenter ic  anastomosis at the 
time of  their surgery. 

In our  s tudy anemia was a c o m m o n  problem. 
Seven patients had serum hemoglobin concentrations 
below normal limits. This  anemia was relatively mild 
in all but one of  the patients, with a range of  10.8 to 
11.9 g/dl. One patient with a hemoglobin concentra- 
tion of  6.8 gm/dl was found to have a marginal ulcer 
18 months  after a SPD. These  findings suggest that  
patients should be screened for anemia. 

Based on our  accumulated data and other  pub- 
lished reports, we conclude that  few early or late dif- 
ferences are seen between SPD and PPPD patients. 
The  postoperative quality of  life is generally good and 
nutr i t ional  parameters  remain  normal  in most  pa- 
tients regardless of  which procedure is performed. In 
addition, postoperative measurements of  exocrine and 
endocr ine  pancreatic funct ion are similar in both  
groups. Because both  procedures have similar out-  
comes, it  is reasonable for the surgeon to decide 
which operation to perform based on the individual 
clinical scenario. 
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Discussion 
Dr. B. Langer (Toronto, Ontario). It is very important 

to be looking at outcomes, in addition to operative mortal- 
ity, tumor recurrence, and survival, in these types of opera- 
tions. I am pleased to see that what you report corresponds 
almost exactly to whatwe reported at this meeting two 
years ago--that is, that the quality of life and nutritional 
status of patients following pancreaticoduodenectomy was 
pretty well indistinguishable from what was observed in a 
matched group of patients following cholecystectomy. You 
indicted that the parameter of "vitality" was the main area 
of difference in the two groups studied. I note that the two 

groups differed by approximately 10 years in mean age. 
Was that an age-corrected measure of vitality, and if it was 
not, would you think it would be a good idea to compare 
groups that are age matched, particularly when you are 
evaluating parameters that might be expected to change 
with advancing age? 

Dr. W. S. Melvin. When we look at vitality in "normal 
populations," there is a trend toward decreased scores with 
increasing age; that is why I expressed these as percentages of 
normal. We actually used different control population age 
ranges for the PPPD group who were younger than the pa- 
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tients who had undergone antrectomy, so an attempt was 
made to control for age as there was some difference. We still 
observed a statistical significance despite the matching for age. 

Dr. G. Aranha (Maywood, Ill.). Some surgeons have 
used a pancreaticogastrostomy reconstruction after pan- 
creaticoduodenectomy. Did you have any such patients 
and does that make a difference in the nutritional evalua- 
tions of these patients. 

Dr. Melvin. None of the patients who underwent pan- 
creaticogastrostomy were included in this analysis. 

Dr. D. Anderson (New Haven, Conn.). I wonder if you 
could comment on the time it took for exocrine or en- 
docrine abnormalities to begin to appear in your survivors. 

Dr. Melvin. Most of the patients who had problems re- 
ally had them early in the postoperative period and we 
started to quantify that a bit when we were performing our 
PABA excretion test. I was unable to identify patients who 
developed pancreatitis late in their course. Overall, 20% of 
the patients were taking enzymes. They had been taking 
them intermittently during their entire postoperative 
course, not just recently. 

Dr. L. W.. Traverso (Seattle, Wash.). My question in- 
volves the use of disease-specific quality-of-life measure- 
ments vs. general health SF-36. Did you discern the mul- 
tiple variables that might be involved with the higher vital- 
ity scores that are seen in patients undergoing a pylorus- 
preserving procedure? 

Dr. Melvin. We did not perform multivariant analysis. 
That  might have been able to help us identify some aber- 
rancies. Two years ago Dr. Langer's group certainly gave us 
good information using several different disease-specific 
questionnaires and tools for determining quality of life. I 
would concur with your assumption and I too was puzzled 
as to why patients should feel better after a major opera- 
tion. I think that it is a realization that is, many of them 
have faced a serious illness and done well and so their per- 
ception of their general health is perhaps better. I think that 
a combination of generic tests such as this for overall out- 
come and quality of life is reasonable. That, probably com- 
bined with disease-specific tools, is probably the correct 
way to completely evaluate these patients. 
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This single-institution retrospective analysis reviews the management and outcome of patients with sur- 
gically treated adenocarcinoma of the duodenum. Between February 1984 and August 1996, fifty-five 
patients with adenocarcinoma of the duodenum underwent surgery at The Johns Hopkins Hospital. Uni- 
variate analysis was performed to identify possible prognostic indicators. Curative resection was per- 
formed in 48 patients (87%): 35 of these patients (73%) underwent a pancreaticoduodenectomy (PD), 
whereas 27% (n = 13) underwent a pancreas-sparing duodenectomy (PSD). Patients undergoing PD 
were comparable to those undergoing PSD with respect to demographic factors, presenting symptoms, 
and tumor pathology. The remaining 13% of patients (n = 7) were deemed unresectable at the time of 
surgery and underwent biopsy and/or palliative bypass. PD was associated with an increase in postoper- 
ative complications when compared to PSD (57% vs. 30%), but this difference was not statistically sig- 
nificant. One perioperative death occurred following PD (mortality 2.9%), The overall 5-year survival 
rate for the 48 patients undergoing potentially curative resection was 53 %. Negative resection margins 
(P <0.001), PD (P <0.005), and tumors in the first and second portions of the duodenum (P <0.05) were 
favorable predictors of long-term survival by univariate analysis. Nodal status, tumor diameter, degree of 
differentiation, and the use of adjuvant chemoradiation therapy did not influence survival. These data 
support an aggressive role for resection in patients with adenocarcinoma of the duodenum (J GAS- 
TROINTEST SURG 1998;2:79-87.) 

Adenocarcinoma of the duodenum is an uncom-  
mon  neoplasm that represents less than 0.5% of all 
gastrointestinal malignancies. 1,2 Despite accounting 
for less than 10% of the total length of the small in- 
testine, the duodenum is the site of 25% to 45% of 
all small bowel cancers. 3,4 Cancer can develop any- 
where along the length of the duodenum; however, 
most  tumors arise in the periampullary region. 
Therefore  these neoplasms are often grouped with 
carcinoma of the pancreas, ampulla of Vater, and dis- 
tal bile duct and are considered as the clinical entity of 
periampullary carcinoma. Of  the periampullary neo- 
plasms, duodenal cancer is the least common,  s 

T h e  reported overall 5-year survival rate for re- 
sected adenocarcinoma of the duodenum ranges from 
20% to 61%.1-3,5-11 In recent decades, authors have at- 
tempted to define those factors that influence survival 
in patients with duodenal carcinoma. All studies to 

date agree that  resection offers the only hope for 
long-term survival. However, the extent of resection, 
pancreaticoduodenectomy (PD) vs. pancreas-sparing 
duodenectomy (PSD), remains controversial. In ad- 
dition, the prognostic significance of various patho- 
logic factors has been examined in several studies. 
Lymph node status, surgical margins, and tumor  dif- 
ferentiation have all been shown to have prognostic 
significance; however, the results of many studies are 
inconsistent, with the discrepancies likely due to small 
sample sizes.~-3, 5-1~ 

This  single-insti tution retrospective review was 
undertaken to determine the natural history of pa- 
tients with operatively managed adenocarcinoma of 
the duodenum. This  analysis also attempts to identify 
demographic, operative, pathologic, and postopera- 
tive prognostic factors in the most uncommon of the 
periampullary cancers. 
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PATIENTS A N D  M E T H O D S  

Between February 1984 and August 1996, fifty-five 
patients with adenocarcinoma of the duodenum un- 
derwent surgery at The Johns Hopkins Hospital. Pa- 
tients with biopsy-proved adenocarcinoma of the 
duodenum who were deemed unresectable and did 
not undergo surgery were not included in this review. 
Demographic, perioperative, pathologic, and long- 
term survival data were collected retrospectively. 

All pathologic specimens were reviewed by a sin- 
gle pathologist (R.H.H.) to confirm a duodenal ori- 
gin of the adenocarcinoma. Based on criteria previ- 
ously described, tumors arising from the head of the 
pancreas, distal bile duct, and ampulla of Vater were 
excluded from the analysis. 12 The tumor diameter, 
lymph node and margin status, and degree of differ- 
entiation were determined for each specimen. 

Forty-eight (87%) of the 55 patients underwent 
potentially curative resection, whereas the remaining 
seven patients (13%) underwent palliative operative 
procedures. Resection was performed by either PD or 
PSD, 13 with the choice of procedure generally based 
on the location of the tumor. The majority of patients 
with proximal tumors (first and second portion of the 
duodenum) underwent PD, whereas patients with 
more distal lesions underwent PSD. Extended 
retroperitoneal lymph node dissection was not per- 
formed. Pylorus-preserving PD was routinely per- 
formed with hemigastrectomy reserved for cases in 
which the tumor involved the distal stomach or first 
portion of the duodenum. No patient required total 
pancreatectomy to achieve a margin-negative resec- 
tion. 

The overall incidence of postoperative complica- 
tions was evaluated. The incidences of delayed gastric 
emptying, pancreatic fistula, bile leak, wound infec- 
tion, pneumonia, and cholangitis were based on spe- 
cific definitions. Delayed gastric emptying was de- 
fined as either (1) nasogastric tube left in place for 10 
or more days plus one of the following: (a) emesis af- 
ter removal of the nasogastric tube, (b) postoperative 
use ofprokinetic agents after postoperative day 10, (c) 
reinsertion of the nasogastric tube, or (d) failure to 
progress with diet; or (2) nasogastric tube in place for 
less than 10 days plus two or me of the previously 
mentioned criteria (a through d). 14 A pancreatic fis- 
tula or bile leak was defined as more than 50 ml of 
amylase-rich or bilirubin-rich fluid draining from the 
region of the pancreaticojejunostomy or the hepati- 
cojejunostomy, respectively, on or after postoperative 
day 10.15 Wound infection was defined as a positive 
wound culture and the presence of pus in the wound 
necessitating opening the wound. Pneumonia was de- 
fined as positive sputum cultures with radiographic 
evidence of an infiltrate requiring antibiotics. Positive 

bile cultures associated with abnormal liver function 
tests and fever requiring antibiotics defined cholangi- 
tis. The need for reoperation in the immediate post- 
operative period was recorded. Perioperative mortal- 
ity was defined as death during the initial hospitaliza- 
tion or within 30 days of surgery. 

Adjuvant postoperative chemoradiation therapy 
was selectively offered to patients based on the pref- 
erence of the patient and treating physician. The pro- 
tocol for most treated patients consisted of external 
beam radiation with intravenous 5-fluorouracil as pre- 
viously described. 5,12,16 

Follow-up information was obtained via direct pa- 
tient contact, through review of physician/hospital 
records, and by contacting the United States Social 
Security Administration. Information regarding long- 
term survival was available for 54 (98%) of the 55 pa- 
tients in the series. One patient who was lost to fol- 
low-up was without evidence of disease at 2 months 
after PD. The median follow-up for the 31 patients 
remaining alive was 36 months and follow-up was 
complete through August 1996. 

Data are presented as mean _+ standard error of the 
mean. Differences between the resection groups were 
evaluated by chi-square analysis, analysis of variance, 
and Fisher's exact test as appropriate. Survival analy- 
sis was performed using the method of Kaplan and 
Meier) 7 The log-rank test was used to evaluate dif- 
ferences in survival among different subgroups. The 
overall sample size did not allow for performance of a 
multivariate analysis. A P value of -<0.05 was consid- 
ered significant. 

RESULTS 

The mean age for the 55 patients was 61.4 -+ 1.7 
years (range 33 to 89 years), with a median age of 63 
years. Thirty-two patients (58%) were male and 23 
(42%) were female. Forty-six (84%) were white and 
nine (16%) were black. The most common presenting 
signs and symptoms were abdominal pain (46%), 
iron-deficiency anemia (35%), weight loss (30%), 
nausea/vomiting (22%), and obstructive jaundice 
(18%). Two patients were identified as having Gard- 
ner's syndrome, whereas there were no patients with 
familial polyposis. 

Forty-eight patients (87%) were resected for cure 
and seven (13 %) underwent palliative bypass surgery 
or open biopsy (Table I). Of the 48 patients undergo- 
ing curative resections, 35 (73%) underwent PD, 
whereas 13 (27%)underwent PSD. Of the 35 patients 
undergoing PD, 27 underwent pylorus-preserving 
procedures (77%), whereas eight patients underwent 
classic PD including distal gastrectomy. The mean 
operative time for PD was 6.8 hours, which was sig- 
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nificantly longer than that for PSD (5 hours, P <0.05; 
Table II). The estimated blood loss and mean num- 
ber of blood transfusions were similar. The median 
number of blood transfusions was zero for both pro- 
cedures. Of the seven patients undergoing palliative 
operations, one was deemed unresectable because of 
invasion of the superior mesenteric vessels by a tumor 
in the third portion of the duodenum, whereas the 
remaining six patients had evidence of liver and/or 
peritoneal metastases. 

Two deaths occurred in the series for an overall in- 
hospital or 30-day mortality rate of 3.6%. One death 
occurred in a patient undergoing PD (mortality 
2.9%), whereas the second death occurred in a patient 
who had a palliative bypass. No deaths occurred in the 
PSD group. Forty-four percent of patients experi- 
enced one or more postoperative complications. The 
overall incidence of postoperative complications was 
greater following PD (57% vs. 30%); however, this 
difference did not reach statistical significance. The 
incidence of delayed gastric emptying was 26% fol- 
lowing PD vs. 0% following PSD (P <0.05). Twenty 
percent of patients undergoing PD developed a pan- 
creatic anastomotic leak, whereas one patient devel- 
oped a pancreatic fistula following PSD (not signifi- 
cant). There were no differences in the overall inci- 
dence of cholangitis (8%) and wound infection (6%) 
between the two groups of patients undergoing re- 

Table I. Operative management of 55 patients with 
adenocarcinoma of the duodenum 

No. (%) 

Current resection 48 87 
Pancreaticoduodenectomy 35 73 

Pylorus-preserving 27 77 
Classic 8 23 

Pancreas-sparing duodenectomy 13 27 
Palliative procedures 7 13 

section. One patient required reoperation and com- 
pletion pancreatectomy following a PD in the imme- 
diate postoperative period secondary to breakdown of 
the pancreaticojejunostomy. Only one patient (14%) 
undergoing a palliative procedure developed a com- 
plication. The mean postoperative length of stay was 
longer following PD than PSD, with the difference 
approaching statistical significance (P = 0.06). There 
was one death observed during the first 90 days after 
hospital discharge, which occurred in a patient who 
had a palliative operation. 

The average tumor diameter in the 48 resected 
specimens was 4.6 + 0.4 cm. Fourteen resected tu- 
mors (29%) were located in the third or fourth por- 
tion of the duodenum. Lymph nodes were positive in 
27 (56%) of 48 of the resected patients. Four (8%) of 
48 resected patients had positive margins. Seventy 
percent of patients had tumors that were well to mod- 
erately differentiated, with the remainder (30%) being 
poorly differentiated. 

The overall 1-, 2-, and 5-year survival rates for the 
entire cohort of 55 patients were 81%, 64%, and 
47%, respectively. Resectable patients had not yet 
reached median survival at last follow-up, and their 
actuarial 5-year survival was 53 %. This outcome is in 
contrast to that of unresectable patients in whom the 
median survival was 4 months, with no 5-year sur- 
vivors (Fig. 1; P <0.0001). 

Demographic factors including age, sex, and race 
had no prognostic significance. Of the pathologic fac- 
tors evaluated, only resection margin status achieved 
statistical significance. Patients with negative resec- 
tion margins (n = 44) had a 5-year survival of 58% 
compared to 0% in those with positive resection mar- 
gins (n = 4, P <0.001; Fig. 2). Tumor diameter, 
lymph node status, and degree of tumor differentia- 
tion did not influence long-term survival. A trend to- 
ward improved survival was observed in patients with 
negative lymph nodes, but this difference did not 
achieve statistical significance. The 5-year survival in 
patients with node-negative resections was 66% com- 

Table II. Perioperative factors in 48 patients undergoing resection of adenocarcinoma of the duodenum 

Pancreatieoduodeneetomy (n = 35) Pancreas-sparing duodenectomy (n = 13) 

Mean operative time (hr) 
Mean estimated blood loss (ml) 
Mean blood transfusions (units) 
Postoperative mortality (%) 
Any complication (%) 
Reoperation (%) 
Postoperative length of stay (days) 

6.8 -+ 0.2 5.0 -+ 0.6* 
757 -+ 99 656 -+ 220 
1.5 -+ 0.1 1.7 -+ 0.2 

2.9 0.0 
57 30 
3 0 

20.4 + 2.2 12.5 _+ 2.4t 

*P <0.05. 
tP = 0.06. 
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pared to 43 % in those with node-positive resections 
(P = 0.175; Fig. 3). 

The 35 patients undergoing PD had 1-, 2-, and 5- 
year survival rates of 91%, 73%, and 69% compared 
to 76%, 63%, and 0%, respectively, for the 13 pa- 
tients undergoing PSD (P <0.005; Fig. 4 and Table 
III). Similarly, the 34 patients with tumors of the first 
and second portion of the duodenum fared better 
than those (n = 14) with tumors in the third and 
fourth portion, with 1-, 2-, and 5-year survival rates of 
91%, 72%, and 67% vs. 78%, 67%, and 13% (P <0.05; 
Fig. 5 and Table III). 

Eleven patients received adjuvant therapy after cu- 
rative resection with 1-, 2-, and 5-year survival rates 
of 82%, 58%, and 39% (Fig. 6 and Table III), whereas 
37 patients elected not to undergo adjuvant therapy 

with their 1-, 2-, and 5-year survival rates being 81%, 
66%, and 48%, respectively (P = 0.73; Fig. 6 and 
Table III). It should be noted that the decision to re- 
ceive adjuvant therapy was determined by patient and 
physician selection and was not randomized. 

The PD and PSD groups were compared with re- 
gard to demographic factors, operative factors, and 
tumor pathology. The two groups were similar with 
respect to age, sex, and race. As noted previously (see 
Table II), estimated blood loss and transfusion were 
also not different between the two groups. The tu- 
mors in the two groups were similar in size and nodal 
status, but patients undergoing PSD had a higher in- 
cidence of both positive resection margins (23 % vs. 
3%; P <0.05) and poorly differentiated tumors (50% 
vs. 24%; P = NS) (Table IV). Because margin status 
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Fig. 5. Kaplan-Meier survival curves comparing re- 
sectable patients with periampullary tumors (n = 34) 
to those with distal tumors (n = 14; P <0.05). 

T a b l e  H I .  Fac to rs  inf luencing  survival for  adenoca rc inoma  o f  the  d u o d e n u m  

Median (mo) 1 year (%) 2 year (%) 5 year (%) P value 

All patients 

Overall (n = 55) 
Resectable (n = 48) 
Unresectable (n = 7) 

Resectable  pat ients  (n = 48) 

Negative margins (n = 44) 
Positive margins (n = 4) 

Negative lymph nodes (n = 21) 
Positive lymph nodes (n = 28) 

Pancreaticoduodenectomy (n = 35) 
Pancreas-sparing duodenectomy (n = 13) 

Periampullary (n = 34) 
Distal (n = 14) 

Adjuvant therapy (n = 11) 
No  adjuvant therapy (n = 37) 

35 81 64 47 - -  
Not  yet reached 88 70 53 <0.0001 

4 36 18 0 

Not  yet reached 90 72 58 <0.001 
4 50 0 0 

Not  yet reached 90 83 66 0.175 
35 84 60 43 

Not  yet reached 91 73 69 <0.005 
24 76 63 0 

Not  yet reached 91 72 67 <0.05 
24 78 67 13 

27 82 58 39 0.73 
35 81 66 48 
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Fig. 6. Kaplan-Meier survival curves comparing resectable patients undergoing adjuvant therapy (n = 
11) to those not undergoing adjuvant therapy (n = 37; P = 0.73). 

Table IV. Pathologic characteristics of resected tumors 

Pancreaticoduodenectomy Pancreas-sparing duodenectomy 
(n = 35) (n = 13) Pvalue 

Tumor diameter (cm) 
Average 4.7 - 2.6 4.5 -+ 2.5 NS 
Median 4.5 4 

Margin status 
Negative 97% 77% <0.05 
Positive 3 % 23 % 

Lymph node status 
Negative 40% 54% NS 
Positive 60% 46% 

Differentiation 
Good to moderate 76% 50% NS 
Poor 24% 50% 

NS = not significant. 

was significant in the univariate model, survival in 
margin-negative patients undergoing PD and PSD 
was compared. The  1-, 2-, and 5-year survival rates 
for the PD group with negative margins were 94%, 
75%, and 71% compared to 79%, 63%, and 0% for 
the PSD group (P <0.01). 

D I S C U S S I O N  

Adenocarcinoma of the duodenum is the least 
common of the periampullary tumors. In a recent re- 
view of patients undergoing PD at The Johns Hop-  
kins Hospital in the 1990s, only 6% of tumors arose 
from the periampullary duodenum) A number of re- 
ports have demonstrated a more favorable prognosis 

in tumors with a duodenal origin. 18-21 The recent ex- 
perience at Johns Hopkins also reflects this finding, 
with the projected 3-year survival for duodenal cancer 
being 72% compared to 53% for ampullary cancer, 
30% for pancreatic carcinoma, and 16% for distal bile 
duct cancer. 

As with other periampullary malignancies, resec- 
tion offers the only hope for long-term survival in pa- 
tients with duodenal adenocarcinoma. Unresected the 
disease is uniformly fatal. Other factors influencing 
survival in patients with duodenal adenocarcinoma 
have not been well defined because of the relative in- 
frequency of  this tumor and the resulting small size 
of reported series of patients resected for cure. 

In this series the 5-year survival for the entire co- 
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hort of patients was 47%. In those undergoing cura- 
tive resection, however, 5-year survival was signifi- 
candy improved in comparison to unresected patients 
(53% vs. 0%). In addition, resection with negative 
surgical margins, periampuUary location, and PD all 
significantly favored survival in a univariate model. 
Demographic factors, intraoperative factors, adjuvant 
therapy and other pathologic factors did not influence 
survival. Results of multiple previous studies are con- 
sistent with regard to the favorable prognostic signif- 
icance of tumor resection and negative margin sta- 
tus. 1-3'5-11'18-28 Likewise, most of these studies have 
failed to demonstrate prognostic significance for de- 
mographic factors or tumor grade. 

The two largest areas of controversy with regard 
to prognosis for patients with adenocarcinoma of the 
duodenum are lymph node status and location of the 
primary tumor. The optimal type of resection to per- 
form is also controversial, although this factor is 
closely related to the location of the primary tumor. 
Several authors have demonstrated poor prognosis as- 
sociated with positive nodal status. 3,7,22,25 Conversely, 
multiple studies have shown no statistical difference, 
although the trend in most is toward improved sur- 
vival in node-negative patients, s-11,z3,24 The current 
study also demonstrates a trend toward improved sur- 
vival, but this difference does not achieve significance 
with 5-year survival being 66% vs. 43% (P = 0.175). 
Although patients with negative lymph nodes may 
fare better, this study demonstrates that long-term 
survival can still be achieved with node-positive tu- 
mors supporting an aggressive approach regarding re- 
section of these tumors. 

Several series have demonstrated no difference in 
survival between periampullary lesions and more dis- 
tal lesions. 7,9,25 Conversely, two studies have demon- 
strated improved survival with more distal tumors. 2,6 
The first study by Alwmark et al. 2 analyzed survival 
in 66 patients of whom only 19 were resected for cure. 
The  average survival for patients with suprapapillar 
cancers was 23.1 months compared to 27.1 months 
for peripapillar cancers and 31.1 months for infra- 
papillar cancers. These figures included both re- 
sectable and unresectable patients. Of note, despite 
the better survival with more distal lesions, longer 
survivals were observed in those patients undergoing 
pancreaticoduodenal resection when compared to 
those undergoing pancreas-sparing procedures (mean 
5-year survival 53 months vs. 41 months, respec- 
tively). These data are difficult to interpret because of 
the small number of resected patients and the inclu- 
sion of unresectable patients in the evaluation of tu- 
mor location as a prognostic indicator. In the other 
series, Lowell et al. 6 analyzed survival in 17 patients 

with resected adenocarcinoma of the duodenum. 
Seven patients had tumors of the distal duodenum, 
whereas 10 patients had proximal tumors. The me- 
dian survival for patients with tumors in the first and 
second portion of the duodenum was 30 months. 
Those with more distal tumors had a median survival 
of 46 months (P <0.01). 

This study demonstrates that combined modality 
adjuvant therapy is not associated with a significant 
survival benefit after resection. The results should be 
interpreted with caution because of the retrospective, 
nonrandomized nature of the study as well as the 
small sample size. It is not unreasonable to postulate a 
survival benefit for adjuvant therapy following resec z 
tion of duodenal adenocarcinoma, as adjuvant 
chemoradiation therapy has been reported to benefit 
patients with resected adenocarcinoma of the pan- 
creas. 16,29,30 

The current analysis suggests that PD is the pre- 
ferred operation for most patients with duodenal car- 
cinoma. Several recent reports demonstrate that PD 
can be safely performed with operative mortality rates 
of less than 5%) 2,31-34 Although it is recognized that 
duodenal pathology and the association with soft pan- 
creatic texture are associated with an increased likeli- 
hood of pancreatic anastomotic leak, 15 this operation 
should not be denied to those patients with peri- 
ampullary duodenal cancers. The operative mortality 
rate in the current series for PD was 2.9% with the 
overall incidence of postoperative complications 57 %, 
and the mean postoperative length of stay 20 days. 
These results, however, are not markedly different 
from the recent report concerning 650 pancreatico- 
duodenectomies performed at this hospital for both 
benign and malignant disease in the 1990s. 5 Further- 
more, in the current analysis PD was not associated 
with a higher rate of complications than PSD. We 
conclude that tumor location and the ability to resect 
the tumor with adequate margins, with no concern for 
excessive morbidity and mortality, should determine 
the extent of resection. 

C O N C L U S I O N  

The results of this study demonstrate, as with other 
p e r i a m p u l l a r y  cancers ,  12,35,36 that aggressive resection 
is indicated in patients with adenocarcinoma of the 
duodenum. Large tumor size and the presence of pos- 
itive nodes should not preclude resection if it can be 
performed with negative resection margins. Although 
patients with distal tumors may fare worse, resection 
still offers the only opportunity for long-term sur- 
vival. 
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Discussion 
Dr. ~. Kilkenny (Jacksonville, Fla.). I have a question re- 

garding your 20% fistula rate. Is that different from your 
overall experience? Have you addressed that with your 
technique or the use of perioperative somatostatin? 

Dr. Tdl. Sobn. We do not routinely use somatostatin af- 
ter a Whipple resection to decrease the pancreatic fistula 
rate. Our rate of fistulization in this series was 20%, which 
is consistent with our overall rate. In a recent series of 650 
Whipple procedures performed at The  Johns Hopkins 
Hospital, we looked at pancreatic fistula rates and found a 
slightly higher incidence of fistulization in patients with 
duodenal cancers and ampullary cancers likely as a result of 
a softer, normal pancreas. These rates in this study are con- 
sistent with our overall fistula rates. 

Dr. L. Stewart (San Francisco, Calif.). Did patients who 
had positive margins all have pancreas-sparing procedures? 

Dr. Sobn. Of the patients who had positive margins, 
three of them had PSD. The fourth patient underwent a 
PD. 

Dr. Stewart. Did you compare the distal duodenal car- 
cinomas to the periampullary tumor stage? Was there also 
a difference in survival based on stage? 

Dr. Sobn. The curve I showed you included all patients. 
There was a higher percentage of positive margins in the 
PSD group. We therefore analyzed the data excluding the 
margin-positive patients and just compared margin-nega- 
tive patients. In margin-negative patients undergoing PD, 
the 5-year survival rate was 71% as compared to 0% in the 
PSD group. This difference was also significant at the P 
<0.05 level. We did not compare American Joint Commit- 
tee on Cancer stage I, II, and III duodenal cancers. We did, 
however, compare node-negative to node-positive patients 
(stages I and II vs. stage III). The difference in survival was 
seen in both periampullary and distal tumors. 

Dr. D. Schirmer (Charlottesville, Va.). I was particularly 
interested to see that you had no gastric emptying compli- 
cations in the patients who underwent PSD. How exactly 

was the gastrointestinal tract reconstructed in those pa- 
tients? What percentage of gastrectomy was done, if any? 
Was a vagotomy done? Do you have any insight as to why 
you had no gastric emptying delays? 

Dr. Sobn. None of the patients undergoing PSD under- 
went gastrectomy or vagotomy. We think that the differ- 
ence in the incidence of delayed gastric emptying is multi- 
factorial. The first and second portions of the duodenum 
are retained maintaining the "peacemaker" function of this 
portion of the duodenum. In addition, with most of the 
duodenum still in place, motilin is still produced. I think 
that the third factor is that we are just performing a resec- 
tion of bowel and primary anastomosis, and mostly end to 
end, without the additive factors of removing the head of 
the pancreas and the associated nerve and blood supply. 

Dr. ~. Hunter (Adanta, Ga.). Given the poorer outcome 
of those who had the pancreas-sparing operation for their 
duodenal tumors, is this a function of the worst natural his- 
tory of these tumors or is the operation you are performing 
less adequate? Should you be performing a more radical op- 
eration for those tumors in the third and fourth portions of 
the duodenum in order to try to achieve negative margins 
and try to improve the survival rates? 

Dr. Sobn. I think that the difference in survival we are 
seeing is based on tumor location. Tumors in the third and 
fourth portions of the duodenum behave differently in that 
their pattern of spread both by direct invasion and lymph 
node involvement is directly into the root of the mesentery. 
For that same reason, we do not believe that patients with 
distal tumors would benefit from a PD because there would 
be no increase in the resection margin. It is not possible to 
obtain a wide clearance at the root of the mesentery. 

Dr..4. Warsbaw. (Boston, Mass.). To be fair, though, 
there are at least some reports that suggest the opposite-- 
that is, that distal tumors have a better natural history and 
prognosis. Perhaps a wider operation might be helpful. 

Dr. Sobn. Yes. We do acknowledge this possibility. 



Thoracoscopic Splanchnicectomy for "Small Duct" 
Chronic Pancreatitis: Case Selection by Differential 
Epidural Analgesia 
Edward L. Bradley III, M.D., Jonathan A. Reynhout, M.D., Gerald I~. Peer, M.D. 

Management of patients with intractable pain from "small duct" chronic pancreatitis has been difficult, 
often resulting in narcotic addiction and/or malnutrition from major pancreatic resection. Recently, den- 
ervation of sympathetic pain afferents from the pancreas by surgical splanchnicectomy has shown promise 
in relieving pain while preserving residual pancreatic function. However, results from surgical splanch- 
nicectomy have been mixed in large part because of patient selection. Differentiating actual pancreatic 
pain from "pancreatic" pain caused by drug-seeking behavior, psychogenic diseases, or various somatically 
innervated conditions is clinically challenging at best. Between 1992 and 1996, twenty-two patients with 
20 prior pancreatic operations, "small duct" chronic pancreatitis, and "pancreatic" pain requiring nar- 
cotics were evaluated. Each underwent differential epidural analgesia (DEA) using the following standard 
techniques: placebo, low-dose (sympathetic), and high-dose (somatic) blocks. Pain perceptions were 
recorded before and after DEA using a visual analogue scale (VAS). Six demonstrated a greater than 50% 
decrease in VAS pain after placebo injection and were eliminated from further study. In the remaining 16 
patients, pain relief only occurred with sympathetic or somatic blockade. Greater and lesser splanch- 
nicectomy (surgical splanchnicectomy) was performed 27 times in these 16 patients (11 bilateral, 6 syn- 
chronous) (5 unilateral; 2 right and 3 left) using thoracoscopic techniques in 14 patients and open thora- 
cotomy in two. No significant surgical or anesthetic complications were encountered. Surgical splanch- 
nicectomy resulted in an overall significant reduction in preoperative VAS scores (8.25 to 4.18; P <0.05). 
Ten of 13 patients with DEA-predicted sympathetic pain experienced a greater than 50% decrease in 
VAS after surgical splanchnicectomy, but only two had complete relief. None of the three patients with 
DEA-predicted somatic pain were benefited by splanchnicectomy. During an average follow-up of 23.3 
months, initial good results from surgical splanchnicectomy were maintained in 8 of 10 patients. The 
following conclusions were reached: (1) surgical splanchnicectomy is a safe, often effective technique for 
amelioration of intractable pain from "small duct" chronic pancreatitis and (2) DEA is a promising ap- 
proach for identifying patients most likely to respond to surgical splanchnicectomy. (J GASTROINTEST 
SURG 1998;2:88-94.) 

Eighty-five percent of patients with chronic pan- 
creatitis will develop pain at some time during the 
course of their disease. Although surgical approaches 
to "large duct" chronic pancreatitis have been quite 
successful, 1 patients with persistent pain from "small 
duct" chronic pancreatitis have historically been a dif- 
ficult group to manage. Medical therapy in this latter 
group has often been either inconclusive or ineffec- 
tual, and narcotic addiction is common. Surgical ap- 
proaches have fared little better, with extensive abla- 
tions of pancreatic parenchyma either failing to re- 

lieve pain or leading to brittle diabetes, marginal ul- 
ceration, and serious malnutrition. As an alternative 
to pancreatic resection, efforts to eliminate pain and 
preserve residual organ function by pancreatic dener- 
ration have met with variable success, ranging from 
greater than 90% success in some instances 2 to being 
almost useless in others) Since it is possible that this 
wide disparity in results is traceable to the widely rec- 
ognized clinical problem of separating true pancreatic 
pain from other causes of abdominal pain, the current 
study was specifically designed to provide a coherent 
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group of patients with pain originating in the pan- 
creas as determined by physiologic preoperative test- 
ing, in whom denervation of the pancreatic pain af- 
ferents by thoracoscopic splanchnicectomy could be 
tested. 

P A T I E N T S  A N D  M E T H O D S  

Between 1992 and 1996, twenty-two patients (14 
males, 8 females; mean age 42.9 years) with unequiv- 
ocal "small duct" chronic pancreatitis and persistent 
pain requiring narcotics agreed to participate in an in- 
stitutional review board-approved protocol evaluat- 
ing surgical splanchnicectomy. The initial patients 
were seen at Emory University; all subsequent proce- 
dures were performed at the State University of New 
York at Buffalo. Patient demographics are presented 
in Table I. 

The diagnosis of chronic pancreatitis was made 
from the clinical history and the appearance of the 
main pancreatic duct on endoscopic pancreatography 
in 20 cases, and supported by findings from computed 
tomography in 16 patients. In addition, 15 of these 
patients had undergone 20 historical operations for 
chronic pancreatitis (cyst-enteric drainage in 12, pan- 
creatic resections in 4, longitudinal pancreatoieiunos- 
tomy in 2, and unknown in 2). Only patients with a 
main pancreatic duct diameter of less than 5 mm were 
entered into this study. The maximum diameter of the 
main pancreatic duct was determined from endo- 
scopic retrograde cholangiopancreatography, after 
correcting for magnification error. 

Subjective evaluation of the degree of pain was 
measured before and after both the differential 
epidural test and surgical splanchnicectomy. Patient 
responses to perceived pain were graded on a visual 
analogue scale 0fAS) that ranged from 1 (least) to 10 
(worst). 

Differential epidural analgesia (DEA) was per- 
formed in the classic manner. 4 Following placement 
of the epidural catheter in the midthoracic epidural 
space, a placebo injection was followed by a low dose 
of lidocaine designed to block only unmyelinated 
sympathetic fibers (sympatholytic), and subsequently 
a high dose of the local anesthetic agent was adminis- 
tered to produce somatic nerve blockage (soma- 
tolytic). Sympathetic block was considered present 
when skin temperature increased one degree or when 
marked analgesia occurred in the presence of contin- 
ued motor function. Somatic block was established 
when sensory examination to pinprick revealed anal- 
gesia in a dermatomal band on the abdomen. For 
evaluation purposes, all subjects were then advanced 
to surgical block in which anesthesia was produced in 
a dermatomal band pattern and marked weakness of 

hip flexors occurred. When significant improvement 
in VAS pain occurred after placebo injection alone, 
patients were considered placebo responders. Patients 
experiencing a marked reduction in VAS pain after 
documented sympatholytic block were considered ex- 
amples of pancreatic pain, whereas those who ob- 
tained significant relief only after high-dose block 
were considered examples of nonpancreatic somatic 
pain. 

Thoracoscopic splanchnicectomy was performed 
with a 10 mm camera port located under the tip of the 
scapula in the sixth intercostal space, and two 5 mm 
ports separated by 4 to 6 inches in the posterior axil- 
lary line. All procedures were done with a cuffed en- 
dotracheal tube capable of single-lung ventilation. 
Proper placement of the tube was verified by fiberop- 
tic bronchoscopy. 

Following deflation of the ipsilateral lung, the en- 
doscope was introduced and the course of the greater 
and lesser splanchnic nerves was identified. In an 
equal number of cases, the nerves were either easily 
viewed through the pleura or required stripping of the 
overlying opaque pleura for identification. Once iden- 
tified, the greater and lesser splanchnic nerves were 
elevated and segments excised between metallic clips. 
Fulguration of smaller nerve branches was also per- 
formed. At the completion of the procedure, a No. 20 
chest tube was placed in the thoracic cavity and re- 
moved in the recovery room if a postoperative chest 
x-ray film failed to demonstrate a pneumothorax. 

Early in our experience, unilateral splanchnicec- 
tomy was performed when pain was principally local- 
ized to one side or the other; contralateral splanch- 
nicectomy was reserved for those experiencing pain 
on the opposite side after unilateral neurectomy. 
More recently, thoracoscopic procedures have been 
bilateral and synchronous, with the patient in a prone 
position on a spine table. Two of the 16 patients un- 
dergoing surgical splanchnicectomy required open 
thoracotomy, in both cases because of extensive pleu- 
ral adhesions. Thoracoscopic techniques were used in 
all others. 

Initially patients were seen biweekly for 1 month, 
then at 3-month intervals. At the time of each evalu- 
ation, VAS pain score were elicited. 

RESULTS 

Of the 22 original patients with "small duct" 
chronic pancreatitis, only six responded to placebo in- 
jection during DEA with a greater than 50% decrease 
in the VAS pain score. These placebo responders were 
returned to their primary care physicians with rec- 
ommendations for formal pain management pro- 
grams. Each of the remaining 16 patients underwent 
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surgical splanchnicectomy, including three cases in 
which a significant reduction in VAS pain did not oc- 
cur with sympathetic block, but only with full somatic 
block. Splanchnicectomy was performed 27 times in 
these 16 patients. The operation was unilateral in five 
cases (2 right and 3 left) and bilateral in 11 (6 syn- 
chronous and 5 staged). 

Surgical splanchnicectomy resulted in a significant 
reduction in preoperative VAS scores (8.25 to 4.18; P 
<0.05). Ten (76.9%) of 13 patients with DEA-pre- 
dicted sympathetic pancreatic pain experienced a 
greater than 50% decrease in VAS pain after surgical 
splanchnicectomy. In contrast, none of the three pa- 
tients with DEA-predicted somatic pain were bene- 
fited by splanchnicectomy (see Table I). VAS data 
were supported by narcotic use patterns. It is impor- 
tant to note that despite a significant reduction in 
overall pain perception and narcotic usage in patients 
with "small duct" chronic pancreatitis after surgical 
splanchnicectomy, only 2 of the I 0 patients undergo- 
ing splanchnicectomy experienced complete pain re- 
lief. Furthermore, during follow-up, which now aver- 
ages 23.3 months, the initially good results were 
maintained in 8 of the 10 patients. 

Six patients experienced minimal atelectasis, which 
cleared quickly. No patient had diarrhea. One patient 
had intercostal neuritis, which responded to inter- 
costal nerve injection with a long-acting analgesic. 
One other patient experienced an unexplained 3 cm 
area of hyperesthesia in the skin of the anterior chest 
wall between the sixth and seventh fibs, just below the 
areola. This resolved over 2 months' time. 

D I S C U S S I O N  

A variety of approaches to pancreatic denervation 
have been used in the past. Mallet-Guy was appar- 
ently the first person to attempt any form of denerva- 
tion of the pancreas in patients with chronic pancre- 
atitis. Using a retroperitoneal approach, he performed 
unilateral left splanchnicectomy in 1942 with success- 
ful relief of pain. By 1950, Mallet-Guy and deBeau- 
jeu s were able to report successful results in 84% of 
37 patients followed for 1 year or more. 

Confirmation of the value of pancreatic denerva- 
tion in patients with chronic pancreatitis first ap- 
peared in the United States with the report of Rein- 
hoff and Baker, 6 who described incidental pain relief 
in a patient with calcific pancreatitis following bilat- 
eral splanchnicectomy, sympathectomy, and vagec- 
tomy, which were being used to treat intractable hy- 
pertension. These observations were subsequently 
confirmed in other patients with chronic pancreatitis 
undergoing transthoracic sympathectomy for hyper- 
tension. 7-x° In 1983 Mallet-Guy 11 reported on his ex- 

panded series of 215 patients with chronic pancreati- 
tis who had undergone left splanchnicectomy and 
celiac ganglionectomy. In 127 patients who had been 
followed for 5 years or more, relief of pain was ob- 
served in 88%. Despite these sporadic successes with 
surgical splanchnicectomy, in 1983 White 3 reported 
only a 20% success rate in relieving chronic pancre- 
atic pain with left splanchnicectomy and celiac gan- 
glionectomy using the technique devised by Mallet- 
Guy. 3 Thereafter interest in pancreatic denervation 
by splanchnicectomy waned. 

A different approach to pancreatic denervation was 
suggested by Yoshioka and Wakabayashi 12 in 1958. 
After studying the neuroanatomy of postganglionic 
nerve fibers traveling from the celiac ganglion to the 
pancreatic parenchyma in 100 cadavers, they recom- 
mended a selective bilateral neurectomy of the fibers 
entering the pancreas from the fight and left celiac 
ganglia. They reported that 35 to 36 patients with 
chronic pancreatitis experienced "excellent" results 
from this challenging technique. Little or no addi- 
tional information concerning these patients was pro- 
vided. In a modification of this selective parenchymal 
sympathectomy, Hiraoka et al. 13 extended the Yosh- 
ioka procedure to include more extensive denervation 
of the body and tail by completely freeing the pan- 
creas from its retroperitoneal attachments. Successful 
relief of pain was achieved in both patients undergo- 
ing this modified procedure. 13 These excellent results, 
however, could not be reproduced in Denmark. Hoff- 
man and Jensen 14 reported that of six patients sub- 
jected to selective parenchymal sympathectomy, two 
patients were unchanged and four experienced only 
temporary relief. 

It was not until 1990, when Stone and Chauvin 2 re- 
ported that 14 of 15 patients with intractable pain 
from chronic pancreatitis experienced complete relief 
from transthoracic splanchnicectomy and concomi- 
tant bilateral truncal vagectomy, that interest was 
rekindled in splanchnicectomy. Miraculously, 14 of 
the 15 patients were not only cured of pain but were 
able to return to work, experienced a 29% mean in- 
crease in body weight, and were cured of preopera- 
tive drug addiction in 10 of 11 cases. Although the ne- 
cessity for the concomitant vagectomy was not vali- 
dated, the authors concluded that the delayed gastric 
emptying noted in 11 of 14 patients seemed a small 
price to pay for pain relief. 

A thoracoscopic approach to the splanchnic nerves 
in patients with intractable pain from chronic pancre- 
atitis was first reported by Cuschieri et al. 15 in 1994. 
Pain relief was observed in three of five patients ob- 
served for 8 months. Using the same posterior bilat- 
eral thoracoscopic approach to the splanchnic nerves 
employed by the Dundee group, Andren-Sandberg et 
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al. 16 demonstrated a significant reduction in pain in 
13 of 14 patients with chronic pancreatitis over a me- 
dian follow-up of 13 months. A decrease in VAS pain 
from 7 + 12 to 3 -+ 3 was noted 1 week after surgery 
and was maintained at this level for the duration of 
follow-up. However, no patient experienced complete 
relief, and each of the 14 patients required the post- 
operative use of nonnarcotic analgesics on a regular 
basis. 

Maher et al. 17 performed ipsilateral thoracoscopic 
splanchnicectomy in 15 patients with chronic pancre- 
atitis and pain localizing to one side. Pain recurred in 
seven cases and these patients then underwent  con- 
tralateral splanchnicectomy. Over a median follow- 
up of 18 months,  VAS pain significantly decreased 
from 6.5 before the operation to 2.0 postoperatively 
(P <0.01). Seven of the 15 no longer require nar- 
cotics, five had a reduction in narcotic needs, and 
three received no relief. 17 

The  foregoing experiences with surgical splanch- 
nicectomy seem to suggest that splanchnicectomy can 
reduce pain in some but not  all patients with chronic 
"pancreatic" pain. T h e  results of the current study 
also support this contention. Surgical splanchnicec- 
tomy in our patients resulted in an overall significant 
reduction in VAS scores in keeping with other recent 
r epor t s .  16,17 Moreover, the technique carries a negli- 
gible mortali ty risk and minimal  morbidity. Aside 
from a few collected instances of postoperative hem- 
orrhage, 16 chylothorax, intercostal neuritis, and time- 
limited postural hypotension, 17 difficulties are few and 
hospitalization is short. 

Since the splanchnic nerves are thought  to carry 
most if not all of the sympathetic pain afferents from 
the pancreatic parenchyma, 18 it is not surprising that 
splanchnicectomy relieves pain in patients with 
chronic pancreatitis. Rather, it is the failure of splanch- 
nicectomy to completely relieve pain that is remarkable. 
Only 2 of our 16 patients experienced total relief of 
their pain. Reductions in pain level rather than com- 
plete loss of pain were also the norm in the experi- 
ence of others. 16,17 It is not clear why this should be. 

One possible explanation for incomplete pain re- 
lief after splanchnicectomy, could be technical. De- 
spite anatomic drawings that have demonstrated lit- 
de variation in the anatomy of the splanchnic nerves, 
we have found considerable variation in the location 
and number of branches of these nerves. In one of our 
early patients experiencing failure of pain control by 
splanchnicectomy (No. 3), review of  the surgical 
video tape reveals that  the left greater splanchnic 
nerve was never resected. 

Another plausible explanation for suboptimal pain 

response from splanchnicectomy might  be that some 
elements of pain in chronic pancreatitis are mediated 
by somatic nerve pathways. As all surgeons dealing 
with chronic pancreatitis know, the disease process of- 
ten extends beyond the boundaries of the gland to in- 
volve the posterior abdominal parietes. Pain arising 
from chronic inflammation of the parietal tissues is 
true somatic exteroceptive pain, whose pathway is 
through the spinal nerves to the dorsal root ganglion, 
and then to the lateral spinothalamic tract. In support 
of this theory of mixed sympathetic and somatic in- 
volvement in some patients with chronic pancreatitis 
are our observations during DEA testing, in which we 
noted a decrease in VAS pain in some of our patients 
after sympathetic blockade but total anesthesia re- 
quired a full somatic block. Moreover, the well-rec- 
ognized failure of even total pancreatectomy to pro- 
vide pain relief to some patients might  be explained 
by somatic nerve involvement superimposed on sym- 
pathetic pain. If combined sympathetic and somatic 
nerve involvement is c o m m o n  in patients with 
chronic pancreatitis, an operation could be designed 
to add appropriate somatic denervation to the 
splanchnicectomy. 

A final explanation for the frequent absence of to- 
tal analgesia after splanchnicectomy might  be that 
pancreatic pain afferents are present in mixed nerves, 
thereby bypassing the celiac ganglia and the splanch- 
nic nerves. Although it is known that such fibers ex- 
ist, 4 their relative importance in the neurophysiology 
of pancreatic pain is unknown. 

A question has also arisen concerning the duration 
of analgesia provided by splanchnicectomy. Although 
Andren-Sandberg et al. 16 noted no attrition in post- 
operative analgesia during a 12-month follow-up, 
Maher et al. ~7 described pain recurring over time in 
one patient after bilateral splanchnicectomy, and ex- 
pressed concern that two more of their patients with 
initially good results might be experiencing worsening 
pain. Two of our patients with initially good results 
(Nos. 11 and 14) experienced worsening of pain at 12 
and 8 months, respectively, although the pain did not 
return to preoperative levels. Long-term follow-up of 
patients undergoing splanchnicectomy will be neces- 
sary to address this issue. 

Methods of patient selection for splanchnicectomy 
have varied from one investigator to another. 
Cuschieri et al. 15 observed that their worst results oc- 
curred in those patients with the most severe disease 
and proposed that splanchnicectomy would be most 
useful in "minimal" chronic pancreatitis. Maher  et 
al. 17 noted that all three failures of splanchnicectomy 
developed in patients with more extensive disease, as 
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reflected by the need for previous pancreatic surgery. 
However, programmatic exclusion of patients with 
advanced disease and previous pancreatic surgery may 
not be appropriate deselection criteria, as demon- 
strated by the current study in which good results 
were obtained in a group of patients with severe 
chronic pancreatitis and multiple previous pancreatic 
procedures. Similar findings were reported by An- 
dren-Sandberg et al. 16 in that good results were ob- 
tained in 12 of 14 patients who were disabled and 
seven of whom had undergone previous pancreatic 
surgery. 

Because splanchnicectomy can be reasonably ex- 
pected to only affect sympathetic pain afferents, the 
ability to determine which patients are actually expe- 
riencing sympathetically mediated pain should repre- 
sent the optimal selection process. Maher et al. 17 at- 
tempted to screen their patients for sympathetic me- 
diated pain by the response to celiac ganglion block; 
only those demonstrating a reduction in VAS pain 
with ganglionic blockade were accepted for surgery. 
However, celiac blockade is notoriously difficult to 
perform and interpret in chronic pancreatitis, and is 
occasionally followed by severe complications.19 

A consistent and reliable method for identifying 
candidates for splanchnicectomy is critical, as it is 
clinically difficult to separate those patients with true 
pancreatic pain from those with drug-seeking behav- 
ior, psychogenic pain, or somatically innervated con- 
ditions such as somatic nerve entrapment, which can 
successfully masquerade as abdominal pain. DEA may 
represent a better approach for identifying placebo re- 
sponders who could reasonably be expected to bene- 
fit from a nonsurgical approach such as a pain man- 
agement program. Identification of placebo respon- 
ders would also remove the placebo effect as an issue 
confounding evaluation of putative surgical ap- 
proaches. Finally, separation of sympathetic responses 
from somatic responses could prevent unnecessary 
surgery in nonpancreatic conditions. Although this 
approach is logically appealing, differential epidural 
tests are not as precise as sometimes represented. Be- 
cause of an overlap in the sensitivity of sympathetic 
and somatic fibers, the diffusion characteristics of the 
local anesthetic used, and the morphologic distribu- 
tion of mixed spinal nerves, exact separation of pa- 
tients with chronic pancreatitis into placebo, sympa- 
thetic, and somatic categories is not to be expected. 4 

This study has perhaps raised more questions than 
it has answered. Is there attrition with splanchnicec- 
tomy-induced analgesia over time? Should splanch- 
nicectomy be combined with somatic nerve neurec- 
tomy? Do we completely understand the neu- 

roanatomy of pancreatic pain afferents? Answers to 
these and other intriguing questions must be sought if 
only because neurectomy embodies two highly desir- 
able characteristics for management of patients with 
chronic pancreatitis: preservation of residual pancre- 
atic function and low surgical risk. 

REFERENCES 

1. Bradley EL HI. Long-term results of pancreatojejunostomy 
in chronic pancreatitis. Am Surg 1987; 153:207-211. 

2. Stone HH, Chauvin EJ. Pancreatic denervation for pain re- 
lief in chronic alcohol associated pancreatitis. Br J Surg 
1990;77:303-305. 

3. White "IT. Pain relieving procedures in chronic pancreatitis. 
Contemp Surg 1983;22:43-48. 

4. Raj PP. Practical Management of Pain, 2nd ed. St. Louis: 
Mosby-Year Book, 1992, pp 766-775. 

5. Mallet-Guy P, deBeaujeu MJ. Treatment of chronic pancre- 
atitis by unilateral splanchnicectomy. Arch Surg 1950;60:233- 
241. 

6. Reinhoff WE, Baker BM. Pancreolithiasis and chronic pan- 
creatitis: Preliminary report of a case of apparently successful 
treatment by transthoracic sympathectomy and vagectomy. 
JAMA 1947;132:20-30. 

7. deTakats G, Walter LE. The treatment of pancreatic pain by 
splanchnic nerve section. Surg Gynecol Obstet 1947;85:742- 
749. 

8. Smithwick RH. Discussion of paper of A.O. Whipple. Ann 
Surg 1946;124:1006. 

9. McDonough FE, Hefferman EW. Chronic relapsing pancre- 
atitis. Surg Clin North Am October 1948, pp 1733-1759. 

10. ConnollyJE, RichardsV. Bilateralsplanchnicectomy and lum- 
bodorsal sympathectomy for chronic relapsing pancreatitis. 
Ann Surg 1950;131:58-63. 

11. Mallet-Guy P. Late and very late results of resection of the 
nervous system in the treatment of chronic relapsing pancre- 
atitis. AmJ Surg 1983;145:234-238. 

12. Yoshioka H, Wakabayashi T. Therapeutic neurotomy on head 
of pancreas for relief of pain due to chronic pancreatitis. Arch 
Surg 1958;76:546-554. 

13. Hiraoka T, Watanabe E, Katoh T, Hayashida N, et al. A new 
surgical approach for control of pain in chronic pancreatitis: 
Complete denervation of the pancreas. Am J Surg 1986; 
152:549-551. 

14. HoffmanJ, Jensen H-E. Selective denervation of the pancreas 
for the pain of chronic pancreatitis. J R Coll Surg Edinb 
1986;31:37-39. 

15. Cuschieri A, Shimi SM, Crosthwaite G, Joypaul V. Bilateral 
endoscopic splanchnicectomy through a posterior thoraco- 
scopic approach. J R Coil Surg Edinb 1994;39:44-47. 

16. Andren-Sandberg A, Zoucas E, Ihse I, Gyllstedt E, Lillo-Gil 
R. Thoracoscopic excision of the splachnic nerve: An effective 
treatment in chronic pancreatic pain. Lakartidningen 
1995 ;92:2403 -2406. 

17. Maher JW, Johlin FC, Pearson D. Thoracoscopic splanch- 
nicectomy for chronic pancreatitis pain. Surgery 1996; 120: 
603-610. 

18. Ray BS, Neill CL. Abdominal visceral sensation in man. Ann 
Surg 1947;126:709-724. 

19. LeungJWC, Rowen-Wright M, Aveling W, Shorvon PJ, Cot- 
ton PB. Coeliac plexus block for pain in pancreatic cancer and 
chronic pancreatitis. BrJ Surg 1983;70:730-732. 



Journal of 
94 Bradley et al. Gastrointestinal Surgery 

Discussion 
Dr. L. Stewart (San Francisco, Calif.). Did the decrease 

in the pain score correlate with the decreased need for anal- 
gesics? 

Dr. E. L. Bradley. Yes. In general, they were parallel. 
Dr. H. Reber (Los Angeles, Calif.). I am sure you agree 

that your numbers are small, and I think your follow-up is 
short too. 

Dr. Bradley. Follow-up was 23 months on average. 
Dr. Reber. In the patients who had some relief, was it 

permanent? If not, what did you do next? 
Dr. Bradley. In this group, 10 out of the 13 had a good 

response, and eight continued to have a good response over 
a period of follow-up. There  were two relapses at 12 
months and 8 months, respectively, although the pain never 
returned to its original level. I would consider these two pa- 
tients to be failures of the technique. Others who have used 
this technique for chronic pancreatitis have had similar ex- 
periences, that is, there is some failure with time, but it is 
not common. 

Dr. K. Sharp (Nashville, Tenn.). Did you operate on 
both sides at the initial operation? Did you perform a bi- 
lateral thoracoscopic splanchnicectomy or did you use a 
unilateral or a staged procedure? Will these patients even- 
tually develop problems such as pseudocyst or bile duct ob- 
struction among others? 

Dr. Bradley. We are using prone bilateral simultaneous 
synchronous procedures. We found that some patients, 
even if they had pain on the left side, would return with 
pain on the right side. So now we think the procedure 
should be bilateral. We do not believe the operation will 
have any effect on the natural history of chronic pancreati- 
tis. Thus far we have not had any patient return with com- 
plications. Two of our patients have had a recurrence of 
clinical pancreatitis. When these denervation procedures 
are performed, the ability to detect peritoneal findings does 
not change. 

Dr.. M.G. Sarr (Rochester, Minn.). Is this really a good 
long-term successful operation? 

Dr. Bradley. Professor Mallet-Guy actually reported 
85 % long-term good results in a group of 215 patients who 
underwent left celiac ganglionectomy. He did not remove 
the right side. 

Dr. K. Lillemoe (Baltimore, Md.). Have you tried to use 
percutaneous celiac block as a predictor of results. I know it 
is a bit more invasive than an epidural, but could that give 
you more information with regard to predicting success? 
Finally, some people who talk about this technique have 
added a vagotomy. Have you considered adding a thoraco- 
scopic vagotomy in hopes of helping with that percentage 
of pain that may be coming through other channels? 

Dr. Bradley. Dr. Mayer has a similar group of patients 
undergoing thoracoscopic splanchnicectomy and he used 
celiac blockade as his method of patient selection. I think it 
is a good method. It is more difficult to perform than tho- 
racic epidural and it also has some rather serious complica- 
tions on occasion. So we have elected to use a procedure 
that can be performed without a fluoroscope and which has 
few complications associated with it. I think that the prin- 
ciple of using differential analgesia is an interesting one and 
it might be one that we can apply in the future. It is very 
difficult, when dealing with pain, to decide whether it is 
true sympathetic pain or some somatic condition that is 
masquerading as pancreatic pain. 

Dr. Lillemoe. What about vagotomy? 
Dr. Bradley. Vagotomy has been championed by Stone 

and his group. They have had remarkable success using an 
open splanchnicectomy, open thoracotomy, and a bilateral 
vagotomy and they found gastric stasis, which occurred in 
11 of their 14 patients, was a small price to pay for the pain 
relief. Fourteen or 15 of their patients were not only cured 
of all of their pain but they were able to return to work and 
10 out of 11 were no longer addicted to narcotics. Never- 
theless, the question of whether a vagectomy carries any af- 
ferent pain fibers from the pancreas remains unanswered. 



Cationic Liposome-Mediated Gene Transfer During 
Acute Pancreatitis: Tissue Specificity, Duration, and 
Effects of Acute Inflammation 
Woody Denham, M.D., Jun Yang, M.D., Sally MacKay, Ph.D., Cynthia Tannabill, M.S., 
Gay Carter, B.A., Amer Aboubamze, B.S., Lyle L. Moldawer, Ph.D., James Norman, M.D. 

Production of inflammatory cytokines in the pancreas, lung, and liver is believed to play a major role in 
the development of severe pancreatitis. This tissue-specific production could lend itself to directed anti- 
cytokine gene therapy if an appropriate delivery system could be developed. This study was undertaken 
to examine a novel approach for the delivery of protein-based therapies to the tissues involved during 
acute pancreatitis. Healthy mice received an intraperitoneal injection of cationic liposomes and a DNA 
plasmid containing the chloramphenicol acetyltransferase (CAT) reporter gene. Animals were killed at 12 
hours and 1, 2, 3, 7, and 14 days with serum, pancreas, lung, and liver harvested. Acute pancreatitis was 
induced (cerulein, 50 ixg/kg/hr intraperitoneally ×4) in additional mice before or after CAT transfection. 
The presence of pancreatitis was established in all animals by histologic scoring of pancreata and by 
serum amylase and lipase levels. CAT transfection efficiency was determined by quantitative CAT enzyme 
activity within tissue homogenates. Animals that received the liposome were successfully transfected with 
the CAT gene into the pancreas, lungs, and liver. Maximal transfection in each tissue occurred at 12 
hours with decreasing CAT activity over the ensuing 14 days. No healthy animals receiving the CAT 
gene developed elevations in amylase, lipase, or any histologic parameter of pancreatitis. Transfection 
efficiency in the pancreas was markedly increased by preexisting or delayed induction of pancreatitis, 
whereas transfection of the lung and liver was increased to a lesser extent. Gene'transfection into the 
pancreas, liver, and lungs is possible using a cationic liposome delivery system that does not induce pan- 
creatitis or pancreatic inflammation. Pancreatic expression of the gene product is equal to or greater than 
that of the organs of the reticuloendothelial system and continues at very high efficiency rates during 
acute pancreafitis. (J GASTROINTEST SURG 1998;2:95-101.) 

Acute pancreatitis is a severe noninfectious inflam- 
mation of the pancreas for which there is no specific 
therapy, mainly because of a poor understanding of its 
pathophysiology. Recent investigations implicate the 
proinflammatory cytokines interleukin- 1 [3 (IL- 1 [3) 
and tumor necrosis factor-e~ (TNF-o 0 as major medi- 
ators responsible for the progression of acute pancre- 
atitis. These cytokines are produced in high concen- 
trations in the pancreas and subsequently in the lungs 
and liver of  animals with experimental pancreatitis. 1-4 
The  importance of IL-1 [3 and T N F - a  during acute 

pancreatitis has been confirmed in a number of stud- 
ies utilizing pharmacologic blockade that demonstrate 
attenuated severity and improved survival when either 
IL-1 [3 or TNF-ct is inhibited. 5-9 

The  production of inflammatory cytokines in the 
pancreas, lungs, and liver during acute pancreatitis 
could lend itself to directed anticytokine gene ther- 
apy if an appropriate delivery system could be devel- 
oped. Gene therapy offers a novel approach for the 
delivery of protein-based therapies to individual tis- 
sues involved in acute injury or inflammation and may 
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be more effective than systemic administration of cy- 
tokine inhibitors, which is frequently an inefficient 
means of targeting excessive production in individual 
tissue compari,,ents.10.l 1 Historically the delivery of 
desired genes to target cells has been achieved by us- 
ing naked DNA alone, viral delivery systems, or a 
combination of mammalian expression plasmids com- 
plexed with cationic liposomes, l° 

Previous studies of pancreatic transfection have 
centered on the use of adenoviral vectors. Direct pan- 
creatic injection of an adenoviral vector demonstrated 
gene transfer into the pancreas, but acute pancreatic 
inflammation was induced (infiltration of lenkocytes, 
enzyme release, and pancreatic edema) and the trans- 
fection was limited to those cells immediately adja- 
cent to the site of injection. 12 Adenoviral mediated 
transfection by direct injection of the pancreatic duct 
will also achieve effective transfection but inflamma- 
tory cell infiltration is uniformly induced. 13 Pancre- 
atic ductal injection of cationic liposomes has recently 
been studied, but this method resulted in only spo- 
radic gene transfer to ductal cells and resulted in the 
induction of interstitial edema. 14 

The lack of an effective method to transfect for- 
eign DNA into the pancreas has prompted these stud- 
ies. In the hopes of finding a method by which we 
could regulate the pancreatitis-associated production 
of IL-1 [3 and TNF-ct in the pancreas, lung, and liver, 
we examined the transfection of these tissues using a 
recently described vector and cationic liposomes. Ide- 
ally, effective transfection of the pancreas would not 
induce pancreatic inflammation. Another ideal char- 
acteristic would include the ability to effectively trans- 
fect the pancreas, lungs, and liver during acute pan- 
creatitis. 

MATERIAL A N D  M E T H O D S  

Animal studies were performed at an American As- 
sociation for Accreditation of Laboratory Animal 
Care accredited facility in accordance with the De- 
partment of Animal Medicine at the University of 
South Florida. All animals were housed in 12-hour 
light/dark rooms with free access to standard labora- 
tory chow and water. 

Preparation of pMP6-CAT Plasmid 
The bacterial reporter gene chloramphenicol 

acetyltransferase (CAT) was cloned into the pMP6 
plasmid (Fig. 1), which was obtained from Mohan 
Philip (RPR-GenCe11, Santa Clara, Calif.). is The 
plasmid expression cassette contains the cytomeg- 
alovirus immediate early promoter, which has the ad- 

L-TR C M V  

4816 bps 

I ntron Bglll 

R-TR J CAT 

SV40 PA 

pMP6-CAT 
Fig. 1. Schematic map of plasmid pMP6-CAT detailing rele- 
vant structural components. PMP6-CAT is based on a pBR322 
backbone with a cytomegalovirus (CMV) immediate-early pro- 
moter-enhancer, a 5' rat preproinsulin heterologous intron, 
the CAT reporter gene, and an SV40 polyadenylation site. The 
promoter sequence and polyadenylation sites are flanked by 
adeno-associated virus terminal repeats. 

vantage of directing high levels of expression in a va- 
riety of tissues including lung, kidney, and vascular 
endothelium. 16 The combination of the cytomega- 
lovirus early promoter, hybrid intron from the IgG 
variable region, and SV40 polyadenylation sequence 
is designed to increase the stability of the transgene 
messenger RNA (mRNA) and to direct the mRNA 
out of the nucleus and into the cytoplasm. Left and 
right adeno-associated virus terminal repeats flank the 
expression cassette and are intended to enhance trans- 
gene expression in primary and slowly dividing cells 
and to serve as viral origins of replication. 

Alkaline lysis and potassium acetate precipitation 
(Plasmid Giga Kit, Qiagen, Inc., Chatsworth, Calif.) 
were used to isolate the plasmids. A commercial pu- 
rification kit was used to remove endotoxin from the 
bacterial plasmid (LPS Extraction Kit, Qiagen, Inc.) 
with levels (1.1 to 4.4 endotoxin units [EU]/mg DNA) 
determined using a commercial limulus lysate assay 
(Etoxate test, Sigma Chemical, St. Louis, Mo.). 

Cationic L iposome/DNA Preparation 
Sterile, purified liposomes comprised of equimolar 

quantities of the cationic lipid dimethyldioctadecy- 
lammonium bromide (DDAB) and the neutral lipid 
dioleoylphosphatidylethanolamine (DOPE) in 1 
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mmol/L final concentration were obtained from RPR 
GenCell (Santa Clara, Calif.). Two hundred nano- 
moles of the cationic liposomes was added to 1 ml of 
lactated finger's solution in a sterile conical tube. One 
hundred micrograms of pMP6-CAT DNA was added 
to the cationic liposomes, mixed gently, and allowed 
to stand at room temperature for 30 to 45 minutes 
prior to administration to the mice. 

Animal Exper iments  

Transfection of Healthy Animals. Healthy adult 
male NIH Swiss mice (n = 30), weighing 20 to 25 g, 
were given a single intraperitoneal injection of lipo- 
somes containing 100 ~g of the pMP6-CAT plasmid. 
All injections were performed with a sterile 25-gauge 
needle in the left lower quadrant of the abdomen. 
Mice were anesthetized with pentobarbital (50 mg/kg 
intraperitoneally) and killed at 12 hours and 1, 2, 3, 
7, and 14 days. Serum was collected for determina- 
tion of amylase and lipase levels. Pancreata, lungs, and 
liver were harvested, immediately frozen in liquid ni- 
trogen, and stored at -70 ° C until CAT activity was 
determined. Prior to placement in liquid nitrogen, the 
pancreas was divided and a portion fixed in 10% 
buffered formalin for histologic examination. 

Transfection During Acute Pancreatic Inflamma- 
tion. Additional adult male NIH Swiss mice (n = 8) 
underwent intraperitoneal injection of cationic lipo- 
somes and the pMP6-CAT plasmid. Twenty-four 
hours later, pancreatitis was induced by four hourly 
intraperitoneal injections of the cholecystokinin 
analogue cerulein (50 ~g/kg). Animals were killed 
8 hours later (maximal pancreatitis) and the pancreas, 
liver, and lungs were harvested as previously de- 
scribed. 

To determine the effect of preexisting pancreatic in- 
flammation on gene transfection, pancreatitis was in- 
duced in adult male mice (n -- 8) using cerulein (50 
Ixg/kg/hr intraperitoneally x4). Cationic liposomes 
and the pMP6-CAT plasmid were administered in- 
traperitoneally 8 hours after the induction of pancre- 
atitis. The pancreas, lungs, and liver were harvested 
48 hours after gene transfection to determine trans- 
fection efficiency. 

Confirmation of Transgene Expression 

Confirmation of transgene expression was through 
quantitative measures (butylation of [14C]chloram- 
phenicol) of bacterial CAT enzyme activity within the 
murine tissues. Briefly, frozen organs were homoge- 
nized in five weight:volumes of a mixture of 250 
mmol/L Tris-HC1 (pH 7.5), 5 mmol/L EDTA, and 

the protease inhibitors aprotinin (10 ~g/ml), paraox- 
one (diethyl P-nitrophenyl phosphate, 1 mmol/L), 
and E-64 (trans-epoxysuccinyl-L-leucylamido-[4- 
guanido] butane, 0.183 ~l/ml) (all from Sigma Chem- 
ical). After homogenization, tissue was subjected to 
two freeze-thaw cycles followed by centrifugation at 
16,000 ×g for 5 minutes. One hundred microliters of 
the organ extract was added to 200 nmol of n-butyryl 
coenzyme A and 0.05 p~Ci of [14C]chloramphenicol 
with overnight incubation of the mixture at 37 ° C. 
The butylated chloramphenicol species were then ex- 
tracted into mixed xylenes and analyzed by liquid 
scintillation spectrometry. Data are presented as mil- 
liunits of CAT activity (mEU) per milligram of tissue 
protein _+ standard error of the mean (SEM). The 
specific activity of recombinant CAT is approximately 
8 x 108 mEU/mg protein. Total protein concentra- 
tion of the oytosolic extract was determined with 
Bradford reagent (Sigma Chemical). 

De te rmina t ion  of  Pancreat ic  In jury  

Serum amylase and lipase levels were determined 
by means of a Kodak Ektachem 700 automated ana- 
lyzer standardized for these routine proteins (Eastman 
Kodak Company, Rochester, N.Y.). All samples were 
run in triplicate and averaged. Pancreatic tissue was 
collected and fixed in 10% buffered formalin. Fixed 
pancreatic tissues were embedded in paraffin and 
stained with hemotoxylin and eosin. Blind histologic 
grading of pancreatic edema, necrosis, and vacuoliza- 
tion (range 0 to 4) was performed on 10 high-power 
fields from each sample as previously described. 6 

Statistical Methods  

Results are expressed as mean + SEM. Statistical 
analysis was performed using the EPISTAT statistical 
program (Epistat Services, Richardson, Tex.) apply- 
ing unpaired two-tailed Student's t test with signifi- 
cance being assigned to P values <0.05 unless other- 
wise stated. 

RESULTS 
Transfect ion in Heal thy  Animals 

CAT transgene expression in the pancreas was 
highest 12 hours following transfection (803 +_ 370 
mEU/mg protein; Fig. 2, A). Pancreatic CAT activ- 
ity decreased over the remainder of the experiment 
with detectable levels present even at 2 weeks. The 
lung tissue of healthy animals demonstrated peak 
CAT activity at 12 hours and 1 day (Fig. 2, B) with 
levels progressively declining over 2 weeks. Transgene 
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Fig. 2. Time course of pancreatic, pulmonary, and hepatic chloramphenicol acetyltransferase (CAT) ac- 
tivity following a single intraperitoneal injection of cationic liposomes and the pMP6-CAT plasmid. 
Healthy mice received 100 tzg of pMP6-CAT and 200 nmol of cationic liposomes. Pancreatic CAT 
activity (A) is highest at 12 hours, and it declines over the 2-week time course. Maximal pulmonary (B) 
and hepatic (C) transfection is seen at 12 hours with a steady decrease in CAT activity over the fol- 
lowing 14 days. 

B 

expression in the liver (Fig. 2, C) was demonstrated 
throughout the time course with the highest CAT ac- 
tivity measured at 12 hours (18 _+ 16 mEU/mg pro- 
tein). 

Effec t  o f  T rans fec t i on  on  Pancrea t i c  E n z y m e s  
and  Hi s to logy  

Serum amylase and lipase (Fig. 3) were unchanged 
over the entirety of the time course in healthy animals 
with effective transfection of the CAT gene into their 
pancreas (P = not significant [NS] vs. normal ani- 

mals). Table I demonstrates pancreatic histology in 
normal mice and those that underwent gene transfec- 
tion. There was no change in inflammation, necrosis, 
edema, or vacuolization in animals transfected with 
the CAT gene (P = NS vs. normal pancreata). 

Ef fec t  o f  Panc rea t i c  I n f l am m at i on  on 
Transgene Express ion  

Cerulein pancreatitis was induced in two separate 
groups, one before and one after CAT transfection. 
CAT transfection with subsequent induction of pan- 
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Fig. 3. Serum amylase and lipase from healthy animals trans- 
fected with the chloramphenicol acetyltransferase (CAT) re- 
porter gene. Pancreatic enzyme secretion remains unchanged 
following successful gene transfer. 
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Fig. 5. Tissue activity of the reporter gene chloramphenicol 
acetyltransferase (CAT) in mice undergoing induction of pan- 
creatitis 8 hours prior to cationic l iposome-mediated gene 
transfection. Preexisting pancreatic inflammation results in a 
10-fold increase in pancreatic and hepatic CAT activity com- 
pared to these tissues in animals that underwent transfection 
alone without the induction of pancreatitis. 
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Fig. 4. Chloramphenicol acetyltransferase (CAT) activity in an- 
imals that underwent cationic-mediated gene transfer followed 
by cerulein pancreatitis 24 hours later. The  tissue levels of 
CAT are fourfold greater when pancreatitis is induced after 
gene transfection in the pancreas, lungs, and liver. 

creatitis 24 hours later resulted in CAT activity in the 
pancreas, lung, and liver (Fig. 4 ) t h a t  was fourfold 
greater compared to the activity in the organs of 
healthy animals. CAT transfection following acute 
pancreatitis induction resulted in CAT activity in the 
pancreas and liver (Fig. 5) that was 10-fold higher  
than the activity in healthy animals. The  lungs of an- 

Table I. Blind histologic scoring of pancreata* 

Normal CAT transfection 

Inflamation 0 -+ 0 0 -+ 0 
Edema 0 -- 0 0.1 _+ 0 
Necrosis 0 -+ 0 0 + 0 
Vacuolization 0 + 0 0 -+ 0 

*Histologic sections of each pancreas were graded in a blinded fashion 
for inflammation, edema, necrosis, and vacuolization. Normal tissues 
were assigned a value of 0, whereas maximal severity for each parame- 
ter was assigned a value of 4. Values represent the mean _+ standard 
error of the mean for 10 fields from each pancreatic specimen. 

imals that were transfected after the induction of pan- 
creatitis demonstrated CAT activity that was similar 
to that of lungs from normal animals. 

D I S C U S S I O N  

T h e  induction of acute pancreatitis is associated 
with a massive release of the inflammatory cytokines 
IL-1 [3 and TNF-ot from the pancreas, lungs, and to a 
lesser extent the liver. 1-4 By preventing the actions of 
these cytokines using pharmacologic blockade, pan- 
creatic and lung injury is decreased and the mortality 
rate of these experimental pancreatitis models is cut in 
half. 5-9 In the hopes of finding a method by which we 
could regulate the pancreatitis-associated production 
of IL- 113 and T N F - a  in these tissues, this study was 
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designed to determine if a gene delivery system could 
be developed. We hypothesized that an ideal delivery 
system would allow active protein to be made in each 
of the organs known to produce cytokines during 
acute pancreatitis while having no ability to induce 
pancreatitis or tissue inflammation. Another  ideal 
characteristic would include the ability to effectively 
transfect the pancreas, lung, and liver during the se- 
vere inflammation associated with acute pancreatitis. 

Attempts to transfect the pancreas using direct in- 
jection of a first-generation recombinant adenoviral 
vector provided effective gene transfer but also re- 
suited in pancreatic inflammation and tissue destruc- 
tion. 12 This same vector was delivered by pancreatic 
duct injection, which again demonstrated gene trans- 
duction, but  pancreatitis was induced. 13 Previous 
studies examining transfection by injection of cationic 
liposomes into the pancreatic duct resulted in occa- 
sional transfection of acinar cells, ductal epithelium, 
and blood vessels, but this transfer also resulted in in- 
terstitial edema. 14 Preliminary work in our labora- 
tory is and experiments by others 17°2° have demon-  
strated effective transfection of a number  of organs 
including the lung, lymph nodes, and spleen utilizing 
cationic liposomes. The  ability to transfect the pan- 
creas with this delivery system, however, has not been 
previously examined. 

The  pMP6-CAT expression vector used in these 
experiments has several novel characteristics that have 
been demonstrated to increase transgene expression. 
Liu et al. 2° have recently shown that the cytomega- 
lovirus immediate-early promoter-enhancer is more 
active than vectors containing either SV40, ade- 
novirus, or thymidine kinase promoters. 2° The  cyto- 
megalovirus immediate-early promoter-enhancer  
drives transgene expression at rates 5- to 1000-fold 
higher than these viral promoters. The  pMP6-CAT 
plasmid does not contain viral origins of replication, 
per se, but does contain flanking terminal repeats ob- 
tained from adeno-associated virus, which are equiv- 
alent. 21 Philip et al. 21 have demonstrated under ex vivo 
conditions that transfection with a similar plasmid re- 
suits in extended transgene expression for periods ex- 
ceeding 30 days. 

In the current study, CAT transgene expression in 
the normal, noninflamed pancreas was highest at 12 
hours with activity decreasing over the ensuing 14 
days. It is important  to note that this study demon- 
strated that successful pancreatic transfection by 
means of an intraperitoneal injection of cationic lipo- 
somes did not result in an elevation in pancreatic en- 
zyme levels, and there was no change in pancreatic 
edema, inflammation, vacuolization, or necrosis com- 
pared to values in normal animals that were not trans- 
fected. Our data differ from those of previous studies 

that used direct adenoviral injection into the pancreas 
or pancreatic duct and reported acute pancreatic in- 
flammation with transfection. 12a3 Adenoviral vectors 
are known to induce inflammation in other organs. 22 
In contrast, work by Canonico et al. 23 demonstrated 
that cationic-mediated gene transfer to the lung was 
not associated with adverse effects on pulmonary his- 
tology, lung compliance, lung resistance, or alveolar- 
arterial oxygen gradient. Our work is consistent with 
the later finding in that effective pancreatic transfec- 
tion using intraperitoneal cationic liposomes did not 
induce pancreatic inflammation biochemically or his- 
tologically. 

The  lungs and to a lesser extent the liver produce 
IL- 113 and T N F - ~  during pancreatitis. These organs 
are known to manifest dysfunction in severe pancre- 
atitis, which is believed to be related to the produc- 
tion of  these cytokinesl,4; therefore the ability to 
transfect the lung and liver with this delivery system 
was investigated. Both of these organs are effectively 
transfected by means of the cationic liposome-medi- 
ated gene delivery system with pulmonary levels of 
CAT activity similar to those seen in the pancreas, 
whereas hepatic levels were slightly lower. In both or- 
gans, peak CAT activity was seen at 12 and 24 hours 
with declining levels over the 14-day experiment. 
These  results are consistent with work by Philip et 
al., 17 Zhu et al., 18 Liu et al., 2° and several of our co- 
workers 15 who examined transgene expression of the 
heart, lung, lymph nodes, and spleen using a cationic 
liposome delivery system. 

Animals undergoing transfection of CAT followed 
24 hours later by the induction of pancreatitis demon- 
strated nearly a fourfold increase in transgene expres- 
sion in the pancreas, lungs, and liver compared to the 
same organs from animals following transfection 
alone in the absence of pancreatitis. Enhanced 
cationic-mediated gene transfer in the lung has previ- 
ously been demonstrated during peritonitis secondary 
to cecal ligation and puncture and following intratra- 
cheal administration of endotoxin; however, the in- 
creased activity in the pancreas and liver during acute 
inflammation has not been previously reported3 s 

In a similar fashion, CAT activity in mice trans- 
fected 8 hours after the induction of acute pancreati- 
tis was increased almost 10-fold in the liver and pan- 
creas. The  cationic liposomes employed in this study, 
which are based on equimolar quantities of D O P E  
and DDAB, appear to favor uptake by lymphocytes 
and inf lammatory cell populations, which may ac- 
count for the increase in CAT activity following the 
induction of pancreatitis, since numerous studies have 
demonstra ted that the pancreas is infiltrated with 
white blood cells during acute pancreatitis. 3,4,17 

This  study demonstrates that transfection of the 
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pancreas using a cationic liposome delivery system re- 
sults in tissue expression of the reporter gene for up to 
2 weeks with no induction of  pancreatic inflamma- 
tion. On a more clinically relevant note, the efficiency 
of  pancreatic transfection is dramatically increased 
when gene transfer is performed during acute pan- 
creatitis. These findings suggest that this is the most 
ideal mechanism to deliver gene-based therapies to 
the pancreas in the absence or presence of acute in- 
flammation. 
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Prospective Investigation of Complications, 
Reoperations, and Sustained Weight Loss 
With an Adjustable Gastric Banding Device 
for Treatment of Morbid Obesity 
Cornelius Doherty, M.D., James W. Maher, M.D., Debra S. Heitshusen, R.N., B.S.N. 

The purpose of this study was to determine prospectively the safety and efficacy of an adjustable silicone 
gastric band and reservoir system for the treatment of morbid obesity. Between 1992 and 1995, forty 
primary procedures were performed. Twenty-six females and 14 males entered the study. The mean age 
of the subjects was 34 years (range 19 to 51 years). Mean body mass index was 50 kg/m 2 (range 39 to 75 
kg/m2). There were no deaths. Mean body mass index (in kg/m 2) at follow-up visits was 38.4 at I year, 
38.0 at 2 years, 40.2 at 3 years, and 40.4 at 4 years. These decreases were significant at P <0.001. Thirty- 
two reoperations (12 intra-abdominal procedures and 20 abdominal wall procedures) have been necessary 
to maintain efficacy or correct complications. At the four-year interval, the reoperation rate of 80% was 
unsatisfactory. The excess weight loss has been 41% for those subjects who have an intact gastric band 
system and continue in the study. Improvements to the implantable band and/or operative technique 
must be implemented and studied long term if this procedure is to become an accepted surgical treatment 
for severe obesity. (J GASTROINTEST SURG 1998;2:102-108.) 

The  concept of  banding the stomach to restrict 
food intake and provide an early sense of  satiety as 
surgical treatment of morbid obesity is appealing. De- 
sirable features include (1) no direct injury to the 
stomach, (2) access for endoscopic and radiographic 
studies, and (3) and ease of  reversibility. Wilkinson 
and Peloso, 1 who used a 2 cm wide strip of polypropy- 
lene mesh, were the first surgeons to apply gastric 
banding. Preliminary reports from small series of  
patients who underwent Dacron gastric banding 
were promising. 24 Granstrom and Backman 5 were the 
first to measure the tension applied to the band by us- 
ing a dynanometer. With endoscopic measurement 
Naslund 6 observed the widening of  the stoma di- 
ameter over time. Kuzmak 7,8 used a 1 cm wide gastric 
band made of Dacron-reinforced silicone in conjunc- 
tion with a special band-tightening instrument and a 
calibration tube connected to an electronic sensor to 
objectively measure pouch volume and outlet diame- 
ter. He  later added a silicone balloon that was 4 cm 
long on the inner side of the band, which was con- 

nected by tubing to a self-sealing reservoir implanted 
in the rectus sheath to allow percutaneous adjustment 
of pouch outlet diameter by adding or removing nor- 
mal saline solution under fluoroscopic guidance. This 
study was planned as a prospective long-term investi- 
gation of the safety and efficacy of this investigational 
device. 

M A T E R I A L  A N D  M E T H O D S  

The  adjustable silicone gastric band (ASGB; In- 
amed Development Company, Carpinteria, Calif.) is a 
Dacron-reinforced silicone band, 22.5 cm long, 1 cm 
wide, and 3 mm thick (Fig. 1). The exterior surface of 
the band is made of soft silicone elastomer, chosen for 
its biocompatability and biologic inertness. The band 
is radiopaque. An inflatable section, 4 cm in length, is 
outlined on the band by radiographic markers. A ra- 
diopaque nonkinking 60 cm tube is attached to con- 
nect the inflatable portion to the subcutaneous reser- 
voir. The  self-sealing reservoir is for percutaneous 
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band volume adjustment. A titanium plate at the base 
of the reservoir prevents penetration by the needle 
when adjusting the diameter of the stoma. Stoma ad- 
justment may be performed without reoperation by 
accessing the reservoir under fluoroscopic guidance. 

The calibration tube is a dual-lumen translucent 
silicone tube, 152 cm in length and 9 mm in external 
diameter (Fig. 2). Six centimeters from the proximal 
end is a 25 ml balloon for controlled sizing and posi- 
tioning of the gastric pouch. It is inflated via an in- 
flated port, which remains external during the proce- 

dure. Tightening of the band around the stomach 
tissue compresses the distal 3.5 cm of the calibration 
tube, which has a 13 mm external diameter. The 
change in pressure within the calibration tube is dis- 
played on the attached gastrostenometer. This pres- 
sure-measuring device allows the surgeon to tighten 
the gastric band to a reproducible calibrated pouch 
outlet diameter. 

The gastrostenometer is a battery-powered elec- 
tronic sensor designed to be used with the calibration 
tube of the ASGB system. The gastrostenometer and 
calibration tube are used to calibrate the stoma. The 
gastrostenometer has a display bar containing I0 
lights. The stoma of the proximal pouch is reduced in 
diameter by compression of the stomach tissue within 
the band. Further tightening of the band applies pres- 
sure to the distal segment of the intragastric calibra- 
tion tube and activates movement on the light scale 
of the gastrostenometer. Movement of the light to the 
fourth position from the left corresponds with an out- 
let diameter of 12.5 mm. 

Fig. 1. Adjustable silicone gastric band, tubing, and injection 
port system showing adjustable part of band. 

Procedure 

This study has been subject to and is in compliance 
with all applicable governmental rules and regulations 
concerning the conduct of clinical trials of experi- 
mental devices. The study was approved by the Uni- 
versity of Iowa Human Subjects Institutional Review 
Board, and informed consent was obtained from all 
subjects. Acceptance criteria for the study included 
the following: (1) Obese subjects who were 45 kg (100 
pounds) overweight as defined by the Metropolitan 
Life Insurance tables of 1983; (2) failure to sustain 

Fig. 2. Calibration tube and gastrostenometer showing inflatable portion to estimate pouch volume and 
air chamber to calibrate the stoma. 
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weight loss with nonoperative programs; (3) no pre- 
vious history of surgical treatment for obesity; (4) age 
18 to 51 years; and (5) history of severe obesity for 5 
or more years. In addition, all subjects were required 
to complete two office visits, 30 days apart, prior to 
surgery. The  purpose of these visits was to ensure in- 
formed consent and to document  the medical history 
relationship to obesity. All subjects were enrolled in a 
diet and behavior modification program. Patients 
were dropped from the study for the following rea- 
sons: (I) pregnancy, (2) conversion to another bari- 
atric procedure, or (3) unwillingness to continue in 
the study with or without band removal. 

Ope ra t i ve  T e c h n i q u e  

An upper midline incision was made. At the mid- 
point of the wound, a small horizontal incision was 
made through the right anterior rectus sheath and the 
underlying muscle for later accommodat ion of the 
implanted reservoir. The  calibration tube was passed 
through the mouth  and inflated with 25 cc of air to 
aid in sizing the pouch. The  calibration tube was then 
pulled back by the anesthesiologist until resistance 
from the esophagogastric junction was encountered. 
The  gastrohepatic ligament was opened and a retro- 
gastric tunnel was made through the lesser sac and a 
small opening was dissected through the gastro- 
phrenic ligament. This  site was cephalad to the first 
short gastric artery. A Penrose drain was placed to 
secure this tract. Another  opening was then made 
through the anterior and posterior leaves of the gas- 

trohepatic ligament. This location was 2 cm below the 
esophagogastric junction, adjacent to the lesser cur- 
vature, and verified by the calibration tube position. 
The  Penrose drain was repositioned through this new 
opening. The  ASGB was then prepared for implanta- 
tion by irrigating the inflatable bladder segment with 
sterile normal saline solution to evacuate retained air. 
One milliliter of saline solution was injected into the 
connecting tubing to the inflatable bladder and then 
secured with a rubber-shod clamp. The  gastric band 
was then positioned around the stomach in the tract 
secured by the Penrose drain. The  Penrose drain was 
then removed. T h e  gastric band was t ightened by 
hand below the balloon and over the pressure-sensi- 
tive segment of the calibration tube. A specially de- 
signed band-t ightening ins t rument  was used to 
tighten the band until the fourth light from the left 
was illuminated on the gastrostenometer. This  cor- 
responded to a 12.5 m m  stoma diameter. A special 
band-holding instrument was placed over the band to 
secure the measured diameter. T h e  position of the 
band was secured by suturing the band to itself with 
four 2-0 nonabsorbable sutures (Fig. 3). The  calibra- 
tion tube and banding instrument were removed. To 
further secure the band position, three to five nonab- 
sorbable 2-0 interrupted sutures were placed to op- 
pose the wall of the distal stomach to the pouch over 
the band. The  excess band and buckle were excised. 
The  silicone tubing leading from the inflatable band 
was directed between the diaphragm and the superior 
surface of the liver for delivery through the right pos- 
terior rectus sheath to the site previously prepared for 

Fig. 3. Adjustable silicone gastric band in situ following suturing of the band to itself, demonstrating the 
small pouch and inflatable band. 
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implantation of the reservoir. The reservoir was irri- 
gated with sterile normal saline solution and then 
joined via a metal connector to the silicone tubing 
from the band. These junctures were secured with 
2-0 nonabsorbable ligatures. The reservoir implanta- 
tion was completed by placing four 2-0 nonabsorb- 
able ligatures through the posterior right rectus 
sheath and the openings at the base of the reservoir. 
The incision in the anterior rectus sheath was closed 
with interrupted 2-0 polyglyconate sutures. The mid- 
line abdominal incision was closed with a running No. 
1 polypropylene suture. 

P o s t o p e r a t i v e  Care  

After the operation, patients were placed on a 900- 
to 1200-calorie balanced gastroplasty diet of liquid 
and soft foods. All patients received daily a chewable 
multiple vitamin tablet with iron. They  were in- 
structed in early recognition of satiety signals and 
proper eating behavior modifications by a registered 
dietitian. They  were discharged from the hospital 
when their nutritional intake was adequate and their 
incisional pain was relieved with oral analgesics. Fol- 
low-up visits were scheduled at I month with subse- 
quent visits every 2 months for I year, every 3 months 
for a second year, and then annually or as needed. 
Diet and behavior modification sessions were con- 
ducted at each visit. Weight loss was expressed as per- 
centage of excess weight loss using the 1983 Metro- 
politan Life Insurance Company tables and also 
change in body mass index. Patients were considered 
for band tightening if their weight loss plateaued and 
they no longer had a sense of early satiety with meals. 
The band was loosened if they had symptoms of post- 
prandial reflux, nausea and vomiting, excessive weight 
loss, or pregnancy. Band adjustment was carried out 
by visualizing the reservoir on fluoroscopy and ac- 
cessing it with a spinal needle for volume adjustment. 

Statistical Analysis 

A paired t-test was used for statistical analysis of 
weight loss. 

Mean excess weight was 82 kg (range 46 to 137 kg). 
Mean percentage of excess weight was 226% (range 
174%-326%). Mean body mass index was 50 kg/m 2 
(range 39 to 75 kg/m2). Gastric band placement was 
technically straightforward and without intraopera- 
tive complications. The  calibration tube and gas- 
trostenometer functioned well. The band-tightening 
tool was awkward to use and required preliminary 
tightening of the band by hand in order for it to func- 
tion appropriately. There were no early postoperative 
complications and no operative deaths. All patients 
underwent upper gastrointestinal endoscopy at 1 year 
postoperatively to rule out band erosion. There have 
been no difficulties with band erosion through the 
wall of the stomach. The mean sustained weight loss 
observed at annual evaluation was 35 kg at 1 year, 36 
kg at 2 years, 33 kg at 3 years, and 29 kg at 4 years. 
Mean body mass index decreased from 50 kg/m 2 prior 
to surgery to a low of 38 kg/m 2 at 2 years following 
the operation. There was a small increase in body 
mass index to 40 kg/m 2 at 3 and 4 years. Mean per- 
centage of excess weight loss was 44% at 1 year, 47% 
at 2 years, 40% at 3 years, and 41% at 4 years. All of 
these decreases in body mass index, weight, and per- 
centage of excess weight loss were significant at 
P <0.001. It should be noted that these comparisons 
were made only for patients who remained in the 
study with an intact gastric band system. The  per- 
centages of excess weight loss at yearly intervals are 
shown in Table I. 

It has not been possible to evaluate the benefit of 
the adjustable feature of the gastric band because of 
the unreliable performance of the reservoir. Twenty 
patients have required reoperations for failure of the 
reservoir. Fifteen of the procedures were required be- 
cause of leakage of the reservoir secondary to failure 
of the seal of the titanium baseplate to the silicone 
reservoir or failure of the self-seal of the silicone 
dome. Two patients required removal of the reservoir 
because of infection. Two reservoirs flipped over pre- 
cluding percutaneous access and required operative 
repositioning to reestablish access. There was one in- 

R E S U L T S  

Forty consecutive patients underwent adjustable 
silicone gastric banding for severe obesity between 
March 1992 and May 1997. Follow-up was complete 
in all patients and ranged from 13 to 62 months 
(mean 38 months). There were 26 women (65%) and 
14 men (35%). Mean age was 34 years (range 19 to 
51 years). Mean height was 171 cm (range 152 to 190 
cm). Mean weight was 147 kg (range 100 to 214 kg). 

Table I. Percentage of excess weight loss by year 

>25% Excess >50% Excess 
Interval weight loss weight loss 

(yr) Percent (No.) Percent (No.) 

1 74 (29/39) 42 (17/39) 
2 76 (26/34) 44 (15/34) 
3 62 (15/24) 33 (8/24) 
4 75 (9/12) 25 (3/12) 
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cident of laceration of the reservoir tubing by the nee- 
dle. Defective reservoirs were replaced with an im- 
proved substitute. There was no further occurrence 
of this complication. 

Three patients began to regain weight and did not 
respond to narrowing of the band oudet. Subsequent 
radiologic evaluation of the integrity of the band sys- 
tem revealed aneurysmal deformity of the inflatable 
balloon portion of the band in all three. One of these 
patients has undergone operative removal of the band. 
Inspection confirmed the aneurysmal deformity of the 
balloon. The other two bands with aneurysmal defor- 
mity remain in place. Thirty-eight percent of patients 
(n = 15) have required at least one hospitalization for 
symptoms of postprandial nausea, vomiting, and se- 
vere gastroesophageal reflux. All of these patients 
were managed initially with deflation of the inflatable 
balloon of the gastric band, fasting, and parenteral flu- 
ids and nutrients. Radiologic evaluation revealed en- 
larged proximal pouches with delayed or absent 
pouch emptying and severe reflux. Four patients re- 
sponded to nonoperative treatment and became 
asymptomatic. Narrowing of the pouch outlet chan- 
nel and pouch enlargement both resolved. The re- 
maining 11 patients have required laparotomy. Three 
of them were found to have only an enlarged pouch. 
The adjustable silicone gastric band was removed and 
a new smaller pouch was created and maintained with 
a LapBand (Bioenterics Corp., Carpinteria, Calif.). 
The mean time interval for occurrence of an enlarged 
pouch was 37 months (range 21 to 55 months). 

Eight patients (20%) who had obstructive symp- 
toms at reoperation had herniation of the posterior 
wall of the distal stomach through the band. The 
mean time interval after operation for occurrence of 
this complication was 24 months (range 14 to 33 
months). These patients have been treated by band 
removal. One patient in this group admitted to bu- 
limic behavior and no further procedure was per- 
formed. Four patients had their bands removed after 
which a new pouch was measured and another ASGB 
placed with posterior sutures to imbricate stomach 
tissue over the band. There has been no recurrence 
of posterior herniation in these patients, but two have 
developed an enlarged pouch. These patients remain 
in the study. Three patients have undergone band re- 
moval and concomitant vertical banded gastroplasty. 
Reasons for the 32 reoperations are summarized in 
Table II. 

After 62 months, 24 subjects remain in the study. 
Sixteen subjects (40%) have withdrawn from the 
study. Five (13%) did not want to have an ineffective 
ASGB removed operatively. Two (5%) had their 

Table II. Summary of reoperations 

Type of operation No. Reason for reoperation 

Intra-abdominal 

TOTAL 
Abdominal wall 

TOTAL 

8 Posterior herniation 
3 Enlarged pouch 
1 Patient request 
1 Aneurysmal deformity 

13 

15 Reservior failures 
1 Tube laceration 
2 Flipped reservoirs 
2 Infected reservoirs 

20 

ASGBs removed operatively. Five (13%) had an 
ASGB removed and a vertical banded gastroplasty 
performed at the same operation. Two had an ASGB 
removed and replaced with a LapBand, which was im- 
planted during the same operation. Two patients be- 
came pregnant. Their bands were deflated but remain 
in place. The mean time of withdrawal from the study 
was 25 months (range 13 to 38 months). Many of the 
earlier observations of Kuzmak 7,8 were confirmed in 
this study. Revision and removal of the ASGB was rel- 
atively easy to perform since the band was encapsu- 
lated and did not adhere to the stomach wall. 

DISCUSSION 

Gastric banding has been used in the surgical treat- 
ment of morbid obesity for 20 years. The goal has 
been to develop a procedure that is safe and effective. 
Some favorable trends have been noted. The inci- 
dence of early (< 30 days) postoperative complications 
has decreased. Advances in materials and techniques 
of operative placement have evolved. The previously 
reported problem with band erosion through the gas- 
tric wall has been diminished as a result of several fac- 
tors including: (1) use of the Dacron-reinforced sili- 
cone band, (2) stabilization of band placement by su- 
ture apposition of the stomach wall above and below 
the band, and (3) abandonment of the practice of su- 
turing the band to the gastric wall. 

Band placement has become more cephalad on the 
stomach to create a smaller proximal pouch. Objec- 
tive methods for calibration of the pouch outlet di- 
ameter have been developed. The need for early re- 
operation because of a narrow outlet has become an 
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infrequent occurrence compared to what was previ- 
ously the case. 

Nevertheless, certain problems persist. Outlet 
widening occurs when the accordion-like folding 
of the gastric wall inside the band attenuates over 
time. g8 This leads to loss of early satiety with meals, 
less restricted eating, and weight regain. The inflat- 
able balloon was added to the gastric band to correct 
for this change and to avoid the need for an intra-ab- 
dominal revisional reoperation. Unfortunately, in this 
study the benefit of the adjustable component of the 
band cannot be evaluated because of the high inci- 
dence of reservoir failure. The question remaining to 
be answered is this: Will regulation of the stoma di- 
ameter, if the proximal pouch is small, be a useful ad- 
junct for weight loss maintenance? 

Another distressing problem that has persisted is 
the herniation of the distal stomach through the band. 
Kirby et al. 9 described this as a reverse intussuscep- 
tion. Each episode of herniation in this study was pre- 
ceded by an episode of vigorous vomiting. The end 
result of herniation is that the band constricts stom- 
ach tissue causing luminal obstruction. Emptying the 
reservoir system to decompress the inflatable balloon 
and relieve the obstruction has not corrected the 
problem. Operative intervention has been necessary. 
All patients with a gastric band remain at risk for this 
complication. It may be that suturing the posterior 
wall of the stomach over the band will reduce the in- 
cidence of this complication. This seems to have been 
effective anteriorly. 

Gastric banding has reintroduced an old phenom- 
enon. Vertical banded gastroplasty and Roux-en-¥ 
gastric bypass have evolved to a lesser curvature 
pouch with exclusion of the distensible fundic tissue 
from the pouch. With these procedures, if the patient 
overeats, pouch pressure can be dissipated into other 
areas. In gastric bypass patients will experience dilata- 
tion of the gastrojejunostomy stoma, enlargement of 
the pouch, or disruption of the gastric partition. Gas- 
troplasty patients may experience disruption of the 
stapled partition or enlargement of the proximal 
pouch. Gastric banding procedures, however, include 
fundic tissue. The fundus normally functions to ac- 
commodate large meals by receptive relaxation. A 
procedure that includes fundic tissue may have an in- 
nate propensity to cause dilation. The fundus may not 
be suitable for construction of a pouch that must re- 
main small to maintain weight loss. 

Others have also reported a high incidence of re- 
operation in their gastric banding procedures, s,9-11 
Hallberg and Forsel112 and Forsell et al. 13,14 have been 
in the process of developing the Swedish adjustable 

gastric band and the Stockholm gastric restriction 
method since 1985. The lumen of the Swedish band 
can be varied within a wide range, 0 to 40 mm, com- 
pared to the 0 to 4 mm for the adjustable silicone gas- 
tric band designed by Kuzmak that was used in this 
study. Gastric banding with minimally invasive la- 
paroscopic technology is widely available in Europe, 
Australia, and Latin America. A second generation of 
adjustable silicone gastric band, the LapBand, is 
presently being investigated at eight sites in the 
United States. 

C O N C L U S I O N  

Thirty-two reoperations were necessary in the 40 
patients studied over this 4-year period to maintain 
the ASGB system or correct major complications. 
Twenty reoperations were limited to the anterior ab- 
dominal wall to correct reservoir problems. An im- 
proved reservoir was placed and seems to have elimi- 
nated the problems associated with leakage. The effi- 
cacy of the adjustable feature of the ASGB could not 
be evaluated in this study because of the reservoir de- 
fects and a recently identified problem with aneurys- 
mal deformity of the balloon. Twelve major intra- 
abdominal reoperations have been required to correct 
posterior herniation of the stomach through the 
ASGB and/or pouch enlargement. The long-term in- 
cidence of this complication is unknown at this time. 
A reoperation incidence of 80% is unacceptable. The 
challenge for future investigators is to present com- 
plete prospective long-term data on improvements in 
the band system or operative technique that would 
make the procedure acceptable. 
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Discussion 
D~. R. Brolin (New Brunswick, N.J.). I know that you 

and your colleagues have performed more than 1000 gas- 
troplasties and I would like you to comment briefly your 
impressions of the banding technique presented in this re- 
port relative to the gastroplasty technique, particularly with 
reference to postprandial vomiting, reoperation, and long- 
term weight loss. I would also like your opinion regarding 
the future of this evolving technology. 

Dr. C. Doherty. This procedure mimics very closely the 
horizontal gastroplasties that are no longer standard prac- 
tice. I think a procedure that includes much fundic tissue 
eventually will result in dilatation and lead to a need for re- 
operation. The present evolution of the Roux-en-Y gastric 
bypass and vertical banded gastroplasty is a small pouch 
close to the lesser curvature with inclusion of as little fundic 
tissue as possible. These changes have been accompanied 

by less postprandial vomiting, less need for reoperation, and 
improved maintenance of weight loss. 

Dr. B. Schirmer (Charlottesville, Va.). I would like your 
opinion after your initial experience. Could you clarify for 
us the magnitude of weight loss? What percentage of ex- 
cess weight loss was experienced? 

Dr. Doherty. The initial excess weight loss is approxi- 
mately 45% to 47% and then it drops to 42%. After study- 
ing this subject for 18 years, I am convinced that there are 
two major concerns. One is that it is difficult to select the 
proper patient for this type of surgery and provide the 
proper initial procedure. In addition, fundic tissue cannot 
be included in a gastric restrictive procedure. There is no 
question that there will be patients who will need a proce- 
dure that combines gastric restriction with malabsorption. 


