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It  is traditional for the President to read the ad- 
dresses of the previous distinguished presidents of the 
Society. I have done so, not  only out of tradition, but 
also because these addresses give historical perspec- 
tive to the development and future directions of the 
Society. I will review the highlights of these addresses 
and then discuss some issues that I believe lie before 
the Society. In attempting to summarize the key point 
of each prior address, total justice cannot be done to 
the messages given by our past presidents. I have or- 
ganized these addresses into the following four arbi- 
trary categories: Clinical-Historical, Political-Philo- 
sophical, Research and Education, and SSAT Specific 
(Tables I to IV). It has been a humbling experience to 
read these eloquent addresses because I have come 
to realize that what I have to say is not terribly new, 
although I may be more direct about certain topics. 
Dr. Claude Welch made three marvelous observa- 
tions in his Presidential Address given 34 years ago: 
(1) " . . .  wise presidents confine their addresses to his- 
torical summaries or scientific subjects . . . .  (2) "Even 
wiser men say noth ing  at all . . . .  " In fact, the first 
three presidents of the SSAT, Drs. Cole, Waugh, and 
Maddock, did not give addresses. (3) "Only the fool- 
ish will stoop to philosophy or exhortation. "~° Welch 
then went on to admonish surgeons about the neces- 
sity for continuing education. 

I am deeply honored to be standing here and so far 
I have joined the ranks of the "wise presidents." But 
now, I am about to join the ranks of my "foolish" pre- 
decessors. I must  also tell you that I am quite nervous 
because what I am going to say may not  be politically 
correct. However, my intent is not to offend. I f  I do 
so, it is because of my sincere belief that there are is- 

sues that we, the members of the SSAT, need to con- 
sider and bring to conclusion if we are to remain suc- 
cessful as an organization in the future. 

Competitive swimmers know that the harder you 
swim, the resistance of water increases as the square 
of the increase in power. Doubl ing the power in- 
creases the resistance fourfold. We cannot defy the 
laws of physics, but we as members of a competitive 
organization know that despite resistance, we must  
push harder in order to be a winner. I believe that this 
will require our addressing at least seven issues: Di- 
gestive Disease Week, SSAT membership, our annual 
meeting, standards, research, the JOURNAL OF GAS- 
TROINTESTINAL SURGERY, and training in surgical 
gastroenterology. 

DIGESTIVE DISEASE WEEK 

We are indeed a unique surgical society in the 
United States because we are devoted to both the sci- 
ence and application of such science exclusively to the 
physiology and surgical diseases of the entire diges- 
tive traet. What  also sets The  Society for Surgery of 
the Alimentary Tract apart from other surgical orga- 
nizations is our privilege of  being a full participant in 
Digestive Disease Week (DDW), where we integrate 
our thoughts  and expertise with our colleagues be- 
longing to the American Gastroenterological Associ- 
ation, the American Socie W of Gastrointestinal En- 
doscopy, and the American Association for the Study 
of Liver Disease. This partnership has been of enor- 
mous mutual intellectual and economic benefit to the 
participating organizations. These benefits have been 
in existence for nearly a quarter of a century for the 
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Tab le  I. Clinical-historical topics of  prior presidential addresses 

Rhoads I 1968 

Dunphy 2 1969 

Hardy 3 1970 

Scott 4 1971 
Hoerr s 1972 
Warren 6 1973 

Nyhus 7 1975 
Cohen s 1977 

Jordan G 9 1979 
Polk 1° 1986 

Jordan pi1 1984 
Jones 12 1985 
Jaffe 13 1985 

Reviewed history of parenteral nutrition and the beginnings of the modern era of total 
parenteral nutrition 

Reviewed some historical aspects of gastrointestinal injuries and research in gastrointestinal 
healing 

Highlighted controversies involving malignant cachexia, genetics, mechanism of peptic ulcer, 
metabolism, angiology, and transplantation 

Reviewed current treatment of hyperlipidemia and atherosclerosis 
Presented the results of his 20-year experience with surgery for duodenal ulcer 
Discussed the need for controlled surgical clinical trials and special problems facing surgeons 

involved in human experimentation 
Discussed current status of vagotomy and his current research interests 
Made a plea for educating patients and physicians in the earlier diagnosis of gastrointestinal 

malignancies 
Gave historical perspective to development of alimentary tract surgery 
Outlined contributions of alimentary tract surgery to the modern understanding of infection 

control in surgical patients 
Traced the history of description and surgical treatment of peptic ulcer disease 
Honored his former teachers and mentors 
Presented arguments for the involvement of gastrointestinal surgeons in visceral 

transplantation 

Tab le  II .  Political-philosophical topics of  prior presidential addresses 

Altmeier 14 1974 
Longmire Is 1976 

Zeppa 16 1978 
Carey 17 1981 
Nahrwold 18 1990 
Warshaw 19 1998 

Discussed some of the social and economic changes that affect the training and practice of surgeons 
Made a plea that medical training be supervised not by the government but rather by a concerned 

profession 
Urged that SSAT join Digestive Disease Council to make our thoughts known in Washington 
Spoke about surgeon participation in changing costs of health care 
Discussed the forces that have changed the medical profession 
Emphasized the necessity of collaboration among physicians, surgeons, and scientists 

Tab le  I lL  Research-education topics of  prior presidential addresses 

Welch z° 1966 
Rosoff 21 1980 
Moody 22 1982 
Thompson 23 1984 
Hermann 24 1989 
Cameron 2s 1992 
Way 26 1995 

Stressed need for continued education 
Discussed development of academic surgeon and private practice surgeon 
Gave arguments in support of developing a fellowship in surgical gastroenterology 
Advocated vigorous pursuit of research 
Emphasized importance of role models in the education of surgeons 
Advocated alimentary tract fellowship programs with the SSAT overseeing such fellowships 
Pointed out complexity of new technology and advocated fellowship training to deal with the 

most complex procedures 
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Table IV. SSAT topics of prior presidential addresses 

Zollinger 27 1963 

Wilson 2s 1965 
TurelF 9 1967 
Tompkins 3° 1987 

Silen 31 1991 
Kelly 32 1993 

Langer 33 1994 

DeMeester 34 1997 

SSAT is only society devoted to entire gastrointestinal tract and many unsolved problems 
regarding treatment of gastrointestinal diseases 

Reviewed events leading to formation of SSAT 
Reviewed origins of the SSAT and proposed establishment of a research fund 
Argued for development of specially trained gastrointestinal surgeons and SSAT playing a more 

active role in improving gastrointestinal surgical training and research 
Membership should be made available to a wider group of surgeons 
Urged public recognition of surgical gastroenterology by broadening membership, defining 

practice guidelines, developing research and educational programs, and promoting national 
and international cooperation in gastrointestinal surgery 

Favored specialty training; journal to play important role in education; public education; 
identify research problems; consensus conferences; standards of care; become more involved 
in public policy issues 

Historical review of how the SSAT has evolved; emphasized integration of surgery into other 
disciplines of medicine 

SSAT. In fact, we as an organization participate in 
what is the most  prestigious and most  informative 
gastrointestinal meeting that draws participants from 
around the world. However, we must be mindful of 
forces that could change the very fabric of DDW. We, 
as members  of the SSAT, must  take an increasingly 
active role in perpetuating the cooperative spirit that 
led not  only to the formation of D D W  but also to its 
many successes. 

SSAT MEMBERSHIP 

As an organization, the SSAT has evolved from an 
exclusive society consisting mostly of members from 
the academic community  with special interests in the 
gastrointestinal tract to an open society serving all 
surgeons with some interest in the gastrointestinal 
tract. On the one hand, this change has upset some 
members who feel that an open society no longer rec- 
ognizes their expertise or accomplishments. On the 
other hand, we must  consider that most  of general 
surgical practice involves the digestive tract. Thus  an 
extraordinary clinical expertise also exists in the pri- 
vate practice community. In my view, a new and im- 
portant strength of the SSAT is that it has brought an 
increasing number  of academic and private practice 
surgeons together to discuss mutual interests. Our an- 
nual meeting is a special opportunity for surgical sci- 
entists to learn about issues concerning the private 
practitioner. Similarly our annual meeting is a won- 
derful opportunity for the private practitioner to hear 
up-to-date basic and clinical research presentations. 
In many instances a strict distinction between scientist 
and clinician does not exist because most surgical sci- 
entists are also clinicians and most clinicians want to 

know the future directions of gastrointestinal surgery. 
T h e  SSAT should provide the best information for 
all, should they be a clinician, a scientist, or both, with 
any degree of interest in surgical problems of the di- 
gestive tract. 

I believe we need to expand our membership even 
more and include members of other surgical organi- 
zations with special interests in the digestive tract. 
Such membership should also extend to the interna- 
tional surgical community. Participation from other 
surgical organizations already occurs to some degree. 
Since 1992, the International Society for Digestive 
Surgery (ISDS) (formerly known as the Collegium 
Internationale Chirurgiae Digestivae) has supported 
the State-of-the-Art  Lecture at the annual SSAT 
meeting. More recently the Society of American Gas- 
trointestinal Endoscopic Surgeons has participated 
with the SSAT in joint symposia during DDW. 

Four  mechanisms are already in place to attract 
new members. First, D D W  is a unique meeting. Sec- 
ond, the cost of SSAT membership is among the low- 
est of national surgical societies in the United States. 
Furthermore, among the many advantages of mem- 
bership is that one does not pay a registration fee in 
order to attend DDW. The  third mechanism involves 
the International Council of Surgical Gastroenterol- 
ogy, which was formed in 1998. The  SSAT is one of 
six organizations from around the world that com- 
prise the Council. Among the missions of the Coun- 
cil is "To unite and s t r eng then . . ,  es tabl ished. . ,  sur- 
gical gastroenterology organizations of international 
dimensions in order to speak with a single voice on 
issues related to surgery of the alimentary tract." 
Among the objectives of the Council is "To expand 
the involvement of surgical gastroenterology in ma- 
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jor international events such as D D W  . . . .  " The  
fourth mechanism is related to the fact that our meet- 
ing improves each year. 

The importance of involving members from other 
organizations lies not only with greater scientific and 
clinical expertise or potentially increased wealth of the 
Society. There is a fragmentation of surgical organi- 
zations in the United States and abroad interested in 
the whole or parts of the alimentary tract. There is no 
single voice to express the parochial interests and con- 
cerns of gastrointestinal surgery to the managers, be 
they public or private, of  our systems of health care 
or our systems of surgical education. Other organiza- 
tions have been successful in influencing legislation, 
reimbursement, and standards of care for nonsurgical 
problems of  the alimentary tract. Should we, the 
SSAT, not learn from this example and further our in- 
terests in doing what is best for our patients at rea- 
sonable cost and at the same time achieve a more uni- 
form standard of surgical treatment of disease of the 
alimentary tract? Should we not educate concerned 
parties about areas of controversy and that there are 
surgical alternatives to expensive long-term medical 
therapies? 

A N N U A L  M E E T I N G  

As a surgical society, the SSAT is fairly traditional 
in its format. However, we need to be more innova- 
tive and more responsive to the interests of our mem- 
bers (old and new). We attend the annual meeting for 
many reasons, not the least of which is our need to 
learn and to share what we have learned. Given the 
expenses of travel, hotels, and especially time, we need 
to maximize our efforts. We should not be content to 
be like most members of an arctic dog sled team-- i f  
we do not  become the lead dog, the view never 
changes! However, if one of our goals is indeed to at- 
tract more members and maintain the interest of our 
current members, then we must be innovative in ad- 
dition to continuing to do what we do well. Specifi- 
cally, our meetings are well organized; we participate 
with other societies in many outstanding clinical sym- 
posia; our consensus conferences are unique; and the 
quality of presentations progressively increases. How- 
ever, I am sure most, if not all, of us have attended a 
10-minute research presentation thinking we knew 
something about the subject. Two and one-half min- 
utes after the speaker begins, we realize we do not 
know as much as we thought we did. Two and three- 
quarter minutes later we realize we know very little 
and by 7 minutes we are lost in thoughts about how 
our patients are doing at home. By 8 _+ 1 minutes into 
the talk, we are in a different world (Fromm D, un- 
published observations). These minutes turn into 

nanoseconds if the research presentation involves a 
field we know little or nothing about, let alone un- 
derstand the terminology. If we are going to continue 
to have a mixture of research and clinical presenta- 
tions given at a single session, would not our atten- 
tion span be increased and our understanding en- 
hanced if each research presentation began with a 
clear statement as to the importance of the work rel- 
ative to the overall context of  the field and if presen- 
ters geared their talks to an audience of diverse back- 
grounds? This would enhance our understanding 
without detracting from the scientific validity of the 
presentation and would increase audience participa- 
tion. Should we consider state of the art research con- 
ferences specifically directed to those of us with pri- 
mary clinical interests or primary expertise in other 
areas of investigation? 

It is always easy to suggest that our Society be 
more innovative but the execution of innovation is not 
always easy. The many thoughtful hours that mem- 
bers give to Society committees, while insufficiently 
recognized, is an important source of innovative ideas. 
However, greater input is required from the mem- 
bership about the content and format of our meetings. 
We need to consider new venues. Should we have 
technical sessions relating to how we perform certain 
complicated procedures or how we handle operative 
indiscretions? Should we have hands-on sessions us- 
ing a variety of models? There  is an incredible 
amount of  surgical adeptness in this room, but we 
need more innovative forums that tap this expertise. 
Many of you have thought about and contributed to 
the success of the Society. Yet participation in the an- 
nual business meeting is sparse. Perhaps this is be- 
cause of the necessary, and sometimes mundane, pre- 
sentation of information that is in part dictated by our 
bylaws. We might consider a change and set aside 
time at the business meeting for a critique and free 
exchange of ideas about our meetings and future. This 
would be the time to bring up issues that may not be 
apparent to the administrative structure of the Soci- 
ety. Our Board of Trustees has become increasingly 
concerned about the thoughts of the members. We 
need to define more clearly what our goals are and to 
this end, our Board will analyze in depth the results 
of the recently completed survey of the membership. 

S T A N D A R D S  

As surgeons, we publish in diverse areas that in- 
clude pathophysiology or basic research (some of 
which has and some which does not have apparent 
clinical application), technical aspects, issues relating 
to training, administration, politics, and clinical stud- 
ies. However, the SSAT, like virtually all other surgi- 
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cal societies, continues to accept presentations of case 
series that are encumbered by all of the imperfections 
of retrospective studies. We try to get around this by 
saying the case series is prospective because the pa- 
tients were all followed after their treatment, but this 
does little to diminish the array of confounding vari- 
ables that, even unavoidably, lead to the drawing of 
erroneous conclusions. All of  us know that prospec- 
tive randomized studies are the "gold standard," but 
we engage in too few such studies. So we play on 
words by saying that we have done a retrospective 
analysis of prospectively collected data! I am not im- 
plying at all that retrospectively or prospectively fol- 
lowed case series are without value, but we must be 
wary of the conclusions. Our critics constantly point 
this out, but our selective auditory disorder kicks in. If 
we do not start to listen more intently, we run the risk 
of drowning in our own conceit. Dr. Richard Horton, 
the editor of Lancet, pointed out in a scathing edito- 
rial in 1996: "To retain their academic reputation sur- 
geons must find imaginative ways to collaborate with 
epidemiologists to improve the design of the case se- 
ries and to plan randomized trials. In addition to 
safety and efficacy studies, more pragmatic trials are 
needed to determine acceptability, effectiveness and 
efficiency by comparing new interventions with cur- 
rendy preferred treatments. ''3s Because the SSAT is 
the only surgical organization in this country exclu- 
sively devoted to all aspects of  surgery of the gas- 
trointestinal tract and because the SSAT is the only 
surgical organization in this country that publishes 
the only journal devoted exclusively to surgery of the 
gastrointestinal tract, we de facto set a standard. 
However, we must ask ourselves how lofty a standard 
we wish to achieve. 

I suspect that few, if any, of us had the foresight to 
predict the technological revolution leading to lap- 
aroscopic approaches to the digestive tract. We are a 
technologically oriented society and we thrive on 
technology both as providers and consumers of med- 
ical care. Laparoscopic images and approaches are 
dazzling as are the surgical tours de force that have 
been accomplished with this new technology. How- 
ever, there is, I believe, an important issue that we 
have not dealt with directly. Are we, as devotees of al- 
imentary surgery, abusing this technology for per- 
sonal gain and prestige? As a result of the widespread 
belief that laparoscopic cholecystectomy is associated 
with less morbidity than an open procedure, the num- 
ber of cholecystectomies has increased, but has there 
been a concomitant increase in the incidence of symp- 
tomatic gallstone disease? Should not we, as members 
of the SSAT, insist on more extensive evaluation of 
this technology and more rigorously compare its out- 
comes to the results of  our time-honored open surgi- 

cal techniques? Many may sneer at this suggestion 
because in their opinion there is no question laparo- 
scopic techniques are superior. However, we some- 
times forget that many of us treated our patients with 
standard incisions in an unintentionally biased fash- 
ion postoperatively. For example, a recent report in- 
dicates that following open sigmoid resection per- 
formed under combined epidural-spinal anesthesia, 
87.5% of patients had an oral intake of at least 2 liters 
and 93.8% had resumed defecation by 48 hours! 36 
We are presently caught up in laparoscopic ap- 
proaches, but the data are not uniform that a laparo- 
scopic or quasi (i.e., assisted)-laparoscopic approach 
for certain surgical problems is better than a classic 
open approach. 37 My point is not to debate the merits 
of  laparoscopic surgery but rather to indicate that it 
took a technological revolution to make us reexamine 
our postoperative care of patients who undergo open 
operations. As surgeons we have an interest in devel- 
oping and evaluating new technology, but we must 
ask ourselves whether we are posing the right ques- 
tions when we do comparative studies. We, as mem- 
bers of the SSAT, should have been more actively 
engaged in this process years before laparoscopic 
surgery became widely practiced. We have not been 
the lead dogs! 

RESEARCH 

The  advances in research are staggering and are 
difficult to keep up with. However, as clinicians we do 
a disservice by not keeping abreast of research devel- 
opments. We do an even greater disservice if we do 
not insist on the development of new generations of 
surgeons engaged in basic research problems devoted 
to the gastrointestinal tract. Otherwise, we run the 
risk of becoming subservient physicians in the care of 
our patients. Dr. Jim Thompson, in his 1983 presi- 
dential address to the SSAT, said it very succinctly: "If 
we fail today to vigorously pursue research, the med- 
icine of tomorrow will be the medicine of today. ''23 
Dr. Leon Rosenberg put it another way: "Some might 
ask if, at a time when there are increasing numbers of 
well-trained Ph.D.'s, it matters if the physician-scien- 
tist disappears. The  answer is that in the absence of 
physician-scientists, the bridge between bench and 
bedside will weaken. ''38 

Patient care is becoming increasingly complex and 
this will escalate as receptor modification and gene 
therapy become more applicable. As senior surgeons, 
we need talented younger surgical scientists to teach 
us the new methodology and serve as the link between 
basic research developments and patient care. As 
younger surgical scientists, we need senior surgeons 
for mentoring and helping us to maintain our clinical 
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credibility. As pure clinicians, as pure scientists, and 
as a mixture of both, we need to ensure the fertility of 
the bed-bench breeding ground. This approach al- 
lows both the academic clinician and the surgical sci- 
entist to become inscribed in academic immortality. 

Every academic surgeon is aware of the increasing 
pressures of clinical practice, which unavoidably takes 
time from work in the laboratory. To be both a suc- 
cessful researcher and clinician implies an extraordi- 
nary time commitment.  This has two rate-limiting 
steps: the number of hours in a day that one can func- 
tion effectively and the dollars available for research. 
This being the case and with increasing demands on 
time spent taking care of patients, we are in jeopardy 
of shrinking the surgical gastroenterologic research 
force and thus weakening the surgical perspective ap- 
plied to basic problems. If we, the SSAT, are going to 
continue to be a major force in surgical gastroen- 
terology, we must place even greater emphasis on the 
training and success of young creditable researchers. 

The SSAT has been proactive in two areas relating 
to research. One is the Residents Research Confer- 
ence, which is a first-class and unique experience for 
residents who present papers at our annual meeting. 
The  second is the Career Development Program, 
which has been most successful in helping individu- 
als with basic research backgrounds begin their ca- 
reers as independent investigators. 34 Industry, espe- 
cially Ethicon, has been generous in its support of  
these awards during a time when it has been increas- 
ingly difficult for the Society to monetarily support 
such fellowships without significantly increasing dues. 
However, industrial support is precarious as philoso- 
phies and financial pressures change. For example, the 
Resident Research Conference, which has been very 
successful because of the enthusiasm and largesse of 
Ross Laboratories, has become a financial burden to 
its sponsor. The  SSAT Board of Trustees felt so 
strongly about this conference and its ability to inter- 
est surgical residents to include alimentary research 
as part of their future careers that the Society will, be- 
ginning next year, assume approximately half the ex- 
pense of the conference. We must not only continue 
to seek other joint ventures with the industry that al- 
imentary surgery supports but also establish a Re- 
search Foundation under exclusive control of  the 
Society. 

Most clinicians would agree that the fundamental 
task of the biomedical researcher is to establish new 
information that improves the diagnosis and treat- 
ment  of disease. However, I believe that both bio- 
medical researchers and many clinicians push aside 
what should be our obligation as members of the 
SSAT. Why do we often exclude participation of clini- 
cians and why do clinicians frequently decline to par- 

ticipate in well-planned clinical studies? Would it not 
be a grand contribution if we, as members of the 
SSAT, irrespective of our biomedical research or clini- 
cal backgrounds, participate in SSAT-sponsored pro- 
spective randomized studies? This is a simple concept 
in theory but is difficult, yet not impossible, to imple- 
ment. Think how exciting it would be if many of us in 
this room participated in studies that not only answer 
important questions but are also published in the 
dFOU~v~al of Surgical Ga~'oenterology. 

J O U R N A L  

The SSAT has done very well in establishing a new 
journal devoted exclusively to surgery of the alimen- 
tary tract. Even though a survey of the membership 
indicated that the majority believed a new journal was 
unnecessary, our Board of Trustees forged ahead. I 
must admit I was among the skeptics, but wow was I 
wrong! The  JOURNAL OF GASTROINTESTINAL SUR- 
GERY is a quality publication that has received ac- 
colades. Take, for example, the review by Eubanks 
and Mbright 39 that appeared last October in JAMA. 
"This journal has rapidly established itself as one of 
the leading surgical journals and will likely enjoy a 
long and highly successful future." In less than 2 
years, the JOURNAL became listed in Index Medicus. 
The JouRNAL has also been a modest financial suc- 
cess due to the generous support of  United States 
Surgical Corporation. 

If the SSAT is to become the vehicle for dissemi- 
nation of the best information relating to surgical gas- 
troenterology, we must engage in more active strate- 
gic planning for the continuing success of the JOUR- 
N.M~ on both a scientific and financial basis. I am vir- 
tually certain that all of  you feel the same as I do 
about the increasing number of journals--it is over- 
whelming! However, which journals do we read first 
and to which journals do we send our best work? If 
the JouRNAL OF GASTROINTESTINAL SURGERY is to 
reach frst-tier stature, we must insist on progressively 
increasing stringent editorial policies so that the 
JOURNAL indeed becomes the international repository 
of the best information relating to research and clin- 
ical aspects of surgery of the alimentary tract. The ed- 
itors of our journal have done a magnificent job in the 
hatching, but they must now carefully guide the 
JOURNAL into its future role with the help of mem- 
bers of the Society. 

T R A I N I N G  

Surgery of the alimentary tract is not officially rec- 
ognized as a specialty. However, few would argue that 
there are a number of general surgeons with special 
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interest and expertise in the surgery of the gastroin- 
testinal tract. This  is the basis of our Society. On the 
other  hand, those who believe that  gastrointestinal 
surgery is indeed a specialty are strong advocates for 
the SSAT supporting and even certifying clinical fel- 
lowships in gastrointestinal surgery and establishing 
criteria for gastrointestinal surgical training. The  mo- 
tivations for these proposals vary, and substantive data 
supporting the necessity for such fellowships are dif- 
ficult to obtain. I have great concerns about clinical 
fellowships in surgical gastroenterology. A bevy of al- 
imentary tract fellowships will not  only fragment  
surgery further but  also has the potential for fran- 
chising that serves narrow interests. An even more 
worrisome adverse effect involves the diversion of en- 
ergy from the training of general surgeons (Ritchie 
W P  Jr: Personal communicat ion,  1995). Given the 
emergence of surgical societies with more-or-less nar- 
row interests in various aspects of the gastrointestinal 
tract, do we really want to continue to segregate ali- 
mentary surgery into organ-specific surgeons, laparo- 
scopic and open surgeons, or benign and malignant 
surgeons? Can we really afford to support clinical fel- 
lowships? Can the majority of surgical services in this 
country  afford to be organ or technique specific? 
Should we really be involved in certification? Should 
we, as a society of general surgeons with a special in- 
terest in the gastrointestinal tract, be more concerned 
with establishing reasonable standards of practice 
based on data? If we did the latter, I submit that train- 
ing standards would in effect be set. 

Many of the advocates for specialty training feel 
that additional training is necessary for surgeons to be 
involved in complex gastrointestinal procedures. I be- 
lieve that, in fact, such training already exists in the 
form of quasi-clinical fellowships in which we men- 
tor younger faculty and younger members of our pri- 
vate practice groups. Pragmatically, it is our referral 
patterns that lead to "specialization." In other words, 
I strongly suspect it is the practice environment that 
determines what procedures we do far more than our 
specific training. Let us also not forget, as Silen 4° has 
pointed out, that one to two years of fellowship do not 
result in true virtuosity and that  many of the gas- 
trointestinal surgical giants did not develop their ex- 
pertise as a result of fellowships. I would also submit 
that we already have in place mechanisms for dealing 
with complex gastrointestinal surgical problems in the 
form of tertiary referral centers, both academic and 
private. 

Some have even suggested that the SSAT be in- 
volved in establishing standards for general surgical 
residency training involving the digestive tract. My 
bias is that we should leave this issue to other organi- 
zations such as the American Board of Surgery and 

the Residency Review Committee.  However, if we as 
a society establish standards of practice, as we are 
starting to do with our published patient care guide- 
lines and the publication of  the JOURNAL OF GAS- 
TROINTESTINAL SURGERY, then surely these standards 
will work their way into residency training. 

C O N C L U S I O N  

I have touched on the following points: perpetua- 
tion of the spirit of DDW, membership expansion, in- 
novation in our annual meeting, greater membership 
input, fertilization of the bed-bench breeding ground, 
support  from industry, establishment of a research 
foundation, strategic planning for our journal, and the 
setting of standards. I have also asked some questions: 
Do we want more uniform standards of practice? Do 
we insist on a more rigorous evaluation of technol- 
ogy? How lofty a standard do we wish to achieve? Are 
we asking the right clinical questions? 

We must actively participate in and contribute to 
the future of surgery of the alimentary tract so that 
we are indeed among the best. All of us are proud to 
be members of the SSAT. Now and in the future we 
can state with progressively greater pride that we are 
members of the best surgical organization devoted to 
the alimentary tract because we swim harder and we 
are becoming the lead dogs! 
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Remarks on Accepting the SSAT Founders Medal 

Wallace P. Ritcbk, Jr., M.D., Ph.D. 

I am deeply grateful and truly honored to receive 
the Founders Medal from T h e  Society for Surgery of 
the Alimentary Tract  (SSAT). It was totally unex- 
pected but  I can assure you that it is totally appre- 
ciated. 

I would also like to thank Dr. Warshaw for his very 
gracious introductory remarks (I now fully understand 
the definition of hyperbole). As I was listening to him 
catalogue the reasons for this award, I could not  help 
but reflect on how very lucky I have been to be able to 
participate at one time or another and in one way or 
another in so many facets of the academic surgical life. 

And if that participation has resulted in some small 
measure of good for the discipline of surgery, in gen- 
eral, and for gastrointestinal surgery, in particular, 
that is gratifying and all to the good. For me person- 
ally, however, the experience was most memorable be- 
cause it was so very enjoyable. I enjoyed being a clin- 
ically active gastrointestinal surgeon; I enjoyed my 
time in the laboratory; I even enjoyed being a chair- 
person (at least 50% of the t i m e - - ~ e  50% I was out 
of town); I enjoyed my service on the Study Section 
and on the Residency Review Committee for Surgery; 
and I truly enjoyed and continue to enjoy my work at 
the American Board of Surgery, despite occasional 
vicissitudes. 

And I have certainly enjoyed my long association 
with the SSAT, which has been ongoing now for some 
25 years. This  Society has been very good to me; it 
allowed me to present my research work at an early 
stage of my career, even when it represented more of 
a work in progress than a polished finished product - -  
and it extracted no penalties for that. It also indulged 
me in several offices, including that  of Recorder 
where, I confess, my track record was something less 
than stellar. I realized that when one of the principal 
officers of the Society took me aside and told me in 
no uncertain terms that I was the worst recorder he 
had ever seen: I couldn't  see, I couldn' t  hear, and I 

couldn't spell (all of which remains true today). Most  
important, however, the SSAT provided me the op- 
port tmity to become acquainted with and to learn 
from some of the ablest, brightest, and most  talented 
clinical and research gastrointestinal surgeons in the 
world. For all of that I am extremely grateful. 

As Dr. F romm pointed out in his fine Presidential 
Address, this is a viable and engaged organization, 
very much on the move. When  I first joined the SSAT 
one quarter of a century, ago, it was mostly a "gende- 
men's club"; it was quite satisfied to be so. I t  was 
somewhat  parochial and, probably because of the 
placid nature of the times, it was largely uninvolved 
in any issues beyond its narrow focus on clinical and, 
to a lesser extent, experimental gastrointestinal 
surgery. Obviously all that has changed, and particu- 
larly so in the last decade thanks, I believe, to a re- 
markably able leadership that has been impressively 
resourceful, imaginative, energetic, fbrward-thinking 
and, most important, not afraid to take risks (witness 
the JOURNAL oF GASTROINTESTINAL SURGERY; it was 
a huge risk but the payoff has been equally huge and 
will only increase). 

Because of that leadership, the SSAT has achieved 
the following: 
• It has expanded its membership  dramatically and 

now embraces all elements of gastrointestinal sur- 
gery in its most catholic sense, including the prac- 
ricing general surgeon. 

• It has greatly improved the quality of its programs to 
reflect cutting-edge clinical and basic science. T h e  
best example of this is the outstanding consensus 
conferences of the past several years, which have 
been both unique and impressive. 

• It has, as a consequence, achieved intellectual parity 
with its partners in Digestive Disease Week and, in 
so doing, has earned their attention and respect. 

• It has become aggressively international in its ap- 
proach so that it is now universally considered to be 
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an unquestioned world leader among societies de- 
voted to gastrointestinal surgery and worthy of 
global imitation. 

• It has, as already noted, created, and nutured the 
premiere gastrointestinal surgical journal, without 
equal anywhere. 

• It has not been afraid to engage itself fully in ad- 
dressing the larger issues including the most vexing 
of all, the appropriate way to train gastrointestinal 
surgeons. 
As to this last point, I firmly believe that the SSAT 

approach has been mature and responsible. While it 
understands that specialization is the natural offshoot 
of technological progress and new knowledge, it has 
also been cognizant of the fact that alimentary tract 
surgery is so much the core of general surgery train- 
ing and practice that to institutionalize and codify 

specialized training in this area has the very real po- 
tential of creating unhappy and serious consequences, 
even if unintended. These include fragmentation and 
franchising, which can only result in "balkanization" 
of the basic discipline--the creation of surgical 
"sushi." As Dr. Fromm clearly indicated, the leader- 
ship of the SSAT understands this fundamental prob- 
lem and is committed to protecting the corpus of gen- 
eral surgery, regardless of whatever else may tran- 
spire. For this I am extremely grateful because it ben- 
efits the public, even though the public has no knowl- 
edge or understanding of the problem. 

Although much remains for the SSAT to accom- 
plish, it is clear that it is a vibrant organization with a 
very bright future. 

I am proud to be a member. 
Thank you once again for this wonderful honor. 



Original Articles 

Short-Term Outcomes in Open vs. Laparoscopic 
Herniorrhaphy: Confounding Impact of Worker's 
Compensation on Convalescence 
Jeffrey S. Barkun, M.Sc., M.D., Eric J. Keyser, M.D., Marvin J. Wexler, M.Sc., M.D., 
Gerald M. Fried, M.D., E. John Hinchey, M.Sc., M.D., Myriam Fernandez, R.N., 
Jonathan L. Meakins, Sc.D., M.D. 

Over a 28-month period, 123 patients with a unilateral inguinal hernia were recruited into a randomized 
controlled trial comparing open herniorrhaphy (OH) to laparoscopic inguinal herniorrhaphy (LH). The 
primary end point was duration of convalescence. Sixty-five patients underwent OH and 58 underwent 
LH. Both groups were well matched for all baseline parameters, although LH patients anticipated a 
shorter convalescence than OH patients (14.3 -+ 9.4 days vs. 18.5 -+ 10.8 days; P = 0.021). The median 
duration of hospital stay was one day in both groups. No difference was observed in the duration of con- 
valescence (LH 9.8 - 7.4 days; OH 11.6 -+ 7.7 days) across groups. However, when the data were ana- 
lyzed after removing patients receiving disability ("worker's") compensation (21 patients), patients un- 
dergoing LH recovered on average 3 days faster (LH 7.8 + 5.6 days; OH 10.9 + 7.5 days; P -- 0.02). Pa- 
tients not receiving worker's compensation appear to have a shorter convalescence after LH compared to 
OH. Disability compensation is a major confounding variable in determining convalescence and needs to 
be controlled for in any future trial design. (J GASTROINTEST SURG 1999;3:575-582.) 

KEY WORDS: Outcomes, laparoscopy, herniorrhaphy, randomized trial 

The benefits of laparoscopic techniques of inguinal 
hernia repair over open approaches remain contro- 
versial. Several published randomized trials have sug- 
gested that the laparoscopic approach may result in 
decreased postoperative pain and discomfort TM as well 
as an earlier return to normal daily activities or 
work. 3,5-7 Other trials, however, have failed to show a 
difference in convalescence. 2,s We under took a 
prospective randomized controlled trial to objectively 
assess the comparative effectiveness of  the most pop- 
ular types of  open herniorrhaphy (OH) and laparo- 
scopic herniorrhaphy (LH) approaches. The  primary 
end point was duration of  convalescence, with sec- 
ondary end points being postoperative pain and qual- 
ity of life. The  study was not designed to detect dif- 
ferences in hernia recurrence rates because of  limita- 
tions in sample sizes. 

In a previous preliminary report we suggested that 
although L H  patients experienced less pain postop- 
eratively, there was no significant difference in the du- 
ration of convalescence. 9 For the purposes of this final 
report, we specifically examined whether worker's 
compensation could be a confounding variable in our 
comparison of convalescence after L H  and OH.  

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

Between March 1993 and July 1995, a total of 123 
patients were recruited into the study at two McGill 
University hospitals. All patients, aged 18 to 82 years, 
referred to participating surgeons for elective hernia 
repair were eligible for entry into the study. Excluded 
from the study were patients deemed unfit for general 
anesthesia, pregnant women, and those who refused 

From the Division of General Surgery, McGill University Health Center, MeGill University, and the MeGill Center for Video-Endo- 
scopic Surgery, Montreal, Quebec, Canada. 
Supported in part by a Medical Research Council of Canada University-Industry partnership grant with Ethieon, Canada. 
Presented at the Thirty-Ninth Annual Meeting of The Society for Surgery of the Alimentary Tract, New Orleans, La., May 17-20, 1999. 
Reprint requests: Jeffrey S. Barktm, M.D., Royal Victoria Hospital, 687 Pine Avenue West, Room S10.30, Montreal, Quebec, Canada 
H3A 1A1. 
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random group allocation. The study protocol and 
consent sheets had been approved by the institutional 
review boards. Eligible and consenting patients were 
stratified according to age (<50 years vs. >50 years) 
and type of hernia based on clinical assessment (direct 
or indirect). Randomization to either the OH or LH 
group was carried out using computer-generated ran- 
dom numbers. Each of the four participating surgeons 
had performed at least 30 laparoscopic hernia repairs 
and had had experience with multiple open tech- 
niques before operating on his first study patient. A 
separate randomization box was given to each surgeon 
to ensure an equal proportion of LH and OH patients 
among individual surgeons. 

Research assistants not participating in the care of 
the patients collected preoperative and postoperative 
data. MI data were collected prospectively through di- 
rect patient interviews. Anesthesia and operative data 
were collected from the surgeon immediately after 
each operation and confirmed by the study assistants 
using operative records. 

Surgical Technique 

Laparoscopic Technique. General anesthesia was 
used in all patients. A transabdominal preperitoneal 
(TAPP) technique was the most common procedure 
used as previously reported l°,ll because not enough 
experience had been accumulated with a totally ex- 
traperitoneal repair. The peritoneum was incised 
above the internal ring, dissected, and reflected infe- 
riorly as a flap to directly expose the entire inguinal 
floor and its bony and ligamentous boundaries after 
the sac and preperitoneal lipomatous tissue had been 
reduced. Prolene mesh was used to reinforce the en- 
tire myopectineal orifice. Using an endoscopic staple 
tacker (EMS Hernia Stapler, Ethicon Endosurgery, 
Cincinnati, Ohio), the mesh was secured to the pubic 
tubercle medially, along Cooper's ligament inferiorly, 
to the ileopubic tract, and superiorly along the trans- 
verse abdominal arch. Careful attention was taken to 
avoid damaging cord structures, the inferior epigas- 
tric vessels, and the nerves inferior to the ileopubic 
tract laterally. Occasionally a slit was made in the 
mesh through which the cord could pass. Before the 
abdominal incisions were closed, the peritoneum was 
tacked closed over the mesh. Early in the study, in the 
presence of a very well-defined defect and a strong in- 
guinal floor, an intraperitoneal onlay technique was 
used, thus avoiding the preperitoneal dissection. 12 
The sac was either left unreduced or divided at the in- 
ternal ring. The mesh was fixed intraperitoneally us- 
ing the same peripheral boundaries as those used with 
the TAPP technique. M1 LH procedures were per- 
formed under general anesthesia. 

Open Technique. The technique of open repair 
was left to each surgeon's preference, which was usu- 
ally based on the operative findings, type of hernia, 
and strength of the floor. In performing a "tension" 
repair, we most commonly employed a modified 
Shouldice technique using a two-layer monofilament 
approximation of the transversalis fascia. Occasionally 
a McVay repair approximating Cooper's ligament to 
the reflected edge of the inguinal ligament was used. 
"Tension-free" repairs were performed using a plug 
and patch 13 or Lichtenstein 14 technique. Type of anes- 
thesia at OH was decided jointly by the patient and 
the anesthetist. 

Patient Assessment and Outcome Evaluation 

Patient Assessment. Baseline data included patient 
demographics, body morphology, occupation, type 
and duration of hernia, and symptoms. The Ameri- 
can Society of Anesthesiologists scoring system 15 was 
used to categorize the severity of comorbid condi- 
tions. Physical activity both at and outside of the 
workplace was documented, as were the expectations 
of the patients regarding their anticipated time to 
complete convalescence. 

Operative information included the members of 
the operating team, length of time in the operating 
room and duration of anesthesia (for costing pur- 
poses), type of anesthesia, type of repair, the presence 
of a conversion, and surgeon satisfaction at the end of 
the procedure. 

Outcome Evaluation. The principal outcome mea- 
sure of the study was the duration of convalescence 
following surgery. Convalescence was defined as com- 
plete when a patient could perform all usual home 
activities if unemployed or usual duties at the work- 
place if employed. The duration of convalescence was 
measured and cross-validated by the study assistants 
according to four end points including the percent- 
age of resolving disability over time (at 1 week and 
1 month following the operation), and specific 
elements of the Nottingham Health Profile Ques- 
tionnaire (NHPQ). 16 

Both the surgeon and the study assistants gave all 
patients standardized perioperative instructions; im- 
mediately after discharge from the hospital, patients 
were allowed to perform any activity, provided there 
was no undue discomfort. Return to activities was 
thus evaluated according to patient response rather 
than any preset standard. Secondary outcome evalua- 
tions included measures of postoperative pain, dura- 
tion of hospital stay, quality of life, and morbidity. 

Postoperative pain was assessed by administration 
of the McGill Pain Questionnaire 17 within the first 
24 hours following surgery, and by measuring the 
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amount  of narcotics (as morphine dosage equivalents 
in milligrams) used both during the hospital stay and 
at home. The  presence of ongoing discomfort at the 
time of 1-week follow-up was also noted. 

Quality-of-life measurements were made preoper- 
atively, 1 week, 1 month ,  and 3 months  following 
surgery. Two different instruments  were used: the 
N H P Q  and a Visual Analogue Scale (VAS). 

All complications were rigorously noted at each 
postoperative visit utilizing a hernia repair follow-up 
sheet devised and previously validated by Fitzgibbons 
et al. Is The  suspicion of a hernia recurrence was con- 
firmed through direct examination by another sur- 
geon, or by hemiography. 

All results were analyzed according to the "inten- 
tion to treat" principle. 

Stat is t ical  Methods 

Continuous descriptive variables are expressed as 
mean +- standard deviation. For the duration of hos- 
pital stay, which has a skewed distribution, the median 
and ranges are given. Between-group differences for 
continuous variables were assessed for statistical sig- 
nificance by the use of Student's t test and the non- 
parametric Wilcoxon's rank-sum test where applica- 
ble. The  chi-square statistic or Fisher's exact test was 
used for comparison of categorical variables. Changes 
from baseline values for the quality-of-life measures 
were evaluated using paired t tests, whereas between- 
group differences with respect to these changes were 
assessed by nonpaired procedures. 

For the time to full convalescence, the Kaplan- 
Meier method was used to construct life tables and 
the nonparametric log-rank test was chosen to evalu- 
ate the statistical significance of between-group dif- 
ferences. A post hoc multivariate analysis was per- 
formed using stepwise regression as well as modeling 
using Schwarz' criterion, which describes the proba- 

bility that a given variable is significant for modeling 
in our data set. 

Based on anticipated convalescence in each group, 
a sample size calculation was performed prior to the 
start of the study and a target accrual of 75 patients in 
each group was sought. All calculations were per- 
formed using SAS 6.12 for Windows software (SAS 
Institute Inc., Cary, N.C.). 

R E S U L T S  

Sixty-five patients were randomized to the O H  
group and 58 to the L H  group. Recrui tment  was 
stopped short of the goal of 75 of 75 (150 patients to- 
tal) because of difficulties in patient accrual. Two sur- 
geons (J.S.B. and M.J.W.) operated on 76% of the 
patients. Two patients, randomized to the O H  group, 
elected on the day of operation to undergo LH. One 
patient undergoing L H  required conversion to O H  
because of bleeding. Table I shows that there was no 
significant difference between groups in any of the 
main baseline variables except for the "anticipated 
time to return to full activities." Prior to surgery and 
after they knew which group they had been random- 
ized to, O H  patients thought  that they would take on 
average 18.5 _+ 10.8 days to recover, in contrast to 
14.2 +_ 8.3 days for L H  patients (P = 0.021). T h e  
95% confidence interval (CI) on the difference be- 
tween the two groups was 0.64 to 7.9 days. 

The  vast majority of L H  operations were done us- 
ing the TAPP approach (82.8%) rather than in- 
traperitoneal onlay mesh (17.2%), as shown in Table 
II. O H  techniques were equally distributed between 
tension (modified Shouldice, McVay) and tension-free 
(Lichtenstein, Rutkow-Robbins) repairs. Operat ing 
room time was longer in the L H  group (88.8 + 34.0 
minutes vs. 73.9 -+ 26.1 minutes; P = 0.008; 95% CI 
4.0 to 25.8 minutes). Most  of the O H  repairs were 
done under local anesthesia (60%), whereas all of the 

Table I. Baseline variables 

Open Laparoscopic 
(n = 65 patients) (11 = 58 patients) 

Mean age (yr) 51.1 -+ 16.7 49.6 +- 13.4 
Occupation 

Desk 18 19 
Manual 17 19 
Retired 25 25 
Unemployed executive 2 3 

Worker's compensation 10 11 
Anticipated return to full activities (days) 18.5 _+ 10.8 14.2 + 9.4 (P = 0.021) 

95% CI  0.64 - 7.9 

P values are two tailed. 
95% confidence interval (CI) is the 95% confidence limits of the difference in duration. 
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Table II. Operative results 

Open Laparoscopic 
(n = 65 patients) (n = 58 patients) 

Technique 
I P O M  N A  17.2 % 
T A P P  N A  82.8% 
Tension-free 50.8% N A  
Modif ied Shouldice, McVay 49.2% N A  

Opera t ing  room t ime (min) 73.9 - 26.1 88.8 _+ 34 

Anesthesia t ime (rain) 106.9 _+ 34 126.4 -+ 37.7 

Type of  anesthesia 
Genera l  40% 100% 
Regional  60% 0% 

Surgeon satisfaction 
Average 4.6% 1.7% 
G o o d  39% 53.4% 
Very good 56.3% 44.8% 

P = 0.008 
(95% C I 4 . 0  - 25.8) 

P = 0.004 
(95% CI  6.4 - 35.5) 

N S  
N S  
N S  

IPOM = intraperitoneal onlay mesh; TAPP = transabdominal preperitoneal; NS = not significant. 
P values are two tailed. 
95 % CI is the 95 % confidence limits of the difference in quantity, or duration. 

T a b l e  I l L  P o s t o p e r a t i v e  o u t c o m e  

Open Laparoscopic 
(n = 65) (n = 58) 

Still on  narcotics (day 7) 
Narcot ics  consumpt ion  after 7 days 

(mg equivalent  of  morph ine)  
Total narcotics (mg equivalent  of  morph ine)  

Convalescence (days) 
All pat ients  (123) 
Pat ients  no t  on  worker's compensa t ion  (102) 

15.6% 10.5% N S  
25.2 _+ 22.8 15.5 +_ 25.8 P = 0.03 

(95% CI  1.0 - 18.4) 
41.9 _+ 33.7 27.8 -+ 34.8 P = 0.02 

(95% CI  1.9 - 26.3) 

Recurrence (all patients) 2 1 
Quality-of-life 

N H P Q  
Baseline score 5.3 -+ 6.9 5.3 -+ 6.8 
30 days postoperative 2.3 _+ 3.4 1.6 -+ 3.9 
95% CI  on  difference 1.3 - 4.1 2.0 - 5.4 
P value = 0.001 <0.0001 

VAS 
Baseline score 7.9 _+ 2.0 7.9 -+ 2.1 
30 days postoperat ive 8.9 ~ 1.6 9.1 _+ 1.3 
95% CI  on  difference 0.4 - 1.72 0.6 - 1.7 
P value = 0.002 <0.0001 

Pa t ien t  satisfaction 
Somewhat  or  no t  satisfied 11.7% 7.1% 
Neut ra l  18.3 % 7.1% 
Strong* 51.7% 28.6% 
Very s t rong 18.3 % 57.1% 

11.6 _+ 7.7 9.8 _+ 7.4 N S  
10.9 +- 7.5 7.8 - 5.6 P = 0.02 

(95% CI  0.5 - 5.6) 
N S  

N S  

NS 

NHPQ = Nottingham Health Profile Questionnaire; VAS = Visual Analogue Scale; NS = not significant. 
*Likelihood ratio = 2.21 (95% CI 1.4 to 3.4 [P = 0.001]). P values are two tailed; 95% CI is the 95% confidence limits of the difference in quan- 
tit 3 , or duration. 
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Fig. 1. A, Kaplan-Meier life-table analysis demonstrating the rate of convalescence after surgery across 
groups. P = 0.2 for the slopes of both curves by nonparametric log-rank test statistic. B, Kaplan-Meier 
life-table analysis demonstrating the rate of convalescence after surgery across groups after removal of pa- 
tients on worker's compensation. P = 0.02 for the slopes of both curves by nonparametric log-rank test 
statistic. 

GROUP 
Laparoscopic - -  

= O p e n  . . . . . . .  

B 

L H  repairs were performed under general anesthesia. 
Surgeon satisfaction with the repair immediately 
postoperatively was similar across the two groups (see 
Table II). 

Table III summarizes postoperative outcomes. Sig- 
nificantly greater quantities of postoperative anal- 
gesics were required by the O H  group both over the 
first 7 postoperative days (25.9 _+ 23.5 mg equivalent 
of morphine vs. 15.9 +_ 27.2; P <0.005) and in the to- 
tal quantity used (41.9 + 33.7 mg equivalent of mor- 
phine vs. 27.8 _+ 34.8; P <0.02). At first glance the du- 
ration of convalescence did not  differ significantly 
across the two groups (OH 11.6 -+ 7.7 days; L H  9.8 + 
7.4 days). W h e n  convalescence was analyzed after ex- 
clusion of patients receiving worker's compensation 
(21 patients), a significant difference was found favor- 
ing the L H  group (OH 10.9 +_ 7.5 days; L H  7.8 -+ 
5.6 days; P = 0.02; 95% CI 0.46 to 5.6 days). Over a 
median follow-up of 4~A years, two patients in the O H  
group had recurrence vs. one in the L H  group. 

Fig. 1 shows the Kaplan-Meier survival curves il- 
lustrating convalescence time for both O H  and L H  
patients before (P = 0.2) and after exclusion of pa- 
tients receiving worker's compensation (P = 0.023). 
Both groups showed similar improvements in their 
quality of life as measured by the N H P Q  and the 
VAS at 30 days after operation when compared with 
baseline values. Nevertheless, a greater percentage 
of  L H  patients would be more  willing to have the 
same procedure repeated on the other  side (LH 
28.6% strongly and 57.2% very strongly; O H  51.7% 

strongly and 18.3% very strongly; likelihood ratio = 
2.21; P = 0.001; 95% CI 1.4 to 3.4). 

D I S C U S S I O N  

Several prospective comparative and randomized 
controlled trials have been conducted contrasting L H  
and O H  techniques. 1-3,5,6-9A9-22 In most cases the fo- 
cus has been on outcomes such as pain, return to 
work, and return to normal activities. 1-9,23 Although 
the most important  question might  well be the issue 
of hernia recurrence, only the study by Liem et al. s 
had the power and length of follow-up to address this 
issue; the results favored L H  over OH. In almost all 
short-term trials, the L H  repairs appear to be associ- 
ated with patient benefits, particularly with respect to 
convalescence. Payne et al. 6 objectively measured such 
improvements in convalescence in a trial where exer- 
cise tolerance was found to improve earlier postoper- 
atively following L H  repairs. Some of these results 
appear to be at odds with those of the current report, 
which updates the final analysis of the McGill  
herniorrhaphy trial. T h e  following highlights the 
ways in which it resembles or differs from currently 
available literature. 

Unlike other groups, we were able to detect a sig- 
nificant difference in patient groups with respect to 
"anticipated return to full activities." This  measure, 
although arbitrary, is important because it highlights 
a preoperative bias, which may taint any results seem- 
ing to favor the L H  patients. To minimize this effect, 



Journal of 
580 Barkam et al. Gastrointestinal Surgery 

the surgeons and study nurses purposely reiterated 
similar instructions to both groups with respect to 
expected postoperative behavior and "medical" ex- 
pectations. In spite of this, it is difficult to ascertain 
the extent to which differential preoperative patient 
expectations might have determined subjective peri- 
operative outcomes. In the future, better indicators 
of possible preoperative bias will be needed to vali- 
date this finding and quantify it, because it is a recur- 
rent theme in any unblinded study comparing two 
operative techniques. 

As did others, we found that analgesic consump- 
tion was significantly increased in the open group, 
keeping in mind that the O H  patients underwent  a 
mix of tension and tension-free repairs. Whereas 
others have shown a benefit favoring tension-free 8,23 
or laparoscopi& 4 repairs over conventional tension 
repairs, it is not possible in this trial to measure the 
effect of each subtype of open repair. This  is both 
because the study did not randomize patients within 
the O H  group itself, and in view of the small num- 
bers of patients undergoing each subtype of O H  re- 
pair. It should be noted that over the course of this 
trial, tension-free techniques took over as the type of 
open repair favored by the participating surgeons. 

The  primary outcome measure in the trial was the 
duration of postoperative convalescence. In keeping 
with our preliminary report, 9 we found no statistical 
difference in the rates of convalescence between L H  
and O H  groups of patients. In an effort to determine 
why our results differed from those of others, we hy- 
pothesized that certain variables other than the type 
of surgery may be paramount in determining the du- 
ration of convalescence. It has been previously re- 
ported that worker's disability compensation status 
may prolong the duration of convalescence after open 
inguinal hernia repairs. 24,25 We therefore reanalyzed 
our data not  according to the initial randomization 
group, but rather according to the disability insurance 
status of the patient at the time of entry into the trial. 
There  were a total of 21 patients receiving benefits 
from the state-run worker's compensation program, 
equally distributed between the two groups (11 O H  
and 10 LH). On regression analysis, this was found to 
be a significant predictor of convalescence in 100% 
(probability = 1.0) of models, exerting a delay in post- 
operative return to work by 8.2 days (P <0.001) on 
average. This  finding establishes that worker's com- 
pensation represents a true confounding variable in 
this data set, as we did not control for it at the time of 
randomization. It was, in fact, the strongest variable in 
any of the models studied, and we found that its abil- 
ity to predict convalescence was actually much greater 
than the type of surgery performed. Once patients re- 
ceiving worker's compensation were removed from 

the analysis, in order to eliminate this strong con- 
founding variable, the L H  group was found to exhibit 
a significantly shorter  convalescence than the O H  
group (P = 0.02; 95% CI 1.9 to 26.3). 

This study is one of the few to have measured qual- 
ity-of-life parameters26; we found that both groups 
improved to a similar degree over the first 30 days af- 
ter hernia repair, regardless of the operative tech- 
nique, as measured by the N H P Q  and VAS. This ob- 
servation may appear to be at odds with the further 
observation that patients in the LH group were more 
satisfied with their operation (odds ratio 2.21; 95% CI 
1.4 to 3.4). One possible explanation for this discrep- 
ancy is that short-term postoperative quality of life in 
hernia patients is related to but not totally determined 
by the aftereffects of the operation. Our  group has al- 
ready described this finding. 27 

C O N C L U S I O N  

In a randomized trial comparing laparoscopic re- 
pair with other types of open repair, patients in the 
L H  group required less narcotics after surgery and 
were significantly more satisfied with their periopera- 
tive experience. Although there was no observed dif- 
ference in convalescence between the two groups, dis- 
ability insurance was a major confounding variable on 
post boc analysis that may have masked a shorter con- 
valescence in the laparoscopic group. Unless con- 
trolled for in trial design, this factor may introduce 
significant bias into outcome assessments of surgical 
procedures. 

REFERENCES 
1. Kozol R, Lange PM, Kosir M, Beleski K, Mason K, Tennen- 

berg S, Kubinec SM, Wilson RF. A prospective, randomized 
study of open vs laparoscopic inguinal hernia repair: An as- 
sessment of postoperative pain. Arch Surg 1997; 132:292-295. 

2. Schrenk P, Woisetschlager R, Rieger R, Wayand Vf. Prospec- 
tive randomized trial comparing postoperative pain and return 
to physical activity after transabdominal preperitoneal, total 
preperitoneal or Shouldice technique for inguinal hernia re- 
pair. BrJ Surg 1996;83:1563-1566. 

3. Vogt DM, Curet MJ, Pitcher DE, Martin DT, Zucker KA. 
Preliminary results of a prospective randomized trial of lapa- 
roscopic onlay versus conventional inguinal herniorrhaphy. 
AmJ Surg 1995;169:84-90. 

4. Wright DM, Kennedy A, Baxter JN, Fullarton GM, Fife LM, 
Sunderland GT, O'Dwyer PJ. Early outcome after open versus 
extraperitoneal endoscopic tension-free hernioplasty: A ran- 
domi ze d clinical trial. Surgery 1996; 119:552 - 557. 

5. Liem MSL, van der Graaf Y, van Steensel CJ, Boelhouwer 
RU, Clevers G-J, Meijer XVS, Stassen LPS, Vente JP, V~rei - 
dema V~rF, Schrijvers AJP, van Vroonhoven TJMV. Compari- 
son of convenuonal anterior surgery and laparoscopic surge D, 
for inguinal hernia repair. N EnglJ Med 1997;336:1541-1547. 

6. Payne JH, Grininger LM, Izawa MT, Podoll EF, Lindahl PJ, 
Balfour J. Laparoscopic or open inguinal herniorrhaphy? Arch 
Surg 1994;129:973-981. 



Vol. 3, No. 6 
1999 Convalescence in Inguinal Hemiorrhaphy 581 

7. Stoker DL, Spiegelhalter DJ, Singh R, Wellwood JM. Lapa- 
roscopic versus open inguinal hernia repair: Randomized 
prospective trial. Lancet 1994;343:1243-1245. 

8. Zieren J, Zieren HU, Jacobi CA, Wenger FA, Muller JM. 
Prospective randomized study comparing laparoscopic and 
open tension-free inguinal hernia repair with Shouldice's op- 
eration. AmJ Surg 1998;175:330-333. 

9. Barkun JS, Barkun AN, Sampalis JS, Fried GM, Taylor B, 
Wexler MJ, Goresky CA, Meakins JL. Randomized controlled 
trial of laparoscopic versus mini cholecystectomy. Lancet 
1992;340:1116-1119. 

10. Wexler MJ. Laparoscopic inguinal herniorrhaphy. In Scien- 
tific American Surgery (Care of the Surgical Patient) Tech- 
nique Supplement 5. Scientific American Medicine 1994, New 
York, N.Y., pp 1-30. 

11. Wexler MJ, Meakins JL, Garzon J, et al. Laparoscopic groin 
hernia repair: Preliminary results from a prospective clinical 
trial [abstr]. CanJ Surg 1993;36:384. 

12. Fitzgibbons RJJr, Salerno GM, Filipi CJ, et al. A laparoscopic 
intraperitoneal onlay mesh technique for the repair of an in- 
direct inguinal hernia. Ann Surg 1994;219:144-156. 

13. Rutkow IM, Robbins AW. "Tension-free" inguinal hernior- 
rhaphy: A preliminary report on the "mesh plug" technique. 
Surgery 1993;114:3-8. 

14. Lichtenstein IL, Skulman AG, Amid PK, et al. The tension- 
free hemioplasty. AmJ Surg 1989;157:188-193. 

15. Owen WD, Felts JA, Spitznagel EL Jr, et al. ASA physical sta- 
tus classification: a study of consistency ratings. Anaesthesiol- 
ogy 1978;49:239-243. 

16. Hunt, SM, McEwenJ, McKenna SP. Measuring health status: 
A new tool for clinicians and epidemiologists. J R Coil Gen 
Pract 1985;35:185-188. 

17. Melzack R. The McGill Pain Questionnaire: Major proper- 
ties and scoring methods. Pain 1975; 1:277-299. 

18. Fitzgibbons RJ Jr, Camps J, Comet DA, et al. Laparoscopic 
inguinal hemiorrhaphy: Results of a multicenter trial. Ann 
Surg 1995;221:3-313. 

19. Brooks DC. A prospective comparison of laparoscopic and ten- 
sion-free open herniorrhaphy. Arch Surg 1994;129:361-366. 

20. Comell RB, Kerlakian GM. Early complications and out- 
comes of the current technique of transperitoneal laparoscopic 
hemiorrhaphy and a comparison to the traditional open ap- 
proach. AmJ Surg 1994;168:275-279. 

21. Wilson MS, Deans GT, Brough WA. Prospective trial com- 
paring Lichtenstein with laparoscopic tension-free mesh re- 
pair of inguinal hernia. BrJ Surg 1995;82:274-277. 

22. Millikan KW, Kosik BS, Doolas A. A prospective comparison 
of transabdominal preperitoneal laparoscopic hernia repair 
versus traditional open hernia repair in a university setting. 
Surg Laparosc Endosc 1994;4:247 -253. 

23. Lawrence KS, McWhinnie D, Goodwin A, Doll H, Gordon 
A, Gray A, Britton J, Collin J. Randomised controlled trial of 
laparoscopic versus open repair of inguinal hernia: Early re- 
suits. BMJ 1995;311:981-985. 

24. Rider MA, Baker DM, Locker A, Fawcett AN. Return to work 
after inguinal hernia repair. BrJ Surg 1993;80:745-746. 

25. Salcedo-Wasicek MC, Thirlby RC. Postoperative course after 
inguinal hemiorrhaphy: A case-controlled comparison of pa- 
tients receiving workers' compensation vs patients with com- 
mercial insurance. Arch Surg 1995;130:29-32. 

26. Burney RE, Jones KR, Koon JW, Blewitt DK, Herm A, Pe- 
terson M. Core outcomes measures for inguinal hernia repair. 
J Am Coll Surg 1997;185:509-515. 

27. Barhm JS, Wexler MJ, Berdeff S, Meakins JL. Quality of life 
after hernia repair. In Oliver KC, Mason SK, Lawrence KS, 
eds. Proceedings of the Fifty-first Annual Sessions of the Owen 
H. Wangensteen Surgical Forum 1996 Clinical Congress, vol. 
XLVII. Chicago: Am College of Surgeons, 1996, pp 664-666. 

Discussion 
Dr. L.W. Traverso (Seattle, Wash.). Aren't you really 

comparing apples and oranges here? The  tension-free lap- 
aroscopic repair is being compared to a tension repair in 
half of your patients undergoing open operations. Did you 
compare just the open tension-free cases with the tension- 
free laparoscopic cases for their narcotics use and satisfac- 
tion? 

Dr. J. Barkun (Montreal, Quebec, Canada). We com- 
pared the group undergoing open tension-free repairs to 
the group undergoing a laparoscopic procedure only with 
respect to convalescence, although we are now looking at 
other variables. When this trial was begun in 1992, there 
were fewer surgeons performing tension-free repairs than 
there are now, so the design was thought to reflect what was 
going on at that time, given that it is not a single surgeon 
who performed all of the operations. In a subgroup analy- 
sis, we were not able to show an effect that could be attrib- 
uted to the surgeon or the type of open repair. Because the 
sample size calculations were made on the whole trial 
group, I cannot tell you if there might be significant differ- 
ences between tension repair and tension-free repair in the 
open group. 

Dr. C. Filipi (Omaha, Neb.). The comprehensiveness of 
this study is impressive. Also, I would like to commend 
you for enrolling only patients with unilateral hernias. I 
am curious about several things. First, what was the inci- 
dence of bilaterality in patients with a TAPP repair that 
required exclusion from the study? Also, was it truly a ten- 
sion-flee repair in the group that had the Liehtenstein re- 
pair? That  is, was a slight fold or buckle of the mesh pres- 
ent? Perhaps your study cannot address this, but I have a 
bias that laparoseopic hernia repair is better than open re- 
pair in young, very active individuals. I wonder about exer- 
cise tolerance, as Dr. Payne has shown with exercise test- 
ing that laparoscopic hernia repair is superior to open 
herniorrhaphy. 

Dr. Barkun. There were six patients who ended up hav- 
ing bilateral inguinal hernias in the laparoscopic group. In 
regard to your second question, there were a few Liehten- 
stein repairs and those repairs were done in the way that 
has been reported in the American Journal of Surgery. We 
tend to employ mostly tension-free repairs using the plug 
and patch technique now. Finally, we do not have results of 
exercise tolerance tests. We had some interesting findings 
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that I cannot formally present here because they are still 
preliminary, but they do relate to convalescence, namely, 
that the presence of a large symptomatic hernia or a mus- 
cular patient build (independent of body mass index) af- 
fected recovery time. 

Dr. S. Canale (New Orleans, La.). In building on the 
differences within your group of patients who underwent 
open repair, you had a group that had general anesthesia 
and a group that had local or regional anesthesia. Were you 
able to stratify these patients in terms of their quality of life, 
their level of pain control, and how much narcotic they 
needed? Presumably many of these patients may have been 
given some kind of preemptive analgesia. 

Dr. Barkun. We have done that and we were not able 
to show significant differences. We left the choice of anes- 
thesia type to the patient so as to reflect the reality of every- 

day practice. The sample size was calculated on a larger 
group, not for subgroup analyses. The power of the study 
decreases when you get to the subgroup analyses. 

Dr. J. Kolbasnik (Hamilton, Ontario, Canada). What 
was your incidence of negative laparoscopy during this 
study? Sometimes, with my staff physicians, we operate on 
the patient and perform a laparoscopy only to find there is 
no defect. 

1~. Barkun. Like any surgeon's, our incidence was zero, 
obviously. In certain cases of inguinal hernia, the laparo- 
scope may be inserted but a hernia may not be seen until 
the peritoneum is taken down. Then a defect may actually 
be seen, usually a direct defect. I have had that experience 
personally, although neither I nor Dr. Wexler, the other 
major contributor to this report, had that experience during 
this trial. 



Laparoscopic Toupet Fundoplication Is an Inadequate 
Procedure for Patients With Severe Reflux Disease 
Karen D. Horvath, M.D., Blair A. Jobe, M.D., Daniel M. Herron, M.D., 
Lee L. Swanstrom, M.D. 

Recently we have shown that laparoscopic Toupet fundoplication is associated with a high degree of late 
failure when employed as a primary treatment for gastroesophageal reflux disease (GERD). This study 
defines preoperative risk factors that predispose patients to failure. Data from 48 patients with objective 
follow-up performed as part of a prospective long-term outcomes project (24-hour pH monitoring, 
manometry, and esophagogastroduodenoscopy [EGD] at 6 months, 3 years, and 6 years) was analyzed. 
Preoperative studies of patients with documented postoperative failure (n = 22), defined as an abnormal 
24-hour pH study (DeMeester score > 14.9), were compared to preoperative studies of patients with nor- 
mal 24-hour pH studies (n = 26). Outcomes were assessed at a mean of 22 months (range 18 to 37 
months) postoperatively. Of the 22 patients in the failure group, 16 (77%) were symptomatic and the 
majority (64%) had resumed proton pump inhibitor therapy. Preoperative indices of severe reflux were 
significantly more prevalent in the failure group including a very low or absent lower esophageal sphinc- 
ter (LES) pressure on manometry, biopsy-proved Barrett's metaplasia, presence of a stricture, grade III 
or greater esophagitis, and a DeMeester score greater than 50 with ambulatory 24-hour pH testing. 
Comparison of pre- and postoperative manometric analysis of the LES revealed adequate augmentation 
of the LES in both groups and there were no wrap disruptions documented by postoperative EGD or 
manometry, indicating that reflux was most likely occurring through an intact wrap in the failure group. 
Esophageal dysmotility was present before surgery in four of the nonrefluxing patients and in three of the 
failures. Intact wraps were noted to have herniated in eight patients, all of whom had postoperative reflux. 
Laparoscopic Toupet fundoplication is associated with a high rate of failure both clinically and by objec- 
tive testing. Surgery is more likely to fail in patients with severe GERD than in patients with uncompli- 
cated or mild disease. A preoperative DeMeester score greater than 50 was 86% sensitive for predicting 
failure in our patient population. Laparoscopic Toupet fundoplication should not be used as a standard 
antireflux procedure particularly in patients with severe or complicated reflux disease. (J GASTROINTEST 
SURG 1999;3:583-591.) 

KEY WORDS: Laparoscopic, fundoplication, Toupet, outcomes, partial fundoplication 

The  Toupet fundoplication and its variants have 
been advocated as a more physiologic alternative to 
the traditional Nissen repair for patients with gastro- 
esophageal reflux disease (GERD) and as the treat- 
ment of  choice for patients with primary esophageal 
motility disorders. The  described benefits of partial 
fundoplication are mainly the creation of an effective 
antireflux barrier without the side effects of  postop- 
erative dysphagia and gas bloat often seen with a 360- 
degree fundoplication. 1-6 Interest in these techniques 
became widespread with the introduction of  laparo- 

scopic approaches in 1991. This desire for a low mor- 
bidity surgical treatment has led several groups to 
adopt the laparoscopic Toupet fundoplication for all 
patients with medically resistant GERD.  

In 1997 we reported the results of  a prospective 
series of 100 laparoscopic Toupet fundoplications per- 
formed for all patients with documented reflux. 7 Al- 
though the procedure was safe and well tolerated, the 
long-term results were disappointing, with symptom- 
atic failure rates of  20% and abnormal DeMeester  
scores in 59% at a mean of 22 months. This compares 
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unfavorably with a described 9% symptomatic recur- 
rence rate over a 10-year period after open Nissen 
fundoplication as well as with our own intermediate- 
term failure rate of 4.5% with the laparoscopic Nissen 
procedure. 8 We recommended limiting laparoscopic 
Toupet procedures to patients with severe motility 
disorders. 

In spite of the overall high failure rate of the Toupet 
fundoplication, there remain patients for whom it is 
indicated and who do well with it, at least in the short- 
term. For this study we analyzed data from 48 patients 
who had objective postoperative tests that confirmed 
the failure or success of their antireflux surgery. A 
comparative analysis was carried out to determine 
preoperative predictors of success or failure and to 
better elucidate the causes of failure. 

MATERIAL A N D  M E T H O D S  

This is a descriptive post hoc analysis of data from 
a prospectively gathered database containing 598 pa- 
tients undergoing laparoscopic antireflux procedures 
(431 Nissen, 156 Toupet, and 11 other) performed 
between October 1991 and May 1997. Forty-eight 
patients were identified who had completed a full bat- 
tery of postoperative objective tests after a laparo- 
scopic Toupet fundoplication and who had a mini- 
mum of 1 year follow-up. This represents 32% of 
Toupet patients in our database. An additional 41% 
of patients had completed only part of their objective 
follow-up (mostly 24-hour pH testing) and were not 
included in this analysis. Also excluded from this 
analysis were those with paraesophageal hernias and 
achalasia. 

Patients in whom testing was completed were di- 
vided into two groups based on their results: those 
whose procedures failed (n -- 22) and those who had 
a successful outcome after a Toupet fundoplication 
(n = 26). Surgical failure was defined as an abnormal 
postoperative DeMeester score (> 14.9), with or with- 
out symptomatic recurrence. All patients underwent 
their initial surgery between August 1992 and May 
1997 for documented GERD. Indications for using 
the Toupet fundoplication included the presence of a 
primary esophageal motility disorder or participation 
in a prospective trial in which partial fundoplications 
were performed in all patients with GERD. 7 

Evaluat ion  

Pre- and postoperative data had been prospectively 
gathered from all patients as part of a long-term out- 
comes study. The data from all patients were entered 
into a database that included pre- and postoperative 
symptom assessment, 24-hour pH monitoring, esoph- 
ageal manometry, and esophagogastroduodenoscopy 
(EGD). Symptom assessment forms were completed 
at the time of the first visit, at 2, 12, and 24 months 
postoperatively, and every 2 years subsequently. A de- 
tailed questionnaire was used that covered all aspects 
of functional and perceived gastrointestinal symp- 
toms. In this study only the primary and secondary 
presenting symptoms were analyzed (Table I). 

Esophageal motility testing was done preopera- 
tively and at 6 to 12 months and 2 to 3 years postop- 
eratively. A standard four-port, water-perfused system 
was used (Arndorfer Medical Specialties, Greendale, 
Wis.) and analyzed with a computer software package 

Table I. Patient demographic data: Nonpredictors of failure after laparoscopic Toupet fundoplication 

Success Failure 
(n = 26) (n = 22) 

Age (yr) 49 (range 30-72) 51 (range 35-73) 
Sex 16 M 17 M 

10F 5 F  
Presenting symptoms (primary and secondary.) 

Heartburn 22 22 
Dysphagia 5 8 
Pulmonary 7 3 
Water-Brash 11 7 
Odynophagia 1 0 
Nausea/emesis 1 1 

No. of symptomatic years 10.3 (range 0.5-30) 13.7 (range 1-45) 
Presence ofhiatal hernia on preoperative EGD 16 (62%) 14 (64%) 
Date of surgery (mean) 5/30/94 10/15/94 
Motility disorder 4(7 %) 3 (7 %) 

NS (Student's t test) 
NS (Fisher's exact test) 

NS (Fisher's exact test) 

NS (Student's t test) 
NS (Fisher's exact test) 
NS (Student's t test) 
NS (Fisher's exact test) 

NS = not significant. 
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(Synectics-Medtronic, Minneapolis, Minn.). Esopha- 
geal body hypomoti l i ty  was defined as contract ion 
amplitudes less than 30 m m  Hg  at two or more levels. 
Hypomotil i ty only at level 5 was presumed to be sec- 
ondary to acid reflux and was not  counted as a motil- 
ity disorder. The  presence of esophageal dysmotility 
was defined as the presence of greater than 60% ter- 
tiary or simultaneous contractions or greater than 
60% dropped peristalses. 

Twenty-four-hour ambulatory pH testing was done 
using a single port  probe (Synectics-Medtronic) po- 
sitioned 5 cm above the distal high-pressure zone. 
Testing was done preoperatively in all patients and 
postoperatively at 6 to 12 months  and 2 to 3 years 
with the patient off all peptic medication for 5 days. 

Upper  endoscopy (EGD) was performed in all pa- 
tients preoperatively. Esophagitis was graded based on 
the Savary-Miller system. 9 Barrett's esophagus was 
defined by any length of intestinal metaplastic colum- 
nar epithel ium on biopsy. Postoperative E G D  was 
performed only as clinically indicated and always in- 
cluded retroflexed views to assess the integrity of the 
fundoplication and to look for mediastinal herniation. 

Radionuclide gastric emptying studies were per- 
formed selectively if there were indications that de- 
layed gastric emptying was a contributing factor to 
the patient's reflux. Preoperative barium esophagrams 
were also performed selectively as clinically indicated. 
All postoperative studies were carried out  in the 
esophageal physiology laboratory of the Department  
of Minimally Invasive Surgery. 

Surgical Procedure 

All Toupet  procedures were based on Jonsell's 
modification of the original Toupet to create a 270- 
degree posterior fundoplication.l°-i2 Critical elements 
of the technique include a thorough dissection of the 
esophageal hiatus, mobilization of the gastroesopha- 
geal junction so that at least 3 cm of distal esophagus 
is below the diaphragm without tension, and routine 
division of the short gastric vessels. The  hiatal defect 
is closed loosely with one or two posterior crural su- 
tures. Both sides of the fundoplication are sewn to the 
right and left erura. The  wrap is subsequently sewn at 
the 10-o'clock and 2-o'clock positions of the esopha- 
gus around a 56 Fr bougie to create a 270-degree 
wrap between 3 and 4 cm in length (Fig. 1). 

Data Assessment and Statistical Methods 

We compared pre- and postoperative studies for 
the 22 failed Toupet  fundoplications and the 26 suc- 
cessful ones to determine if there were preoperative 

predictors of failure. Univariate statistical analysis was 
performed using Student's t test and Fisher's exact test 
as appropriate. Multivariate analysis was performed 
using both linear regression and logistic regression 
techniques. Both multivariate analyses included the 
following preoperative variables: number  of years of 
reflux symptoms,  presence of  Barrett's metaplasia, 
presence of a stricture, presence of abnormal distal 
esophageal motility, grade of  esophagitis, lower 
esophageal sphincter (LES) resting pressure of  less 
than 5 m m  Hg, and preoperative DeMeester score. In 
the linear regression the outcome variable was post- 
operative DeMeester score. In the logistic regression 
the outcome variable was success, defined by a post- 
operative DeMeester score less than 14.9, or failure, 
defined by a postoperative DeMeester score equal to 
or greater than 14.9. 

Presence or absence of the binary predictor vari- 
ables were assigned values of 1 and 0, respectively. Be- 
cause of the greater scatter among higher DeMeester 
scores, the natural log (ln) of the DeMeester score was 
used to obtain a more normal data distribution. A lo- 
gistic regression was performed using the backward 
elimination method. The  initial model included eight 
coefficients: seven coefficients corresponding to each 
of the variables described above and a constant term. 
Variables with the least statistical significance were 
then serially removed until all remaining variables had 
a T value less than 0.05. The  final model included two 
variables: esophagitis grade and log of the DeMeester 
score, as well as a constant term. A likelihood ratio 
test was used to assess the cumulative importance of 
the excluded variables. This gave a chi-square statistic 
of 2.06 with five degrees of freedom, corresponding 
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Fig. 1. Laparoseopie modified Toupet fundoplieation. 
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to P = 0.84, confirming that these excluded variables 
were not significant in the logistic model. 

In the linear regression model we performed a sim- 
ilar backward elimination. This analysis left three sig- 
nificant variables remaining: grade of esophagitis, 
LES pressure less than 5 m m  Hg, and log of De- 
Meester score. Significance was defined by P <0.05 
for all analyses. 

R E S U L T S  
Univa r i a t e  Analyses  

Patients demographic  data are summarized in 
Table I. Mean follow-up was 22 months with a range 
of 18 to 37 months. Univariate analysis suggested that 
failure was not  associated with age, sex, primary or 
secondary presenting symptoms, or duration of symp- 
toms prior to surgical evaluation. In addition, the 
presence of a hiatal hernia did not  predict a higher 
failure rate. 

Patients in the failure group had a significantly 
lower preoperative resting pressure in their LES than 
those in the success group (Table II). A preoperative 
LES pressure of less than 5 m m  Hg was strongly pre- 
dictive of failure after Toupet fundoplication; 15 of 22 
patients with a severely hypotensive LES had abnor- 
mal postoperative 24-hour pH studies (Fig. 2). 

Normal  esophageal body motility was present in 
75% of all patients preoperatively. Of  the seven pa- 
tients with a preoperative esophageal motility disor- 
der, three were in the failure group and four were in 

the success group; this difference was not statistically 
significant. Of  note, four patients in the failure group 
had evidence of aperistalsis confined to the distal 
esophagus, whereas none in the success group did; 
this difference, however, did not reach statistical sig- 
nificance (P >0.05). 

Preoperative endoscopy showed that 9 (41%) of 22 
patients in the failure group had biopsy-proved Bar- 
rett's changes on preoperative EGD (two with low- 
grade dysplasia) as compared to only 4 (16%) of 25 in 
the success group (Fig. 3). Similarly, 45% of the pa- 
tients who failed after a Toupet fundoplication had a 
preoperative stricture vs. only 12% of the successful 
cases (Fig. 4). All four patients who had both a stric- 
ture and Barrett's changes (Savary grade IV) failed 
Toupet  fundoplication. Of  note, more than 90% of 
patients with preoperative stricture underwent at least 
one dilatation preceding surgery. 

The  mean grade of preoperative esophagitis was 
significantly higher in the failure group. More than 
70% of those in whom Toupet fundoplication failed 
had either grade III or IV esophagitis as compared 
to only 20% of the group in whom it was successful 
(Fig. 5). 

Results of ambulatory 24-hour  pH moni tor ing  
demonstra ted that patients with higher amounts  
of esophageal acid exposure were at higher risk 
for failure after a Toupet fundoplication. As shown in 
Fig. 6, the preoperative DeMeester score was signifi- 
candy higher in the patients who failed after a Toupet 
procedure. 

Table II. Pre- and postoperative manometric data 

Success Failure 

Preoperative Postoperative Preoperative Postoperative 

Mean LES resting pressure 10.7 ~,c 
(mm Hg) 

Mean LES total length (cm) 1.3 e,g 

13.6 b,c 2.2 a,d 11.9 b,d 

2.8t,g 0.3e,h 2.0f, h 

Esophageal body 
Normal  21 23 15 13 
Panhypomotile 2 1 1 3 
Dysmotile 2 1 2 1 
Distal amotile segment 0 0 4 4 
Not  performed because of 1 1 0 1 

patient intolerance 

~P =0.006 
bNS 
cp =0.049 
dp = 0.049 

(Student's t test) 
ep = 0.002 
rNS 
gNS 
hNS (Student's t test) 

NS 
NS 
NS 
NS 

NS = not significant. 
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Fig. 2. Percentage of patients with LES pressure <5 mm Hg  on preoperative manometry. 

45 * 

4O 
35 

3O 
2s 
20 

10 
5 

0 - - 1  

Successes (n=26) Failures (n=22) 

• p=.03, Fisher 's  exact test 

Fig. 3. Percentage of patients with biopsy-proved Barrett's signs on preoperative EGD. 
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Fig. 4. Percentage of patients with stricture on preoperative EGD. 
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Fig. 5. Percentage of patients with grade I I I / IV esophagitis on preoperative EGD.  
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Fig. 6. Pre- and postoperative DeMeester scores. 

Multivariate  Analyses  

In addition to the univariate analyses described ear- 
lier, we performed two multivariate analyses: a multi- 
variate linear regression and a multivariate logistic re- 
gression. In both analyses we included the following 
preoperative variables: number of  years of reflux 
symptoms, presence of Barrett's metaplasia, presence 
of a stricture, presence of abnormal distal esophageal 
motility, grade of esophagitis, LES resting pressure of 
less than 5 mm Hg, and preoperative DeMeester  
score. Of  the 48 patients in the study, nine were ex- 
cluded because of missing data points. In the linear 
regression the outcome variable was postoperative 
DeMeester score. In the logistic regression the out- 
come variable was success, defined by a postoperative 
DeMeester score of less than 14.9, or failure, defined 
by a postoperative DeMeester score greater than or 
equal to 14.9. Of  the 39 subjects included in the final 
analyses, 21 (54%) had successful outcomes. The final 
model included two variables: esophagitis grade and 

log of the DeMeester score, as well as a constant term. 
A likelihood ratio test was used to assess the cumula- 
tive importance of the excluded variables. This gave a 
chi-square statistic of 2.06 with five degrees of free- 
dom, corresponding to P = 0.84, confirming that 
these excluded variables were not significant in the lo- 
gistic model. 

In the linear regression model we performed a sim- 
ilar backward elimination. This analysis left three sig- 
nificant variables remaining: grade of esophagitis, 
LES pressure less than 5 mm Hg, and log of  De- 
Meester score. The  coefficients of  these variables 
were 0.33, 0.84, and 0.39, respectively. Thus for a pa- 
tient with grade III esophagitis, an LES pressure less 
than 5 mm Hg, and a preoperative DeMeester score 
of 20, we would predict the postoperative DeMeester 
score with the following equation: 

Natural  log of DeMeester score = 
3 × 0.33 + 1 x 0.84 + In(20) × 0.39 = 3 
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Table HI. Other postoperative characteristics 
of the 22 patients who failed laparoscopic Toupet 
fundoplication 

Symptomatic 
Back on chronic acid-reducing medication 
Cause of surgical failure 

Reflux through intact wrap 
Wrap herniation* 

17/22 (77%) 
17/22 (77%) 

14/22 (64%) 
8/22 (36%) 

*Three of these herniations were due to an unrecognized and un- 
treated shortened esophagus at the first operation. 

This gives a predicted DeMeester score of 20, sug- 
gesting probable failure. 

Postoperative Characteristics 

Table III lists the postoperative characteristics of 
the 22 patients in whom laparoscopic Toupet fundo- 
plication failed. All patients had pathologic reflux as 
demonstrated by an abnormal postoperative De- 
Meester score; only 77% of them were symptomatic 
(16 had heartburn and one had dysphagia). The ma- 
jority (64%) had resumed proton pump inhibitor 
therapy. Ninety-eight percent of patients had a LES 
that was appropriately augmented (pressure between 
15 and 35 mm Hg; length between 2 and 4 cm) fol- 
lowing surgery. Although the postoperative resting 
pressures and LES length were lower in the failure 
group, the differences were not statistically significant 
compared to values in the success group. Postopera- 
tive EGD showed an apparently iritact wrap on 
retroflexion in 94% (16 of 17) of the patients exam- 
ined, but a total of eight patients (17%) were deter- 
mined to have varying degrees of mediastinal hernia- 
tion postoperatively. All were documented with bar- 
ium esophagrams, which showed four partial wrap 
herniations, two total mediastinal herniations, and 
two posterior hemiations of the gastric fundus. There 
were no known wrap herniations in the success group. 

Seven patients (32%) have undergone revision 
surgery. Two patients have had successful laparoscopic 
reoperations for reflux (one symptomatic and the 
other not) converting their Toupet to a 360-degree 
fundoplication. Both Toupet fundoplications were be- 
lieved to be intact and adequate at the time of surgical 
revision. Another five patients had symptomatic re- 
flux and wrap herniation. One patient with steroid- 
dependent chronic obstructive pulmonary disease and 
a long bout of postoperative emesis, had herniation of 
her wrap 2 weeks postoperatively and was returned to 
the operating room for a reinforced repair. A second 
patient underwent successful repeat fundoplication 
with a Nissen procedure for symptomatic reflux and a 

small paraesophageal gastric herniation. Finally, three 
patients had symptomatic herniation possibly as a re- 
sult of failure to recognize and treat a shortened 
esophagus at the first operation. Two of these re- 
quired a Col[is gastroplasty along with the conversion 
to a Nissen fundoplication, and the third patient later 
had strangulation and perforation of the redone re- 
pair, requiring esophageal exclusion and subsequent 
replacement. Mean time to reoperation was 19 
months (range 1 to 36 months). 

D I S C U S S I O N  

The Nissen fundoplication is the current "gold 
standard" antireflux procedure. It has merited this dis- 
tinction because of its proven effectiveness and dura- 
bility after more than 10 years of follow-up. 8 It is gen- 
erally accepted that partial fundoplications are indi- 
cated for patients with severe motility disorders. Ad- 
vocates of the Toupet and other partial fundoplica- 
tions have reported results comparable to those 
achieved with the Nissen procedure with fewer post- 
operative symptoms resulting from the hyperaug- 
mentation of the LES, namely, dysphagia, gas bloat, 
hyperflatulence, and inability to vomit or belch. 1-6 
This has led several groups to recommend the use of 
partial wraps in all patients with GERD. However, 
many of the outcome studies used to support this re- 
ported on only a small number of patients or relied 
on symptomatic assessment over short periods of 
time. In addition, at least one older study has shown a 
higher failure rate with the Toupet-type repair. 13 
There is, and should be, concern about the long-term 
viability of this less competent repair when it is used 
as a routine antireflux technique for all patients with 
GERD. In fact, in a prospective series of 100 consec- 
utive patients undergoing laparoscopic Toupet fun- 
doplications, we reported an increasing failure in re- 
flux control over time, with a symptomatic recurrence 
rate of 20% within 22 months of follow-up and ob- 
jective evidence of recurrence approaching 60%. 7 
With even longer follow-up there will undoubtedly 
be even more failures. These results prompted the 
current study, which is an effort to better understand 
the reasons for failure of Toupet fundoplication and 
to derive preoperative indices to predict postopera- 
tive results. 

We carefully analyzed the subjective and objective 
outcomes data in two groups of Toupet patients. Fail- 
ure (22 patients) and success (26 patients) was defined 
by postoperative 24-hour pH testing at a mean of 22 
months. Table I shows that age, sex, primary and sec- 
ondary presenting symptoms, presence of a hiatal her- 
nia, and esophageal dysmotility were not predictive of 
failure following a Toupet procedure. Surprisingly, 
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Fig. 7. Preoperative DeMeester scores for the Toupet success group and failure group. A DeMeester 
score greater than 50 is 86% sensitive for predicting failure after Toupet fimdoplication. 

the number  of years of G E R D  symptoms before 
surgery also did not predict failure after Toupet fun- 
doplication. These results confirm the known unreli- 
ability of symptoms as a correlate to all aspects of 
G E R D  including the presence of the disease, the 
severity of the pathologic condition, pathologic acid 
reflux on 24-hour pH testing, and the prediction of 
failure after fundoplication surgery.  7,14-16 

The  most  accurate predictors of failure were the 
measures of disease severity. It is generally accepted 
that patients with a severely hypotensive LES have 
more severe reflux disease. Our  manometric analysis 
showed that patients with a LES pressure less than 
5 m m  Hg on preoperative manometry had a signifi- 
candy higher risk of failure after a Toupet fundopli- 
cation than patients with a hypotensive, short, or nor- 
mal LES (see Fig. 2). Severe reflux disease over a pro- 
longed period of time is known to compromise distal 
esophageal body peristalsis. 16 The  distal amotile seg- 
ment  can then lead to even greater esophageal acid 
exposure because of resulting poor esophageal clear- 
ance mechanisms. In fact, we found that all four pa- 
tients with a distal amotile esophageal segment failed 
Toupet fundoplication (see Table III). Furthermore, 
all four of these patients had grade IV esophagitis 
with Barrett's metaplasia (1 with dysplasia) and two 
had concomitant strictures. In contradistinction, pa- 
tients with primary esophageal dysmotility did not  
have more failures after Toupet fundoplication. 

Results of preoperative EGD and 24-hour pH test- 
ing turned out to be the most important predictors of 
failure after laparoscopic Toupet  fundoplication. As 
shown in Figs. 3, 4, and 5, presence of biopsy-proved 
Barrett's metaplasia (with or without dysplasia), stric- 
tures, and grade III esophagitis were each highly pre- 
dictive of failure. High  preoperative DeMeester  

scores were also highly predictive of failure (Fig. 6). 
As shown in Fig. 7, a preoperative DeMeester score 
greater than 50 can be used as a preoperative indica- 
tor of high risk for early failure after a laparoscopic 
Toupet  fundoplication with a sensitivity of 86% 
(specificity 61%). With the inevitable increase in fail- 
ure rates at longer follow-up, the DeMeester  score 
cutoff for success may continue to fall. Close follow- 
up in patients with DeMeester  scores nearing 50 is 
certainly important. 

We also analyzed the impact of surgical technique. 
Since all procedures were performed by or under the 
direct supervision of the principal investigator, strati- 
fication by surgeon was not necessary. This  surgeon 
had also performed more than 60 laparoscopic Toupet 
fundoplications before this group of patients and 
there was no difference in the dates of surgery in the 
failure group as compared to the success group, indi- 
cating that inexperience was not a factor in the fail- 
ures (see Table I). Another indicator that the failures 
were not  due to improper  surgical technique is the 
demonstrat ion of significant LES augmentat ion at 
follow-up motility testing. As shown in Table II, the 
LES resting pressure and total length were signifi- 
cantly greater after surgery in both groups when 
compared to their mean preoperative values and did 
not differ significantly between the two groups. These 
results compare favorably to others reported in the 
literature. 2,t7 Finally, the presence of an intact wrap 
was confirmed on postoperative EGD in 16 of 17 in 
the failure group patients. These data suggest that in 
the majority of patients in the failure group, the re- 
flux is occurring through an intact wrap. 

We found that 32% of the 22 patients who failed 
after a Toupet fundoplication had herniation of their 
wraps into the mediastinum. It is our impression that 
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Table IV. Independent risk factors for surgical failure 
after laparoscopic Toupet fundoplication 

• LES pressure <5 mm Hg  on preoperative manometry 
• Distal esophageal aperistaltic segment 
• Biopsy-proved Barrett's metaplasia 
• Presence of a stricture 
• Grade HI or IV esophagitis on endoscopy 
• Preoperative DeMeester score >50 

this represents a higher risk of mediastinal herniation 
than does the Nissen procedure, although this report 
did not examine a consecutive cohort of patients to 
establish the relative incidence of this finding. Wrap 
herniation, even if the wrap is intact, probably con- 
tributes to the failure of the fundoplication to prevent 
reflux. It is possible that the looser hiatal closure of 
the Toupet technique may predispose to cephalad mi- 
gration of the wrap. Three patients in this group had 
a shortened esophagus, which was not recognized and 
treated at the first operation and which obviously pre- 
disposed them to subsequent herniation. 

C O N C L U S I O N  

The laparoscopic Toupet fundoplication appears to 
provide a weaker antireflux barrier than the Nissen 
repair and is probably an insufficient procedure for 
patients with severe GERD. It may also predispose 
patients to postoperative mediastinal wrap herniation. 
Independent preoperative predictors of failure after 
Toupet fundoplication are summarized in Table I~. A 
highly sensitive predictor is a preoperative DeMeester 
score greater than 50. Although patients with less se- 
vere reflux appear to be effectively controlled with a 
Toupet fundoplication, it is still too early to evaluate 
follow-up data and definitive conclusions about the 
long-term fate of these patients cannot be made. 

REFERENCES 
1. Thor KBA, Silander T. A long-term randomized prospective 

trial of the Nissen procedure versus a modified Toupet tech- 
nique. Ann Surg 1989;210:719-724. 

2. Bouteher P, Jonsell G. An alternative fundophcative maneu- 
ver for gastroesophageal reflux. AmJ Surg 1982;143:260-264. 

3. Mckernan JB, Champion K. Laparoscopic ant[reflux surgery. 
Am Surg 1995;61:530-536. 

4. Mosnier H, Leport J, Aubert A, Kianmanesh R, Idrissi MSS, 
Guivarc'h M. A 270 degree laparoscopic posterior fundoplasty 
in the treatment of gastroesophageal reflux. J Am Coil Surg 
1995;181:220-224. 

5. Watson A, Jenkinson LR, Ball CS, Barlow AP, Norris TL. A 
more physiological alternative to total fimdophcation for the 
surgical correction of resistant gastro-oesophageal reflux. Br J 
Surg 1991;78:1088-1094. 

6. O'Reilly MJ, Mullins SG, Saye WB, Pinto SE, Falkner FT. 
Laparoscopic posterior partial fundophcation: Analysis of 100 
consecutive cases. J Laparoendosc Surg 1996;6:141-150. 

7. Jobe BA, Wallace J, Hansen PD, Swanstrom LL. Evaluation 
of laparoscopic Tonpet fundophcation as a primary repair for 
all patients with medically resistant gastroesophageal reflux. 
Surg Endosc 1997;11:1080-1083. 

8. DeMeester TR, Bonavina L, Albertucci M. Nissen fundoph- 
cation for gastroesophageal reflux disease: Evaluation of pri- 
mary repair in 100 consecutive patients. Ann Surg 1986;204: 
9-20. 

9. Savary M, Miller G. The Esophagus. Handbook and Atlas of 
Endoscopy. Solothurn, Switzerland: Glassman, 1978. 

I0. Toupet A. Technique d'oesophago-gastroplastie avec 
phrenogastropexie appliquee dans la cure radicale des hernies 
hiatales et comme complement de l'operation d'Heller dans 
les cardiospasmes. Mem Acad Chir 1963;89:394-399. 

11. Jonsell G, Boutelier P. Gastroesophageal reflux. Evaluation of 
two fundopliative methods by intraoperative esophageal 
manometry. Acta Chir Scand 1979;493:47. 

12. Swanstrom LL. Laparoscopic partial fundoplications. Probl 
Gen Surg 1996;13:75-84. 

13. Galmiche JP, Lehur PA, Bruley des Varannes S, Denis E 24- 
hour intra-esophageal pH monitoring. Gastroenterology 
1986;91:1581-1583. 

14. Costantini M, Crookes PF, Bremner RM, Hoeft SF, Ehsan A, 
Peters JH, Brenmer CG, DeMeester TR. Value of physiologic 
assessment of foregut symptoms in a surgical practice. Surgery 
1993;114:780-787. 

15. Jobe BA, Horvath KD, Swanstrom LL. Postoperative func- 
tion following laparoscopic Collis gastroplasty for the short- 
ened esophagus. Arch Surg 1998;133:867-874. 

16. Joelsson BE, DeMeester TIL Skinner DB, Lafontaine E, Wa- 
ters PF, O'Sullivan GC. The role of the esophageal body in 
the antireflux mechanism. Surgery 1982;92:417-424. 

17. Lundell L, Abrahamsson H, Ruth M, Rydberg L, Lonroth H, 
Olbe L. Long-term results of a prospective randomized com- 
parison of total fundic wrap (Nissen-Rosetti) or semifundo- 
plication (Toupet) for gastro-oesophageal reflux. Br J Surg 
1996;83:830-835. 



Expression and Function of Inducible Nitric Oxide 
Synthase During Rat Colon Anastomotic Healing 
David T. Eft'on, M.D., Frank J. Thornton, M.B., ER.S.C.(I), Christina Steulten, Ph.D., 
Udaya S. Tantry, Ph.D., Maria B. ~l/Ttte, M.D., Teruo Kiyama, M.D., 
Adrian Barbul, M.D., EA. C.S. 

Nitric oxide plays a significant but incompletely understood role in fibroblast function and cutaneous 
wound collagen synthesis; however, the participation of inducible nitric oxide synthase (iNOS) in gas- 
trointestinal anastomotic healing has not been studied. Male Sprague-Dawley rats underwent single-layer 
left colonic anastomosis. Animals were killed at 24-hour intervals postoperatively and the anastomosis 
was excised. Parallel uninjured colon tissue samples were also analyzed. Reverse transcriptase- 
polymerase chain reaction confirmed the absence of iNOS messenger RNA in control colon and ex- 
pression of the gene in anastomotic tissue on all study days. Northern hybridization demonstrated max- 
imal iNOS messenger RNA transcription on day 1 with decreased levels on days 3 and 5. iNOS enzyme 
activity, measured biochemically by the conversion of [3H]-arginine to [3H]-citrulline ex vivo, was also 
maximal on day 1 (7.35 + 1.34 pmol/mg protein/min [_+ standard error of the mean], n -- 10) and de- 
creased on days 3 (4.37 -+ 2.32 pmol/mg protein/min; n = 6) and 5 (2.80 -+ 0.92 pmol/mg protein/min; 
n -- 6). Immunohistochemical staining demonstrated that (1) iNOS expression is confined to a discrete 
cell population in the region of the anastomosis containing inflammatory cells; (2) those cells assume a 
highly conserved position on the luminal edge of the proliferating scar; and (3) the iNOS-expressing 
cells are present throughout the fibroplastic phase of healing. To functionally assess the role of iNOS in 
colonic healing, rats were treated with a continuous intravenous infusion of S-methylisothiourea (a se- 
lective inhibitor of iNOS) at a dosage of 200 mg/kg/day for 5 days after anastomosis. There was a sig- 
nificantly reduced anastomotic bursting pressure in rats treated with the inhibitor as compared to rats 
treated with intravenous normal saline solution (108.4 +- 13.2 mm Hg vs. 148.4 + 10.3 mm Hg; P <0.05). 
These results suggest that iNOS gene expression is induced during colonic anastomotic healing, that it 
is present through all phases of healing but is maximal through the inflammatory phase, and that iNOS 
activity is required for optimal anastomotic healing. (J GASTROINTEST SURG 1999; 3:592-601.) 

KEY WORDS: Nitric oxide, colon anastomosis, wound healing 

Colon anastomotic dehiscence continues to be a 
highly morbid and potentially lethal complication of 
bowel surgery. Historically there has been a great deal 
of  study to delineate the most appropriate technique 
of  colonic anastomosis. Debates over one- vs. two- 
layer techniques, stapled vs. hand-sewn anastomoses, 
and use of  permanent  vs. absorbable suture material 
continue. Fortunately, with adherence to good surgi- 
cal principles, excellent results are often achieved re- 
gardless of  the technique employed. However, very 
little is currently known about the cellular and sub- 
cellular interactions involved in anastomotic healing. 

Recent ly  there has been a growing body of  evi- 
dence suggesting that the generation of  nitric oxide 
(NO) from L-arginine may play a significant role in 
regulating fibroblast activity in the cutaneous wound. 
N O  activity has been implicated as a regulator of  col- 
lagen synthesis. Inhibition of the arginine-NO path- 
way significantly reduces cutaneous wound healing in 
mice. l Recently iNOS induction by the wound envi- 
ronment  has been shown to influence collagen syn- 
thesis in both dermal and wound-derived fibroblasts. 2 
Mice lacking the iNOS gene demonst ra te  delayed 
closure of open cutaneous wounds when compared to 
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wild-type control mice; adenoviral transfer of the 
iNOS gene to the knockout animals restores healing 
time to control levels) Transfer of the iNOS gene by 
injection of naked eDNA into subcutaneously im- 
planted sponges enhances collagen deposition# These 
studies suggest that iNOS expression and subsequent 
NO generation play an important role in healing 
wounds .  

The aim of the present study was to investigate 
whether iNOS activity is induced following colonic 
injury and the level and site of its expression. We hy- 
pothesized that the temporal expression and activity 
of the iNOS gene in healing colonic tissue would par- 
allel the period of maximal inflammation and cellular 
infiltration. We also sought to assess whether in vivo 
iNOS inhibition affects normal colonic anastomotic 
healing. 

MATERIAL AND METHODS 
Colonic  Anastomosis 

Male Sprague-Dawley rats (270 to 320 grams) were 
anesthetized by intraperitoneal injection of 50 mg/kg 
sodium pentobarbital, and their abdomens were 
shaved and painted with betadine. A small midline in- 
cision was made through all layers of the abdominal 
wall and the left colon was exposed. Approximately 
1.5 cm proximal to the pelvic reflection, a small rent 
in the mesentery was made in the space between the 
marginal artery and the colon with care taken not to 
injure the marginal artery. The colon was then di- 
vided above the rent. If there were copious amounts 
of hard stool at that site, the stool was milked from 
both the proximal and distal loops, and delivered from 
the field. A single-layer inverted anastomosis was 
fashioned with interrupted 6-0 polypropylene sutures 
after which the colon was returned to its anatomic po- 
sition. The abdominal wall incision was closed with a 
two-layer running 3-0 silk suture. Each animal un- 
dergoing colonic division and anastomosis was resus- 
citated with 25 ml/kg normal saline solution via sub- 
cutaneous injection. 

At 24-hour intervals postoperatively, the rats were 
killed by intraperitoneal sodium pentobarbital over- 
dose. The colonic anastomosis was cleared of overly- 
ing adherent tissue and excised with 0.5 cm of colonic 
tissue on either side of the anastomosis and opened 
longitudinally. The tissue was washed three times 
with ice cold saline solution, cut into longitudinal 
strips, and processed as described below. 

Isolation of  mRNA 

Fifty to 100 mg strips were homogenized in ap- 
proximately 1 ml of Trizol reagent (Sigma Chemical, 

St. Louis, Mo.). The samples were then stored in Tri- 
zol at -70  ° C until processing. M1 of the remaining 
steps were performed on ice at 4 ° C. The cell debris 
and insoluble material were removed by centrifuga- 
tion of the sample at 12,000g for 10 minutes, and the 
RNA extracted from the supernate was washed twice 
in 75% ethanol. When ready for reverse transcrip- 
tase-polymerase chain reaction (RT-PCR) or North- 
ern blot analysis, the pellets were dried by evapora- 
tion of the ethanol and resuspended in diethyl pyro- 
carbonate (DEPEC)-treated water, and RNA quan- 
tification, and purity was measured by spectropho- 
tometry at A260 and A280. 

RT-PCR for iNOS 

RT-PCR was performed using the commercially 
available GeneAmpEZ rTth RNA PCR kit (Perkin- 
Elmer, Branchburg, N.J.). Briefly, 1 Ixg ofmRNAwas 
mixed with Bicine buffer, dNTPs, ~]n(oAc)2 solution, 
rTth DNA polymerase, and primers in a 50 wl vol- 
ume (in manufacturer-recommended concentrations). 
The amplification was carried out with a GeneAmp 
PCR System 2400 (Perkin-Elmer) using prepro- 
grammed sequences. The PCR products were elec- 
trophoresed on a 1.2% agarose gel containing ethid- 
ium bromide. The bands were documented on an ul- 
traviolet lightbox and analyzed using Eagle Eye II 
software (Stratagene, La Jolla, Calif.). 

The following primers were used: 

iNOS 5 ' - -TTG GGT C T T  G T T  AGC CTA 
GTC 

iNOS 3 ' - -TGT GCA GTC CCA GTG AGG 
AAC 

GAPDH 5 ' - -GTG GAG T C T  ACT GGC GTC 
TTC 

GAPDH 3'--CAT GCC AGT GAG CTT CCC 
GTT 

N o r t h e r n  Blot Analysis of  iNOS m R N A  

Equal amounts of total RNA were electrophoresed 
on a 1.0% agarose gel (Ultra Pure, Gibco BRL, 
Gaithersburg, Md.) and transferred onto a nylon 
membrane (Hybond C, Amersham, Princeton, N.J.). 
The RNA was fixed by incubation at 90 ° C for 1.5 
hours. The blots were prehybridized overnight in 
buffer containing formamide (50% volume/volume), 
5% Denhardt's solution 5× SSPE buffer (Gibco 
BRL, 1% sodium dodecyl sulfate (SDS), and 100 
Ixg/ml denatured salmon sperm DNA in water, fol- 
lowed by hybridization in identical buffer containing 
iNOS probe labeled with 3:p-d(CTP)(NEN Life Sci- 
ence Products, Boston, Mass.) (iNOS probe was a 
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generous gift of Dr. David Geller, University of Pitts- 
burgh) instead of salmon sperm DNA. The blots were 
washed in 2% SDS/2% SSPE solution four times for 
10 minutes each at 50 ° C, followed by six washes in 
2% SSPE/0.2% SDS solution (four times at 50 ° C 
and twice at room temperature). Autoradiography was 
performed at - 70 ° C. 

3H-Arginine to  3H-Citrul l ine Conversion 
Ex Vivo- -A Measure  o f  iNOS Activity 

[3H]-argiuine to [3I-I]-citrulline conversion in anas- 
tomotic tissue was measured using a method adapted 
from Knowles et al. 5 Fresh colon samples were 
weighed accurately (wet weight) and homogenized 
in ice cold 40 mmol/L HEPES buffer containing 
32 mmol/L sucrose, 1 mmol/L dithiothreitol (DTT), 2 
wg/ml aprotinin, 10 v~g/ml leupeptin, and 10 v.g/ml 
soybean trypsin inhibitor. Samples were centrifuged at 
100,000g for 30 minutes at 4 ° C and the supernates 
were saved. Sixty microliters of supernate was mixed 
with 150 wl of 50 mmol/L phosphate buffer (pH 7.4) 
containing 6 mmol/L L-valine, 100 wmol/L NADPH, 
1 mmol/L MgC12, 200 wmol/L CaC12, 20 wmol/L 
L-arginine, and 2.5 ~Ci/ml L-[2,3-3H]-arginine (NEN 
DuPont) and incubated at 37 ° C for 10 minutes. The 
reaction was terminated by adding 3 ml of ice cold 
phosphate-buffered saline containing 1% bovine serum 
albumin. [3H]-citrulline was separated by passing the 
sample over a Dowex AG-50 column (Na + form, Bio- 
Rad Laboratories, Hercules, Calif.) and quantified in a 
beta counter (liquid scintillation analyzer 1600-TR, 
Packard Instrument Co., Downers Grove, Ill.). Parallel 
incubations in the presence of 1.0 mmol/L EGTA and 
1.0 mmol/L L-N-G--monomethyl arginine (NMMA) 
were performed. All assays were performed in tripli- 
cate. Total protein in homogenate was measured using 
the Bio-Rad protein assay kit (Bio-Rad Laboratories). 

The  amount of newly synthesized citrulline was 
calculated from the percentage conversion of [3H]- 
arginine to [3H]-citrulline per sample, iNOS activity 
was calculated as the difference between the EGTA- 
inhibited activity and the NMMA-inhibited activity. 
Enzyme activity was reported as formation of pico- 
moles of citrulline per milligram of protein (ho- 
mogenate) per minute. 

I m m u n o h i s t o c h e m i c a l  Staining 

Immediately after washing, cut strips of anastomo- 
sis were placed in 10% formalin, refrigerated over- 
night, and subsequently embedded in paraffin. Paraf- 
fin-embedded blocks of tissue were sectioned at 4 ~m, 
mounted on microscope slides, and deparaffinized by 
xylene and graded alcohol series. Antigen enhance- 

ment was achieved by boiling the slides for 30 min- 
utes in sodium citrate buffer (10 mmol/L, pH 6 in wa- 
ter). Slides were then washed in distilled water, and 
endogenous peroxidase activity was quenched by in- 
cubating slides in methanol containing 0.3 % hydro- 
gen peroxide for 15 minutes at room temperature. 
Nonspecific binding was blocked by incubating sec- 
tions with 2% horse serum in phosphate-buffered 
saline. Primary antibody against either iNOS (Trans- 
duction Laboratories, San Diego, Calif.; 1:400 dilu- 
tion) or endothelial NOS (Transduction Laboratories; 
1:3500 dilution) was diluted in blocking buffer, laid 
over the tissue sections, and incubated in a moist 
chamber at 4 ° C overnight. Slides were washed three 
times in phosphate-buffered saline and incubated with 
secondary antibody (biotinylated horse antimouse, 
Sigma Chemical; i :400 dilution) for 1 hour at room 
temperature. DAB staining was achieved by the Vec- 
tastain Elite ABC kit (Vector Laboratories, Bur- 
lingame, Calif.). Negative control samples were ob- 
tained by incubating slides without primary antibody. 

In  Vivo Inh ib i t ion  o f  iNOS 

To assess the effect ofiNOS inhibition on anastomotic 
healing, rats were subjected to continuous intravenous 
infusion of either normal saline alone (n = 11) or S- 
methylisothiourea (MITU) dissolved in normal saline 
solution at a dosage of 200 mg/kg/day (n = 9) via sub- 
cutaneously implanted miniosmotic pumps (Alzet, Palo 
Alto, Calif.), which were placed in subcutaneous pock- 
ets dorsally in the intrascapular region. A Silastic 
catheter (Dow Coming, Midland, Mich.) attached to 
the pump was tunneled over the right shoulder and 
placed in a central venous position via jugular venous 
access. Additionally, two polyvinyl alcohol sponges were 
placed subcutaneously in a more caudal dorsal position 
to obtain wound fluid. Animals subsequently underwent 
laparotomy, colonic division, and anastomosis (as above) 
during the same anesthesia. Postoperatively animals 
were allowed food and water ad libitum. 

Anastomotic Bursting Pressure 

On postoperative day 5, animals were killed by 
sodium pentobarbital overdose. The divided segment 
was isolated and ligatures of 3-0 silk were place 1 cm 
proximal and distal to the anastomosis. A 16-gauge 
intravenous catheter was inserted into the lumen of 
isolated bowel. The segments were then infused with 
normal saline solution using a Medfusion intravenous 
infusion pump (Medex Inc., Duluth, Ga.) at a rate of 
3.5 ml/min; continuous pressure monitoring was ac- 
complished by connection of the pump and anasto- 
motic segment to a pressure transducer (American 
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Edwards Laboratories, Irvine, Calif.) via a three-way 
stopcock. Bursting pressure was measured as peak 
pressure attained prior to anastomotic disruption. 

Plasma and W o u n d  Fluid  Tota l  Ni t r i te  
and Nitrate Concentrations 

The effect of iNOS inhibition by M I T U  was as- 
sessed by measuring stable end products of NO me- 
tabolism in plasma and wound fluid. At sacrifice, 
blood was drawn by intracardiac puncture and cen- 
trifuged to extract the plasma fraction. The subcuta- 
neously inserted polyvinyl alcohol sponges were re- 
moved and squeezed into 2 ml tubes to collect accu- 
mulated wound fluid. The  wound fluid was cen- 
trifuged to remove cellular debris. Plasma and wound 
fluid were stored at - 70  ° C until processing. Plasma 
and wound fluid samples were filtered in I0,000 mo- 
lecular weight (MW) cutoff Ultrafree-MC (Millipore 
Corp., Bedford, Mass.) filter units to remove protein 
and total nitrite and nitrate concentration. Stable end 
products of NO synthesis (NOx) of each sample were 
determined using a commercially available colori- 
metric assay kit based on a nitrate reductase reaction 
(Oxford Biomedical Research, Oxford, Miss.). 

To determine whether the decreased anastomotic 
bursting pressure was caused by decreased food in- 
take exhibited by MITU-infused animals, a second 
experiment was performed. Fourteen rats underwent 
colonic division and anastomosis with implantation 
of miniosmotic pumps primed to infuse normal 
saline solution. One group of seven rats was offered 
food and water ad libitum over the course of the 
postoperative period. The other group of seven rats 
was pair matched and fed daily the amount of chow 
consumed by the MITU-infused rats in the previous 
experiment. 

Statistical Analysis 

Mean and standard error of the mean (SEM) were 
analyzed for the groups in the iNOS enzyme assay. 
Significant differences between groups were deter- 
mined using Student's t test. 

All animal experiments were performed in compli- 
ance with the guidelines set forth by the National In- 
stitutes of Health for the care and use of laboratory 
animals under protocols approved by the Sinai Hos- 
pital of Baltimore Institutional Animal Care and Use 
Committee. 

Strict adherence to guidelines outlined by the Na- 
tional Institutes of Health and the Sinai Hospital of 
Baltimore Radiation Safety Committee was observed 
in the receipt, storage, handling, and disposal of ra- 
dioactive material. 

R E S U L T S  
Quantification and Localization o f  iNOS in 
the  Anastomosis 

RT-PCR demonstrated the presence of iNOS in 
anastomotic tissue on all study days. There was no 
iNOS expression in uninjured colon (Fig. 1). North- 
ern blot analysis of mRNA from control (unoperated) 
colon and anastomotic tissue harvested on postopera- 
tive days 1, 3, and 5 showed maximal iNOS expres- 
sion on postoperative day 1 with continued although 
somewhat reduced iNOS expression on subsequent 
days (Fig. 2). iNOS enzyme activity as measured by 
the conversion of [3H]-arginine to [3H]-citrulline par- 
alleled gene transcription demonstrating peak iNOS 
enzyme activity on postoperative day 1 (7.35 -+ 1.34 
pmol/mg protein/rain (_ SEM; n = 10) with activity 
falling sequentially on postoperative days 3 (4.37 -+ 
2.32 pmol/mg protein/rain; n = 6) and 5 (2.80 _+ 0.92 
pmol/mg protein/rain; n = 6) (Fig. 3). 

Immunohistochemical staining revealed the pres- 
ence of iNOS-expressing cells in anastomotic tissues 
on all studied days (Fig. 4). iNOS expression in the 
early anastomosis appeared to be confined to a dis- 
crete population of cells in the region of the anasto- 
mosis that also contains inflammatory cells. These 
cells assume a highly conserved position on the lumi- 
nal edge of the proliferating scar and are present 
through postoperative day 10. iNOS-positive cells 
were identified in healing anastomotic tissue as late as 
2 8 days (slides not shown). High-power microscopic 
examination of the iNOS-positive cells revealed them 
to be large, mononuclear cells. Endothelial NOS-pos- 
itive cells were identified (in serial sections) in estab- 
lished vascular endothelium and in the neovasculature 
of the proliferating scar, but not at the same site as the 
iNOS-positive cells (see Fig. 4). 

Effect o f  M I T U  Infus ion  on Anastomotic 
Heal ing  

Twenty rats underwent colonic division and anas- 
tomosis with implantation of a miniosmotic pump 
and polyvinyl alcohol sponges. Nine rats received 
M I T U  infusion, whereas 11 were infused with nor- 
mal saline solution. A total of three animals were ex- 
cluded: one animal in each group had perianastomotic 
abscess formation and one other animal from the con- 
trol group had a bowel obstruction at the anastomotic 
site secondary to surgical technique. Animals infused 
with MITU demonstrated a significantly greater post- 
operative weight loss as compared to the normal 
saline-infused control animals (Fig. 5). This weight 
loss was accompanied by decreased food intake (not 
shown) and a greater incidence of postoperative diar- 
rhea (subjective observation). 
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Fig. 1. RT-PCR of anastomotic mRNA using iNOS primers 
on postoperative days 1 (DI), 3 (D3), 5 (DY), and unoperated 
colon tissue. GAPDH primers were used as controls. 
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Fig. 2. Representative blot of Northern analysis of mRNA from 
unoperated colon (C) and anastomotic tissue on postoperative 
days 1 (D1), 3 (D3), and 5 (D5); cultured mouse macrophages 
stimulated with lipopolysaccharide to produce iNOS was used as 
controls (Rc). 

Fig. 3. Conversion of 3H-arginine to 3H-citrulline as a mea- 
sure of iNOS protein activity. Results are expressed as pmol 
3H-citrulline/mg protein/min (represents mean + SEM of 6 to 
10 anastomoses per study day). 
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Fig. 4. A, Twenty-four-hour-old anastomosis (hematoxylin and eosin stain; x40). Immunohisto-  
chemical staining against iNOS using a DAB eounterstain, iNOS-positive cells (in brown) are initially 
scattered among the inflammatory cells of the anastomosis at 24 hours (B, x 100). iNOS-positive cells 
then align along the luminal surface of the proliferating scar by postoperative day 3 (C, x40) and re- 
tain this position dlrough postoperative days 5 (D, ×25) and i0 (E, ×40). F, Five-day-old anastomo- 
sis stained for eNOS (white arrow) (×40). All immunohistoehemical sections were cotmterstained with 
hematoxylin. 
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Fig. 5. Postoperative weight changes o f M I T U  (n = 8)- 
and normal saline (NS; n = 9)-infused animals. * = P 
<0.05; dotted line represents preoperative baseline 
weight. 
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Fig. 6. Total plasma and wound fluid nitrite and nitrate 
concentrations in MITU (n = 8)- and normal saline (NS, 
n = 9)-infused animals. * = P <0.0001. 
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Fig. 7. Bursting pressure of 5-day-old anastomoses from 
MITU (n = 7)- and normal saline (NS; n = 9)-infused ani- 
mals. * = P <0.05. 

M I T U  infusion resulted in a significant decrease in 
both plasma and wound fluid total nitrite and nitrate 
concentrations. There was a 58% reduction in plasma 
NOx (20.7 + 2.2 ~mol/L vs. 49.3 + 4.2 Ixmol/L for 
normal saline eontrols; P <0.0001) and a 55% reduc- 
tion in wound fluid N O x  (23.9 + 1.6 Ixmol/L vs. 
53.6 +- 4.4 ~mol/L for controls; P <0.0001) (Fig. 6). 
Additionally, MITU-infused  animals demonstrated 
a 27% reduction in anastomotie bursting pressure 
(108.4 + 13.2 mm Hg vs. 148.4 _+ 10.3 mm H g  for 
controls; P <0.03) (Fig. 7). 

Pair-fed animals also demonstrated a significant in- 
crease in postoperative weight loss compared to con- 
trol rats. (Fig. 8). There were no differences in either 
plasma (18.6 + 2.3 txmol/L for pair-fed vs. 20.0 -+ 1.9 
~mol /L for control fed; P = 0.63) or wound fluid 
(17.6 _+ 1.6 I~mol/L for pair-fed vs. 18.2 + 2.3 
~mol/L for control fed; P = 0.85) NOx  concentra- 
tions, although total concentrations measured in both 
groups were lower than those noted in the previous 
experiment. There were no differences between the 
bursting pressures of  the two groups (146.5 _+ 15.2 
mm Hg for pair-fed (n = 4) vs. 153.0 + 10.4 mm Hg 
for control fed (n = 7); P = 0.72 animals). 

D I S C U S S I O N  

It is generally accepted that the phases of gastroin- 
testinal anastomotic healing parallel those seen in cu- 
taneous healing. 6 There is an inflammatory phase ini- 
tiated by injury causing exposure of  basement mem- 
brane ligands to platelets resulting in adhesion and 
degranulation. It is classically characterized by the 
gradual evolution of inflammatory cell populations in 
the wound environment from polymorphonuclear  
cells to lymphocytes and macrophages. This is then 
followed by a fibroplastic phase as seen by the influx 
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Fig. 8. Postoperative weight changes of normal saline-infused animals that were fed either ad libitum 
(n = 7) or in a pair-fed (n = 6) manner to match intake of previously MITU-infused group. * = P <0.05; 
dotted line represents preoperative baseline weight. 
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and proliferation of fibroblasts and smooth muscle 
cells. It is at this point that collagen production accel- 
erates and intrinsic bowel wall strength begins to be 
restored. 

The alimentary canal is a hollow viscus whose 
function is to store, transport, and reabsorb water 
from succus or, more distally, feculent material. 
Unique to the healing of this type of wound is the 
need for immediate sealing after injury. This is ac- 
complished at operative repair by serosal apposition 
(intraperitoneally) and postoperatively by extralumi- 
nal adherence of structures such as peritoneal fat, 
omenta, and other intra-abdominal structures to the 
anastomotic site. Gastrointestinal healing is further 
characterized by a marked increase in collagenolydc 
activity at the anastomosis. As a result of this activ- 
ity, the early tensile strength of the anastomosis is en- 
tirely dependent on the sutures and the holding ca- 
pacity of the bowel wall. 7 This phenomenon has been 
implicated as a factor contributing to anastomotic 
failure. 8 

In cutaneous healing, NO activity has been impli- 
cated as a regulator of collagen synthesis 1,2,4 The pres- 
ent experiments demonstrate that iNOS expression 
and activity may play a role in colonic healing, iNOS 
gene and protein activities are at their greatest during 
the initial inflammatory phase of anastomotic healing 
with peak activity for both occurring within the first 
24 hours. Microscopic examination of the iNOS- 
expressing cells reveal them to be large mononuclear 
cells with morphology that is clearly distinct from that 
of the neutrophils seen in the earliest phases of heal- 
ing or the lymphocytes noted later. That these cells 
may be macrophages is an attractive premise, as they 
are the principal producer of iNOS in response to 
varied inflammatory stimuli. 9 Virtually all of the cell 
types found in the healing anastomosis (fibroblasts, 2 
neutrophils, 1° macrophages, 11,12 epithelial cells, 13 
smooth muscle cells 14) have been shown to produce 
iNOS under various stimuli and culture conditions. 
Our work, however, indicates that there is only a dis- 
crete cell population that produces iNOS in response 
to uncomplicated colonic injury. 

The highly specific location of iNOS-producing 
cells within the anastomosis implies that they play an 
as yet unspecified role. Histologic examination of the 
anastomosis on serial postoperative days demon- 
strated that wounds heal unidirectionally from the 
serosa toward the mucosa, much like the secondary 
intention healing seen in cutaneous ulcers. Whether 
these iNOS-positive cells represent a "leading edge" 
stimulating growth of the proliferating scar (through 
regulation of collagen synthesis) or function as a 
protective barrier against the harsh luminal environ- 
ment (via superoxide scavenging by NO) remains to 
be elucidated. 

Disruption of iNOS activity by the infusion of 
MITU is accompanied by a significant decrease in 
anastomotic bursting pressure on postoperative day 5. 
This suggests that iNOS activity plays a role in the 
optimal healing of uncomplicated colon anastomoses. 
Unfortunately MITU infusion is also accompanied by 
a significantly greater postoperative weight loss as 
compared to normal saline-infused animals. This 
cause of weight loss is multifactorial and includes both 
decreased food intake and an increase in postopera- 
tive diarrhea, although the rats infused with MITU 
did not appear ill. 

To discern whether the decrease in anastomotic 
bursting pressure was due to decreased nutrition, a 
second experiment was undertaken comparing nor- 
real saline-infused animals fed ad libitum with those 
pair fed to match the decreased food intake of the 
MITU arm of the previous experiment. Although the 
pair-fed animals demonstrated a significantly de- 
creased weight loss compared to the ad libitum-fed 
control animals, the degree of weight loss was less 
than that seen in those animals treated with MITU 
(93 % of preoperative body weight by postoperative 
day 5 vs. 85% for the MITU group). Despite this, de- 
creased nutrient intake alone did not significantly re- 
duce anastomotic bursting pressure. 

Several studies have noted that immediate postop- 
erative nutrition is critical to successful anastomotic 
healing; however, these results are from studies that 
examine healing in models of established malnutri- 
tion. 15-17 More recently, postoperative infusion of 
5-fluorouracil in rats subjected to colon anastomosis 
demonstrated a similar weight loss as compared to 
control animals with no differences noted in anasto- 
motic bursting pressure, is These animals were nutri- 
tionally replete at the start of the experiment. 

Production of NO by iNOS depends not only on 
the iNOS gene and protein activity but also on sub- 
strate availability. The amino acid arginine is recog- 
nized as the sole precursor for NO production. Under 
normal nutritional conditions, arginine bioavailabil- 
ity is the result of both dietary intake as well as recy- 
cling of the arginine metabolites citrulline and or- 
nithine through the urea cycle. However, recycling 
alone provides enough substrate to support normal 
cellular metabolic requirements. 19 Additionally, argi- 
nine has been characterized as a semiessential amino 
acid because of its nutritional requirement for the op- 
timal growth and development of mammalian rodents 
but not for the maintenance of normal adult meta- 
bolic function. 2° 

Arginine metabolism is intensified during the re- 
sponse to injury and in healing tissues. In the healing 
wound, at least two metabolic pathways are operative: 
nitric oxide synthase and arginase, iNOS appears to 
play a role in inflammatory cascades, whereas arginase 
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activity metabolizes arginine to ornithine, a known 
precursor to polyamine synthesis. The combined ac- 
tivity of these enzymes is so efficient that arginine lev- 
els in wound fluid are virtually undetectable in later 
phases of healing.ll 

Precisely how iNOS inhibition leads to decreased 
anastomotic healing is unclear because both increased 
and decreased NO production have been associated 
with poor healing, iNOS is an acute-phase protein 
that is markedly upregulated in several inflammatory 
conditions including rheumatoid arthritis, 2l glomeru- 
lonephritis, 22 and inflammatory bowel disease. In ul- 
cerative colitis, strong iNOS activity has been identi- 
fied in colonic epithelial tissue, and the resulting in- 
flammation has been hypothesized to contribute to 
the colonic injury seen in this disease. 13,23,24 Lipo- 
polysaccharide injection of animals substantially in- 
creases iNOS activity in anastomotic tissues, which is 
associated with impaired anastomotic collagen syn- 
thesis and decreased bursting pressure. 25 Conversely, 
disruption of iNOS activity impairs collagen synthe- 
sis and wound tensile strength. 1 Diabetes and steroid 
use are also associated with poor healing and decreased 
NO production in experimental models. 26-29 This 
suggests that optimal healing depends on the concen- 
tration of NO produced by iNOS in a fairly tightly 
regulated range. In our model, disruption of iNOS 
activity likely decreases the degree of inflammatory 
response seen early in the inflammatory phase of heal- 
ing, which in turn may lead to decreased fibrosis. 

C O N C L U S I O N  

The results of this study demonstrate that iNOS is 
induced during colonic injury and anastomosis. Peak 
gene and protein activity are noted on postoperative 
day 1 corresponding to the period of maximal inflam- 
mation, but there is continued expression and activity 
during later phases of healing. The results also sug- 
gest that iNOS activity is needed for optimal healing 
of uncomplicated colon anastomoses. Further study 
is required to elucidate the exact roles that iNOS and 
NO production play in anastomotic healing. 
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Discussion 
Dr. H. Sax (Rochester, N.Y.). How much arginine was 

in the feed that the rats received? What  happens if you ei- 
ther deprive the animals of arginine or supplement them 
with arginine? In your methylisothiourea (MITU) group, 
could your observed differences merely be because the an- 
imals were not consuming as much food and what you are 
really seeing is the result of a lack of pair feeding? 

Dr. Effort. The chow is normal laboratory chow. I do 
not know the exact amount of arginine. We have not yet 
supplemented or deprived animals of  arginine in this 
model, although certainly the next step would be to flood 
the system with arginine when the M I T U  is given to see 
whether it is possible to recover that effect. To give a quick 
answer to your third question, we were very concerned with 
the postoperative weight loss, which is certainly multifac- 
torial. Not  only do these animals eat less, but they also have 
a significant amount of diarrhea compared to other animals. 
We did conduct a pair-fed study where we took all normal 
saline-infused animals divided into two groups; the first 
group was allowed access to chow ad libitum, and the sec- 
ond group was pair fed daily to match what the M I T U  an- 
imals of the previous experiment had taken. We found no 
difference in plasma or wound fluid nitrites and no differ- 
ence in anastomotic bursting pressure. I think the ideal ex- 
periment would involve three groups: an MITU-infused 
group, a pair-fed group, and an ad libitum chow group at 
the same time. Having said that, I think that M I T U  is 

probably not the ideal inhibitor because it causes this effect 
and confounds the results to such a great extent. We are 
continuing to search for a better inhibitor, a specific in- 
hibitor of iNOS. 

Dr. F. Moody (Houston, Tex.). My question relates to 
the localization of the iNOS. As you know, iNOS is ex- 
pressed constitutively in the ileum in the rat, but not in the 
colon, as you pointed out. Where in the colon did you do 
your sampling? Did you also obtain samples away from the 
anastomosis? Manipulation in the gut and/or any endotoxin 
that gets released really pushes iNOS levels sky high in the 
epithelial cells of the colon. Yet you saw none there, at least 
in terms of expression of the message. 

Dr. Efron. We did not specifically obtain samples up- 
stream or downstream, but we did not see iNOS expression 
in the anastomotic segment in the normal colon immedi- 
ately proximal or distal to the anastomosis. What  is also 
striking, I agree, is that all of the cell types in the anasto- 
mosis have, at some time or another, been shown to be able 
to produce iNOS if stimulated in some way, whether in vivo 
or in culture. But the anastomodc wound only has a spe- 
cific cell type, which does express iNOS, and that begs the 
question of function. Is it nitric oxide itself or is there an- 
other function of the nitric oxide-stimulating cells being 
produced that is more important to anastomotic healing? 
That  is a question we are going to continue to attempt to 
answer. 



Effect of Photodynamic Therapy on Normal 
Fibroblasts and Colon Anastomotic Healing in Mice 
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Photodynamic therapy as an adjuvant modality to surgical resection of colon cancer is feasible provided 
that it does not affect healing of the anastomosis. The aim of this study was to evaluate the effects of 
photodynamic therapy on the viability of normal fibroblasts and on the healing process of colonic anas- 
tomosis in mice. Both in vitro and in vivo methods were employed. For in vitro study, 2 × l0 s human 
fibroblasts were incubated in triplicate with 5-aminolevulinic acid (2.5 txg/well) for 48 hours. Cells then 
underwent photoradiation at light doses of 50, 100, and 200 joules/cm 2 using a nonlaser light source. Vi- 
ability was assessed by methylene blue dye exclusion. For in vivo studies, 60 mice were randomized into 
study and control groups and underwent laparotomy involving colonic anastomosis. The anastomosis 
underwent photodynamic therapy using 5-aminolevulinic acid (60 mg/kg) as a photosensitizer and a non- 
laser light (40 joules/cm2). On postoperative days 1, 4, 7, 14, and 2 I, six mice were killed and subjected 
to bursting pressure and histologic examinations. Results of in vitro study showed pretreatment cell via- 
bility to be 96% to 99% in both groups. Photodynamic therapy caused no significant change in fibro- 
blast viability at all light doses. Results of in vivo studies showed that the mean bursting pressure of both 
groups dropped to a low peak on day 4. Subsequendy there was a gradual increase in bursting pressure 
along the examined time points (P <0.001). There was no difference in bursting pressure between the two 
groups for all time points examined. It was concluded that photodynamic therapy has no effect on viability 
of normal human fibroblasts and no adverse effects on healing of colonic anastomosis. (J GASTROINTEST 
SURG 1999;3:602-606.) 

KEY WORDS: Anastomotic leak, adjuvant therapy, in vitro study, animal study, colorectal cancer, aminole- 
vulinic acid 

Colorectal cancer is one of  the most common in- 
ternal malignancies of  Western society. 1 The  primary 
t rea tment  is surgical excision. Adjuvant modali t ies 
have been studied extensively in recent years because 
of  the high incidence of  recurrent disease inherent  to 
the natural history of  the disease. 2 One  of  the adju- 
vant modalities for colorectal cancer that has recently 
been proposed is photodynamic therapy (PDT). 3 Sev- 
eral studies have indicated adjuvant intraoperat ive 
P D T  to be a promising approach for destroying tu- 
mor  cells after surgical resection of  the tumor. 3-5 Be- 
fore including P D T  in the management  of  colon can- 
cer, it is essential to establish its safety and to ascertain 

that it does not  interfere with the healing of  anasto- 
mosis of  colon. 

Anastomotie breakdown or leakage is a severe and 
life-threatening complication of  colonic surgery. The  
addition of  P D T  to the surgical resection of  the tumor 
is feasible provided that it does not  affect healing of the 
anastomosis in terms of  weakening it and thereby in- 
creasing the risk of  leakage. There  are a few reports on 
P D T  and healing ofincisional wounds in rats, 6 but the 
direct effect of  P D T  on the healing of colonic anasto- 
mosis has not  been adequately documented. 

One of  the methods for evaluating the strength of  
an anastomosis is to measure the resistance of  the 
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anastomosis to intraluminal pressure. The  pressure at 
which leakage or rupture of the anastomosis occurs is 
defined as bursting strength or bursting pressure. 7 We 
studied the effects of P D T  on fibroblasts and on the 
healing process of colonic anastomosis in mice using 
bursting pressure as an indicator of the anastomotic 
strength. 

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

Female Balb/c mice, 6 to 8 weeks old, were ob- 
tained from the animal colony of the Sackler School 
of Medicine, Tel Aviv University, and housed in the 
animal section of the Elias Sourasky Medical Center, 
Tel Aviv. This  study was approved by the local com- 
mittee for animal studies. 

Normal  human fibroblasts (kindly supplied by E. 
Fireman and A. Yellin) obtained from the healthy 
contralateral lung of a patient with lung cancer were 
prepared as a single cell suspension by a triple-enzyme 
technique. 

5-Aminolevulinic acid (Medic Fintech Ltd., Tech- 
nion City, Haifa, Israel) with a purity of 98% was dis- 
solved in phosphate-buffered saline at a concentration 
of 80 rag/m1 (pH 2.8) and used within 24 hours. In a 
series of preliminary studies, cells were incubated with 
various doses of 5-aminolevulinic acid (unpublished 
data). The  maximum drug concentration that did not 
affect cell viability was 2.5 ~g/ml and was the one 
used for further studies. 

T h e  Versa-Light (ESC Medical Systems Ltd., 
Yokneam, Israel) illuminator uses a xenon lamp as its 
source and fiberoptics as its light delivery system. The  
spectral output  is limited to ranges of 580 to 720 nm 
and 1250 to 1600 nm. This  system had been devel- 
oped in accordance with the specific demands for 
P D T  and was shown to be effective in both experi- 
mental studies and treatment of patients. 8 

Study D e s i g n  

In Vitro Study. For in vitro study, 2 × 105 cells 
were incubated in triplicate with 5-aminolevulinic 
acid (2.5 ~g/ml) for 48 hours. T h e  cells were then 
washed twice with phosphate-buffered saline and 
subjected to photoradiat ion in 1 ml of phosphate-  
buffered saline. Photoradiation was performed with 
light doses of 50, 100, and 200 joules/cm 2 after which 
the cells were washed and their viability was assessed 
with methylene blue dye exclusion. 

In Vivo Study. For in vivo studies, 60 mice were 
randomized into two equal groups (study and control). 
5-Aminolevulinic acid, 60 mg/kg,  was injected in- 
traperitoneally into the mice in the study group. After 
24 hours, these mice underwent laparotomy through a 

2 cm midline incision under general anesthesia using 
Ketalar (Park Davis, Eastleigh, Hampshire,  U.K.), 
2.5 mg. The  cecum was exposed and a circumferential 
cut of 320 degrees was made 1 cm from its tip, leaving 
the mesenteric wall intact. Anastomosis was then per- 
formed using Tri-Cron 6-0 continuous inverting su- 
tures (Davis & Geck Ltd., Anyang, Korea). Indeed this 
experimental model does not fully mimic the clinical 
situation of colonic resection and 360-degree anasto- 
mosis. However, we believed that this would not af- 
fect the results from a scientific point  of view. T h e  
anastomosis was subjected to photoradiation using a 
light dose of 40 joules/cm 2. The  abdominal wall was 
then dosed in two layers using silk 3-0 sutures (Teva 
Pharmaceutical Industries Ltd., Israel). T h e  same 
technique was used in the control group but the pho- 
todynamie therapy was omitted. On each postopera- 
tive day (1, 4, 7, 14, and 21), three mice in each group 
were killed and autopsies were immediately per- 
formed. The  right colon, 3 em distal to the anastomo- 
sis and including a remnant  of terminal ileum, was 
mobilized and excised. T h e  ileal s tump was ligated 
with silk 3-0 sutures. The  reseeted segment was then 
subjected to a bursting pressure evaluation. 

Bursting Pressure Evaluation 
A cannula was inserted into the intestinal lumen 

through the distal end of the ascending colon to a dis- 
tance of 1 cm and the intestinal wall was tied over it. 
The  eannula was connected to two channels. The  first 
was connected to the cecum and to a pressure trans- 
ducer. T h e  transducer was attached to an infusion 
pump using 0.9% saline solution at a rate of 2 ml/min. 
T h e  second channel was connected via a pressure 
transducer to a pressure recorder. Bursting pressure 
was defined as the pressure at which saline first ap- 
peared to leak from the anastomosis. 

H i s to log i c  E x a m i n a t i o n  

On days 14 and 21, two mice from each group 
were killed and the colonic segment with the anasto- 
mosis underwent  histologie evaluation. A trained 
pathologist  who was blinded to animals' group as- 
signments examined the specimens. The  specimens 
were excised, fixed in 10% formalin, and embedded 
in paraffin. The  blocks were cut at a thickness of 3 ~m 
and stained with hematoxylin and eosin. 

Stat is t ics  

The  viability of the in vitro cells was evaluated us- 
ing Student's t test and one-way analysis of variance 
(ANOVA). The  increase in bursting pressure in each 
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group from day 1 to day 21 was evaluated by one-way 
ANOVA. The daily difference in bursting pressure 
between the study and control groups was evaluated 
by Student's t test. 

Table I. Fibroblast viability before and after 
photodynamic therapy 

5 -Aminolev- 
ulinic acid Light Before After 
(2.5 ~tg/ml) (joules/cm 2) treatment (%) treatment (%) 

None  None  99 98.7 
Applied None  98.7 99 
Applied 40 99 99.7 
Applied 60 98.7 98.7 
Applied 100 98.7 95 

RESULTS 

In the in vitro study, pretreatment viability was 
96% to 99%. P D T  caused no significant change in 
the viability of fibroblasts at all light doses (Table 1); 
thus fibroblasts were not affected by photodynamic 
therapy. 

Regarding in vivo studies, there were no postoper- 
ative deaths among mice after the anastomoses were 
performed. On postoperative days I, 4, 7, 14, and 21, 
three mice in each group were killed and autopsies 
were performed. Macroscopically all anastomoses 
were intact. 

The mean bursting pressure of the control group 
dropped during the first experimental days and 
showed a low peak of 30.7 mm Hg on the postopera- 
tive day 4. This was followed by a gradual but signif- 
icant increase in bursting pressure along the examined 

Table II. Bursting pressure after colonic anastomosis in control (nontreated) and PDT-treated mice 

Control PDT  P value 
Day (mm Hg) (mm Hg) (Student's t test) 

1 36.5 -+ 2.5 38.3 -+ 2.1 NS 
4 30.7 -+ 9.6 25.0 _+ 12.3 NS 
7 85.5 -+ 21.3 89.8 +- 17.5 NS 

I0 115.7 +- 4.7 95.8 +- 22.0 NS 
14 117.5 +- 12.9 112.0 + 36.2 NS 
21 121.3 -+ 24.1 119.5 _+ 6.7 NS 

One-way P <0.001 P <0.001 
ANOVA 

Values are mean +_ standard deviation; NS = not significant. 
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Fig. 1. Bursting pressure after colonic anastomosis (days 1 to 21) in PDT-treated mice and control mice 
(n = 3). 
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rime points until a level of 121.3 m m  Hg was attained 
on day 21 (P <0.001). The  change in bursting pres- 
sure of PDT-treated mice was similar to that of the 
control group. It dropped to 25 m m  Hg on day 4 and 
increased gradually to 119.5 on the day 21 after the 
anastomosis (P <0.001) (Fig. 1). There  was no differ- 
ence in bursting pressure between the two groups for 
all examined time points (Table 1I). 

H i s to log i c  F i n d i n g s  

There  was no difference between the groups in the 
degree and extent of inflammation at the anastomotic 
site on days 14 and 21 (Figs. 2 and 3). The  anasto- 
motic site showed transmural inflammation consist- 
ing of lymphocytes,  granulocytes, and histiocytes. 

Fig. 2. Colonic wall with transmural inflammation in a P D T -  
treated mouse. 

Fig. 3. Inflamed colonic wall in a control (nontreated) mouse. 
T h e  histologic changes are similar to those seen in the P D T -  
treated mouse. 

Granulation tissues with young fibroblasts and foreign 
body giant cells were also noted. 

DISCUSSION 

The  earliest attempts to use photosensitizers to 
treat cancer were reported in 1903 by Tappenier and 
Jesionek. 9 In the past 15 years, following toxicology 
and preclinical studies, several human studies showed 
good results of P D T  in tumors of various organs in- 
cluding colorectal cancer. 1°-12 The  aim of the study 
was to establish the safety of P D T  as an adjuvant ther- 
apy for colorectal cancer in conjunction with colonic 
resection. 

The  mechanism of P D T  is not  completely under- 
stood. PDT-induced cytotoxicity is thought to occur 
through photooxidation reactions. Free radicals and 
peroxides, which are produced as a result of P D T  pho- 
tooxidation reactions, may damage a number  of cellu- 
lar structures or targets. Perhaps the most pronounced 
cellular response observed following P D T  is damage 
to membranes, particularly the plasma membrane. 13 

T h e  healing of colonic anastomosis is similar to 
wound healing elsewhere in the body. T h e  early 
process is acute inflammation followed by prolifera- 
tion of  fibroblasts accompanied by collagen synthesis 
and ground substance. 7 Here we demonstrated that 
normal fibroblasts were not affected by photodyaamic 
therapy. This  confirmed the findings of other studies 
that used 5-aminolevulinic acid or other photosensi- 
tizers, which also demonstrated that in vitro P D T  had 
no effect on human fibroblasts. 1.,15 

The  natural course of anastomotic healing is char- 
acterized by a significant reduct ion in its bursting 
strength, which reaches its lowest peak around post- 
operative day 4. Thereafter a progressive increase in 
the bursting strength occurs, reaching similar levels 
of  preanastomotie integrity on day 21.7 T h e  effects 
of P D T  on healing are not  well established. Brouwer 
et al. 6 studied them in ineisional wounds in rats and 
found that there was no difference in tensile strength 
after 21 days between PDT-treated rats and control 
rats. Knbler et al. 16 found the opposite effect, show- 
ing that P D T  lowered the tensile s t rength of skin 
wounds in rats. In a more recent study, Loh et aL I; 
measured the strength of the rat stomach in response 
to P D T  and showed that P D T  did not  compromise 
the mechanical strength of the stomach wall. T h e  re- 
sults oft_he present study are in accordance with those 
claiming that P D T  did not have a deleterious effect 
on the tensile strength of the skin--that  is, P D T  did 
not  decrease the bursting strength of the anastomosis 
in our treated animals compared to the control mice. 

Adjuvant and perioperative oncologic treatment,  
such as chemotherapy and radiation therapy, is in- 
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creasingly used in the treatment of malignant diseases. 
It appears that some chemotherapeutic agents given 
in the immediate perioperative period impair the 
early healing of colonic anastomoses, whereas the ef- 
fects on late healing are less pronounced. 7 The  in- 
creased risk of  anastomotie dehiscence both in the 
early and late periods after radiation therapy is also 
well known. P D T  is generally considered to be a 
treatment modality with relatively fewer side effects 
than chemotherapy or radiation therapy. 7 One of the 
weaknesses of P D T  is its limitation in the tissue pen- 
etration of the light and hence in destroying bulky tu- 
mors. On the other hand, it is theoretically an excel- 
lent modality for treating residual and microscopic 
disease. 

Intraoperative P D T  was first applied clinically to 
patients undergoing resection of recurrent colorectal 
carcinoma and retroperitoneal sarcoma. 11,18 In a phase 
I study, Delaney et al. 4 demonstrated the feasibility of 
intraoperative P D T  following debulking surgery. A1- 
lardice et al. 3 and Abulafi et al. 5 reported the results 
of  intraoperative P D T  of  patients who underwent 
colonic resection with proven positive resection mar- 
gins. Only one out of eight PDT-treated patients de- 
veloped local recurrence compared with 12 out of 14 
who underwent surgery alone. 

In summary, we evaluated the effect of P D T  on 
colonic anastomosis in mice using 5-aminolevulinic 
acid as a photosensitizer. We first demonstrated that 
in vitro P D T  does not affect the viability of  fibro- 
blasts. We subsequently evaluated bursting pressure 
as an indicator of anastomotic strength and demon- 
strated that there was no difference in the bursting 
pressure between PDT-treated mice and control mice 
in the early or the late post-operative period (days 
i and 21). Our findings suggest that P D T  does not 
cause a significant impairment in healing of colonic 
anastomoses. Therefore P D T  may be used as an adju- 
vant modality for the treatment of coloreetal cancer. 

This study is dedicated to our colleague, the late Dr. A. Sbnaper, a 
distingu#hed surgeon and researcher who tragically passed away 
shortly after the completion of this research. 
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Malabsorptive Procedures for Severe Obesity: 
Comparison of Pancreaticobiliary Bypass 
and Very Very Long Limb Roux-en-¥ 
Gastric Bypass 
Michel M. Mu~  M.D., Bruno M. Balsigo; M.D., Frank P. Kennedy, M.D., 
Jane L. Mai, R.N., Michael G. Sa~ M.D. 

The aim of this study was to determine the efficacy and safety of two malabsorptive procedures for severe 
obesity. Prospectively collected data from eight men and three women who underwent partial biliopan- 
creatic bypass (PBB) and 19 men and seven women who underwent very very long limb Roux-en-Y gas- 
tric bypass (VVLGB) for superobesity (preoperative weight >225% above ideal body weight) were eval- 
uated. Age (42 -+ 3 years and 40 -+ 2 years), body mass index (64 -+ 4 kg/m 2 and 67 +- 3 kg/m2), and per- 
centage of excess body weight (183 % - 17 % and 203 % + 12 %) were similar (mean -+ standard error of 
the mean). Median follow-up was 96 months (range 72 to 108 months) and 24 months (range 18 to 60 
months) for the PBB and VVLGB groups, respectively. Weight loss expressed as percentage of excess 
body weight was 68% + 4% 2 years and 71% + 5% 4 years after PBB, and 53% + 7% 2 years and 57% 
-+ 5% 4 years after VVLGB. Current body mass indexes are 37 +- 2 kg/m z and 42 + 2 kg/m 2 in the PBB 
and VVLGB groups, respectively. Hospital mortality was zero. Morbidity occurred in five patients after 
VVLGB (wound infection in four, wound seroma in one, and pulmonary embolus in one) and in two pa- 
tients after PBB (abscess in two, anastomotic leak in one, and gastrointestinal bleeding in one). After 
PBB, one woman died of refractory liver failure 18 months postoperatively and two other patients de- 
veloped metabolic bone disease. No such known complications have occurred to date after VVLGB. We 
conclude that VVLGB is safe and effective for clinically significant obesity, results in sustained weight 
loss, and improves quality of life. (J GASTROrNTEST SURG 1999;3:607-612.) 

KEY WORDS: Bariatric surgery, obesity, morbid obesity, gastric bypass, malabsorption 

Medically complicated obesity, often referred to as 
morbid obesity, is a serious health problem that has 
repeatedly proved refractory to nonoperative therapy. 
The two commonly used operations to treat medically 
complicated obesity in North  American centers, ver- 
tical banded gastroplasty and Roux-en-¥ gastric by- 
pass, have been condoned by a National Institutes of  
Health Consensus Conference on Bariatric Surgery2 
Variations of both procedures have been advocated 
for use in superobese patients (>225% above ideal 
body weight and/or body mass index >50 kg/m 2) such 
as decreasing the diameter of  the stoma to 4.5 cm in 
vertical banded gastroplasty 2 or increasing the length 

of  the Roux limb in gastric bypass. TM However, rela- 
tive weight loss after such procedures has not been as 
satisfactory as in patients who weigh less than 200% 
of their ideal body weight. Scopinaro et al. s have 
demonstrated a dramatic weight loss and acceptable 
early morbidity and mortality after partial biliopan- 
creatic bypass (PBB) and claimed few significant long- 
term problems. PBB has not been widely accepted in 
North  America because of  the preceding ill-fated je- 
junoileal bypass and, more important, because, in 
contrast to Scopinaro's findings, most other groups 
have noted unacceptable serious long-term morbid- 
ity related to PBB. 4,6 

From the Departments of Surgery (M.M.M., B.M.B., J.L.M., and M.G.S.) and Internal Medicine (EP.K.), Mayo Clinic, Rochester, Minn. 
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and published as an abstract in Gastroenterology 114:A1412, 1998. 
Reprint requests: Dr. Michael G. Sarr, Chair, Division of Gastroenterologic and General Surgery, Mayo Clinic, 200 First Street SW,, 
Rochester, MN 55905. 
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Fig. 1. A, Partial bilopancreatic bypass. B, Vertical discon- 
nected very very long limb Roux-en-Y gastric bypass. 

Based on the early reports by Scopinaro et al., 5 we 
initially treated selected superobese patients with a 
modification of the PBB as originally described by this 
group (Fig. 1). We encountered an unacceptably high 
rate of unfavorable outcomes and subsequently began 
using a gastric bypass with a very very long Roux limb, 
the VVLGB. The  purpose of this study was to report 
the operative mortality, short- term and long-term 
morbidity, and patterns of weight loss after VVLGB 
and PBB for clinically significant superobesity. 

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

Prospectively collected data from all patients who 
underwent  bariatric surgery at Mayo Clinic from 
1985 to the present were analyzed. The  records of 37 
consecutive patients were reviewed, including 11 who 
underwent PBB from 1989 to 1993 and 26 who un- 
derwent VVLGB from 1993 to 1997. Patient demo- 
graphics, weight, perioperative mortality and mor-  
bidity, and subjective assessment of quality of life were 
analyzed. All patients were followed for at least 4 
years after PBB and 25 of 26 to date after VVLGB; 
pertinent data points were collected prospectively by 
mailing a standard questionnaire at 3, 6, 12, 24, 36, 
and 48 months postoperatively. The  questionnaire in- 
cluded detailed information on dietary and caloric in- 
take, weight, level of activity, and a subjective assess- 
ment  of quality of life. Patients were contacted by one 
of the authors to update follow-up at the time of com- 
pletion of this study. Follow-up is complete to date 
for 35 of 37 patients; one PBB patient was lost to fol- 
low-up after 48 months and one ¥%rLGB patient was 
lost to follow-up after 18 months, despite numerous 
attempts to contact him. 

All PBB procedures were performed similar in 
principle to the description of Scopinaro et al. 5 with a 

200 to 500 ml proximal gastric pouch after - 8 0 %  dis- 
tal gastrectomy, gastroileostomy, jejunoileostomy 
with a 200 cm Roux-en-¥ ileal limb and a 50 cm 
common channel. The  length of the biliopancreatic 
limb was thus approximately 300 to 400 cm. The  last 
patient did not undergo the distal gastrectomy but 
simply had the proximal stomach partitioned with a 
double row of staples, leaving about a 100 ml proxi- 
mal gastric pouch. 

VVLGB involved a simple modification of the ver- 
tical disconnected Roux-en-Y gastric bypass operation 
as described previously. 7 T h e  jejunal Roux limb is 
markedly lengthened to 300 to 400 cm by anasto- 
mosing the pancreacticobiliary limb to the Roux limb 
100 cm proximal to the ileocecal junction. Initially we 
varied the length of the common channel in a man- 
ner inversely proportional to patient weight, but as 
our experience accumulated, we standardized the 
length of the c o m m o n  channel to 100 cm. This  
"common channel" of distal ileum permits the pan- 
creatobiliary secretions from the "bypassed" small 
bowel to mix with ingested food emptying from the 
proximal gastric pouch into the very very long Roux- 
en-Y limb, thereby allowing digestion and absorption 
of ingested complex food stuffs to occur in the distal 
100 cm of small bowel, thereby partially limiting ab- 
sorption. A side-to-side anastomosis of the proximal 
jejunum to the "disconnected" small (15 ml) pouch of 
gastric cardia is performed with a No. 21 EEA stapler 
(U.S. Surgical Corp., Norwalk, Conn.) and reinforced 
with an outer  layer of interrupted silk sutures. A 
cholecystectomy is routinely performed (if the patient 
has not had a previous cholecystectomy), as well as 
placement of a tube gastrostomy in the defunctional- 
ized distal gastric remnant. 

After both procedures, patients were started on sips 
of clear liquid diet on the second or third postopera- 
tive day. Diet was advanced to pureed food before pa- 
tients were discharged from the hospital and was 
maintained for 6 weeks postoperatively; thereafter a 
more liberal diet of regular food was allowed over the 
ensuing 6 weeks. 

The  initial postoperative follow-up was at our fa- 
cility and involved a visit with the surgeon, referring 
endocrinologist, and a dietitian. All patients had been 
strongly and repeatedly counseled in the hospital and 
were started on an oral multivitamin supplement plus 
minerals, monthly intramuscular injection of vitamin 
B[2 (1000 I~g), and oral calcium supplements. After 
PBB, patients were prescribed vitamin A and D sup- 
plements as well. Postoperative data were pooled 
from the responses to the periodic questionnaires, re- 
turn visits to the Mayo Clinic, and phone interviews. 
Given the nature of our referral pattern, long-term 
follow-up in our facility was not always feasible for 
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some patients who lived a great distance away. These 
patients underwent periodic assessment at their local 
health care facilities after we corresponded with their 
home physician, counseling the latter in appropriate 
follow-up evaluation. 

Analysis  o f  Da ta  

All data are reported as mean __ standard error of 
the mean unless otherwise specified. Student's t tests 
were employed, and P <0.05 was considered signifi- 
cant. 

R E S U L T S  
Patient Demographics and Weight 

Eight men and three women underwent PBB be- 
tween 1989 and 1993, and 19 men and seven women 
underwent VVLGB between 1993 and 1997. All but 
two patients were superobese (i.e., >225 % above ideal 
body weight). The  two patients who did not fulfill the 
weight  criteria for superobesity had both failed to 
maintain a weight loss after an anatomically intact 
vertical banded gastroplasty and had active weight- 
related severe morbidity; both were treated by PBB. 
Age and weight distributions were similar in the two 
groups (Table I). All patients had failed at least one 
supervised attempt at a nonoperative means of weight 
loss. All patients had one or more of the following co- 
morbid conditions: hypertension, asthma, glucose in- 
tolerance, degenerative joint disease, or advanced ve- 
nous stasis ulcers (Table II). In addition, sleep apnea 
(defined by multiple episodes of desaturation noted 
on a formal sleep study at our sleep disorders clinic) 
was documented in 5 (45%) of 11 patients undergoing 
PBB and 19 (73%) of 26 patients in the VVLGB 
group. 

Table I. Patient characteristics* 

PBB VVLGB 
(N = 11) (N = 26) 

Age (yr) 42 -+ 3 40 +- 2 
Preoperative weight (kg) 187 -+ 11 218 + 11 
Body mass index (kg/m 2) 64 - 4 67 _+ 3 
Excess body weight (kg) 123 _+ 11 146 +- 11 
Excess bodyweight (%) 183 -+ 17 203 + 12 

*Values are mean _+ standard error of the mean. 

Table II. Medication use for comorbid conditions 
before and after surgery* 

PBB VVLGB 

Before After Before After 

Asthma 4 0 2 2 
Hypertension 3 2 10 4 
Diabetes 1 2 2 1 
Mechanical 4 2 I 1 8 

arthropathy 

*Number of patients requiring treaunent. 

Table HI. Surgical history and concomitant operations 
performed 

PBB VVLGB 

Previous bariatric surgery 
(No. of patients) 

Common channel (cm) 

Cholecystectomy* 
Umbilical/ventral 

hernia repair 

2 4 

50 108 --- 5 
(range 60-150) 

7/11 (63%) 21/26 (81%) 
6/11 (55%) 8/26 (31%) 

*Includes all patients without a previous cholecystectomy. 

Surgica l  H i s t o r y  and  O p e r a t i v e  Procedures 

Previous bariatric operations for weight loss had 
been performed in 4 of 11 patients in the VVLGB 
group, including jejunoileal bypass and vertical 
banded gastroplasty in one and three patients, respec- 
tively (Table I[I). Two patients in the PBB group had 
undergone a previous vertical banded gastroplasty but 
their weight loss had been insignificant despite intact 
anatomy of the operation. The  last patient to have a 
PBB did not undergo a distal gastrectomy. The  com- 
mon channel in patients who underwent PBB was 50 
cm. In the VVLGB group the common channel var- 
ied but had a mean of 108 _+ 5 cm (range 60 to 150 
cm). Concomitant  procedures included cholecystec- 
tomy (7 of 11 and 21 of 26) if it had not  been per- 
formed previously and repair of umbilical or ventral 

hernias (6 of 11 and 8 of 26) in the PBB and VVLGB 
groups, respectively. 

Morbidity and M o r t a l i t y  

There  were no operative deaths. After PBB, hos- 
pital morbidity (Table IV) included an anastomotic 
leak at the gastroileostomy that required operative re- 
pair. This  patient also developed transient gastroin- 
testinal bleeding, presumably from the gastroile- 
ostomy. One other patient developed a wound infec- 
tion. After VVLGB, four patients (15%) developed 
wound infections and another had a wound seroma. 
An additional patient with a history of recurrent pul- 
monary embolism developed a pulmonary embolus 
on the tenth postoperative day, despite full postoper- 
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Table IV. Mortality and morbidity after PBB and 
VVLGB 

PBB VVLGB 
Morbidity and mortality (N = 11) (N = 26) 

Early morbidity 
Wound infection 1 4 
~Vound seroma 0 1 
Anastomotic leak* 1 0 
Gastrointestinal bleeding 1 0 
Pulmonary embolus 0 1 

Late morbidity 
Liver failure and death 1 0 
Metabolic bone pain 2 0 
Urolithiasis 1 2 
Endoscopic dilatations 1 0 
Stomal ulcer bleeding 1 0 

*Requiring operative repair. 
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Fig. 2. ~Veight loss data expressed as percentage of excess body 
weight lost (%EBWL) PBB = partial biliopancreatic bypass; 
VVLGB = very very long limb Roux-en-Y gastric bypass. 

ative anticoagnlation beginning on the first day after 
operation. Median length of postoperative hospital- 
ization was 11 days for the PBB group (range 6 to 54 
days) and 8 days for the VVLGB group (range 5 to 33 
days). 

After PBB, long-term morbidity (mean follow-up 
85 - 9 months)  involved complaints of diarrhea, 
steatorrhea, and foul-smelling stools in all patients; 
the latter was especially difficult to manage. One pa- 
t ient developed progressive liver failure associated 
with neuropathy 12 months postoperatively and died 
6 months later despite aggressive vitamin and mineral 
supplementat ion.  In speaking with her family, we 
learned that she had refused to take the prescribed 
mineral and vitamin supplements and never saw her 
physician despite numerous entreaties. Two other pa- 
tients who were equally noncompl iant  developed 
metabolic bone disease with generalized bone pain, 
which has slowly responded to vitamin D and oral cal- 

cium supplements. In contrast, after VVLGB, no se- 
rious long-term nutritional complications have oc- 
curred (mean follow-up 32 _ 3 months) to date. 

No patients have undergone reversal of either PBB 
or VVLGB. Similarly none have required lengthen- 
ing of the common channel. One patient after PBB 
and two after VVLGB developed symptomatic  
urolithiasis; these stones were not of oxalate origin. 
After PBB, one patient required two episodes of en- 
doscopic dilatation for (poorly documented) stenosis 
of the gastroileostomy, and another developed upper 
gastrointestinal bleeding, presumably from a stomal 
ulcer, during a prolonged course of nonsteroidal anti- 
inflammatory drugs for arthritis. 

W e i g h t  Loss  

Mean weight loss, expressed as a percentage of ex- 
cess body weight (% EBWL), appeared to plateau 18 
to 24 months  postoperatively in both the PBB and 
VVLGB groups, respectively (see Fig. 2). Weight loss 
was 68% _+ 4% and 71% _+ 5% at 2 and 4 years, re- 
spectively after PBB; after VVLGB, weight loss was 
53% +_ 7% at less than 24 months (n = 6) and 57% +_ 
5 % at more than 24 months (n = 20). Current  values 
for BMI are 37 + 2 kg/m 2 (reduced from 64 -- 4 
kg/m 2 preoperatively) and 42 +_ 2 kg/m 2 (reduced 
from 67 _ 3 kg/m 2 preoperatively) after PBB and 
VVLGB, respectively. Two years after surgery, all pa- 
tients with PBB and 62% of patients with VVLGB 
have lost 50% or more of their excess body weight. 
The  difference in %EBWL at each time point is not 
statistically significant (P >0.05). 

C o m o r b i d  C o n d i t i o n s  

The  use of medications for asthma, hypertension 
and arthritis was reduced (see Table II) postopera- 
tively. We cannot make any inferences concerning the 
effect of weight loss on glucose intolerance because 
of the somewhat surprisingly small number of patients 
in this cohort with clinically significant diabetes mel- 
litus requiring medical treatment. Although many of 
these patients have discontinued their use of continu- 
ous airway pressure masks, we have no reliable objec- 
tive data on the effect of weight loss on the presence 
or severity of sleep apnea. 

Subjec t ive  A s s e s s m e n t  o f  Qua l i ty  o f  Life 

All living patients in both groups were satisfied 
with the resultant weight loss after the operation and 
maintained that it markedly improved the quality of 
their lives. All patients indicated that they have rec- 
ommended and will continue to recommend such op- 
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erative treatment to similar individuals with clinically 
significant obesity. 

D I S C U S S I O N  

Operative treatment is the only modality that has 
reliably resulted in sustained weight loss in most pa- 
tients with clinically significant obesity. The  enthusi- 
asm for pharmaceutical treatments has greatly t ided 
after the incidental finding of an association between 
these widely used drugs and valvular heart damage. 8 
Current  acceptance of bariatric surgery as an option 
for the patient with clinically significant "morbid" 
obesity has been acknowledged by a National Insti- 
tutes of Health Consensus Conference on gastroin- 
testinal surgery for severe obesity. 1 

We have established a multidisciplinary team ap- 
proach for the t reatment  of medically complicated 
obesity. Our operative treatment has evolved over the 
years reflecting our own experience based on critical 
analysis of our prospectively collected data. We have 
switched from nonbanded 9 to banded gastroplasty 1° 
and most recently to a disconnected Roux-en-Y gas- 
tric bypass as the primary modality of operative treat- 
ment  for clinically significant obesity. Our initial op- 
eration of  choice for the subgroup of superobese 
patients was pancreaticobiliary diversion based on 
the encouraging preliminary data from Scopinaro's 
group. 5 Although weight loss patterns after PBB were 
predictable and encouraging, we questioned the "rad- 
icality" of this procedure and specifically the need for 
distal gastrectomy. As our experience accumulated 
with this small cohort of patients, we noted untoward 
effects of the severe, generalized malabsorption in- 
duced by the short (50 cm) common alimentary limb. 
All patients had steatorrhea, diarrhea, and foul- 
smelling stools. One woman died of irreversible liver 
damage that could not  be attributed to factors other 
than the PBB itself and the patient's noncompliance. 
Al though all of  the other  patients who underwent  
PBB are alive and well, two other women developed 
severe bone pain requiring aggressive intervention. 
Although the weight loss was impressive after PBB, 
the need for supplemental vitamins and minerals and 
a very compliant patient for the remainder of his/her 
life makes this operation less attractive for most pa- 
tients. 

We postulated that we could achieve a similar de- 
gree of weight loss to reverse the weight-related mor- 
bidity without the untoward effects of the PBB oper- 
ation by elongating the Roux limb (to 300 to 400 cm 
of a conventional disconnected Roux-en-Y gastric by- 
pass) and controlling the length of the common chan- 
nel. T h e  VVLGB differs f rom the PBB in that we 
perform a disconnected Roux-en-Y gastric bypass us- 

ing the proximal je junum as the alimentary limb 
(Roux limb), and not the proximal ileum as in a PBB. 
Intestinal continuity of the alimentary and biliopan- 
ereatic limbs of the VVLGB is restored at the level of 
the distal ileum to form a 100 cm common limb. We 
fashion a very small pouch of gastric cardia, large 
enough to accommodate the anvil of a 21 m m  circu- 
lar stapler; we do not  measure its volume but would 
estimate it at 15 ml or less. 

Our data show that early weight loss patterns in the 
first 12 months are similar after the two operations. 
The  trends after i year become parallel, and patients 
after PBB appear to attain greater weight loss at 24 
and 36 months,  albeit nonstatistically significant. 
These conclusions, however, are limited by the small 
number  of patients who are at 3 and 4 years after a 
VVLGB. More important,  with VVLGB the meta- 
bolic and nutritional consequences from PBB appear 
to have been avoided with a seemingly less radical op- 
eration. Similar results have been reported by Suger- 
man et al. 4 using an anatomic variant of gastric by- 
pass; all five of their patients with a common limb of 
only 50 cm had to undergo revision because of devel- 
opment  of protein-calorie malnutrition, and two pa- 
tients died of  hepatic failure. In the same report,  
weight loss after the common limb was elongated to 
150 cm was 69% of excess body weight at 5 years; 
only 3 of 22 patients required elongation of this 150 
em common limb for metabolic complications. 

It appears that the malabsorption after a VVLGB is 
less malignant than that after a PBB, presumably be- 
cause the length of the common limb is longer (100 
cm vs. 50 cm) and possibly because of a longer Roux- 
en-Y limb. T h e  benefits of avoiding the metabolic 
consequences of a common limb of 50 cm as origi- 
nally described by Scopinaro et al., 5 in our opinion 
and that of others ,  3,4,6 outweigh the modest increment 
of weight loss after PBB. T h e  configuration of the 
VVLGB as we construct it may play a role in reducing 
the severity of malabsorptive syndromes. We employ 
the proximal jejunum as the Roux limb; the pancre- 
aticobiliary limb is much shorter and consists of the 
duodenum and proximal 40 to 60 cm of jejunum as 
opposed to the entire jejunum with PBB. Therefore 
ingested nutrients are not excluded from the jejunum 
as in the PBB. We cannot justify distal gastrectomy 
because it considerably increases the operative time 
and has its potential complications. Although intestinal 
metaplasia of the bypassed stomach may develop, 11 
long-term follow-up from centers that perform the 
gastric bypass has not shown an increased incidence of 
gastric remnant neoplasia or a need for later resection 
of the bypassed gastric remnant  because of acute or 
chronic intragastric bleeding. Clearly, longer follow- 
up is needed to settle this issue. 
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It is worth noting that Scopinaro's group has re- 
ported a very low incidence of protein-calorie malnu- 
trition and/or metabolic bone disease after PBB that 
paralleled a decrease in their referrals from southern 
Italy. Such regional, geographic, racial, and dietary 
variations may account for the high incidence of 
metabolic complications after PBB in North America 
where the diet of such obese individuals contains a 
high percentage of fat and lesser amounts of carbohy- 
drates. 4 Nevertheless, the differences in our results 
and others after PBB are markedly different from 
those of Scopinaro et al. 5 and remain difficult to rec- 
oncile. 

Weight loss in our patients after VVLGB is com- 
parable to that reported from other centers employ- 
ing malabsorptive procedures such as the distal gas- 
tric bypass (69% excess body weight at 5 years), 4 long 
limb gastric bypass (64% at 2 years) 3, and the PBB 
(72 % at 8 years). 5 Vertical banded gastroplasty with a 
5 cm collar resulted in an excess body weight loss of 
54% and 50% at 2 and 5 years, respectively. 2 It is dif- 
ficult, however, to judge the results of vertical banded 
gastroplasty because that report did not include the 
standard deviation or standard error of the mean. The 
preponderance of men in our patient population is 
worth noting and is at variance with other reports and 
with our own overall experience with bariatric sur- 
gery. It may be that men seek medical help when 
they reach a higher body mass index than women. 
The effect of this skewed sex distribution on weight 
loss remains to be evaluated. 

Weaknesses of the Study 

Meaningful conclusions regarding postoperative 
laboratory values to confirm the absence of subtle 
metabolic deficiencies have not been possible because 
our institution is a tertiary referral center. We ac- 
knowledge that relying on patients' reports of current 
weight and other conditions without on-site verifica- 
tion represents a pitfall of our study that we cannot 
correct because of the reasons mentioned earlier and 
our practice climate. Many of our patients live more 
than 100 miles away, and few have had long-term lab- 
oratory studies at our center. The  relatively small 
number of patients in this study (n = 37) remains a 
potential weakness; nevertheless, this represents a 
series of malabsorptive procedures large enough 
to make some meaningful observations. Long-term 
follow-up of VVLGB may indeed unmask metabolic 
abnormalities that are not apparent at the present 
time. Currently we do not think it ethical to random- 
ize patients to PBB vs. VVLGB after the untoward ef- 
fects we have noted following PBB. 

C O N C L U S I O N  

VVLGB is a safe and effective operation for the 
treatment of clinically significant obesity. VVLGB re- 
suits in satisfactory weight loss, amelioration of co- 
morbid conditions, and improvement in the quality 
of life. Maintaining a common channel of 100 cm of 
the distal ileum combined with a very small gastric 
pouch of cardia achieves adequate weight loss with- 
out late nutritional or metabolic consequences com- 
mon to PBB. These results justify our abandonment 
of PBB and change in practice patterns. We currently 
recommend VVLGB for superobese patients, patients 
with severe comorbid conditions, and a body mass in- 
dex greater than 60, and as a revisional operation for 
anatomically intact but failed previous bariatric 
surgery provided that the patient is compliant and 
well educated concerning the need for lifetime med- 
ical follow-up. 

We wish to acknowledge Deborah L Frank for her help m the prepa- 
ration of this manuso-tpt. 
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Surgical Treatment of Roux Stasis Syndrome 
Bao Lien Nguyen Tu, M.D., Keith A. Kelly, M.D. 

We wondered whether the slow gastric emptying of the Roux stasis syndrome could be improved by per- 
forming a corrective "uncut" Roux operation. Five dogs had a standard Roux gastrectomy and placement 
of serosal electrodes on the proximal jejunum and Roux limb. After recovery, baseline myoelectrical and 
gastric emptying data were collected. The animals then underwent a second operation: take down of the 
Roux limb, restoration of jejunal continuity, and construction of an "uncut" Roux limb. After the animals 
recovered, the tests were repeated. The slow frequency of pacesetter potentials (PPs) in the standard 
Roux limb (mean + standard error of the mean 14 - 0.4 cpm) was unchanged after the uncut Roux op- 
eration (14 + 0.5 cpm, P >0.05). However, a greater percentage of PPs propagated aborally in the uncut 
Roux limb (81% + 4%) than in the standard Roux limb (53% + 7%, P <0.05). Nonetheless, gastric 
emptying of a 250 ml 10% dextrose liquid meal was not speeded by the uncut Roux operation (uncut 
Roux = 36% + 5% emptied by 20 minutes vs. standard Roux -- 35% -+ 7%; P >0.05). Bile acid con- 
centrations in gastric aspirates were minimal after both operations (0.7 ~ 0.2 ~tmol/L vs. 0.6 + 0.1 
ixmol/L; P >0.05). The conclusion was that more PPs propagated in the aborad direction in the uncut 
Roux limb than in the standard Roux limb, but gastric emptying was not speeded by the uncut Roux op- 
eration. Both operations were equally effective in preventing bile reflux into the gastric remnant. (J GAS- 
TROINTEST SURG 1999;3:613-617.) 

KEY WORDS: Gastrectomy, gastric emptying, intestinal motility, small bowel transit, intestinal electrical 
activity 

The  Roux stasis syndrome, characterized by ab- 
dominal pain, nausea, vomiting, and postprandial 
bloating, appears in approximately 30% of patients at 
risk. 1 The  syndrome results, in part, from the bowel 
transection required to create the Roux limb. 2,3 The 
transection disconnects the Roux limb from the duo- 
denal pacemaker. Ectopic pacemakers then appear in 
the limb between 5 and 40 em distal to its proximal 
end. 4 They  beat at a slower frequency than the duo- 
denal pacemaker. Also, they drive the paeesetter po- 
tentials (PPs), hence contractions, of  the proximal 
portion of the Roux limb in an orad direction, toward 
the stomach. The  slow PP frequency and the orad PP 
propagation delays gastric emptying and slows Roux 
limb transit. 2-~ 

This study tested the hypothesis that the slow gas- 
tric emptying following standard Roux gastrectomy 
can be improved by taking down the Roux limb, 
restoring jejunal continuity, and performing an "un- 

cut" Roux operation, with the new gastrojejunostomy 
being distal to the ectopic pacemakers in the old Roux 
limb. Uncut  Roux operations have been used by oth- 
ers and ourselves in the past to avoid the Roux stasis 
syndrome and yet prevent bile reflux into the gastric 
remnant. 6-9 

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

The experiments were performed according to the 
Guidelines of  the National Institutes of Health and 
were approved by the Mayo Clinic's Institutional An- 
imal Care and Use Committee on April 25, 1995. 

Animal  P r e p a r a t i o n  

After a 12-hour fast, five female mongrel dogs un- 
derwent resection of the distal 6 cm of the stomach, 
followed by reconstruction of  the gastrointestinal 
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Hg. 1. Canine experimental preparations. Left, 
Distal gastrectomy, Roux-en-¥ gastrojejunos- 
tomy, placement of electrodes (E). D = duode- 
num; J = jejunum; shaded area = conventional 
Roux limb; A = distal end of proximal jejunum; B 
= proximal end of Roux limb. Right, Takedown 
of Roux gastrojejunostomy, restoration of jejunal 
continuity (A to B), uncut Roux limb construc- 
tion, diverting side-to-side jejunojejunostomy. 
Distance from B to C is 45 cm. R = uncut Roux 
limb; shaded area = original conventional Roux 
limb. 

Conventional 
Roux Gastrectomy 

IScrn 

Conversion to Uncut 
Roux Gastrectomy 

Distance from 
2cm B t o C = 4 5 © m  

tract with a standard Roux-en-Y gastrojejunostomy. 
The  Roux limb was made of proximal jejunum and 
was 45 cm in length. Six monopolar silver-silver chlo- 
ride electrodes were placed on the seromuscular layer 
of the proximal jejunum, the Roux limb, and the dis- 
tal jejunum (Fig. 1, left). The  electrodes were con- 
nected by insulated leads to a multipinned socket 
contained in a plastic cannula, the outer end of which 
was exteriorized and the inner end anchored to the 
abdominal wall in the left lower quadrant. In addition 
to the gastric operation, all dogs also underwent a lat- 
eral cervical esophagostomy to allow access to the 
stomach through the esophagus for gastric emptying 
studies. The  cervical vagal nerves were carefully 
spared. 

After acquisition of baseline myoelectrical and gas- 
tric emptying data, the animals underwent a second 
operation. The  Roux limb was taken down, jejunal 
continuity was restored with an end-to-end jejunoje- 
junostomy, and a side-to-side gastrojejunostomy was 
constructed using the jejunal segment 45 cm distal to 
the proximal end of the previous Roux limb. Five cen- 
timeters proximal to this anastomosis, a 1 cm circular 
band of jejunum was excised except for a 1 cm seg- 
ment along the mesenteric wall. The mucosa of this 
remaining segment was stripped, thus creating a I cm 
in length neuromuscular bridge between the proximal 
jejunum and the newly formed Roux limb (Fig. 1, 
right). The  bowel lumen distal to this bridge was 
closed in two layers using sutures. The lumen proxi- 
mal to the neuromuscular bridge was incorporated 
into an end-to-side jejunojejunostomy at a site on the 
efferent jejunal limb 45 cm distal to the gastrojeju- 
nostomy. The neuromuscular bridge created by this 
operation maintains myoneural continuity between 

the new Roux limb and the more proximal bowel--  
hence the term, uncut Roux limb. 

Myoe lec t r i ca l  Studies  

Results of three fasting studies, performed on three 
different days, were obtained from each dog begin- 
ning 1 month after each operation. The  studies, 
which lasted 3 hours each, were performed after the 
dogs had been fasted for approximately 16 hours 
overnight. During the study each fully conscious ani- 
mal was placed in a Parlor stand, with the electrodes 
connected to an electronic amplifier/computer acqui- 
sition system. The  amplified analogue signals were 
converted to digital signals, sampled at 100 Hz, and 
displayed in real time on a VGA monitor while si- 
multaneously stored on magnetic media for later 
analysis. The  PP rhythm, configuration, frequency, 
and direction of propagation were determined at each 
site of  electrode placement using computer analytic 
techniques previously described. ~° In particular, the 
direction of PP propagation was determined by which 
electrode had phase lead, that is, at which electrode 
the PP occurred first. We recognized that PP propa- 
gation cannot be proved without stimulation of an ar- 
tificial PP and documentation of its pattern of detec- 
tion by adjacent electrodes. 

The shortest absolute difference between each PP 
event in channel E6 and that in its orad neighbor, 
channel E5, was determined. A minimum time differ- 
ence of less than 1.5 seconds was considered to be a 
propagated PP. Propagated PPs that first occurred in 
the orad electrode were given a positive time desig- 
nation and represented aborad propagation. Propa- 
gated PPs that first occurred in the aborad electrode 
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Conventional Roux Gastrectomy 

Proximal Jejunum E1 ~ ~ ~  

Rouxlimb E2 

E3 
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Corrective Uncut Roux Gastrectomy 

Proximal Jejunum 
E1 

Rouxllmb 
E5 

E6 

Fig. 2. Canine jejunal electrical tracings. Upper, 
Orad (backward) propagation of  PPs in a conven- 
tional Roux limb from E 3 to E 2. Lower ,  Aborad 
propagation of  PPs in an uncut  Roux limb from 
Es to E 6. E = electrode; PPs = pacesetter poten- 
tials. For  electrode positions, see Fig. 1. 

were given a negative time designation and repre- 
sented orad propagation. Simultaneous PP events in 
adjacent electrodes had a minimum time difference of 
0, as expected. If no PP event was detected in the orad 
channel within 1.5 seconds of an event in the aborad 
channel, an arbitrary number, 3.5, was assigned. Thus  
each PP event in the aborad channel had an associ- 
ated propagation time lag associated with it (3.5 for 
no propagation or a t ime lag between +1.50 and 
- 1.50 seconds). The  percentage of PPs that propa- 
gated orad and aborad was then calculated for the 
electrode pair during each experiment. 

Gas t r i c  E m p t y i n g  S tud ies  and  Bile Acid  
C o n c e n t r a t i o n  M e a s u r e m e n t s  

After each operation, each dog underwent  four 
studies to determine the rate of gastric emptying. We 
chose to study emptying of a liquid meal because it 
allowed us to assess the rate of gastric emptying and 
the presence or absence of enterogastric reflux using 
the same test. An orogastric tube was inserted 
through the esophagostomy and posit ioned in the 
s tomach where a 250 ml solution of 10% dextrose 
tagged with 1% polyethylene glycol was instilled. In 
two studies the gastric content was aspirated 20 min- 

utes later. In the other two studies, the stomach was 
aspirated 1 hour later. The  stomach was then washed 
with 100 ml of distilled water and the wash collected. 

T h e  volume of gastric instillate emptied (VE) 
was determined (in milliliters) using the following 
formulas: 

V E = 250 - Vg and 

V R = V A (CA/C0 -[- V~v (Cw/CI) ,  

where VE = volume emptied (ml), VR = volume 
residual (ml), VA = volume aspirated (ml), Vw = vol- 
ume of wash (ml), CA = concentration of polyethyl- 
ene glycol in aspirated fluid (g/L), CI = concentra- 
tion of PEG in instillate (g/L), and Cw = concentra- 
tion of polyethylene glycol in wash fluid (g/L). The  
samples of gastric aspirates were also used to deter- 
mine the concentration of bile acids present in the 
gastric content. 

R E S U L T S  
Myoe lec t r i ca l  P a t t e r n s  

The  PPs in the Roux limb of the dogs with a con- 
ventional Roux gastrectomy had a configuration sim- 
ilar to that of the proximal jejunum (Fig. 2). The  fre- 
quency of  the PPs in the Roux limb, however, was 
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slower (14 + 0.4 cpm) than that in the proximal je- 
junum (19 _+ 0.3 cpm, P <0.05). Moreover, approxi- 
mately half of the PPs (53% -+ 7%) in the proximal 
portion of the Roux limb were propagated in an oral 
direction toward the stomach (Fig. 2). 

The  frequency of the PPs in the original Roux limb 
remained slowed (14 z 0.5 cpm) after the takedown 
of the limb with jejunal reconstruction. However, the 
frequency of the PPs in the uncut  Roux limb con- 
nected to the original Roux limb by a neuromuscular 
bridge did not  decrease further (13 _+ 0.6 cpm, P 
>0.05). Moreover, the percentage of PPs propagating 
aborally in the uncut  Roux limb (81% _+ 4%) was 
greater than in the conventional Roux limb before re- 
construction (53% _+ 7%; P <0.05) (see Fig. 2). 

Gas t r ic  E m p t y i n g  

The  dogs with the conventional Roux gastrectomy 
emptied 36% -+ 10% of the gastric liquid meal from 
their stomachs in 20 minutes, whereas by 60 minutes 
they emptied 72% _+ 13% of the meal (P <0.05). 
Similarly, the volume emptied after the uncut Roux 
reconstruction at 20 minutes was greater than that 
emptied at 60 minutes (35% -+ 15% vs. 71% _+ 17%, 
P <0.05). However, the uncut Roux operation did not 
speed either the 20-minute or the 60-minute rate of 
gastric emptying compared to that found after the 
conventional Roux operation. 

Bile Acid Concentrations in the Stomach 

Both operations were equally effective in diverting 
bile from the gastric remnant. The  concentrations of 
bile acids in the gastric aspirates were low before and 
after the corrective operation (0.7 _+ 0.2 ~mol/L vs. 
0.6 _+ 0.1 ~mol/L; P >0.05). 

D I S C U S S I O N  

These experiments confirm our previous findings 
that dividing the bowel during construction of a con- 
ventional Roux limb separates the limb from the prox- 
imal duodenal pacemaker. Ectopic pacemakers then 
appear in the limb at sites 5 to 40 cm distal to the 
proximal end of the limb. These pacemakers gener- 
ate PPs at a slower frequency than the duodenal pace- 
maker. Moreover,  the PPs they generate drive the 
portion of the limb proximal to them in a backward 
or orad direction, thus slowing transit through the 
limb and retarding gastric emptying. 3,5,1~ 

In the present tests, taking down the conventional 
Roux limb, restoring jejunal continuity with a hand- 
sewn jejunojejunostomy, and creating an uncut Roux 
limb distal to the old Roux limb did result in more ab- 

orally propagating PPs in the new Roux limb than in 
the old limb. By moving the gastrojejunostomy of the 
uncut  Roux limb distal to the site of ectopic pace- 
makers in the old Roux limb, we were able to con- 
struct a Roux limb in which most PPs were propagat- 
ing in the aborad direction, as is usually found in 
health. Because of this, we hypothesized that gastric 
emptying would be speeded. However, this did not 
prove to be the case; gastric emptying was not 
speeded after the reconstructive operation. 

~¥e believe gastric emptying was not speeded after 
the second operation because, al though the uncut  
Roux operation did increase the percentage of PPs 
propagating aborally in the new uncut  Roux limb, 
it did not increase the PP frequency. The  continu- 
ing slow frequency of PPs in the new uncut  Roux 
limb likely meant  fewer propulsive contractions in 
the limb, slower Roux limb emptying, and slower 
gastric emptying. Another  explanation might  be 
that al though the uncut  Roux reconstruction did 
improve the percentage of PPs propagating aborally 
in the Roux limb, it did not  restore the pattern to 
the 100% aboral propagation usually found in health. 
The  19% of PPs still propagating orally may have 
continued to slow gastric emptying. Clearly, in dogs 
when 100% aborad propagation is restored in Roux 
limbs by electrical pacing, Roux limb stasis is abol- 
ished and gastric emptying is restored to the control 
level. 5 

The  neuromuscular bridge used to create the new 
uncut Roux limb did not seem to be the problem. The  
neuromuscular bridge apparently allowed PPs to pass 
from the more proximal bowel across the bridge into 
the new limb in these tests, because no drop in PP fre- 
quency across the neuromuscular bridge was detected 
after the corrective operation. However, such a drop 
might  have been difficult to detect in these experi- 
ments because the bowel distal to the neuromuscular 
bridge would likely have been oscillating at about 14 
cpm, even if propagation across the bridge were not 
occurring. Nonetheless, we have found in previous 
studies with uncut Roux limbs that the frequency of 
PPs in uncut Roux limbs is similar to that in the duo- 
denum and proximal jejunum, no ectopic pacemakers 
appear in the limbs, and gastric emptying is not  
slowed) 2 Thus  a neuromuscular bridge does preserve 
enteric myoneural continuity. 

The  persistent physiologic disturbance found with 
our present  reconstructive operation was that the 
hand-sewn anastomosis we used to rejoin the conven- 
tional Roux limb to the proximal jejunum did not re- 
store myoneural continuity sufficiently to allow PPs 
to propagate from the faster-beating proximal je- 
junum across the anastomosis into the old Roux 
l imb--hence the continuing slow PP frequency in the 
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old Roux limb and therefore in the new uncut Roux 
limb. This interpretation is supported by past tests 
from our laboratory, which showed that restoring the 
frequency of PPs in the Roux limb to the faster fre- 
quency of healthy bowel using intestinal pacing re- 
stored gastric emptying to the control. 11 

Cheng et al. 13 have also studied gastric emptying 
after Roux gastrectomy. Their  experiments suggest 
that preserving luminal continuity of  the jejunum, 
rather than preserving neuromuscular continuity, is 
of  greater importance in maintaining gastric emptying 
after gastrectomy. Two important differences exist be- 
tween their tests and ours. All of  their animals had 
gastric vagotomy with their gastrectomy, whereas 
none of ours did. Also, they studied gastric emptying 
of solids, while we studied emptying of liquids. These 
differences likely explain the differing results. More- 
over, we found in past tests that disrupting myoneural 
continuity of the "unvagotomized" jejunum by tran- 
section and anastomosis, while maintaining luminal 
continuity, slows transit of liquid chyme through the 
intestine distal to the disruption. 4 

One important property of the conventional Roux- 
en-Y gastrojejunostomy is that it provides near-com- 
plete diversion of  pancreaticobiliary secretions away 
from the gastric remnant. Fortunately the uncut Roux 
operation is as effective as the conventional Roux op- 
eration in this regard. The  concentration of bile salts 
in the gastric lumen in the present tests was as small 
after the uncut Roux operation as it was after the con- 
ventional Roux operation. This was also true in pre- 
vious tests we have done with an uncut Roux limb. 8 

In conclusion, taking down a conventional Roux 
limb after Roux gastrectomy, restoring jejunal conti- 
nuity with a hand-sewn jejunojejunostomy, and con- 
structing an uncut Roux limb with the gastrojejunos- 
tomy distal to the segment used for the original Roux 
limb increased the percentage of aborally propagat- 
ing PPs in the new Roux limb. However, the opera- 
tion did not completely restore aborad propagation of 
PPs in the new limb, nor did it speed the frequency of 
the PPs in the new Roux limb. Consequently it did 
not speed gastric emptying of a liquid meal. Thus, at 
this point, the operation described in this report can- 

not be recommended for patients with the Roux syn- 
drome. Perhaps the use of a more precise microsurgi- 
cal surgical technique to restore jejunal continuity 
would have allowed PPs to propagate across the je- 
junojejunostomy and into the uncut Roux limb. We 
have found recently that a microsurgical anastomosis 
can restore PP propagation, in part, across a jejunoje- 
junostomy. 14 
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Targeting Molecular Pathways With Camptothecin 
as Novel Therapy for Gastric Cancer 
David A. Litvak, M.D., Harry T. Papaconstantinou, M.D., B. Mark Evers, M.D., 
CouT~ney M. Townsend, Jr., M.D. 

Novel chemotherapeutic agents are needed to treat gastric cancer for which the prognosis remains dis- 
mal. The antitumor alkaloid camptothecin (CPT) may be useful in the treatment of certain solid tumors; 
however, its effects on gastric cancer are largely undefined. The purpose of our study was to character- 
ize the effects of CPT on human gastric tumors in vivo and to determine the cellular mechanisms in- 
volved in CPT-mediated inhibition. Two human gastric cancers, WIL and TOR, were transplanted sub- 
cutaneously into athymic nude mice. After tumors reached 50 to I00 mm 2, mice were randomized into 
three groups to receive injections of either low-dose CPT (5 mg/kg), high-dose CPT (10 mg/kg), or ve- 
hicle (control) intraperitoneally 3 days a week for 3 weeks. Tumors were measured and weighed, and 
protein levels of the cell cycle inhibitor, p21 "~fl/C~pl, and the antiapoptotic protein, Bcl-2, were assessed. 
Both dosages of CPT significantly inhibited growth of WIL and TOR gastric tumors. CPT (10 mg/kg) 
reduced tumor size compared to baseline, establishing this as a tumoricidal dosage. Treatment with CPT 
was associated with increased levels of p21Wafl/GP 1 and decreased levels of Bcl-2. CPT effectively kills 
human gastric cancers associated with increased levels of p2 lWaft/C'pl and decreased levels of Bcl-2. By ac- 
tivating cell cycle withdrawal and cell death through induction of p2 lWafUC'v I and downregulation of 
Bcl-2, CPT may be an effective agent for gastric cancer. (J GASTROINTEST SURG 1999;3:618-624.) 

KEY ~rORDS: Gastric cancer, camptothecin, apoptosis, cell cycle, Bcl-2 

Gastric cancer is the second leading cause of can- 
cer-related deaths in the world and has reached epi- 
demic proportions in countries such as Japan and 
Chile. 1 Although the incidence of this disease has de- 
creased in the United States, 23,000 new cases are di- 
agnosed annually and, furthermore, 15,000 people die 
of gastric cancer each year. 1 Moreover, because of the 
frequent occurrence of advanced disease, which pre- 
cludes curative resection, overall survival has im- 
proved little in 50 years. 1,2 Unfortunately, to date, 
standard chemotherapeutic agents such as doxoru- 
bicin, 5-fluorouracil, and mitomycin C (alone or in 
combination) have produced only limited results. 1,2 
Novel therapeutic agents, which target specific mo- 
lecular pathways, are needed in the treatment of pa- 
tients with gastric cancer. 

Camptothecin (CPT), a plant antitumor alkaloid, 
inhibits topoisomerase I, an enzyme essential to DNA 

replication and repair. In addition to inducing pro- 
grammed cell death (i.e., apoptosis) by introducing ir- 
reparable double-stranded breaks in cellular DNA, 3-6 
C P T  also has been shown to induce both expression of 
early response genes and cellular growth arrest in sev- 
eral types of cancer cells. 4-6 Furthermore, recent stud- 
ies have demonstrated that novel semisynthetic deriv- 
atives of C P T  may be effective against certain solid tu- 
mors, including gastric cancer. 3,7,8 Nevertheless, the 
effects of  C P T  on gastric cancer and the cellular 
mechanisms involved in CPT-mediated gastric cancer 
cell death have not been characterized completely. 

Frequent cellular responses to chemotherapy in- 
clude growth arrest and apoptosis. Cellular growth ar- 
rest is mediated, in part, by the complex interaction 
of cyclins, cyclin-dependent kinases, and the cyclin- 
dependent kinase inhibitors, which regulate transition 
through key checkpoints in the cell cycle. 9 An impor- 
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tant and ubiquitous cyclin-dependent kinase inhibitor 
protein, p2 lWafl/Cip I (p2 1), has been shown to play a 
significant role in mediating both cellular growth ar- 
rest and differentiation. 9,1° Furthermore, increased ex- 
pression of p21 has been shown to be temporally as- 
sociated with cellular differentiation and apoptosis in 
colon cancer and leukemic cells, H,12 suggesting that 
p21 may be directly involved in the apoptotic path- 
way in certain cells. In addition to causing perturba- 
tions in the cell cycle, chemotherapeutic agents may 
mediate the differential regulation of members of the 
Bcl-2 family of apoptosis-related proteins (i.e., which 
consist of both promoters and inhibitors of apopto- 
sis), thus inducing programmed cell death. 13 Cyto- 
toxic agents may trigger cell death by either the inhi- 
bition of antiapoptotic proteins (e.g., Bcl-2 and Bcl- 
XL) or the induction of proapoptotic proteins (e.g., 
Bax and BcI-Xs). Furthermore, it has been suggested 
that the level of expression of these proteins in tumors 
may correlate with either tumor aggressiveness or re- 
sponse to treatment, 14-2° thus potentially providing a 
biologic marker that may better predict patient out- 
come and prognosis. 

The purpose of our study was to characterize the 
effects of CPT on human gastric cancers xenotrans- 
planted to athymic nude mice, and to determine the 
potential cellular mechanisms involved in CPT-me- 
diated gastric cancer cell death. 

MATERIAL A N D  M E T H O D S  

CPT (Sigma Chemical Co., St. Louis, Mo.) was 
dissolved in dimethyl sulfoxide (DMSO) (Sigma 
Chemical Co.) and diluted to the appropriate con- 
centration with saline solution. The pH of the CPT 
solution was adjusted to 7.0 with sodium hydroxide 
and stored in plastic vials at 4 ° C in the dark. For con- 
trol experiments, saline with 10% (volume/volume) 
DMSO was stored in plastic vials at 4 ° C in the dark. 

Male athymic nude mice (Balb/c; 4 to 5 weeks old, 
25 to 30 g) were housed under pathogen-free condi- 
tions with 12-hour light-dark cycles, in accordance 
with the recommendations of the National Research 
Council. 21 Mice received both standard rodent chow 
(Autoclavable Rodent Chow No. 5010; Ralston Pu- 
rina, St. Louis, Mo.) and sterile water ad libitum. 

H u m a n  Gastric Adenocarcinoma Xenografts 
and Experimental  Protocol 

The human gastric adenocarcinomas, WIL and 
TOR, were established in our laboratory as long-term 
tumor lines in athymic nude mice from patients with 
stage IV and stage II tumors, respectively. Both tumor 
lines were maintained in mice by the periodic re- 

transplantation of small tumor pieces (3 mm 2) subcu- 
taneously to the flanks of nude mice. The histology 
of these tumor lines was routinely checked to ensure 
that tumors maintained features of the original tu- 
mors. For experimentation, either WIL or TOR tu- 
mor pieces (9 to 16 mm z) were transplanted subcuta- 
neously into 24 nude mice. After tumors reached 50 
to 100 mm 2, mice were randomized to three groups 
(n = 8 per group) to receive injections of either low- 
dose CPT (5 mg/kg), high-dose CPT (10 mg/kg), or 
vehicle (control) intraperitoneally 3 days a week for 
three consecutive weeks. Tumor size was measured bi- 
weekly. After 21 to 25 days, the mice were killed; tu- 
mors were measured and weighed and then immedi- 
ately frozen at -70  ° C for protein extraction. Because 
of the significantly smaller size of tumors in the high- 
dose CPT groups, tumors in this group were pooled 
prior to protein extraction. In addition, a separate 
piece of each tumor was preserved in 10% buffered 
formalin for subsequent histologic examination. 

Western Blot Analysis 

After cellular protein was extracted from the tu- 
mors and concentrations were determined, cellular 
lysates (100 i~g/lane for p21; 300 wg/lane for Bcl-2) 
were resolved by 10% sodium dodecyl sulfate-poly- 
acrylamide gel electrophoresis (SDS-PAGE) and 
transferred to immobilon-P membranes (Millipore 
Corp., Bedford, Mass.). Membranes were blocked in 
5 % nonfat milk overnight and then incubated with 
monoclonal mouse p21 or polyclonal rabbit Bcl-2 pri- 
mary antibody (both from Oncogene Science, Inc., 
Cambridge, Mass.) for 3 hours. After washing, mem- 
branes were incubated with horseradish peroxi- 
dase-conjugated antimouse (p21) or antirabbit (Bcb2) 
secondary antibody for 45 minutes and then devel- 
oped using the enhanced chemiluminescence system 
(Amersham Corp., Arlington Heights, Ill.). To deter- 
mine the relative expression of p21 and Bcl-2, densi- 
tometry was performed on all developed blots using 
the Eagle Eye II gel imaging system (Stratagene, La 
Jolla, Calif). 

Statistical Analysis 

All data were expressed as mean + standard error 
of the mean (SEM). For comparison of densitometic 
findings for p21 and Bcl-2 for control and CPT- 
treated mice, Student's unpaired t test for indepen- 
dent means was used. For comparison of growth 
curves from control and CPT-treated mice, the 
Kruskal-Wallis test was performed. For comparison 
of body weight or tumor weight, analysis of variance 
with Fisher's least significant difference test for mul- 
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tiple comparisons was used. A Pvalue <0.05 was con- 
sidered significant. 

RESULTS 
CPT Effectively Inhibits the Growth 
of Human Gastric Cancers 

There  was one death in the WIL  tumor-bearing 
group and one death in the T O R  tumor-bear ing  
group; each had been treated with high-dose C P T  
(10 mg/kg). There  were no deaths in the low-dose 
C P T  (5 mg/kg) group for either tumor. In addition, 
C P T  treatment  produced a significant weight loss 
in T O R  tumor-beating mice; there was a similar trend 
of weight loss in WIL  tumor-bearing mice, but this 
did not reach statistical significance (data not shown). 

C P T  significantly inhibited the growth of the 
transplanted human gastric cancers, WIL  (Fig. 1) and 
T O R  (Fig. 2), in a dose-dependent  fashion. Treat- 
ment  with low-dose C P T  (5 mg/kg) resulted in a 60% 
and a 50% decrease in WIL  and T O R  tumor sizes, 

respectively. Following t reatment  with high-dose 
C P T  (10 mg/kg), there was a 79% and a 70% de- 
crease in W I L  and T O R  tumor  sizes, compared to 
the control group, respectively. Comparing the two 
dosages of C P T  in WIL  tumors, there was a signifi- 
cant (i.e., 51%) decrease in tumor size following treat- 
ment  with high-dose CPT. In T O R  tumors, there was 
a similar trend between the growth-inhibiting effects 
of the two dosages of CPT, but this did not achieve 
statistical significance. However, C P T  (10 mg/kg) 
produced a significant (i.e., 54% and 30%) regression 
in tumor size from baseline in both W I L  and T O R  
tumors, respectively, thus demonstrat ing that high- 
dose C P T  is tumoricidal for these gastric cancers. 
C P T  also significantly inhibited the weight of both 
gastric tumors.  C P T  (5 mg/kg) inhibited tumor  
weight by 64% and 70% in ~ r lL  and T O R  tumors, 
compared to the control group, respectively. Further- 
more, the tumoricidal dosage of C P T  (10 mg/kg) 
produced a 87% decrease in WIL tumor weight and a 
79% decrease in T O R  tumor  weight, compared to 

Hg.  1. Effects of  C P T  on  tumor  size (A) and weight  
(B) of  W I L  tumors  treated with e i ther  control  injec- 
t ion  (white  bar;  n = 8), low-dose  C P T  (5 mg/kg;  
ha tched  bar; n = 8), or  h igh-dose  C P T  ( I0  mg/kg;  
black bar; n = 8). Data represent  mean  _ SEM. * = P 
<0.05  vs. cont ro l ;  t = P <0.05 vs. basel ine;  qt = p 
<0.05 vs. low-dose CFF.  

WlL 
A 12o] I 350- 

/ Control 
,off ( T / /  3oo- 

/ ~ ' ~ -  CPT (5.rng/kg) ~l~ 200" 
.N 60q_ J ,  *"  / ~ "" 

09o=,_ 40 * ~ *  ~ 150- 

= I ~ *$~ "1~ * t . , +  E=1oo_ 
I-- I - =-i÷ I-- 

20] mg/kg) = CPT(10 ( 50- 
0 I . . . . .  

0 5 10 15 2o 
Days 

WlL 
B 

. o 

A 250- 

200- 
Fig. 2. Effects of  C P T  on tumor  size (A) and weight  
(B) of  T O R  tumors  t reated with e i ther  control  injec- E150-  
t ion  (white  bar; n = 8), low-dose  C P T  (5 mg/kg ;  ._N ¢ 
ha t ched  bar;  n = 8), or  h igh-dose  C P T  (10 mg/kg;  u~ 
black bar; n = 8). Data  represent  mean  _+ SEM. * = P ~ 100 
<0.05 vs. cont ro l ;  t = P <0.05 vs. basel ine;  t = p -,E 
<0.05 vs. low-dose CPT.  I-- 50. 

T O R  ,2o- 

C°~r°~ T~ ~o~ loo- 

T / x  CPT Ev 8o- 

_ _  , 

~ 40-  

CPT(10 mg/kg) I- 
2 0 -  

Days 

T O R  

l 

E 

F-- 
D_ 
o 
W 

0 
t-  
O 
o 

B 

E 
O 

¢1 
¢D 



Vol. 3, No. 6 
1999 Novel Therapy for Gastric Cancer 621 

control  values. Compar ing  the different dosages of  
CPT, there was a 65% decrease in rumor weight in 
V(IL tumors and a 30% decrease in tumor weight in 
T O R  tumors  following t rea tment  with high-dose 
CPT. Moreover, histologic examination of  both W I L  
and T O R  tumors demonstrated loss of overall cellular 
mass and replacement with fibrosis (Fig. 3). 

Tumor Regrowth Is Slowed or Completely 
Inhibi ted Following T rea tmen t  Wi th  CPT 

To assess whether CPT produces long-term inhi- 
bition of tumor growth, WIL tumors, treated with 
CPT for 21 days, were observed for an additional 45 

days after treatment (Fig. 4). The doubling time 
for CPT-treated tumors during this 45-day period 
of regrowth was 23 days, which was significantly 
longer  than the doubl ing t ime of  19 days for con- 
trol mice, as noted dur ing  the initial 21-day treat- 
men t  period. In addit ion,  two of  the CPT- t rea ted  
tumors did no t  regrow at all following cessation of  
t rea tment .  Never the less ,  C P T - t r e a t e d  tumors ,  
which did resume growth ,  eventua l ly  reached a 
maximal  size comparable  to that  o f  un t rea ted  tu- 
mors.  Col lect ively  these results demons t ra te  tha t  
C P T  effectively kills human  gastric tumors and re- 
sults in a significant slowing or complete cessation 
of  tumor  growth.  

C o n t r o l  

W I I  

C P q  

A 

B 

TOR 
C o n t r o b  

. . . . . .  . . . .  : 2  ? 

Fig. 3. Representative histologic sections of 
WIL (A) and TOR (B) tumors following 
treatment with either CPT (10 mg/kg) or 
control rejection. CFF result~ in a significant 
loss of overall cellular mass and replacement 
by fibrosis. 
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Fig. 4. Regrowth of WIL gastric tumors treated 
for 21 days with either CPT (10 mg/kg) or con- 
trol injection and then monitored for an addi- 
tional 45 days after treatment. The doubling time 
fur CPT-treated tumors that resumed growth (n 
= 6) was significantly increased to 23 days com- 
pared to 19 days for the control group. Further- 
more, two tumors did not resume growth follow- 
ing cessadon of CPT treaunent. 
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Treatment With C P T  Increases p21 and  
Decreases Bcl=2 Protein Expression 

To determine whether treatment with C P T  alters 
expression of the cell cycle inhibitor protein p2 i, in 
association with growth inhibition, Western blot 
analyses were performed (Fig. 5, A). There was a 54% 
increase in the expression levels of p21 in W I L  tu- 
mors treated with C P T  (5 mg/kg) compared to con- 
trol values. In addition, an increase in p21 expression 
was noted in the pooled gastric tumors from mice 
treated with C P T  (10 mg/kg). These  findings are 
consistent with our previous results for the human 
gastric cancer cell line, SIIA in which p21 messenger 
RNA and protein levels were increased following ex- 
posure to CPT. 22 Furthermore,  recent studies have 
demonstrated a correlation between p21 tumor levels 
and responsiveness of patients with gastric cancer to 
chemotherapy, 14,18 suggesting that increased expres- 
sion of p21 may be an important cellular mechanism 
contributing to gastric cancer growth inhibition in re- 
sponse to cytotoxic agents. Collectively these results 
suggest that CPT-mediated growth inhibition of gas- 
tric cancer may involve induction of p21. 

To determine whether treatment with C P T  alters 
expression of the apoptosis inhibitor Bcl-2, in associ- 
ation with growth inhibition of gastric tumors, West- 
ern blot analysis for Bcl-2 was performed (Fig. 5, B). 
Treatment with C P T  significantly inhibited levels of 
Bcl-2 in WIL  tumors, resulting in a 36% decrease in 
mean protein levels by densitometric analysis in low- 
dose CPT-treated mice compared to control mice. 
Furthermore, the level of Bcl-2 expressed in the tu- 
mors of high-dose CPT-treated mice approached un- 
detectable levels. These findings of decreased Bcl-2 
expression following treatment with C P T  are consis- 

tent with our previous in vitro results using the SIIA 
gastric cancer cell line. 22 

D I S C U S S I O N  

In the present study we have identified both cyto- 
static and cytotoxic dosages of C P T  for two trans- 
plantable human gastric cancers, WIL  and TOR,  with 
high-dose C P T  causing regression of these tumors. 
In addition, we have shown that CPT, at a cytotoxic 
dosage, significantly or completely prevented the re- 
growth of residual tumors following cessation of 
treatment. Furthermore, we have determined that the 
growth inhibitory effects of C P T  are associated with 
increased levels of the cell cycle inhibitor p21 and de- 
creased levels of the apoptosis inhibitor Bcl-2 in the 
tumors. 

Treatment of mice bearing human gastric tumors 
with C P T  (5 and 10 mg/kg) resulted in increased pro- 
tein levels of cell cycle inhibitor protein p2 1. Consis- 
tent with these findings, we noted previously the in- 
creased expression of p21 at both the gene and pro- 
tein level in SIIA gastric cancer cells following expo- 
sure to C P T  in vitro. 22 In addition, other studies have 
reported increased levels of p2 1 following treatment 
with C P T  in breast 23 and brain 24 cancer cells, sug- 
gesting that induction of p21 may be a common cellu- 
lar response to exposure to CPT. In addition to medi- 
ating cellular growth arrest, p2 1 may be closely linked 
to the apoptotic pathway I L12 and has been suggested 
to be an important  cellular mediator of tumor  sup- 
pression. 16'17 Recent in vitro and in vivo studies 25,26 
have suggested that the altered expression of cell cycle 
proteins, such as p2 1, may contribute to either gastric 
carcinogenesis or deregulated growth of established 
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Fig. 5. Analysis of p21 (A) and Bcl-2 (B) protein expression by densitometry of Western blots in W I L  
tumor-bearing mice treated with either control injection (white bar; n = 6), low-dose (5 mg/kg) CPT 
(hatched bar; n = 4), or high-dose (10 mg/kg) CPT (black bar; pooled). Data represent mean densito- 
metric values ___ SEM. * = P <0.05 vs. control. 
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cancers. Furthermore, the importance of p2 1 in the 
growth regulation of gastric cancer has been suggested 
by recent clinical studies, 14,1s which have shown that 
tumor levels of p2 1 correlate with the effectiveness of 
chemotherapy in patients with gastric cancer. Collec- 
tively, the results of our present study suggest that p2 1 
may play a significant role in CPT-mediated growth 
inhibition and/or regression of gastric cancers. 

Gastric tumor growth inhibition is associated with 
the downregulation of the antiapoptotic protein Bcl-2. 
Following treatment of tumor-bearing mice with 
CPT, we noted the decreased expression of Bcl-2, 
which reached nearly undetectable levels after treat- 
ment with a tumoricidal dosage of CPT (10 mg/kg). 
These data recapitulate our previous results, which 
demonstrated decreased Bcl-2 messenger RNA and 
protein levels in SIIA gastric cancer cells following 
treatment with CPT in vitrO. 22 The downregulafion 
of Bcl-2 has been associated with the induction of 
apoptosis in certain types of cancer cells following ex- 
posure to CPT, but this may be cell type specific. 24 
Furthermore, the differential expression of Bcl-2 may 
be an important mediator in either chemotherapy-in- 
duced killing of gastric cancer (due to Bcl-2 inhibi- 
tion) or, alternatively, gastric carcinogenesis (due to 
Bcl-2 upregulation). In support of this hypothesis, 
Bcl-2 levels have been shown to correlate with cis- 
platin- or 5-fluorouracil-induced apoptosis in either 
gastric cancer cell lines 27 or gastric tumors ,  14,20,28 re-  
spect ively.  In addition, elevated levels of Bcl-2 in 
proximity to the gastric remnant following resection 
have been implicated in the development of gastric 
cancer subsequent to partial gastrectomy, 29 and the 
study by Cho and Kim 26 suggested that expression of 
Bcl-2 was associated with the early stages of gastric 
tumorigenesis. Collectively these results and the find- 
ings from our present study suggest that inhibition of 
Bcl-2 may be an important cellular mechanism con- 
tributing to CPT-mediated gastric cancer cell death 
and tumor growth inhibition. 

Besides serving as potential targets for chemother- 
apeutic agents, a number of studies have suggested 
that either p21 or Bcl-2 may be a useful prognostic 
indicator for patients with gastric cancer .  14-17,19,20'30 
Gomyo et al. 15 and Ogawa et al. 16 independently have 
shown that the 5-year survival rate in patients with 
p21-positive tumors is significantly higher than that for 
p2 1-negative patients and that loss of immunohisto- 
chemical expression of p2 1 in gastric cancers is asso- 
ciated with both increased stage (including metasta- 
tic disease) and risk of recurrence following resection, 
respectively. However, the role of Bcl-2 as a prog- 
nostic indicator may be less clear, as some recent stud- 
ies have demonstrated a correlation between Bcl-2 ex- 
pression and the efficacy of chemotherapy in patients 

with gastric cancer, whereas others have failed to 
show a similar correlation. 14,2°,2s,31 

C O N C L U S I O N  

We have demonstrated that CPT is an effective 
chemotherapeutic agent against human gastric can- 
cers transplanted to athymic mice, capable of produc- 
ing both tumor regression and long-term, if not per- 
manent, growth inhibition. In addition, treatment of 
gastric tumors with CPT was associated with induc- 
tion of apoptosis and the increased expression of the 
cell cycle inhibitor p2 1, and the decreased expression 
of the apoptosis inhibitor Bcl-2, suggesting that the 
differential expression of these proteins may con- 
tribute to CPT-mediated tumor suppression. 

We thank Kelly LighOCoot and Jell Hseih for their technical assis- 
tance, Tatsuo Uchida for performing statistical analyses, and Eileen 
Figueroa and Karen Martin for preparation of the manuscript. 
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Discussion 
Dr. B. Bass (Baltimore, Md.). Have you had a chance to 

look at the actual cell cycle status of  your tumors? Have you 
used flow cytometry, for example, to look for apoptosis or 
for specific patterns of  cell cycle withdrawal? 

Dr. Litvak. YVe have not looked at the cell cycle of  the 
tumors. Previously we examined cells in vitro and noted 
that there was cell cycle withdrawal and growth arrest. We 
have done staining for apoptosis in these tumors as well, 
and there is evidence that this seems to be the method 
by which the cells undergo cell death induced by camp- 
tothecin. 

Dr. R. Postier (Oklahoma City, Ok.). One of  the major 
upregulators of  p21 is p53. Could you tell us about the p53 
mutation status of  these tumors? 

Dr. Litvak. Unfortunately it is not  known. These tu- 
mors were collected in the operating room and have not 
been fully characterized. As I said earlier, we have looked 
at cells in culture and characterized them as far as the p53 
expression in relation to the p21 expression that was in- 
duced by camptothecin. It appeared that there was a de- 
pendency on p53, al though other investigators have not 
demonstrated in other cell lines that this is always the case 
with camptothecin. 



The Continent Ileostomy: Long-Term 
Durability and Patient Satisfaction 
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The long-term results of the continent ileostomy are controversial. Durability and patient satisfaction 
were evaluated by analyzing the outcome in 129 consecutive patients who had a continent ileostomy per- 
formed by one surgeon at the University of California, San Francisco, between 1975 and 1995. A quality- 
of-life questionnaire was sent to all patients for whom addresses were available (n = 121). Late outcome 
data could be obtained for 85 (66%) of the 129 patients. Three of the 85 patients died with their continent 
ileostomies but of unrelated causes. Fifty-one (60%) of 85 patients currently have the continent ileostomy 
(group A) (mean 15.1 years, range 2.7 to 21.7 years), whereas 31 (36%) of 85 have undergone conversion 
of continent ileostomy to conventional ileostomy (group B) (mean 5.4 years, range 0.2 to 20.4 years). Pa- 
tients in group A underwent fewer major postoperative revisions (mean 0.7, range 0 to 4) than patients in 
group B (mean 1.3, range 0 to 8) (t test, P = 0.088). The indications for pouch removal included valve dys- 
function (42%), refractory pouchitis (23%), multiple fistulas (26%), Crohn's disease (6%), and other (16%) 
(four patients had two indications). Eighty-seven percent of survey respondents in group A considered 
their present state of health to be better than before their continent ileostomies. Fifty-seven percent and 
82 % of respondents in group A were not limited at all in regard to vigorous or moderate activity, respec- 
tively. Although in approximately one third of patients the pouch had to be removed, 97% of the remain- 
ing two thirds have a good to excellent outcome. (J GASTROINTEST SURG 1999; 3:625-632.) 

KEY WORDS: Ulcerative colitis, continent ileostomy 

The  continent ileostomy (CI) was first described 
by Kock, 1 in 1969, as an alternative to the conven- 
tional ileostomy. It became popular in the 1970s and 
early 1980s, but restorative proctocolectomy with 
ileoanal pouch has largely replaced it as the procedure 
of choice. CI has lost favor for three main reasons: (1) 
the operation is technically difficult; (2) complication 
and pouch resection rates are high; and (3) restorative 
proctocolectomy allows defecation per anus with no 
permanent stoma. Despite these issues, it was our im- 
pression that many patients with CI are satisfied with 
the operation. We reviewed our series to determine 
what factors, if any, might predict long-term pouch 
survival and patient satisfaction. 

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

Continent ileostomy was performed in 129 con- 
secutive patients by one surgeon (T.R.S.) between 

December 1975 and June 1995. The  patients included 
64 women and 65 men. Ages ranged from 10 to 67 
years (median 31 years). The primary disease was ul- 
cerative colitis in 119 (92%) of 129 patients, familial 
polyposis in 7 (5%) of 129, Crohn's disease in 2 (2%) 
of 129, and multiple neoplasms in one (1%). 

Patient  satisfaction and pouch durability were 
evaluated in these 129 patients. A modified 36-item 
short form (SF-36) health survey was sent to all pa- 
tients for whom addresses were available (n = 121). 
The  survey included questions regarding general 
health status, function and maintenance of  the CI, 
and overall long-term satisfaction with the proce- 
dure. Phone calls were made and one mail reminder 
was sent to patients asking them to complete the 
questionnaire. Chart review was performed to obtain 
additional information including number and com- 
plexity of revisions, status of the pouch, and indica- 
tions for excision. Details of the CI procedure were 
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obtained from operative reports and the personal 
records of the surgeon. 

Major reoperations after the CI included transab- 
dominal revisions and parastomal herniorrhaphies. 
Incision and drainage ofparastomal abscesses, reduc- 
tion of prolapse, and revisions under local anesthesia 
were classified as minor revisions. 

Statistical methods applied included chi-square 
analysis and the unpaired t test. 

R E S U L T S  

Late outcome data could be obtained for 85 (66%) 
of the 129 patients. Addresses were not available for 

8 of the 129 patients. Surveys were returned from 56 
(46% response rate) of  the 121 patients, and follow- 
up data were obtained by phone calls and review of 
medical records in an additional 29 (22%) of the 129 
patients (Fig. 1). Follow-up ranged from 1 to 21 
years (mean 11.4 years). Indications for operation in- 
cluded ulcerative colitis in 79 (93%) of 85, familial 
polyposis in 5 (6%) of 85, and multiple neoplasms in 
1 (1%) of 85 patients. Thir ty-three (39%) of the 85 
patients had undergone an elective one-stage opera- 
tion with total proctocolectomy and creation of a CI, 
whereas the remainder had undergone a variety of 
emergent  and elective procedures prior to CI cre- 
ation (Table I). 

Table I. Initial procedure in patients who retained their continent ileostomy (group A) and those who underwent 
excision of their continent ileostomy (group B) 

Group A Group B Total 
Initial procedure (n = 54) (n = 31) (n = 85) 

Proctocolectomy with 26 (48%) 7 (23%) 33 (39%) 
continent ileostomy 

Emergent proctocolectomy 3 (6%) 3 (10%) 6 (7%) 
with conventional ileostomy 

Elective proctocolectomy 20 (37%) 16 (52%) 36 (42%) 
with conventional ileostomy 

Proctocolectomy with 3 (6%) 4 (13%) 7 (8%) 
ileoanal anastomosis 

Right colectomy and 1 (2%) 0 (0%) 1 (1%) 
abdominoperineal resection 

Left colectomy 1 (2%) 0 (0%) 1 (1%) 
Total abdominal colectomy 0 (0%) 1 (3 %) 1 (1%) 

Primary continent 
ileostomy (C.I.) with 
proctocolectomy 
n=49 \ 

Secondary conversion to 
C.I. 
n=80 

/ 
Total C.I. 
n= 129 
Excluded from evaluation: 

-lost to follow-up (7 patients) 
-early deaths (1 patient) 
-failure to respond to questionnaire (65 patients) 

Available for evaluation 
n = 85 

Survey respondents 
n=56 

Fig. 1. Distribution of continent ileostomy (CI) patients and their availability for late outcome assess- 
ment obtained by questionnaire and chart review. Group A = CI retained; Group B = CI excised. 
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Seven of the 129 patients were known to have died 
of causes unrelated to the CI. Three patients had died 
with their CI intact, three had undergone pouch re- 
section, and in one patient the CI status at the time 
of death was unknown. Of  the 85 patients for whom 
follow-up data were available, 54 (64%) had a func- 
tional pouch (group A), whereas 31 patients (36%) 
had their CI excised (group B). T h e  indications for 
pouch excision are presented in Table II. Indications 
classified as "other" included two patients with chronic 
bleeding from the CI, one patient with chronic diffi- 
culty intubat ing the CI, and a fourth patient with 
multiple revisions for prolapse. The  fifth patient re- 
quiring pouch excision and classified as "other" had 
had familial polyposis and developed a desmoid tu- 
mor  in the mesentery of the pouch. 

In construct ion of  the CI valve, polypropylene 
(Marlex, C.R. Bard, Murray Hill, N.J.) slings or pied- 
gets were used to prevent  slippage in 45 patients 

Table  II. Indications for excision of continent 
ileostomy (n = 31) 

No. of  patients 
Indication (% of pouches excised) 

Valve dysfunction 13 (42) 
Refractory pouchitis 7 (23) 
Multiple fistulas 8 (26)* 
Crohn's disease 2 (6) 
Other 5 (16) 

Note: Four patients had two indications for excision. 
*Six of eight patients had Marlex or Teflon used in valve construction. 

from September 1976 through November  1984. One 
patient had a Gore-Tex (W.L. Gore & Associates, 
Flagstaff, Ariz.) sling (1983) and another had a Teflon 
(C.R. Bard) sling (1987). Nineteen (40%) of 47 pa- 
tients in whom foreign bodies (Marlex, Gore-Tex, or 
Teflon) were used to create the CI subsequently re- 
quired excision, whereas 28 (60%) retained their pouch 
(Table 111). Of  the 38 patients who underwent major 
revisions of their CI, 21 (55%) had a foreign body pres- 
ent compared to 17 (45%) without a foreign body. The  
mean number of major revisions in patients with a for- 
eign body and maintenance of the pouch (0.71 -+ 1.18) 
was not significantly different from those with a for- 
eign body and subsequent pouch excision (1.39 -+ 2.03) 
(t test, P -- 0.161). Marlex was used in 11 (73%) of the 
15 patients with fistulas and Teflon in 1 (7%) of 15. No  
fistulas occurred in the patient in whom Gore-Tex was 
used. Forty-seven percent (9 of 19) of patients with a 
foreign body and subsequent pouch excision had fistu- 
las, whereas 11% (3 of 28) of patients with a foreign 
body and pouch survival had fistulas. 

Fifty-one (60%) of the 85 patients currendy have 
their CI (group A) (mean duration 15.1 years, range 
2.7 to 21.7 years), whereas 31 (36%) of 85 have un- 
dergone conversion of their CI to a conventional 
ileostomy (group B) (mean 5.4 years, range 0.2 to 20.4 
years). Sixty-three percent of the patients with ulcer- 
ative colitis (50 of 79) retained their CI (group A), as 
well as 60% (3 of 5) of the patients with familial poly- 
posis (Table IV). Sixty-eight percent  (30 of  44) of 
women and 58% (24 of 41) of the men maintained 
their pouches over time (chi-square, P -- 0.485). Pa- 

Table  III. Frequency of sling or pledget use (Marlex, Teflon, or Gore-Tex foreign bodies) in continent ileostomy 
patients and number of revisions and incidence of fistulas in patients with a foreign body for prevention of valve slippage 

Incidence of 
Continent No. of  patients with sling Mean no. of major fistulas in patients 

ileostumy status* or pledgets (n = 47) revisions (_+ SD) with Marlex or Teflon 

Group A (n = 54) 28 (60%) 0.71 (-+1.18)t 3 (11%) 
Group B (n = 31) 19 (40%) 1.39 (-+2.03)t 9 (47%) 

*Group A = continent ileostomy retained; group B = continent ileostomy excised. 
t P  = 0.161; t test. 

Table  IV. Indications for continent ileostomy in patients who retained their continent ileostomy (group A; n = 54) 
and those who underwent excision of their continent ileostomy (group B; n = 31) over the long-term period 

Ulcerative colitis Familial polyposis Multiple cancers 
Survey response (n = 79) (n = 5) (n = 1) 

Respondents (n = 56) 
Group A 42 1 1 
Group B 12 0 0 

Nonrespondents (n = 29) 
Group A 8 2 0 
Group B 17 2 0 
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Fig. 2. Mean number of major and minor revisions in patients who retained their CI (group A; n = 54) 
and those who underwent CI excision (group B; n = 41) (t test). 
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Fig. 3. Percentage of pauents who underwent contanent ileostomy (CI) as a secondary procedure and re- 
tained their CI (group A; n = 28) and those who underwent excision of their CI (group B; n = 24) (chi- 
square test, P = 0.367). 

tients over 40 years of age did not have a significantly 
higher incidence of pouch removal (52% vs. 31%; 
chi-square, P = 0.114) or of major revisions (56% vs. 
35%; chi-square, P = 0.133). 

Major revisions occurred in 37% in group A and 
61% in group B. Patients in group A underwent fewer 
major postoperative procedures (mean 0.73, range 
0 to 4) than patients in group B (mean 1.29, range 
0 to 8) (t test, P = 0.088); however, patients in group 

A underwent more minor postoperative procedures 
than those in group B (t test, P = 0.111) (Fig. 2). 
Seventy-eight percent of revisions involved the nip- 
ple valve. Eleven (41%) of 27 patients underwent  
valve reoperation within 6 months of creation of their 
CI, whereas 59% (16 of 27) occurred after 6 months 
(median interval 34.5 months, range 8 to 218 months). 
Valve revision within 6 months did not correlate with 
subsequent pouch failure (chi-square, P = 0.873). 
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Fig. 4. Kaplan-Meier estimated survival curve for CI  created primarily (one-stage total proctocolec- 
tomy) or secondarily (after previous conventional ileostomy or ileoanal pouch). 

Pouch excision was indicated in approximately half 
(46%) of the 52 patients who underwent creation of a 
CI as a secondary procedure.  Al though the overall 
pouch failure rate was significantly higher for sec- 
ondary vs. primary CI creation (46% vs. 23%; chi- 
square, P = 0.05), there was no statistically significant 
difference between the type of procedure done prior 
to the CI and subsequent pouch excision (chi-square, 
P = 0.367)(Fig. 3). 

The  probability of pouch survival was estimated in 
a Kaplan-Meier curve for the 35 patients who under- 
went creation of the CI as a primary procedure (with 
a total proctocolectomy) and for the 50 patients who 
underwent conversion to CI as a secondary procedure 
(from an ileoanal anastomosis or a conventional  
ileostomy with or without a completion proctocolec- 
tomy) (Fig. 4). At 21 years' follow-up CI pouch sur- 
vival rates are 77% and 55% for primary and sec- 
ondary creation, respectively. 

Health Questionnaire 

Forty-four (79%) of the 56 survey respondents still 
had their CI (group A) and 12 (21%) had undergone 
pouch excision (group B). Quality of life with the 
pouch for the two groups is compared in Table V.. Fe- 
cal and flatus incontinence occurred in 25% (11 of 44) 
and 36% (16 of 44) of patients with the CI, respec- 
tively. Regardless of degree of continence, 89% of pa- 
ten ts  reported wearing a pad (sanitary napkin, gauze, 

Table V. Continent ileostomy function in survey 
respondents* 

Continent No.  of  patients No.  o f  patients 
i leostomy function in group A (%) in group B (%) 

Pouchitis 18 (41) 8 (67) 
Fecal continence 33 (75) 6 (50) 
Flatus continence 28 (64) 3 (25) 
Intubation difficulty 26 (59) 7 (58) 
Bleeding 20 (45) 4 (33) 
Fistulas 3 (7) 0 (0) 
Skin irritation 27 (61) 5 (42) 

Group A = continent ileostomy retained (n = 44); Group B = conti- 
nent ileostomy excised (n = 12). 

paper towels) over their stoma daily to absorb mucus 
if nothing more. Three of the respondents (5%) had 
problems with fistulas (all in group A). In group A 24 
respondents (54%) reported problems with the valve, 
six of whom (14%) had not had valve revisions. On 
average, 50% of patients in group A emptied their CI 
one to four times within 24 hours, whereas 18% emp- 
tied it seven or more times. Sixty-one percent of pa- 
tients did not have to empty their CI at night, whereas 
30% emptied it once or twice at night. 

Forty-six percent of all respondents have experi- 
enced pouchitis (67% in group B; 41% in group A), 
but only three in group A (6%) were taking either 
metronidazole or ciprofloxacin chronically to prevent 
pouchitis. Sixty-one percent of survey respondents re- 
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Fig. 5. Self-assessed limitations on moderate and vigorous activity in patients with a CI. 

ported an average weight increase of 20 pounds over 
the years since their CI operation. 

MI six women in the survey respondent group who 
had given birth still had their CI. Three of the infants 
had been delivered vaginally and three had been de- 
livered by cesarean section, and no women reported 
any complications during their pregnancies relating 
to the CI or any postpartum dysfunction of the CI. 

In the quality-of-life questionnaire, vigorous activ- 
ity was defined as running, lifting of heavy objects, 
and participation in strenuous sports, whereas mod- 
erate activity included bowling, housework, and play- 
ing golf. Fifty-seven percent and 82 % of all respon- 
dents in group A were not limited at all in regard to 
vigorous or moderate activity, respectively (Fig. 5). 
After undergoing the CI procedure, 80% of the pa- 
tients were able to resume the same type of preoper- 
ative employment. Two thirds of the patients did not 
feel restricted in any way by the operation. The over- 
all results of the operation were considered good to 
excellent in 89% of respondents, and of those who re- 
tained their CI, 97% reported a good to excellent out- 
come. 

DISCUSSION 

Short-term results of patient satisfaction and dura- 
bility of the pouch have been presented in several 
s tud ies .  2,3 We have previously reported an improved 
quality of life in the short term (38 months) for pa- 
tients with a CI .  4 We currently sought to determine 
the long-term durability and satisfaction with the 

pouch in a large group of patients after a 21-year 
follow-up by means of a quality-of-life questionnaire 
and reviev~ of medical records. 

Excision of the CI was indicated in one third of 
our patients over a follow-up ranging from 1 to 21 
years. Excision rates in the literature range from 3 % 
to 2 8 % ,  2,5-8 with Kock's series of 36 patients having 
the longest follow-up of 20 years and an excision rate 
of 5%. 3 We found that patients who had undergone 
conversion to a CI from a conventional ileostomy or 
an ileoanal anastomosis had a shorter survival rate of 
their CI than the patients who had undergone a one- 
stage total proctocolectomy and CI creation. In addi- 
tion, 80% of the continent ileostomies excised in this 
conversion group occurred within the first 2 years 
postoperatively. In contrast, the risk of CI excision in 
the total proctocolectomy group was stable over the 
long tenn. Surprisingly, two patients underwent pouch 
excision at 20 years. 

End ileostomies require revision at rates ranging 
from 8% to 14%. 9,11 Revision rates of the CI in other 
series range from 6% to 5 9 % .  2'8'12'13 In our study 
revision of the CI occurred at a frequency of 46%. 
Total number of major and minor revisions did not 
predict subsequent pouch excision. We found most 
revisions were necessary within the first postoperative 
year, which is consistent with other reports. Dozois 
et al. 14 reported that factors predictive of CI revision 
included male sex, age greater than 40 years, and con- 
version from conventional ileostomy versus a procto- 
colectomy with CI (42% vs. 24%). In our group of 
patients, women were equally as likely to need revi- 
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sion of the CI as men. Patients over 40 years of age at 
the time of CI creation underwent more major revi- 
sions than patients 40 years or younger, but the dif- 
ference was not  statistically significant. In addition, 
48% of patients who had the CI created as a sec- 
ondary procedure had one or more major revisions. 
Thus  our findings are similar to those of Dozois et al. 
who found age and conversion from conventional 
ileostomy to be risk factors for pouch revision. 

In 1972 the nipple valve was added to the proce- 
dure to improve continence of the ileal pouch)  s Valve 
creation is still considered the most  important,  and 
perhaps the most  difficult, part of the procedure. Re- 
ported valve revision rates range from 16.5% to 
52%, 3'14'16 which are consistent with the 36% of the 
patients in our study needing valve revision. Overall 
78% of our revisions involved the nipple valve. In our 
earlier series of patients, we reported that the rate of 
valve failure was higher in patients undergoing con- 
version from conventional ileostomy (46%) compared 
to those undergoing primary continent  i leostomy 
creation (13%). 14 In long-term follow-up, valve fail- 
ure was still higher in the conversion to CI group 
when compared to primary CI creation, but the dif- 
ference was diminished (39% vs. 30%). 

Technical modifications of the CI procedure were 
adopted by the surgeon (T.R.S.) after discussions with 
Dr. Kock in March 1979. Such changes included (1) 
the transition from hand-sewn to stapled valves to re- 
duce the risk of valve failure, specifically prolapse; (2) 
the discontinuation of a mesenteric window, rotation 
sutures, and serosal scarification; and (3) the consis- 
tent use of a fascial or Marlex strip to minimize com- 
plete eversion of the valve due to gradual widening. 
Mesh was no longer used after 1984, to avoid the 
presence of the foreign body and to minimize the risk 
of fistulas. In our study the risk of pouch excision did 
not  correlate with any of these major technical mod- 
ifications (chi square, P = 0.40). We currently con- 
struct a 5 cm valve by applying the TA-55 stapler four 
times, and we no longer use mesh. The  base of the 
valve is encircled with a nonabsorbable pursestring 
suture tightened around the indwelling catheter. 

In addition to valve dysfunction with potential sub- 
sequent revision or excision, other complications of 
the CI include pouchitis, fistulas, and valve dysfunc- 
tion not requiring revision. Forty-six percent of our 
survey respondents reported at least one episode of 
pouchitis, and three patients were placed on a regi- 
men of long-term prophylactic antibiotics. Pouchitis 
rates in the literature range from 8% to 42%. 2,3,6'17 

The  overall incidence of fistulas in our 85 patients 
was 15%. Multiple fistulas was the indication for re- 
section in 26% of the 31 pouches excised. Halvorsen 
et al. 6 reported fistula complications in 22% of 32 pa- 
tients, none of whom underwent pouch removal. In 

our study four patients had fistulas without pouch re- 
moval and three fourths of them had Marlex used in 
the construction of the valve of the CI. Fistulas have 
generally been attributed to Crohn's disease and to 
foreign bodies, primarily Marlex mesh, as previously 
reported by Kock et al. is However, in our series two 
patients had fistulas without a foreign body present 
and 70% (33 of 47) had Marlex or Gore-Tex without 
fistulas. 

Two of the original 129 patients had a diagnosis of 
Crohn's disease prior to their CI, but no follow-up 
data were available for these two patients. Two other 
patients with a diagnosis of ulcerative colitis before 
creation of the CI underwent CI excision for a subse- 
quent diagnosis of Crohn's disease. 

None  of our patients wears an ileostomy appliance, 
al though 89% do wear a pad over the stoma daily. 
In Kock's series 2 of 259 patients with a nipple valve, 
4% wore an ileostomy appliance at some time and in 
Failes' series 7 of 45 patients with 11-year follow-up, 
7% of patients needed an external appliance. In a 
more recent report  with a median follow-up of  4.6 
years, Kohler et al. 13 reported that 93% of 313 pa- 
tients with a CI had excellent fecal continence. 

Conversion to CI from an ileoanal pouch has been 
reported previously in five patients with a follow-up 
of 1.3 to 3.7 years. The  pouch was maintained in four 
patients. 19 The  one patient who underwent excision 
had had slow-transit constipation prior  to procto-  
colectomy. More than half (4 of 7) of the patients in 
our group who had undergone conversion from an 
ileoanal pouch required subsequent excision for valve 
dysfunction: three were incontinent and one patient 
had valve slippage. 

Fazio et al. s note that most  patients undergoing 
conversion from a conventional ileostomy to a CI are 
the most  motivated and grateful patients. T h e  pa- 
tients in our survey who underwent conversion from 
a conventional ileostomy also reported a significant 
improvement in their quality of life with a return to 
normal life and alleviation of the chronic depression 
associated with the end ileostomy. Despite some in- 
continence of the CI, one patient still preferred the 
CI over conversion back to a conventional ileostomy. 

Although our study includes the largest and longest 
follow-up of CI patients created by one surgeon re- 
ported in the literature, there are notable limitations 
to our results. Despite telephone calls and two mail- 
ings, we only were able to obtain late outcome data 
for 85 (66%) of the 129 patients. The  mean response 
rate for published patient satisfaction studies from a 
multivariate analysis of 200 articles in 141 journals is 
72.1%.20 Our patient satisfaction results from the 
questionnaire may be limited by the 46% response 
rate; however, the 66% evaluation rate is approach- 
ing the mean of the multivariate analysis. 
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Overall, despite problems with leakage and fistu- 
las, 97% of our survey respondents who retained their 
C! were very satisfied and considered their quality of 
life to be good to excellent with 82% enjoying mod- 
erately active lives. These results are similar to the 
98% satisfaction rate in the report by Kohler et al. 13 
with shorter follow-up (median 4.6 years). 

The  ileoanal pouch is the procedure of choice for 
patients undergoing proctocolectomy for ulcerative 
colitis or familial polyposis. Lower reoperation rates 
(11% to 26%), 9-11,13 a less restricted lifestyle, 13 and 
avoidance of a stoma are the major advantages of this 
procedure. The  current indications for the CI may be 
limited but include patients needing a proctocolec- 
tomy for ulcerative colitis or familial polyposis and 
those with multiple cancers in whom an ileoanal 
pouch is contraindicated because of a hostile pelvis or 
weak anal sphincter. In addition, patients with a fail- 
ing ileoanal pouch or with a conventional ileostomy 
may request conversion to a CI after discussing with 
their surgeon the real potential for pouch revision and 
excision. 

CONCLUSION 

Creation of a CI is a complex operation with a high 
rate of complications, particularly in the first two 
postoperative years. Primary disease, number  of revi- 
sions, patient age, and sex are not predictive of pouch 
excision. Conversion from conventional ileostomy to 
CI predicts a greater likelihood of pouch removal 
than a one-stage total proctocolectomy with forma- 
tion of a CI. Despite a 46% revision rate and a high 
pouch excision rate, long-term follow-up reveals ex- 
cellent patient satisfaction. CI can be considered as an 
acceptable alternative to conventional ileostomy in se- 
lected patients who are willing to face the real possi- 
bility of pouch failure and subsequent excision. 
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Ileal Pouch Salvage Following Failed Ileal Pouch- 
Anal Anastomosis 
Stephan& S. Saltzberg, M.D., Christine DiEdwardo, M.D., Tbayer E. Scott, M.P.H., 
Wayne W. LaMorte, M.D., Ph.D., M.PH., Arthur E Stuccbi, Ph.D., 
James M. Becket, M.D., EA.C.S. 

Attempts have been made to salvage failed ileal pouch-anal anastomoses (IPAA) performed for ulcerative 
colitis or familial polyposis coli. These can be categorized as total reconstruction of the IPAA, partial 
transabdominal approach, and partial transperineal approach. The aims of our study were to determine 
the overall success of pouch salvage; to examine the demographics, indications, and outcomes for each ap- 
proach; and to assess anorectal physiology and patient satisfaction in those with successful salvage oper- 
ations. We reviewed data, including results of anorectal manometry, from 29 patients undergoing sal- 
vage procedures for failed IPAA. Seventeen salvage attempts were successful, 11 attempts failed, and one 
patient was lost to follow-up. Success rates were 100% in the total reconstruction group, 25% in the par- 
tial transabdominal group, and 55% in the transperineal group. In those undergoing total reconstruction 
of the IPAA (n = 9), fimctional outcome, as measured by incontinence, improved with 50% reporting in- 
continence preoperatively compared to 0% postoperatively (P = 0.055). Mean 24-hour stool frequency 
and nighttime stool frequency declined. All patients reported satisfaction with their outcomes. Sixty per- 
cent of patients who underwent ileal pouch salvage following IPAA have been successful in avoiding per- 
manent ileostomy. These results suggest that a continued effort to salvage failed IPAA, including the use 
of total reconstruction, is a viable alternative to permanent ileostomy. (J GASTROINTEST SURG 
1999; 3:633-641 .) 

KEY V~rORDS: Ileal pouch-anal anastomosis, IPAA, ileal pouch salvage, ulcerative colitis, familial 
polyposis 

Colectomy with ileal pouch-anal  anastomosis 
(IPAA) has become a major surgical alternative for pa- 
tients with ulcerative colitis and familial polyposis 
coli. This operation avoids a permanent  ileostomy 
and, in most patients, provides excellent functional re- 
suits and an improved quality of life. Nevertheless, 
IPAA is a complex procedure with an inherent risk of 
mechanical complications potentially resulting in 
pouch failure. When complications significantly im- 
pair the functional outcome, carefully selected and 
motivated patients may benefit from pouch salvage. 
Three revisional approaches are used to rectify func- 
tional pouch problems--total reconstruction of the 
IPAA or lesser procedures that are undertaken trans- 
abdominally or transperineally. The selection of pa- 

tients for a particular approach requires consideration 
of a multitude of factors including surgical indication, 
functional status, number of failed prior operative at- 
tempts, age, and patient motivation. 

We describe a series of 29 pouch salvage procedures 
in patients with failed IPAA. Our goal was to ascertain 
the overall success of pouch salvage while determin- 
ing differences in demographics, surgical indications, 
and outcomes among the total reconstruction, partial 
transabdominal, and partial transperineal groups. Fur- 
thermore, in the total reconstruction group we were 
interested in functional outcome and preservation of 
anorectal physiology as reflected by incontinence, 24- 
hour stool frequency, nighttime stool frequency, leak- 
age, anorectal manometry, and patient satisfaction. 
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MATERIAL AND M E T H O D S  

Prospective data were obtained from the medical 
records of 29 patients referred to our institution for 
pouch salvage procedures following failed IPAA for 
ulcerative colitis or familial polyposis coli. Pouch sal- 
vage was defined as a procedure performed on the 
IPAA or the pouch itself. Demographic information, 
indications, and success rates were assessed for each 
of the three surgical approaches: total reconstruction 
of the IPAA, partial transabdominal procedures, and 
partial transperineal procedures. Total reconstruction 
of the IPAA involved either disconnection of the orig- 
inal anastomosis, resection and reconstruction of a 
new ileal J-pouch, and a neoileoanal anastomosis, or 
conversion of a Park's type S-pouch to a J-pouch. Par- 
tial transabdominal procedures included lysis of 
pouch-related adhesions, drainage of peripouch ab- 
scesses, fistula resections, and diverting ileostomies in 
combination with pouch revisions. Partial transper- 
ineal procedures included fistulotomy, Seton place- 
ment, repair of anal canal fissures, strictureplasty, mu- 
cosal flap advancement of the pouch, and incision and 
drainage of pouch-related abscesses. 

Indications for reoperation were categorized as fol- 
lows: (1) functional pouch problems (including in- 
ability to evacuate, incontinence, and severe pouch- 
itis); (2) retained rectal mucosa; (3) anastomotic stric- 
ture; (4) intra-abdominal abscess/pelvic sepsis/anas- 
tomotic leak/fistula; and (5) perianal abscess/fissure/ 
fistula/anastomotic sinus. Patients were classified by 
the primary indication for their pouch salvage. Over- 
all success was measured as the percentage of patients 
whose satisfactory clinical outcome did not require 
conversion to a permanent Brooke ileostomy. Func- 
tional outcomes and patient satisfaction were re- 
corded based on patient self-reports. 

Anorectal manometry was performed where ap- 
propriate. A pneumohydraulic perfused catheter ma- 
nometry system was used to obtain anorectal pres- 
sures, as described by Becker et al. t Resting pressure 
of the internal anal sphincter, basal and maximal 
squeeze pressures of the external anal sphincter, and 
estimates of ileal pouch capacity were assessed.l 

Statistical comparisons were made with chi-square 
analysis, Fisher's exact test, analysis of variance, or 
paired t tests as appropriate. All statistical analyses 
were performed using SAS software (Statistical 
Analysis System, Carey, N.C.) licensed to Boston 
University. 

RESULTS 

Among the 29 patients referred for pouch salvage, 
17 (59%) were females and 12 (41%) were males. The 

mean age at the time of pouch salvage was 36 years 
(range 14 to 63 years). Diagnoses included chronic ul- 
cerative colitis in 24 patients (83 %), familial polyposis 
coli in two patients (7%), and Crohn's disease origi- 
nally diagnosed as chronic ulcerative colitis in three 
patients (10%). The original pouch types were as fol- 
lows: 24 (83%)J-pouches, three (10%) S-pouches, 
one (3.5%) W-pouch, and one (3.5%) Y-pouch. 

As depicted in Fig. 1, indications for pouch salvage 
surgery were as follows: three patients (10%) with 
functional pouch problems, five patients (17%) with 
retained rectal mucosa, six patients (21%) with anas- 
tomotic stricture, seven patients (24%) with intra- 
abdominal abscess/pelvic sepsis/anastomotic leak/ 
fistula, and eight patients (28 %) with perianal abscess/ 
fissure/fistula/anastomotic sinus. Of the 29 patients 
requiring pouch salvage, nine underwent total re- 
construction of the IPAA, nine had a partial transab- 
dominal procedure, and 11 had a partial transperi- 
neal procedure. 

There were no deaths associated with the 29 pouch 
salvage operations. Patients were followed for a mean 
of 2.5 years (range 0.02 to 11.4 years); one patient 
in the partial transabdominal group was lost to late 
follow-up. Over the follow-up period, 17 (61%) of 
28 salvage attempts were successful and 11 (39%) 
of 28 salvage attempts failed. Successful surgical out- 
comes were as follows: 100% in the total reconstruc- 
tion group, 25 % in the partial transabdominal group, 
and 55 % in the partial transperineal group. 

Demographic information, surgical indications, 
and outcomes for each of the three groups are sum- 
marized in Table I. The partial transabdominal group 
(n = 9) included four females (44%) and five males 
(56%). The mean age at the time of reoperation was 
42 years (range 22 to 63 years). Two of these patients 
were referred from other institutions for salvage pro- 
cedures. All of these patients had prior local proce- 
dures. Chronic ulcerative colitis was the diagnosis in 
seven patients (78%), familial polyposis coli in one pa- 
tient (11%), and Crohn's disease originally diagnosed 
as chronic ulcerative colitis in one patient (11%). The 
J-pouch was the original pouch type in all of these pa- 
tients. Indications for pouch salvage consisted of one 
patient (11%) with retained rectal mucosa, two pa- 
tients (22%) with anastomotic stricture, and six pa- 
tients (67%) with intra-abdominal abscess/sepsis/ 
anastomotic leak/fistula (see Fig. 1). Of the six pa- 
tients in whom reoperation failed, four (67%) had in- 
tra-abdominal abscess/sepsis/leak/fistula including 
one patient diagnosed with Crohn's disease, one pa- 
tient (17%) who had retained rectal mucosa with a 
chronic pelvic mucocele, and one patient (17%) who 
had an anastomotic stricture with secondary sepsis. 
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Fig. 1. Indications for pouch salvage by surgical approach. 1 = Functional pouch problems including in- 
ability to evacuate, incontinence, and severe pouchitis; 2 = retained rectal mucosa; 3 = anastomotic 
stricture; 4 = intra-abdominal abscess/pelvic sepsis/anastomotic leak/fistula; 5 = perianal abscess/ 
fissure/fistula/anastomotic sinus. 

Table I. Demographics, indications, and results of salvage by surgical approach 

Total reconstruction Partial transabdominal Partial transperineal 
(n = 9) (n  --- 9) (n  = 11) 

Age 
Sex (M:F) 
Disease (CUC:FP:Crohn's) 
Original pouch (J:S:Y:W) 
Surgical indications 

Functional pouch problems 
Retained rectal mucosa 
Anastomotic stricture 
Inn'a-abdominal abscess/pelvic sepsis/ 

anastomotic leak/fistula 
Perianal abscess/fissure/fistula/ 

anastomotic sinus 
Successful pouch salvage 

28 + 3.8 42 + 4 . 1  36 -+ 3.9  

4:5 5:4 3:8 
8:1:0 7:1:1 9:0:2 

6:2:0:1 9:0:0:0 9:1:1:0 

3(33%) 0(0%) 0(0%) 
3(33%) 1(11%) 1(9%) 
2~2%) 2(22%) 2(18%) 
1(11%) 6(67%) 0(0%) 

0(0%) 0(0%) 8(73%) 

9 (100%) 2 (25%)* 6 (55%) 

CUC = chronic ulcerauve colitis; FP = familial polyposis. 
All data are expressed as mean + standard error of the mean. 
*One patient was lost to follow-up. 

Two patients (25 %) had successful surgical outcomes, 
six patients (75%) had unsuccessful outcomes, and 
one patient was lost to follow-up. 

The partial transperineal group (n = 11) included 
eight females (73%) and three males (27%) with a 
mean age of 36 years (range 13 to 62 years). Four of 
these patients were referred from other institutions 
for pouch salvage. Four patients had prior local sal- 

vage attempts, six patients had no prior salvage at- 
tempts, and one patient did not have these data avail- 
able. Nine patients (82%) were diagnosed with 
chronic ulcerative colitis, and two patients (18%) had 
Crohn's disease originally diagnosed as chronic ulcer- 
ative colitis. Original pouch types included nine 
(82%) J-pouches, one (9%) S-pouch, and one (9%) 
Y-pouch (see Table I). Surgical indications were as 
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Table Ill. Anorectal physiology and functional outcomes in patients undergoing total reconstruction of the IPAA 

Preoperative Postoperative 

Anorectal  funct ion 
24 -hour  stool f requency 
N i g h t t i m e  stool f requency 
Stool leakage (%) 
Incontinence (%)* 
Perianal pad usage (%) 
Sexual dysfunction (%) 

Anorectal physiology 
Pouch volume (ml) 
Resting pressure (ram Hg) 
Basal squeeze pressure (mm Hg) 
Maximum squeeze pressure (mm Hg) 

12.6 + 2.9 7.8 - 0.7 
4.8 + 2.3 1.6 _+ 0.5 

86% 50% 
50% 0% 
33% 43% 
0% 0% 

75.4 +- 20.1 73.6 + 7.9 
67.6 + 4.2 59.1 _+ 9.6 
36.0 -+ 6.8 26.1 _+ 5.9 

109.4 + 17.1 90.9 + 15.8 

All data are expressed as mean -+ standard error of the mean. 
*P = 0 .055 .  

follows: one patient (9%) with retained rectal mucosa, 
two patients (18%) with anastomotic stricture, and 
eight patients (73 %) with perianal abscess/fissure/fis- 
tula/anastomotic sinus (see Fig. i). Six patients (55%) 
had successful surgical outcomes, and five patients 
(45%) required pouch excision with conversion to a 
permanent Brooke ileostomy. Of the five patients in 
whom reoperation failed, three (60%) had perianal 
abscess/fissure/fistula/anastomotic sinus, one (20%) 
had retained rectal mucosa, and one (20%) had anas- 
tomotic stricture. Of the two patients diagnosed with 
Crohn's disease in this group, one required pouch ex- 
cision with conversion to a permanent Brooke ileos- 
tomy. Of those in whom partial transperineal salvage 
failed, three patients (60%) had prior local salvage 
procedures. One patient (20%) had no prior local 
procedures and one patient (20%) did not have these 
data available. 

Given the successful surgical outcome of total re- 
construction of the IPAA (n = 9), functional outcome 
and patient satisfaction were further assessed in this 
group (Table II). Of these nine patients, five (56%) 
were females, and four (44%) were males. These pa- 
tients were referred from other institutions with sig- 
nificant complications of the original IPAA and had 
been unresponsive to numerous local procedures. The 
mean age at the time of reoperation was 28 years 
(range 14 to 49 years). Chronic ulcerative colitis was 
the diagnosis in eight patients (89%), and one patient 
(11%) had familial polyposis coil No patients were 
subsequently diagnosed with Crohn's disease. The 
original pouch types were as follows: six (67%) 
J-pouches, two (22%) S-pouches, and one (11%) 
W-pouch. Indications for salvage in these nine pa- 
tients included: three patients (33 %) with functional 

pouch problems, three patients (33%) with retained 
rectal mucosa, two patients (22%) with anastomotic 
stricture, and one patient (11%) with intra-abdominal 
abscess/sepsis/anastomotic leak/fistula (see Fig. 1). 

Follow-up of these nine patients was a mean of 2.4 
years (range 0.2 to 6.8 years). Several indicators of 
functional outcome were evaluated (Table III). In- 
continence improved, with 50% reporting inconti- 
nence preoperatively compared to 0% postoperatively 
(P = 0.055). Mean 24-hour stool frequency declined 
nearly 40% and mean nighttime stool frequency was 
reduced by 66%. Stool leakage also declined from 
86% preoperatively to 50% postoperatively; however, 
perianal pad usage was slightly increased from 33 % 
preoperatively to 43 % postoperatively. No patients 
reported sexual dysfunction pre- or postoperatively. 
All patients reported overall satisfaction with the 
functional results of the total reconstruction surgery, 
with six patients reporting that they were very satis- 
fied, two patients reporting that they were moderately 
satisfed, and one patient reporting satisfaction. No 
patients reported dissatisfaction with their clinical 
outcome. 

Pre- and postoperative manometric assessments of 
anorectal function in the total reconstruction group 
were performed (Table III). Pouch capacity remained 
essentially unchanged with a preoperative mean vol- 
ume of 75.4 ml and a postoperative mean volume of 
73.6 ml. Mean maximum resting pressure, basal 
squeeze pressure, and maximum squeeze pressure all 
demonstrated slight but nonsignificant reductions. 

In this particular series, on average, approximately 
30 cm (range 10 to 64 cm) of ileum was resected in 
those nine patients undergoing a total reconstruction. 
In two cases a significant portion of the pouch itself 
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was salvaged; however, in most cases all of the existing 
pouch was resected including some ileum proximal to 
the pouch. Despite the loss of healthy bowel during 
the reconstruction procedure, these patients reported 
a satisfactory functional outcome with no postopera- 
tive incontinence. 

DISCUSSION 

Despite the high success rate of the IPAA for pa- 
tients with chronic ulcerative colitis and familial poly- 
posis coli, complications still occur in as many as 30% 
to 50% of patients. 2,3 Significant complications can 
lead to pouch dysfunction and failure, which requires 
excision in some 5% to 20% of these patients. 4,7 Many 
patients with debilitating pouch dysfunction are re- 
sponsive to local procedures performed through ei- 
ther  a transabdominal or transperineal approach. 
However, there is a subgroup of patients with com- 
plex pouch problems that fail to respond to local pro- 
cedures and require total reconstruct ion of the 
pouch .  2,4 

Pouch dysfunction and failure can occur for a vari- 
ety of reasons. T h e  most  difficult is pelvic sepsis, 
which occurs in up to 25 % of patients. 8-1° Pelvic sep- 
sis leads to the development of pelvic fibrosis and the 
loss of ileal pouch elasticity. Studies have suggested 
that salvage in this subgroup yields a poor outcome 
resulting in subsequent pouch excision. 2,6 Crohn's dis- 
ease, like pelvic sepsis, has also long been considered 
a contraindication to pouch salvage. Because of the 
difficulty in distinguishing the early stages of chronic 
ulcerative colitis and Crohn's disease, 5% to 7% of 
patients are originally diagnosed with chronic ulcera- 
tive colitis but  are later found to have evidence of 
Crohn's disease. 11 Pouch excision has been reported 
to occur in approximately 25% to 30% of these pa- 
tients. II Severe pouchitis can also lead to pouch dys- 
function and failure. Although the cause of this in- 
f lammation of the ileal reservoir remains unclear, 
pouchitis has been reported to occur in 10% to 57% 
of patients depending on the diagnostic criteria. 7,t2A3 
Refractory pouchitis can require pouch excision in a 
small percentage of patients with an IPAA. 

Pouch dysfunction resulting from surgical tech- 
nique includes retained rectal mucosa, long efferent 
limbs, and anastomotic strictures. Avoiding damage to 
the anal sphincter during rectal mucosectomy led to 
the development of the double-stapled IPAA. How- 
ever, this procedure has resulted in patients with re- 
tained rectal mucosa. These patients may experience 
recurrence of disease and/or dysplastic changes in this 
segment  of tissue, necessitating a salvage proce- 
dure. 2,14 Revision is also often necessary in patients 

with Park's type S-pouches that  have long efferent 
limbs. These limbs have been associated with an in- 
creased inability to completely evacuate the pouch. 
Patients must  then choose between manual intuba- 
tion, revision of the limb, or conversion to a J-pouch. 
Anastomotic strictures and ischemia can result from 
excessive tension on the IPAA in 8% to 17% of pa- 
tients. 5,7,H Most of these patients respond to a local 
procedure, such as dilatation, and rarely require com- 
plete revision of the IPAA. 11 

Local procedures are also quite successful in pa- 
tients with fistulas, fissures, peripouch abscesses, and 
pouch-related adhesions. Fistulas can present as 
pouch-vaginal, pouch-perineal, entero-pouch entero- 
cutaneous, rectovaginal, and perianal communica-  
tions. Chronic  fistulas may suggest an etiology of 
Crohn's disease. Fistulas or anastomotic leaks may 
lead to pelvic or presacral abscesses. These occur in 
5% to 12% of patients and may require reoperation if 
they do not  respond to percutaneous drainage. 7,8,11 
Last, localized processes such as fissures and pouch- 
related adhesions may result in problems with the 
IPAA and are often managed with transabdominal and 
transperineal procedures. 

Our experience with 29 patients with failed IPAA 
demonstrates an overall pouch salvage success rate of 
61%, which is consistent with that of other series. 5,6,15 
Pouch salvage, therefore, is a realistic option in care- 
fully selected patients with a failed IPAA who wish to 
avoid a permanent ileostomy. The  surgical approaches 
to pouch salvage can be categorized as total recon- 
struction of the pouch, partial transabdominal proce- 
dures, and partial transperineal procedures. Important 
differences exist in the mean age, surgical indications, 
prior salvage attempts, and outcomes among the three 
groups (see Table I). The  mean age of the patients in 
the partial transabdominal and partial transperineal 
group was 42 years and 36 years, respectively, whereas 
the mean age of the total reconstruction group was 28 
years. Younger patients may be more motivated to 
withstand further major surgery for cosmetic, social, 
and psychological reasons. Older patients are also 
more likely to carry additional surgical risks that would 
decrease the safety of total reconstruction of the IPAA. 

The  transabdominal and transperineal approaches 
are primarily undertaken for well-circumscribed 
problems (see Table I). In the transabdominal group, 
67% (6 of 9) of patients were those with intra- 
abdominal abscess/sepsis/anastomotic leak/fistula, 
and in the transperineal group, 73% (8 of 11) of pa- 
tients were those with perianal abscess/fissure/fis- 
tula/anastomotic sinus. In contrast, 89% (8 of 9) of 
the total reconstruction group consisted of those with 
complex technical problems such as functional pouch 
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problems, anastomotic stricture, and retained rectal 
mucosa. 

As expected, there was a disparity in surgical out- 
comes among these three groups (see Table I). Suc- 
cess rates were 100% (9 of 9) in those with total re- 
construction, 25% (2 of 8) in those with a partial 
transabdominal approach in which one patient was 
lost to follow-up, and 55% (6 of 11) in the partial 
transperineal group. The least successful approach ap- 
peared to be transabdominal with a success rate of 
only 25%. All of those patients had prior multiple lo- 
cal procedures. This may be related to pelvic sepsis 
and/or chronic pouch-related abscesses, which were 
present in six of nine patients. These have been shown 
to be poor prognostic factors because of the develop- 
ment of pelvic fibrosis and inelasticity of the pouch. 
As such, these patients would be considered less of- 
ten as surgical candidates for a total reconstruction of 
the IPAA. Therefore older patients with pelvic sepsis 
as their primary pouch complication seem to have 
poorer outcomes than younger patients without pelvic 
sepsis as their primary pouch complication. Selection 
of better surgical candidates for a total reconstruction 
procedure may have influenced the higher success 
rate of this group. The transperineal group had an ac- 
ceptable success rate of 55%. Seventy-three percent 
of these patients had a localized complication (i.e., fis- 
tula or fissure) with few to no prior salvage attempts. 
Patients with a diagnosis of Crohn's disease would 
also be considered less often as surgical candidates for 
a total reconstruction procedure. Of  note, there were 
three patients diagnosed with Crohn's disease be- 
tween the partial transabdominal and partial trans- 
perineal groups and none in the total reconstruction 
group. Salvage attempts failed in two of these patients 
(67%). 

The total reconstruction group was the most suc- 
cessful, with 100% avoiding permanent ileostomy. 
These were carefully selected, highly motivated 
younger patients who had numerous failed attempts 
at salvage in the past. Our study demonstrated that 
this is a viable option for this subgroup of patients. 
Although a history of multiple local procedures may 
suggest failure of further local salvage attempts re- 
quiring pouch excision and conversion to permanent 
Brooke ileostomy, it does not appear to mitigate 
against successful reconstruction of the pouch and 
IPAA. Not  only did they manage to avoid permanent 
ileostomy, but we found their functional status and 
anorectal physiology to be well preserved, Inconti- 
nence was nonexistent (see "Fable 1I) after reoperation 
and 24-hour stool frequency, mean nighttime stool 
frequency, and leakage all declined (see Table III). It is 
unclear as to why pad usage increased slightly. The 

manometry data indicate that integrity of the anal 
sphincter and capacity of the pouch were well pre- 
served. It is important to note that all of these patients 
reported satisfaction with their functional outcome. 

The  goal of the surgeon undertaking a major 
pouch reconstruction is to "salvage" and reuse as 
much of the existing pouch ileum as possible. How- 
ever, depending on case-by-case circumstances and 
the reasons for failure, significant portions of nondis- 
eased ileum must be resected. In this particular series, 
on average, approximately 30 cm (range 10 to 64 cm) 
of ileum was resected in those nine patients undergo- 
ing a total reconstruction. In two cases a significant 
portion of the pouch itself was salvaged; however, in 
most cases all of the existing pouch was resected in- 
cluding some ileum proximal to the pouch. Despite 
the loss of healthy bowel during the reconstruction 
procedure, as mentioned, these patients continue to 
maintain normal anorectal function and all reported a 
satisfactory fimctional outcome with no postoperative 
incontinence (see Table II). 

Although the success rate and functional outcome 
were greatest in the group of patients undergoing to- 
tal reconstruction, lesser procedures using either a 
transabdominal or a transperineal approach are still 
appropriate in many cases. It is tempting to compare 
the outcomes among these three groups, but it is im- 
portant to recognize that there is an inherent prob- 
lem with selection bias in this type of study. For ex- 
ample, all of the patients in the total reconstruction 
group were referred to our institution and had failed 
prior salvage attempts. This was not the case for the 
transabdominal or transperineal groups. For each re- 
ferral to our institution, there may be many patients 
who were treated successfully or who decided to no 
longer persist in their efforts to avoid permanent  
ileostomy. In addition, patients who underwent total 
reconstruction were younger, and they may have been 
more psychologically and physically appropriate for 
the rigors of a reconstruction procedure. Therefore 
the surgeon must consider on a case-by-case basis the 
surgical indications, functional s ta tus ,  16 demographic 
information, and patient's level of motivation in de- 
termining which salvage approach, if any, is a feasible 
option. 

C O N C L U S I O N  

Sixty-one percent of patients who underwent  
pouch salvage for failed IPAA were successful in 
avoiding permanent ileostomy. These results suggest 
that a continued effort to salvage failed IPAA, includ- 
ing the use of total reconstruction, is a viable alterna- 
tive to permanent ileostomy. 
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Discussion 
Dr. R. Beart (Los Angeles, Calif.). You had three pa- 

tients with Crohn's disease. Traditionally that has not been 
an indication for sphincter preservation. Did you attempt 
it in those patients; did they have a shot at preservation? 
Second, in order to minimize sphincter damage can you tell 
us how you approached the anus in your total reconstruc- 
tion group or in the other transperineal group? Did you use 
any special techniques? 

Dr. S. Saltzberg. In the patients with Crohn's disease, 
the disease had not been diagnosed until the pouch was re- 
moved and it was confirmed pathologically that they had 
Crohn's disease. 

Dr. M. Dayton (Salt Lake City, Utah). I have two ques- 
tions. How many of these patients had rectovaginal fistula 
repair? What  was your success rate with that group? Sec- 
ond, did you restrip the mucosa, say the last 3 or 4 cm, in 
those patients in whom you did the complete repair? If so, 
how did you do it? 

Dr. Saltzberg. In response to the first question, the ma- 
jority of the fistulas that we found were pouch-perineal fis- 
tulas and not vaginal fistulas. Overall there were two pa- 
tients; one was later found to have Crohn's disease and the 
other had a successful repair. 

Dr. J. Becket (Boston, Mass.). In terms of mucosectomy, 
a number of these patients had a prior double-stapled ileal 
pouch-anal canal anastomosis and had persistent problems 
with the retained mucosa itself in terms of inflammatory 
changes or strictures in that area. In those cases we did do 
a completion mucosectomy, reconstructed the pouch, and 
performed an ileal pouch-anal anastomosis. 

Dr. A. Sicular (New York, N.Y.). Are there any tricks to 
getting that extra 20 cm of vessels down when you recon- 
struct a pouch? 

Dr. Becker. We have not found that to be a problem in 
any of our patients. By fully mobilizing the ileal mesentery, 
including sacrifice of the ileocolic artery (which is neces- 
sary in all cases), scoring the mesentery, and then flexing 
the operating table, we have been able to extend the pouch 
to the anus in all 500 patients including these nine patients 
who had a pouch reconstruction. 

Dr. Z. Cohen (Toronto, Ontario, Canada). There have 
been a few articles recently on pouch salvage reporting ap- 
proximately the same results, maybe not quite 100%. I 
agree with Dr. Becker as far as getting a pouch down--it  is 
usually not very dificult. Even when you have to create a 
second pouch for these patients, it is not that difficult to 
bring the mesentery down. I am interested in knowing 
about the partial operations that were performed, either ab- 
dominally or perineally. In the total reconstruction group, 
all of your patients were referred and had undergone mul- 
tiple local procedures before that. In your own group of pa- 
tients, how many local procedures would you tolerate? If  
you have a failed local procedure, why then would you not 
go on to perform a total reconstruction in some of those 
patients whose procedures had failed and thereby increase 
your pouch salvage rate in the second and third groups? 

Dr. Saltzberg. Again, the total reconstruction group 
consisted of carefully selected patients. In the partial trans- 
abdominal group, out of the six failures, there were five that 
had had pelvic sepsis and chronic abscesses. Several reports 
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in the literature have shown that this is a poor indicator for 
pouch salvage. They had also had multiple prior procedures 
in that group. So, I do not think that this is a group of pa- 
tients in whom we would consider total reconstruction. 

Dr. Cohen. I think the most recent papers from the 
Cleveland Clinic have shown that more than 80% can be 
salvaged just for septic complications alone. The report 
that we recently published showed that more than 75% of 
the pouches could be salvaged for septic complications 
alone. 4 

Dr. B. Harms (Madison, Wis.). There is a controversy 
related to the need for diversion. Do you know why these 
pouches failed in the first place? Didn't these patients un- 
dergo diversion during their primary procedures and then 
experience numerous problems? In the group that had a 

transabdominal reconstruction, do you have any data on 
why patients improved? Were you making the pouch larger 
or was it a matter of function? Do you have any compliance 
data or distensibility data you could examine to look at the 
pressure gradient between the pouch and the anal canal and 
why they improved? 

Dr. Saltzberg. Much of the information from the insti- 
tutions our patients were referred from was not complete, 
making it possible only to list a primary indication for re- 
operation. Three had functional pouch problems, three had 
retained rectal mucosa, two had anastomotic strictures, and 
one had a perianal complication. In response to your second 
question, we do not have complete data on the partial trans- 
abdominal or partial transperineal groups with respect to 
anorectal manometry. 



T3N0 Rectal Cancer: Results Following Sharp 
Mesorectal Excision and No Adjuvant Therapy 
Nipun B. Merchant, M.D., Jose G. Guillem, M.D., M.P.H., Phillip B. Paty, M.D., 
Wa~s'en E. Enke~; M.D., Bruce D. Minsky, M.D., Stuart H.Q. Ouan, M.D., 
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Adjuvant chemoradiation therapy following resection of T3N0 rectal cancer is recommended in order to 
reduce the incidence of local recurrence and improve survival. However, recent experience with rectal 
cancer resection utilizing sharp dissection and total mesorectal excision has resulted in a reduction in lo- 
cal recurrence rates to as low as 5% without adjuvant treatment. The purpose of this study was to deter- 
mine if rectal cancer resection utilizing sharp mesorectal excision alone is adequate treatment for local 
control of T3N0 rectal cancer. Between July 1986 and December 1993, 95 patients with T3NOM0 rec- 
tal cancer underwent resection with sharp mesorectal excision and did not receive any adjuvant therapy. 
Various prognostic factors were analyzed for their association with local recurrence and survival. Sev- 
enty-nine patients had a low anterior resection, 10 of whom had a eoloanal anastomosis, and 16 had an 
abdominoperineal resection. The median follow-up was 53.3 months. Six patients had local recurrence, 
12 had distant recurrence, and three had local and distant recurrences. The overall local recurrence rate 
was 9% crude and 12% 5-year actuarial. The overall crude recurrence rate was 22%. The 5-year disease- 
specific survival rate was 86.6% with an overall survival of 75%. Postoperative complications occurred in 
18 patients (19%). Five patients (6%) had a documented anastomotic leak. Perioperative mortality was 
3 %. No technical factors, including type of resection (low anterior vs. abdominoperineal), location of 
tumor, or extent of resection margin, were significant for determining local recurrence. The only 
histopathologic marker significant for determining local recurrence was lymphatic invasion (P <0.04). 
Sharp mesorectal excision with low anterior resection or abdominoperineal resection for T3NOM0 rec- 
tal cancer results in a local recurrence rate of less than 10% without the use of adjuvant therapy. There- 
fore, in select patients with T3NOM0 rectal cancer, the standard use of adjuvant therapy for local control 
may not be justified. (J GASTROINTEST SURG 1999;3:642-647.) 

KEY V~TORDS: Rectal cancer, mesorectal excision, radiation therapy, adjuvant therapy 

O f  the estimated 36,000 new cases of  rectal cancer 
in 1999, 70% to 80% will present with disease beyond 
the rectal wall ei ther by direct extension or lymphatic 
spreadl; these patients are at increased risk for pelvic 
and distant recurrence. T h e  pelvis is a frequent  site of  
recurrence and a major cause of  morbidi ty  and mor-  
tality with salvage therapy often incomplete and pro- 
viding only temporary  palliation. 2,3 

Adjuvant chemoradiat ion therapy is r ecommended  
following curative resection of  stage II and III (Astler- 
Col ler  stages B2 and C or T N M  stage T 3 - 4 N 0  or 
Tany N 1) rectal cancer for improved local control  and 

survival. 4 However,  because of  the significant side ef- 
fects associated with pelvic radiation, as well as recent  
reports  demonstrat ing that rectal cancer surgery in- 
corporat ing a total mesorectal  excision ( T M E )  pro-  
duces local recur rence  rates o f  5% to 7 % :  -8 in se- 
lected patients, the adequacy of  "conventional" non-  
T M E  surgery has been brought  into question. Also in 
question is the exact subset of  rectal cancer patients 
who may benefit  most  f rom adjuvant chemoradiat ion 
therapy. 

"Conventional" surgery for rectal cancer usually in- 
volves blunt pelvic dissection, which has an associated 

From the Colorectal Service, Departments of Surgery (N.P.M., J.G.G., P.B.P., S.H.Q.Q., D.~.V., and A.M.C.) and Radiation Oncology 
(B.D.M.), Memorial Sloan-Kettering Cancer Center, and Beth Israel Medical Center (Vf.E.E.), New York, N.Y. 
Presented at the Thirty-Ninth Annual Meeting of The Society of Surgery for the Alimentary. Tract, New Orleans, La., May 17-20, 1998. 
Correspondence: Jose G. Guillem, M.D., Department of Surgery, Memorial Sloan-Kettering Cancer Center, 1275 York Ave., New York, 
NY 10021. e-mail: guillemj@mskcc.org 

642 



Vol. 3, No. 6 
1999 T3N0 Rectal Cancer and Sharp Mesorectal Excision 643 

risk of mesorectal disruption and shedding of malig- 
nant cells into the pelvis. This may explain, in part, 
why local recurrence rates following conventional 
surgery for Asder-Coller stage B2 (T3NOM0) rectal 
cancer range from 15 % to 35 %.2,9,1° The  importance 
of surgical technique is further underscored by the 
broad range (10% to 50%) of local recurrence rates 
among individual surgeons. 11,12 

The purpose of this study was to determine if "op- 
timal" rectal cancer resection incorporating a sharp 
mesorectal excision (SME) without the use of adju- 
vant therapy is adequate treatment for selected pa- 
tients with transmural, node-negative (T3NOM0) rec- 
tal cancer. 

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

A review of the prospective colorectal cancer data- 
base at Memorial Sloan-Kettering Cancer Center be- 
tween July 1986 and December 1993 identified 283 
patients with T3NOM0 rectal cancer who underwent 
resection with either a low anterior resection or ab- 
dominoperineal resection. Of  these, 95 patients were 
resected and received no other preoperative or post- 
operative therapy and formed the basis of  this study. 
The  decision for these patients to receive no other 
treatment was based on the preference of the operat- 
ing surgeon and was generally related to lack of tu- 
mor bulk, adequate clearance of resection, and lack of 
adverse pathologic features. The  remaining 188 pa- 
tients received either preoperative or postoperative 
adjuvant chemoradiation therapy and were excluded 
from this analysis. 

MI patients were resected utilizing an SME tech- 
nique. This involved sharp dissection under direct vi- 
sion in an areolar plane along the visceral fascia that 
envelopes the rectum and its mesentery. 6 For mid to 
low rectal cancers, the entire rectal mesentery, includ- 
ing that distal to the tumor, was removed as an intact 
unit. For high rectal cancers, sharp mesorectal dissec- 
tion was continued 5 to 6 cm distal to the tumor, and 
the mesorecnun was excised at that level. Patients were 
followed prospectively, and the time to local and dis- 
tant recurrence or death was recorded. 

Histopathologic features analyzed in the resected tu- 
mors included the following: tumor grade (well, mod- 
erate, and poor differentiation); vascular, lymphatic, 
and/or perineural invasion; and the presence of mucin 
production, which was considered to be positive if 
more than 50% of the specimen contained mucin. Pa- 
tients in whom a preoperative carcinoembryonic anti- 
gen (CEA) level was obtained were separated into those 
with CEA levels above and below 5 ng/ml. 

The  type of surgical resection was distinguished 
between abdominoperineal resection and low anterior 

resection, including patients who had a coloanal anas- 
tomosis. Tumor location, based on the distance be- 
tween the lowermost edge of the tumor and the anal 
verge, was divided into three groups: between 0 and 5 
cm (low), 5 to 10 cm (mid), and 10 to 15 cm (high). 

The  resection margin was measured from the 
pathologic specimen. Patients were then divided into 
those who had resection margins less than 2 cm or 
greater than or equal to 2 cm. 

MI perioperative complications were recorded. 
Perioperative mortality was defined as death occur- 
ring within 30 days of surgery. 

Disease-free and overall survival rates were calcu- 
lated by the Kaplan-Meier actuarial method, and re- 
suits were compared by means of the log-rank test. 
Statistical significance was defined as P <0.05. 

R E S U L T S  

Ninety-five patients were identified with T3NOM0 
rectal cancer who were treated with surgery alone and 
received no other form of adjuvant therapy. There  
were 57 males (60%) and 38 females (40%). The av- 
erage age of this group was 67 -+ 12 years. The me- 
dian follow-up time for this study was 53.3 months. 

Recurrence Rates 

Six patients (6%) had local recurrence only, 12 
(13 %) had distant recurrence only, and three (3 %) 
had both local and distant recurrence. The  overall 
crude local recurrence rate was 9%, with an overall 
recurrence rate of 22%. 

Pathologic Features and Local Recurrence 

Pathologic review of the specimens revealed four 
(4%) well-differentiated, 88 (93 %) moderately differ- 
entiated, and three (3 %) poorly differentiated lesions. 
Tumor grade was not a significant factor in determin- 
ing local recurrence (P = 0.20) by log-rank analysis. 

Analysis of the tumor revealed six (6%) with vas- 
cular invasion, three (3 %) with lymphatic invasion, 
and four (4%) with perineural invasion. Mucin pro- 
duction of the tumor was seen in 12 cases (13%). 
Only lymphatic invasion was a significant factor in 
determining local recurrence (P <0.04). Perineural 
invasion showed a trend toward determining local 
recurrence (P <0.07) but did not achieve statistical 
significance. 

Of  the 95 patients in this study, 69 had a preoper- 
ative CEA level determined. In 51 (74%) the CEA 
level was less than 5 ng/ml and in 18 (26%) it was 
greater than 5 ng/ml. Preoperative CEA level did not 
influence local recurrence (P = 0.82). 
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Technical Factors and Local Recurrence 

Seventy-nine patients underwent low anterior resec- 
tion, 10 of whom had a coloanal anastomosis for recon- 
struction, and 16 underwent abdominoperineal resec- 
tion. Seven patients (9%) undergoing low anterior re- 
section and two (12%) undergoing abdominoperineal 
resection developed local recurrence (P = 0.52). 

Twenty-three patients (24%) had tumors located 0 
to 5 cm from the anal verge (low), 45 (47%) had tu- 
mors located 5 to 10 cm from the anal verge (mid), and 
27 (28%) had tumors located 10 to 15 cm from the 
anal verge (high). Two (9%) of 23 patients with low 
rectal tumors, 6 (13%) of  39 with midrectal tumors, 
and 1 (4%) of 26 with high rectal tumors developed 
local recurrence. Location of the primary tumor  did 
not  influence local recurrence (P -- 0.39). 

In 76 cases (80%) the resection margins were >2 

Table I. Perioperative complications 

Complications No. 

Anastomotic leak 5 
Wound infection 3 
Myocardial infarction 2* 
Pelvic abscess 2 
Incidental splenectomy 1 
Prolonged ileus 1 
Colostomy slough 1 
Fever of unknown origin 1 
Deep venous thrombosis 1 
Perineal wound infection 1 
Respiratory failure 1" 
Sepsis 1" 

*Perloperadve mortality (one patient with myocardial infarction). 

cm, whereas in 19 (20%) the margins were less than 
2 cm. There were no patients with resection margins 
less than 2 cm who developed local recurrence, 
whereas 9 (12%) of 76 patients with resection mar- 
gins >2 cm developed local recurrence (P = 0.15). 

Morbidity and Mortality 
There  were three deaths in the perioperative pe- 

riod, for an overall mortal i ty rate of  3 %. One patient 
died of  a myocardial infarction on postoperative day 
18, one died of  respiratory failure on postoperative 
day 4, and one died of  septic complications related to 
a small bowel fistula on postoperative day 30. 

1.0 ~ ~  

"~ .8 

I1~ . 4  

i5 
e-  

~ .2 
I:1_ 

. 0  I 

20 40 

. . . . . .  q I' II ~ ........ 

I I I I 

60 80 1 O0 120 

Time (months~ 

Fig. 2. Disease-specific survival was 86.6% at 5 years. Median 
follow-up time was 53.3 months (N = 95). 
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Fig. 1. Overall survival was 75.3% at 5 years, with a median 
survival of 100.3 months. Median follow-up time was 53.3 
months (N = 95). 
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Fig. 3. Risk of local recurrence at 2 years was 6% and at 
5 years was 12%. Median follow-up time was 53.3 months 
(N - 95). 
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Postoperative complications occurred in 18 pa- 
tients, for an overall complication rate of 19% (Table 
1]. However, only five patients (5%) had an anasto- 
motic leak and two (2 %) had a pelvic abscess unre- 
lated to anastomotic leak. Postoperative complica- 
tions, including anastomotic leaks, were not signifi- 
cant in determining local recurrence (P <0.15). 

Survival 

The  overall actuarial 5-year survival for this group 
of patients was 75.3 % with a median survival of 100.3 
months (Fig. 1). The  actuarial 5-year disease-specific 
survival was 86.6%, with the median survival not yet 
reached (Fig. 2). The overall actuarial 5-year disease- 
free survival was 73.4%. The  actuarial risk of devel- 
oping a local recurrence in 2 years was 6% and at 
5 years was 12% (Fig. 3). 

D I S C U S S I O N  

Surgery for rectal cancer is a locoregional therapy 
and its oncologic efficacy is based on its rate of local 
control. 13 The  major risk factors for local and distant 
relapse are the number of involved lymph nodes, ex- 
tent of transmural penetration, and tumor grade. 14,15 
However, inadequate surgical resection is also a pre- 
dominant cause of pelvic relapse since a positive lat- 
eral margin correlates strongly with local recur- 
rence. 7,16,17 "Conventional" surgical resection incorpo- 
rating blunt pelvic dissection yields a positive lateral 
margin in 20% to 33% of cases. This is of clinical sig- 
nificance since 80% to 85% of patients with a posi- 
tive lateral margin develop a local recurrence within 
2 years, compared to only 10% of patients without 
circumferential involvement.~6.~7 

Pelvic surgery incorporating SME has several ad- 
vantages over conventional surgery, including im- 
proved lateral clearance resulting in a negative cir- 
cumferential resection margin in 93% of cases. 7 Re- 
moval of  the mesorectum as an intact unit facilitates 
enhanced removal of tumor deposits in the mesentery 
and decreases the risk of tumor spillage that can occur 
from a disrupted mesentery. In addition, dissection 

within the areolar plane surrounding the mesorectmn 
allows for identification and preservation of auto- 
nomic nerves, thereby significantly decreasing post- 
operative urinary and sexual dysfunction rates, is,19 

Several authors using this technique have reported 
local recurrence rates well below 10% 5-8 (Table II). 
However, these studies include a broad range of tu- 
mor stage as well as patients receiving adjuvant radi- 
ation therapy. 6 Our results show a crude local recur- 
rence rate of less than 10% and a 5-year actuarial rate 
of 12% in a large group of  patients with similarly 
staged transmural, node-negative (T3NOM0) rectal 
cancer treated by optimal surgery alone. These results 
compare favorably with the 11% actuarial incidence 
of local failure alone and the 2 3 % actuarial incidence 
of local failure as a component of overall failure noted 
in the late 1980s. 2° In addition, in three series of pa- 
tients with T3N0 rectal cancer resected before 1980, 
the incidence of crude local failure as the only site of 
failure ranged from 13% to 24%, whereas the crude 
local failure rate as a component  of  failure ranged 
from 27% and 35% following a curative resection. 21-23 
The  differences between these earlier results and ours 
may be explained, in part, by the fact that T M E  was 
not popularized until the late 1980s. 

Despite its oncologic benefit, appropriate concern 
has been raised about the widespread use of T M E  for 
all rectal cancers. 24 The  series by MacFarlane et al. 5 
showed an anastomotic leakage rate of  17.4% for 
anastomosis created between 3 and 6 cm. This re- 
suited in long-term failure and a permanent  colos- 
tomy in 5% of patients. 5 A recent audit reveals an 
anastomotic leakage rate of 16% with the introduc- 
tion of TME,  compared to a leakage rate of only 8% 
prior to TME.  25 However, other series report anasto- 
motic leakage rates ranging from 3% to 8%. 6's The 
anastomotic leakage rate in our series was 5% utiliz- 
ing SME with transection of the mesorectum 5 cm 
below the lowermost edge of the tumor in the case of 
high rectal cancers and T M E  for mid to low rectal 
cancers. Although the number may be too small to 
draw any definitive conclusions, it did not appear to 
have an impact on local failure or survival. 

Despite the results seen with SME, combined- 

Table H. Results of total mesorectal excision for rectal cancer 

No. of  Radiation Local Survival 
Series Stage patients therapy recurrence (%) (%) 

Cawthorne  et  al. 7 (1990) 
MacFar lane  et  al. 5 (1993) 
Enke r  et  al. 6 (1995) 
A r b m a n  et al. 8 (1996) 

T 1 2 3 N 1 2 3  122 n = 7 7 N S  
T 3  or  N123 135 N o n e  5 78 
T3  or  N123 204 -~33% 6 74 
T 1 2 3 N 1 2 3  128 n = 3 7 68 

Adapted from Guillem JG, Paty PB, Cohen AC. Surgical treatment of colorectal cancer. CA Cancer J Clin 47:113-128, 1997. '9 



Journal of 
646 Merchant et al. Gastrointestinal Surgery 

modality therapy has remained an integral part in the 
management of rectal cancer. In the United States, at- 
tempts to reduce the incidence of local recurrence and 
improve survival have emphasized postoperative ad- 
juvant chemoradiation therapy since randomized tri- 
als have shown that adjuvant chemoradiation therapy 
improves local control and survival for patients with 
stage II and stage III rectal c a n c e r .  26-29 

In addition to using conventional surgical tech- 
niques, these trials combined a heterogeneous popu- 
lation of patients (stage II and III). Therefore it is dif- 
ficult to determine any stage-specific advantages to us- 
ing adjuvant chemoradiation therapy. 

There have been 11 randomized trials using low to 
moderate doses of intensive, short-course, preopera- 
tive radiation therapy for resectable rectal cancer. 3° 
Only six of these found a significant reduction in local 
recurrence rates. Other  than the recently reported 
Swedish Rectal Cancer Trial, 31 no trial has shown a 
survival advantage. The Swedish Rectal Cancer Trial 
showed a significant decrease in the rate of local re- 
currence with 2500 cGy of preoperative radiation 
therapy compared to those treated with surgery alone 
(11% vs. 27%; P <0.001). Local recurrence rates for 
Dukes' B tumors were also significantly improved in 
the preoperative radiation therapy group (10% vs. 
23 %; P <0.002). Survival was also significantly im- 
proved in those who received preoperative radiation 
therapy compared to those undergoing surgery alone 
(58% vs. 48%; P <0.004). There was no statistically 
significant difference in survival in patients with 
Dukes' B rectal cancers. 

Several nonrandomized trials have shown en- 
hanced sphincter preservation 32,33 and improved local 
failure and survival rates 34,35 with the use of preoper- 
ative combined-modality therapy. However, the true 
benefit of this therapy remains to be seen when com- 
pared to postoperative therapy or the use of SME 
alone. A phase III randomized intergroup trial ( INT 
0147) comparing preoperative versus postoperative 
combined-modality therapy for resectable rectal can- 
cer was discontinued prior to completion because of 
a lack of accrual of patients. The NSABP R-03 trial 
evaluating the worth of preoperative multimodal- 
ity therapy is ongoing, but accrual of  patients has 
been slow. 36 

Although radiation therapy has benefits, the mor- 
bidity of radiation therapy is not  inconsequential. 
Pelvic radiation therapy is associated with significant 
acute and long-term complications. 37-39 Patients who 
receive combined-modality therapy have been shown 
to have a significantly increased number of "cluster" 
bowel movements per day, nighttime bowel move- 
ments, difficulty with evacuation, and incontinence 

and wear pads more often than patients undergoing 
rectal cancer resection alone. 4°,41 

Likewise, the addition of adjuvant chemotherapy 
to radiation therapy increases both the benefits as well 
as the morbidity. Grade 3 + toxicity in patients re- 
ceiving radiation therapy alone is reported to be as 
low as 5% but increases to 25% to 50% in those re- 
ceiving combined-modality therapy.-" 6,28 With an in- 
creasing emphasis on quality-of-life issues, the incre- 
mental but costly benefit of adjuvant therapy in 
patients undergoing optimal surgery with SME needs 
to be clearly defined. A two-arm randomized study 
of T M E  with or without preoperative radiation ther- 
apy for resectable rectal cancer has begun in The  
Netherlands. 

It must be emphasized that the comparison of our 
results with those of the randomized trials of adjuvant 
therapy must be interpreted with caution, since selec- 
tion bias and differences in clinicopathologic features 
may be responsible, in part, for these differences. 
Randomized trials are needed to determine these dif- 
ferences with certainty. 

C O N C L U S I O N  

This study represents a large homogeneous popu- 
lation of patients with Astler-Coller B2, T3NOM0, 
rectal cancer who were treated with surgery using 
SME without the use of pre- or postoperative adju- 
vant therapy. The results of this study reveal an ac- 
ceptably low local recurrence rate (9% crude and 12% 
5-year actuarial). Based on these results and those 
of others, 5-8 the routine use adjuvant therapy for lo- 
cal control of T3NOM0 rectal cancers, particularly 
those without adverse pathologic factors, may not be 
justified. 
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Duration of Antibiotic Prophylaxis in High-Risk 
Patients With Penetrating Abdominal Trauma: 
A Prospective Randomized Trial 
Edward E. Cornwell III, M.D., William R. Dougherty, M.D., Thomas V. Berne, M.D., 
George Velmahos, M.D., Ph.D., James A. Murray, M.D., Santiago Chahwan, M.D., 
Howard Belzberg, M.D., Andres Falabella, M.D., Irma R. Morales, R.N., 
Juan Asensio, M.D., Demetrios Demetriades, M.D., Ph.D. 

To evaluate the effect of varying durations of antibiotic prophylaxis in trauma patients with multiple risk 
factors for postoperative septic complications, a prospective randomized trial was undertaken at an urban 
level I trauma center. The inclusion criteria were full-thickness colon injury and one of the following: 
(1) Penetrating Abdominal Trauma Index >25, (2) transfusion of 6 units or more of packed red blood 
cells, or (3) more than 4 hours from injury to operation. Patients were randomly assigned to a short 
course (24 hours) or a long course (5 days) of antibiotic therapy. All patients received 2 g cefoxitin en route 
to the operating room and 2 g intravenously piggyback every 6 hours for a total of 1 day vs. 5 days. Sixty- 
three patients were equally divided into short-course (n -- 31) and long-course (n = 32) therapy. This was 
a high-risk patient population, as assessed by the mean Penetrating Abdominal Trauma Index (33), num- 
ber of patients with multiple blood transfusions (51 of 63; 81%), number of patients with an Injury Sever- 
ity Score greater than 15 (37 of 63; 59%), number of patients with destructive colon wounds requiring re- 
section (27 of 63; 43%), and number of patients requiring postoperative critical care (37 of 63; 59%). 
Differences in intra-abdominal (1-day, 19%; 5-days, 38%) and extra-abdominal (1-day, 45%; 5-days, 
25%) infection rates did not achieve statistical significance. There continues to be no evidence that ex- 
tending antibiotic prophylaxis beyond 24 hours is of benefit, even among the highest risk patients with 
penetrating abdominal trauma. A large, multi-institutional trial will be necessary to condemn this com- 
mon practice with statistical validity. (J GASTROINTEST SURG 1999;3:648-653.) 

KEY WORDS: Antibiotic prophylaxis, abdominal trauma, penetrating trauma 

Short-duration antibiotic prophylaxis in penetrat- 
ing abdominal trauma has evolved over a 20-year pe- 
riod ending in the early 1990s. None of  the controlled 
studies addressing the issue has shown an advantage 
of  long- te rm antibiotic therapy over a shor t - t e rm 
course, l-s In fact, the literature would lead one to con- 
clude that the number  of  organs injured, the specific 
organ(s) injured (liver, colon, pancreas), the Penetrat- 
ing Abdominal Trauma Index (PATI), the number  of  
units of blood transfused, but not the duration of  an- 
tibiotic therapy, can be used to predict the likelihood 
of  septic postoperative complications among patients 
with penetrating abdominal trauma. 2-12 

Despite these conclusions extracted from the sur- 
gical literature, anecdotal and published observations 
suggest that  many patients receive longer "prophy- 
lactic" courses of  antibiotics when they are thought  to 
be at a part icularly high risk for septic complica- 
tions. 13-16 For whatever reason these practices occur, it 
is clear that controlled clinical trials studying the du- 
ration of antibiotic therapy in exclusively high-risk pa- 
tients with abdominal trauma are necessary. Given the 
increased expense and the potential for side effects, 
toxicity, and antibiotic resistance associated with long 
courses of  antibiotic therapy, the practice can only be 
justified if it results in a reduct ion in postoperative 
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septic complications. Lacking such a study, clinical 
practice proceeds without scientific validity. 

Accordingly, we undertook a prospective random- 
ized trial comparing short (1-day) and long (5-day) 
courses of antibiotic therapy exclusively among ab- 
dominal trauma patients considered to be at particu- 
larly high risk for septic complications. 

PATIENTS A N D  M E T H O D S  

The protocol was approved by the Institutional 
Review Board of Los Angeles County-University of 
Southern California Medical Center. Of note, the 
study met National Institutes of Health criteria for a 
nonconsent study, facilitating plans for even the sick- 
est patients to be enrolled. Consent was obtained 
from all patients (or, if not practical, from appropriate 
family members). All patients aged 16 years and over 
who were admitted to the trauma center were eligi- 
ble for enrollment. The 30-month period of enroll- 
ment ended on December 3 i, 1997. This was a study 
consisting exclusively of patients deemed to be at 
highest risk for postoperative infections and included 
only patients with full-thickness injuries to the colon 
and one of the following criteria: (1) PATI >-25, (2) 
transfusion of 6 units or more of packed red blood 
cells, or (3) more than 4 hours from injury to opera- 
tion. 

Exclusion criteria were as follows: (1) serum crea- 
tinine value greater than 2.5 mg/dl; (2) previous aller- 
gic or serious adverse reaction to cefoxitin or other 
cephalosporins; (3) being grossly underweight for 
height; (4) requirement for systemic antimicrobial 
regimen other than those in this study (e.g., in- 
traperitoneal pus, complicated fractures, intra-ab- 
dominal prosthetic graft); and (5) exposure to any in- 
vestigational agent within 3 0 days of entry into the 
study. 

Patients were resuscitated and taken directly to the 
operating room under the supervision of a full-time 
in-house trauma attending surgeon. At the conclusion 
of the operation, the peritoneal cavity was irrigated 
with 6 liters of normal saline solution, and a sample 
of the remaining peritoneal fluid was cultured. Surgi- 
cal management of colon injuries and abdominal 
wounds was at the discretion of individual attending 
surgeons; however, the prevailing institutional philos- 
ophy is liberal primary repair of colon injuries. Ex- 
ceptions to this typically included those patients with 
low-lying rectal injuries where primary repair was 
thought to be precarious and required diversion. Skin 
wounds were left open and managed with delayed pri- 
mary closure in the vast majority of patients. 

All patients were given 2 g cefoxitin intravenously 
piggyback en route to the operating room, with a sec- 

ond dose at 4 hours in cases lasting that long. After 
surgical confirmation of eligibility, patients were then 
randomized to receive 24 hours vs. 5 days total length 
of cefoxitin therapy (2 g intravenously piggyback 
every 6 hours). 

The randomization schedule was constructed as 
follows: 100 cards and envelopes were used, with 50 
each designating either 1 day or 5 days of antibiotic 
therapy. Five cards from each designation (10 cards 
total) were placed together and shuffled, and then 
numbered consecutively. This process was repeated 
nine times to use all 100 cards. The cards were filed in 
a box in the trauma admitting area. As each patient 
was enrolled in the study, the topmost card was pulled 
by a coinvestigator who was not involved with the pa- 
tient's clinical care, and the prescribed regimen was 
employed for that patient. Data elements captured for 
each patient included demographic data, preoperative 
clinical findings, time from injury to surgery, duration 
of operation, operative findings including calculation 
of PATI, Injury Severity Score (ISS), and number of 
units of blood. Surgical management including man- 
agement of colon injury and mode of fascial closure 
was also documented. Postoperative course was pros- 
pectively analyzed, including number of days on the 
ventilator and in the intensive care unit, development 
of complications (septic or otherwise), length of stay, 
and survival. 

Postoperative Complications 
Complications were defined as any clinical occur- 

rence requiring a therapeutic maneuver and prolon- 
gation of the hospital course. These included compli- 
cations as varied as ileus, deep venous thrombosis, 
epididymitis, and adult respiratory distress syndrome. 
Septic complications were defined as any complica- 
tion requiring antibiotic therapy and included (1) 
pneumonia (fever, leukocytosis, pulmonary infiltrate, 
and >103 bronchial alveolar lavage organisms), (2) 
urinary tract infection (> 105 organisms in urine, fever, 
leukocytosis), (3) positive intravenous catheter culture 
(positive organisms, fever), and (4) infected pleural 
fluid (fever, positive organisms). 

"Intra-abdominal infection" was designated to ex- 
ist in any patient who was found by CT aspiration or 
reoperation to have an intra-abdominal infected fluid 
collection, a subfascial abscess, or any patient with any 
evidence of a wound infection characterized by in- 
fected fluid coming from the midline surgical wound. 
Patients were thus evaluated as to whether or not they 
developed a postoperative complication, and specifi- 
cally septic intra-abdominal or extra-abdominal com- 
plications. In four instances, patients were started on 
empiric antibiotic therapy because of clinical deterio- 



Journal of 
650 Cornwell et al. Gastrointesunal Surgery 

T a b l e  I. Comparison of risk factors for septic complications between short- and long-course antibiotic 
therapy groups 

1 day 5 days 
(n = 31) (n = 32) P value 

Mean age in years 
Mean PATI 
No. with PATI ->25 
No. with destructive colon wounds 

requiring resection 
Mean Injury Severity Score 
No. with Injury Severity Scores >15 
No. with multiple blood transfusions 
No. with ->6 units blood transfused 
No. with surgical intensive care unit stay 

27.9 (range 16-62) 29.7 (range 17-68) NS 
34.4 32.4 NS 

30 (97%) 26 (82%) NS 
14 (45%) 13 (41%) NS 

14.5 17.1 NS 
14 (45%) 23 (72%) NS 
24 (78%) 23 (72%) NS 
15 (49%) 10 (32%) NS 
19 (61%) 18 (56%) NS 

Table II. Comparison of outcome parameters between short- and long-course antibiotic therapy groups 

I day 5 days 
(n = 31) (n = 32) Pvalue 

No. with intra-abdominal infection 6 (19%) 12 (38%) NS 
No. with extra-abdominal infection 14 (45%) 8 (25%) NS 
No. with both 2 (6%) 6 (19%) NS 
No. with any septic complication 18 (58%) 14 (44%) NS 
Average length of stay (days) 17.8 19.0 NS 
Mortality 1 (3%) 5 (16%) NS 

ration without definitive diagnoses. In these cases the 
clinical course was evaluated and patients were desig- 
nated by one of the "blinded" surgical investigators 
who were unaware of the antibiotic regimen that the 
patient had received. 

S a m p l e  S i z e  D e t e r m i n a t i o n  a n d  S t a t i s t i c a l  
Analysis 

We performed a power analysis considering figures 
derived from a logistic regression analysis by Nichols 
et al. 6,9 of risk factors for postoperative infections fol- 
lowing penetrating abdominal trauma (high risk 
>70%; low risk ---40%). Using a two-sided test with 
power of 0.80, a P value of 0.05, and an assumption 
that one mode of therapy would decrease the infec- 
tion rate from 65% to 30%, 74 patients (37 in each 
arm) would be necessary to identify such a difference 
with statistical significance. Differences in morbidity 
and mortality were analyzed using the Yates corrected 
chi-square test. Assuming a 20% dropout after inten- 
tion to treat, 93 patients would need to be enrolled 
initially. 

R E S U L T S  

Ninety-four patients had abdominal injuries of suf- 
ficient severity to be eligible for inclusion. Twenty pa- 

tients were excluded on the basis of antibiotic regi- 
mens prescribed for associated injuries requiring an- 
tibiotic therapy (18 patients with open fractures, and 
2 patients with prosthetic vascular grafts). Four pa- 
tients met the criteria but died within the first 24 
hours from associated head or chest injuries. Another 
seven patients met the criteria but were not enrolled 
because of violation of the protocol. The remaining 
63 patients were enrolled and completely evaluated 
until the time of death or discharge from the hospital, 
and from the study group. 

Overall there were 60 men (95%) and three 
women. There were 68 colon or rectal injuries in 63 
patients. Fifty-five patients (87%) sustained gunshot 
wounds, seven had stab wounds, and one had a 
colonic perforation secondary to assault with a for- 
eign body. Table I refers to the demographics and 
severity of injuries of the two groups. The  groups 
were well matched in terms of average age, mean 
PATI, number of patients with a PATI of 25 or more, 
number of patients with an ISS greater than 15, num- 
ber of patients requiring any blood, and number of 
patients requiring more than 6 units of blood. 

Table II compares the outcomes of the two groups. 
The  trend toward fewer intra-abdominal infections 
and more extra-abdominal infections in the group re- 
ceiving short- term antibiotic therapy did not ap- 
proach statistical significance. The  one death that oc- 
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Table III. Characteristics of patients developing intra-abdominal infections 

1 day 5 days 
(n = 31) (11 = 32) 

No. of patients developing abdominal infections 6 12 
No. of patients with positive peritoneal fluid cultures at first operation 3 (50%) 7 (58%) 
Cefoxitin resistance among organisms at first operation 1/3 2/7 
Mean No. of days after surgery with diagnosis of infection 5.7 (range 4-8) 7.3 (range 5-14) 
Type of organisms 

Gram-negative 6 10 
Gram-positive 2 6 
Anaerobes 2 2 
Fungi 2 0 
Multiple 6 11 

No. of patients with organisms resistant to cefoxitin 6 (100%) 12 (100%) 

curred in the short-term antibiotic group resulted 
from brain injury in a patient with an associated gun- 
shot wound to the head. In two of the five patients in 
the long-term antibiotic group who died, death was a 
direct result of intra-abdominal sepsis secondary to 
leakage of a colonic anastomosis. 

Table III reveals the specifics of organisms causing 
intra-abdominal infections among the two groups. 
Approximately half of the patients who ultimately de- 
veloped intra-abdominal infections had positive peri- 
toneal fluid cultures at the original operation. Infec- 
tions were diagnosed near the end of the first week in 
both groups. 

D I S C U S S I O N  

One might wonder why another study of antibiotic 
therapy in trauma patients is needed. A 1991 review 
by Dellinger 2 of 18 papers examining various antibi- 
otic prophylactic regimens and durations encom- 
passed 2397 patients whose regimens included ade- 
quate aerobic and anaerobic coverage. One hesitates 
to draw conclusions from a heterogeneous group of 
studies except to point out the absence of a correla- 
tion between the duration of antibiotic therapy and 
the rate of postoperative infections (1-day treatment, 
12% incidence of infection; 2 days and 7 days, 9% in- 
cidence; 3 days, 16% incidence; 5 days, 14% inci- 
dence). A large, well-controlled, prospective, ran- 
domized trial by Fabian et al. 5 would seem to put the 
issue to rest. This study of 515 patients with penetrat- 
ing abdominal trauma in a double-blinded trial of 1 
day vs. 5 days of cefoxitin or cefotetan found no over- 
all benefit from 5 days of therapy in the entire group 
or in the subgroup of patients with hollow viscus in- 
juries, colon injuries, or PATI >25. In discussing the 
results and reviewing the literature, the authors 
pointed out that patients at greatest risk for infections 
can be identified and should become the target popu- 

lation for future therapeutic trials. That is the pur- 
pose of this study. 

Recommendations from the literature notwith- 
standing, there is ample evidence that many trauma 
patients receive more than 24 hours of antibiotic pro- 
phylaxis. A survey of the membership of the Ameri- 
can Association for the Surgery of Trauma regarding 
the management of colon injuries was undertaken in 
1997.15 Eighty-eight percent of the 342 respondents 
held academic appointments, and 10% had published 
on the subject. When questioned about preferred du- 
ration of antibiotic administration for "a patient with 
an isolated colon injury" (who by definition would 
have a maximum PATI of 20 and therefore would not 
be severely injured enough to qualify for our study), 
only 36% stated they would prescribe antibiotics for 
less than 24 hours. Fifty-four percent said they would 
prescribe antibiotics for i to 3 days, and 9% would 
prescribe antibiotics for more than 4 days. Namias et 
al. 16 studied the prescribing practices in the surgical 
intensive care unit of a large university-based trauma 
center and found that 61% of patients receiving pro- 
phylactic antibiotics had the agents continued for 
more than 1 day. An ancillary study of a multicenter 
prospective randomized trial of recombinant inter- 
feron gamma therapy for severely injured patients ob- 
served the antibiotic prescribing practices among the 
212 enrolled severely injured patients (ISS ---20) with 
contaminated wounds. 13,17 That study, which involved 
62 % penetrating trauma victims, identified a common 
practice of prescribing multiple antibiotics for a pro- 
longed period. An average of 15 antibiotic days (num- 
ber of antibiotics × number of days prescribed) were 
prescribed for those 115 patients who never devel- 
oped an infection during their hospital course. 

The development of cefoxitin resistance is a trou- 
bling finding in this study. Table III demonstrates that 
3 of the 18 patients in this study who developed post- 
operative intra-abdominal infections had cefoxitin-re- 
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Table IV. Combined intra-abdominal infection rates in two prospective randomized trials of 1 day vs. 5 days of 
antibiotic therapy (only highest risk patients) 

No. of  abdominal infections 

Institution 1 day 5 days P value 

University of Southern California 6/31 (19%) 12/32 (38%) 
Universit T of Tennessee 18 5/27 (19 %) 8/29 (28 % ) 

TOTAL 11/58 (19%) 20/61 (33%) 0.13 

sistant organisms (Pseudomonas, Enterobacte~; Citrobac- 
te~9 recovered at the time of their first operation (cul- 
tures taken following a 6-liter peritoneal irrigation). 
By the time their postoperative intra-abdominal in- 
fections were diagnosed, all 18 of these patients had at 
least one cefoxitin-resistant organism, including six 
patients who received the drug for only 24 hours. 
Each institution must make individual antibiotic se- 
lection decisions based on the microbiologic data 
available locally. 

The postoperative infection rate, although signifi- 
cant, is lower than the assumptions employed in the 
statistical power analysis. Therefore the trends toward 
more intra-abdominal infections in the 5-day group, 
and more extra-abdominal infections in the 1-day 
group, did not achieve statistical significance. The  
study by Fabian et al. -~ is the largest prospective ran- 
domized trial on duration of antibiotic therapy for 
penetrating abdominal trauma and has very carefully 
described subgroup analysis. The study included 515 
patients: 235 with hollow viscus injuries, 111 with 
colon injuries, 74 with hollow viscus injuries, and a 
PATI >2 5. Their  subset of 56 patients who had colon 
injuries and a PATI >25 bears the greatest resem- 
blance to the patient population described here 
(Fabian T, personal communication). Because of very 
similar study designs, and in order to analyze a larger 
sample size, we combined postoperative abdominal 
infections in their highest risk subset with those seen 
in the present study (Table IV). A mini-meta-analysis 
of these two studies of  exclusively the highest risk 
trauma patients only managed to increase our statisti- 
cal power from 0.27 to 0.32. Given the incidence of 
intra-abdominal infections (1 day, 19%; 5 days, 33%), 
the sample size required to detect a 14% difference in 
incidence with an 80% power, and to avoid a type II 
statistical error (conclusion of no difference based on 
insufficient sample size), would be 344 patients (172 
in each group). This is three times the number of  
patients with these highest risk criteria enrolled at 
two busy trauma centers over time periods of 2 V,_ to 3 
years. Therefore it should be clear that in order to de- 
finitively determine whether extending antibiotic 
therapy in even the highest risk trauma patients would 

decrease the postoperative complication rate, a multi- 
institutional trial is necessary. 

C O N C L U S I O N  

Our study confirms that postoperative septic com- 
plication rates can be expected to be high in e. group 
of patients with predominantly gunshot injuries to the 
colon, who commonly had a high PATI, major blood 
loss, and the need for postoperative intensive care. 
There is no evidence to date that extending antibiotic 
therapy decreases that high risk. A multi-institutional 
trial is necessary to confirm with statistical validity 
that all patients, regardless of risk, should receive only 
a short course of antibiotics following penetrating ab- 
dominal trauma. Until such a trial is completed, our 
practice will be to prescribe a short course (24 hours 
or less) of a broad-spectrum agent in all patients, and 
vigorous postoperative surveillance for developing in- 
fections, with appropriate antibiotic therapy given at 
that time. 

~Ve thank Linda Chart, Ph.D., for statistical consultation and Ms. 
Danila Oder for preparing the manuscript. 
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Kupffer Cell-Mediated Inhibition of Liver 
Regeneration After Combined Hepatectomy 
and Pancreatectomy 
Toshiki Rikiyama, M.D., Masanori Suzuki, M.D., Micbiaki Unno, M.D., Kenji Fukuhara, M.D., 
Tetsuyuki Ucbiyama, M.D., Seiki Matsuno, ~I.D., EA.C.S. 

Recently, simultaneous hepatectomy and pancreatoduodenectomy has been performed for the treatment 
of some biliary tract cancers in Japan. Postoperative hepatic failure is a common and potentially fatal 
complication. The aim of this study was to examine the reduction in the rate of liver regeneration after 
70% hepatectomy (I-Lx) alone or in combination with 70% pancreatectomy (HPx). Male Sprague-Daw- 
ley rats underwent hepatectomy or simultaneous hepatectomy and pancreatectomy. The ratio of liver 
weight to body weight, the labeling index of hepatocytes in vivo, and DNA synthesis of the hepatocytes 
and/or Kupffer cells in primary culture were analyzed. The ratio of liver weight to body weight and the 
labeling index in HPx rat were found to be signit~candy lower than those values in Hx rats. There were 
no significant differences in plasma alanine aminotransferase levels between the two groups. The in- 
hibitory effect on DNA synthesis was observed with coculture of hepatocytes and Kupffer cells when the 
portal plasma obtained 1 hour after operation was added. We further observed that the conditioned 
medium of Kupffer cells stimulated by the addition of the portal plasma that was obtained 1 hour after 
HPx inhibited DNA synthesis of hepatocytes. This effect was abolished after incubation at 56 ° C for 30 
minutes. These results strongly suggest the existence of a growth inhibitory factor in portal plasma after 
HPx. This heat-labile growth inhibitory factor was released from Kupffer cells and would appear to act 
on hepato .cytes in a paracrine manner. (J GASTROINTEST SURG 1999;3:654-661.) 

KEY WORDS: Liver regeneration, hepatocyte culture, hepatectomy, pancreatectomy, growth inhibitory 
factor 

Hepatectomy is at present a standard treatment for 
primary and secondary malignancies in the liver. Re- 
cently, simultaneous hepatectomy and pancreatoduo- 
denectomy has been performed for the treatment of 
bile duct cancer in Japan. 1 The function of the remnant 
liver is a limiting factor for hepatic resections, and liver 
failure accounts for most of the postoperative deaths 
that occur after simultaneous hepatectomy and pan- 
createctomy. 2 Thus knowledge of the mechanisms that 
inhibit and stimulate liver regeneration is important. 

In the rat, regeneration after a 70% hepatectomy is 
completed within approximately i0 days and the peak 
of DNA synthesis is seen after 24 hours, 3 preceded by 
the increased expression of proto-oncogenes within 
hours after the operation. 4-6 However, the factors that 
influence these regeneration mechanisms after simul- 

taneous hepatectomy and pancreatectomy are not  
well known. 

In the present study, a model for the combined re- 
section of both the liver and pancreas in the rat was 
constructed. This model was used to investigate the 
liver regeneration and endocrine and paracrine mech- 
anisms that stimulate and inhibit the primary cultured 
hepatocytes. 

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

The study was approved by the Animal Care and 
Use Committee of Tohoku University. Male Sprague- 
Dawley rats with an initial weight of  250 to 300 g 
(Funabashi Farm, Miyagi, Japan) were used for the 
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operations. The rats were fed a diet of standard labo- 
ratory chow (Oriental Yeast Co., Ltd., Tokyo, Japan) 
and tap water except on the morning before the op- 
eration. For isolation of the hepatocytes and Kupffer 
cells, a male Sprague-Dawley rat weighing approxi- 
mately 150 g was used. 

Operative Procedures 

Operations were performed under light diethyl 
ether anesthesia. In one group of rats, a 70% hepatec- 
tomy (Hx) was performed as described by Higgins and 
Anderson. 7 In another group of rats, the spleen and 
splenic vessels were preserved at 70% pancreatic re- 
section that included the splenic, gastric, and duodenal 
segments, according to the technique of Richards et 
al. 8 The pancreatic resection was combined with hep- 
atectomy (HPx). A 70% pancreatectomy was per- 
formed first and immediately thereafter, a 70% hepa- 
tectomy was performed. The HPx procedure took ap- 
proximately 15 minutes to complete. Sham operations 
consisting of laparotomy and peeling off the transverse 
mesocolon from the pancreas and manipulation of the 
liver and pancreas were also performed in the Hx 
group. Three to six rats were used in each group. 

Sampling of Blood and Liver Tissue 

The operated rats were killed by intraperitoneal 
pentobarbital injection at 1, 3, 6, 12, 24, and 48 hours 
after operation. At the time of death, portal blood was 
aspirated from each animal. To avoid the influence of 
platelets, the blood was first centrifuged at 2000g for 
30 minutes using a special tube for measuring platelet 
factor 4 (SRS Co., Tokyo, Japan). The separated 
plasma was dialyzed with phosphate-buffered saline 
twice for 24 hours, filtrated by means of a 0.2 mm 
pore filter (Minisart NML, Sartorius AG, Goettin- 
gen, Germany), and stored at -20  ° C. 

Immediately after the blood sampling, the liver was 
excised and, after the wet weight was determined, 
specimens were frozen in liquid nitrogen and pre- 
served at -80  ° C. 

Regenerated Liver Weight  
to Body Weight Ratio 

The regenerated liver weight to body weight ratio 
(expressed as a percentage) was calculated from the 
body weight and the excised liver weight at sacrifice. 

Labeling Index 

As an index of liver regeneration, a proliferation kit 
(Amersham Pharmacia Biotech, Uppsala, Sweden) 

was used to calculate the DNA synthesis. One hour 
before the rats were killed, 5-bromo-2'-deoxyuridine 
(BrdU) was injected into the penile vein of each rat at 
a dose of 30 mg BrdU/kg body weight. Microscopic 
sections were then prepared for immunohistochemi- 
cal staining of BrdU, and the cell number at the sham 
stage was determined microscopically. The BrdU in- 
dex in 1000 hepatocytes is the so-called labeling index. 

Blood Glucose, Alanine Aminotransferase, 
and Endotoxin in Portal Vein Blood 

Blood glucose levels were determined by means of 
the glucose oxidase method, alananine aminotrans- 
ferase levels were assayed by automated analysis, and 
endotoxin levels were measured using the limulus 
colorimetric test (Toxicolor Test, Seikagaku Co., Ltd., 
Tokyo, Japan). 

Culture of Hepatocytes and Measurement 
of DNA Synthesis In  Vitro 

Isolation of rat hepatocytes was performed according 
to the method of Seglen 9 and Nakamura et al. l° Briefly, 
the liver was perfused in situ through the portal vein 
with Ca 2÷, Mg2+-free Hank's balanced salt solution 
(HBSS) (Wako Chemicals Ltd., Osaka, Japan) at 37 ° C, 
followed by perfusion with 0.05% collagenase contain- 
ing HBSS for 10 minutes. The liver was excised, cut 
into pieces in HBSS, filtrated with gauze, and cen- 
trifuged at 50g for 1 minute. Viability and cell number 
were determined by trypan blue exclusion test. Only 
samples with more than 90% viability were used in the 
following experiments. The concentration of hepato- 
cytes was adjusted to 2.5 × 10Vml in Williams E (WE) 
medium (Gibco Laboratories, Grand Island, N.Y.) sup- 
plemented with 10% fetal calf serum, insulin (10 -8 
tool/L), dexamethasone (10 -8 tool/L), penicillin (0.1 
million unit/L), and streptomycin (100 rag/L), and then 
1 ml of solution each was divided into 12-well type I 
collagen-coated microplates (Iwaki Co., Ltd., Chiba, 
Japan). After 3 hours' incubation in 5% carbon dioxide 
at 37 ° C, the medium was changed to a new serum-free 
WE medium supplemented with aprotinin (5 IU/ml), 
insulin (10 -8 mol/L), penicillin (0.1 million unit/L), and 
streptomycin (100 mg/L), and the sample was added. 
After 22 hours' incubation, the medium was changed 
to a new WE medium supplemented with 10 ng/ml 
epidermal growth factor. After 12 hours' incubation, 
1.25 p~Ci [3I-I]-thymidine (0.3 Ci/mmol) was added for 
24 hours. To estimate the amount of [3H]-thymidine 
incorporated into the newly synthesized DNA, the 
DNA was precipitated by the addition of 7 % ice-cold 
trichloroacetic acid and trapped by filtration on 
a glass filter disc (Whatman GF/C). The radioactivity 
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was counted after the addition of scintillation fluid. The 
protein concentration was measured by Bio-Rad pro- 
tein assay kit (Bio-Rad Laboratories, Hercules, Calif.) 
and [3HI radioactivity/mg protein was calculated. 

C o c u l t u r e  o f  H e p a t o c y t e s  and Kupf fe r  Cells  
and Measurement  o f  D N A  Synthes is  In  Vi t ro  

The  Kupffer cells were separated according to the 
method of Munthe-Kaas et al.ll Briefly, the liver was 
perfused with Ca 2+, Mg2+-free HBSS solution, and 
0.005% collagenase and was then cut into fine slices 
and made into a rough cell solution. To remove dead 
cells and hepatocytes, the cells were centrifuged sev- 
eral times for 1 minute at 50g. The supernatants were 
then further centrifuged for 5 minutes repeatedly at 
500g. The cell pellets were used as nonparenchymal 
cells. The  hepatocytes, separated as previously de- 
scribed, were put into 12-well 22 mm diameter dishes. 
Three hours later, the dead cells were removed and 
the nonparenchymal cells were added to the dishes. 
Approximately 2 hours later, noncontact cells were re- 
moved. The coculture of hepatocytes (2.5 × 105) and 
Kupffer cells (1 × 106) was then prepared. The  cells 
were stimulated with 5 % portal plasma collected 1, 3, 
6, 12, 24, and 48 hours after the Hx and HPx opera- 
tions, and DNA synthesis was measured as previously 
described. 

Preparation of  Condit ioned Kupf fe r  Cells  
Medium and Measurement  o f  D N A  
Synthesis In Vitro 

The separation and culture of Kupffer cells were 
performed as previously described. After 1 hour of in- 
cubation for recovery, the unattached cells were re- 
moved and the remaining Kupffer cells were trans- 
ferred to a culture medium supplemented with 5% 

portal plasma obtained from i or 3 hours after the Hx 
or HPx operations. The Kupffer cells were cultured 
for another 20 hours and then transferred to the 
serum-free medium. After a further 24-hour cultiva- 
tion, the conditioned medium was aspirated and the 
cells were removed by centrifugation, dialysis of phos- 
phate-buffered saline twice, and filtration. To inves- 
tigate the inhibitory effects on the hepatocytes caused 
by a factor that was produced by the Kupffer cells, 
DNA synthesis of the hepatocytes was measured as 
previously described. In addition, the influence of 
heating (at 56 ° C for 30 minutes) the conditioned 
Kupffer cells medium was studied. 

Statistical Measurements  

Mean, mean + standard deviation (SD), and mean 
-+ standard error of the mean (SEA/[) were used to ex- 
press values for the various groups. After testing by 
means of analysis of variance, the protected least sig- 
nificant difference test difference was used only when 
P <0.05. 

R E S U L T S  
Regenerated Liver W e i g h t / B o d y  W e i g h t  

The Hx and HPx groups did not differ during the 
first 6 hours after operation, but the liver weight/body 
weight ratios in the HPx group were significantly 
lower than those in the Hx group 12 hours after op- 
eration (Fig. 1). 

Labe l ing  Index  In  Vivo 

In the Hx group, a peak in the labeling index curve 
appeared at 24 hours after operation. However, the 
peak in the HPx group appeared at 48 hours after op- 
eration and with a signifcantly lower value (24% vs. 

Fig. 1. Time course of regenerated liver weight/body weight 
after operation. Liver weight/body weight of 70% hepatec- 
tomy combined with 70% pancreatectomy is significantly 
lower than that of 70% hepatectomy alone after 12 hours. 
Each value represents the mean of the measurements (_+SD) 
with six rats in each condition. 
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15 %), thus indicating an apparent decrease of liver re- 
generation in the HPx group (Fig. 2). 

Blood Glucose ,  Alanine Aminotransferase,  
and Endotox in  in Portal Blood 

The blood glucose values reached their maximum 
in both the Hx and HPx groups I hour after opera- 
tion and thereafter gradually decreased, but with no 
difference between the two groups except at 3 hours 
after operation (Table I). Alanine aminotransferase in 
the portal blood reached the peak value in both the 
Hx and HPx groups 12 hours after operation with no 
difference between the two groups (Table I). The en- 
dotoxin levels of the HPx group 3 hours after opera- 
tion were slightly higher than those of the Hx group, 
but no significant differences were observed at 1, 6, 
and 12 hours (Table I). 

D N A  Synthesis  o f  Coculture  o f  Hepatocytes  
and Kupffer Cells  Wi th  Portal Plasma 

In coculture of Kupffer cells and hepatocytes stim- 
ulated by portal plasma taken 1 hour after operation, 
the value in the HPx group (34.7% -+ 10.4%) was sig- 
nificantly lower compared to values in the control 
(serum-free) and I-Ix groups (90.5% _+ 13.7%) (Fig. 3), 
whereas there were no differences between the groups 
in serum taken from 3 to 24 hours after operation. 
Serum taken at 48 hours induced lower DNA synthe- 
sis in the Hx group compared to the HPx and control 
groups. There were no differences between the con- 
trol values of serum-free medium and plasma from 
unoperated rats (0 hours after operation). No differ- 
ence was found in the alanine aminotransferase levels 
of the culture medium (data not shown). 

D N A  Synthesis  o f  Hepatocytes  With  
Condi t ioned  Kupffer Cell  M e d i u m  

When the hepatocytes were cultured with the con- 
ditioned Kupffer cell medium after stimulation by 
portal plasma obtained 1 hour after operation, the Hx 
group had a nonsignificant increase in DNA synthesis 
compared to the fetal calf serum control group (10.7 
_+ 1.6 vs. 7.3 -+ 2.4 x 104 dpm/mg protein). On the 
other hand, the HPx group exhibited a significant de- 
crease in DNA synthesis with plasma obtained 1 hour 
after operation compared to the Hx group (2.9 _+ 1.0 
vs. 10.7 _ 1.6 x 104 dpndmg protein) (Fig. 4). With 
portal plasma obtained 3 hours after operation, a sim- 
ilar tendency was found, but the difference between 
the two groups was not significant (P = 0.33). When 
the conditioned Kupffer cell medium was heated at 
56 ° C for 30 minutes, the inhibition of DNA synthe- 
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Fig. 2. Time course of the labeling index of the regen- 
erated liver after operation. The peak time of the label- 
ing index in the 70% hepatectomy group was 24 hours 20" .1  
after operation, and that in the 70% hepatectomy plus 
70% pancreatectomy group was 48 hours after opera- 
tion. The  peak level of the HPx group is significantly .~ 10" 
lower than that of the Hx group. Each value represents 
the mean of the measurements ( -SD)  with three or six 
rats in each condition. 
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Fig. 3. Time course of DNA synthesis of rat hepatocytes and Kupffer cells in coculture by the addition of 
dialyzed portal plasma obtained from rats after operation. To each sample 5% portal plasma was added at 
2 hours after the plating of Kupffer cells. The value in the HPx group 1 hour after operation is lower com- 
pared to values in the control (serum-free) and Hx groups. Each value represents the mean of triplicate mea- 
surements (+_ SEM) and the percentage for measurement of DNA synthesis in coculture without plasma. 
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Fig. 4. [3H]-thymidine incorporation of rat hepatocytes in primary culture with conditioned media from 
primary culture of Kupffer cells after stimulation by portal plasma collected after operation. To each sam- 
ple was added 1 mg protein/ml at 3 hours after plating of hepatocytes. The HPx group exhibited a sig- 
nificant decrease in DNA synthesis compared to the Hx group with serum taken 1 hour after the opera- 
tion. However, this inhibition of DNA synthesis was significantly improved with treatment at 56 ° C for 
30 minutes. Each value represents the mean of triplicate measurements (+_ SEM). FCS = fetal calf serum. 
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sis was abolished but was still lower than that of the 
Hx group (7.9 -+ 1.0 vs. 10.7 + 1.6 × 10 4 dpm/mg 
protein). 

DISCUSSION 

As a result of advances in imaging techniques for 
the diagnosis of biliary tract cancer, the number of 
cases found in Japan has been increasing rapidly) 
Complete resection of the tumor with removal of the 
lymph nodes is the approved operation. However, 
cancer in the extrahepatic biliary tract is usually situ- 
ated at the boundary of the liver, pancreas, and duo- 
denum, and may therefore involve the surrounding 
organs through direct invasion and then further 
spread into the adjacent portal vein and hepatic 
artery. L'-15 Connective tissues such as Glisson' s sheath 
in the hepatoduodenal ligament show discontinuous 
involvement by perineural and vascular spreading. 16,1y 
Thus simultaneous resection of the liver and pancreas 
is believed to be the operation of choice for bile duct 
carcinomaA 18,19 Because of the operative stress of si- 
multaneous hepatectomy and pancreatectomy, severe 
complications may appear even in cases where the 
remnant liver seems to be sufficient. In one report, 
among 478 patients undergoing simultaneous hepa- 
tectomy and pancreatectomy, 70% had complications 
resulting from the operation, 92 % of which were he- 
patic failure. Of those who died within 2 months after 
operation, 92 % of the deaths were due to hepatic fail- 
ure. 2 Therefore preventing hepatic failure will be an 
important factor in improving the operative outcome 
after simultaneous hepatectomy and pancreatoduode- 
nectomy. 

Because of the short history of simultaneous hepa- 
tectomy and pancreatectomy, studies on the patho- 
physiology of this operation have only just begun. To 
date, only one report concerning the endocrine and 
exocrine systems of the pancreas has been found) ° To 
avoid impairment of liver function after operation, an 
understanding of postoperative liver regeneration 
would seem to be important. However, except for two 
studies on pancreatic hormones 21 and hepatic stimu- 
lator substance (HSS), 22 there are no reports con- 
cerning factors that stimulate and inhibit liver regen- 
eration based on cultured hepatocytes in vitro. 

Considering that in most instances simultaneous 
liver and pancreas resection is used to treat biliary 
tract carcinoma and that liver resection over the two 
segments results in incomplete liver function in most 
patients, 1,2 the model of Higgins and Anderson 7 with 
70% resection of the liver seemed to be an appropri- 
ate rat model. In addition, in order to perform a pan- 
creatic resection in the rat that resembles the pancre- 
atoduodenectomy, the splenic and gastric segments 
comprising 70% of the pancreas were excised while 

maintaining the parabiliary segment and half of the 
duodenal segment together with the spleen and the 
splenic artery. Excision of the duodenal segment with 
90% of the pancreas carries a high mortality rate be- 
cause of the resulting diabetes mellitus. In our experi- 
ence, all of the animals in our model survived at least 
72 hours after operation. As shown in Table I, the 
blood glucose and alanine aminotransferase values re- 
vealed that there was no obvious difference in the ex- 
tent of hepatic damage and the pancreatic endocrine 
system after 70% hepatectomy alone or in combina- 
tion with 70% pancreatectomy. In addition, the ratio 
of regenerated liver weight to body weight and the la- 
beling index indicate that liver regeneration was sig- 
nificantly decreased and delayed after simultaneous 
hepatectomy and pancreatectomy, suggesting the use- 
fulness of this model for elucidating the stimulation 
and inhibition of liver regeneration after these opera- 
tions. 

To investigate the mechanism of stimulation and 
inhibition of liver regeneration, we used a coculture 
system of Kupffer cells and hepatocytes in which liver 
regeneration is inhibited through a paracrine mecha- 
nism by the Kupffer cells (Fig. 3). Stimulation of he- 
patic DNA synthesis by the Kupffer cells 23 and regu- 
lation of the liver regeneration by a balance of TGF  
transforming growth factor (TGF)-~ and TGF-[3 se- 
creted by the Kupffer cells 24 have been reported. In 
the present study, the hepatocyte proliferation after 
the addition of plasma taken from HPx rats 1 hour af- 
ter operation was inhibited compared to that in con- 
trol rats, and this tendency remained with plasma 
taken 3 hours after operation. This effect was not 
caused by the levels of insulin because excess insulin 
was added to the culture medium. Based on these re- 
suits, there seems to be not only a stimulatory factor 
for hepatocyte proliferation in the portal plasma of 
rats in the HPx group, but also another factor that 
stimulates the Kupffer cells to secrete an inhibitory 
factor. Endotoxin was the candidate for this factor, but 
there was no difference between the Hx and HPx 
plasma levels taken at 1 hour after operation (see 
Table I). We hypothesize that the stimulated Kupffer 
cells secrete an inhibitory factor, the influence of 
which is stronger than that of the stimulatory factor in 
portal serum, thereby inhibiting the DNA synthesis 
of the hepatocytes. 

Next we examined the effect of the conditioned 
Kupffer cell medium. As shown in Fig. 4, the portal 
plasma taken 1 hour after the HPx operation stimu- 
lated the Kupffer cells, and the conditioned medium 
had an inhibitory effect on hepatocyte proliferation 
similar to that of the coculture. The inhibitory effect 
of the conditioned medium was partially abolished af- 
ter incubation at 56 ° C for 30 minutes, suggesting that 
the Kupffer cells release an inhibitory factor that is 
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heat unstable and therefore might be a protein. Inter- 
estingly, this inhibitory factor disappears from serum 
only 3 hours after operation. In addition, compared 
to nontreated medium, Kupffer cells also release 
growth-stimulating factors such as hepatocyte growth 
factor and/or epidermal growth factor, both of which 
are degenerated by heating. 

Another possibility is that there is preexisting sup- 
pression factor from Kupffer cells that inhibits hepa- 
tocyte DNA synthesis and maintains hepatocytes in a 
normal state of quiescence. Following hepatectomy 
alone, production of this inhibitory substance is de- 
creased, thereby releasing the hepatocyte to reenter 
the cell cycle. Alternatively, when pancreatectomy is 
combined with hepatectomy, there is no correspond- 
ing decrease in this suppression factor, or the decrease 
is diminished, resulting in maintenance of any higher 
percentage of cells in GO. These possibilities cannot 
be disregarded. 

Future studies will reveal whether the inhibitory 
factor is novel or one of the known cytokines such as 
TGF-[3,  25,26 activin A, 27 or  interleukin-1 [3. 28 More de- 
tailed studies to purify and characterize the factor will 
surely follow shortly. Thus studies of the inhibitory 
effects of liver regeneration will provide more insight 
into the prevention of liver failure after simultaneous 
hepatectomy and pancreatectomy. 

CONCLUSION 

A model for simultaneous liver and pancreas resec- 
tion in the rat is presented, and the effects on liver re- 
generation were studied. The regenerated liver 
weight and labeling index in the HPx group were sig- 
nificantly lower than values in the Hx group. The re- 
suits suggest the presence of a factor that inhibits liver 
regeneration after combined resection of liver and 
pancreas. In the HPx group, a factor in the portal 
blood stimulates the Kupffer cells, which release an- 
other heat-labile factor that inhibits hepatocyte pro- 
liferation in a paracrine manner. More detailed stud- 
ies to purify and characterize the factor secreted from 
Kupffer cells will surely follow shortly. 

ICe wish to acknowledge 3'Is. E. Shibuya for her techmcal assistance 
and M~: Brent Bell for reading the manuscript. 

REFERENCES 
1. Nimura ~t, Hayakawa N, Kamiya J, Maeda S, Konda S, ~hsni 

A, Shinoyama S. Hepatopancreatoduodenectomy for ad- 
vanced carcinoma of the bdlary tract. Hepatogastroenterol- 
ogy 1991;38:170. 

2. Kawarada ~, Noguchi T, Mizumoto R. Experimental and clin- 
ical evaluation for simultaneous major resection of the liver 

and pancreas [in Japanese with English abstr]. Nippon Geka 
Gakkai Zasshi (JJpn Surg Soc) 1990;91:1256. 

3. YVeinbren, K. Regeneration of the liver. Gastroenterology, 
1959;37:645. 

4. Thompson NL, Mead JE, Braun L, Goyette M, Shank PR, 
Fausto N. Sequenual protooncogene expression during rat 
liver regeneration. Cancer Res 1986;46:3111. 

5. Makino R, Hayashi K, Sugimura T. c-myc Transcript is in- 
duced in rat liver at a very earl}, stage of regeneration or by 
cyclohex/mide treatment. Nature 1984;310:697. 

6. Hsu JC, Bravo R, Taub R. Interactions among LRF-1, JunB, 
c-Jun, and c-Fos define a regnlatory program in the G1 phase 
of liver regeneration. Mol Cell Biol 1992; 12:4654. 

7. Higgins GM, Anderson RM. Experimental pathology of the 
hver. Arch Pathol 1931;12:186. 

8. Richards C, Fitzgerald PJ, Carol B, Rosenstock L, Lipkin L. 
Segmental division of the rat pancreas for experimental pro- 
cedures. Lab Invest 1964;13:1303. 

9. Seglen PO. Preparanon of isolated rat liver cells. Method Cell 
Biol 1976;13:29. 

10. Nakamura T, Nawa K, Ichihara A, Kaise N, Nishino T. Pu- 
rification and snbunit structure of hepatoc~q:e growth factor 
from rat platelets. FEBS Lett 1987;224:3 l l. 

11. Munthe-Kaas AC, Berg T, Seglen PO, Seljelid R. Mass Isola- 
tion and culture of rat Kupffer cells. J Exp Med 1975; 141:1. 

12. Beazley RA, I, Hadjis N, Benjamin IS, Blumgart LH. Clinico- 
pathological aspects of high bile duct cancer. Experience with 
resection and bypass surgical treatments. Ann Surg 1984; 
199:623. 

13. Todorolo T, Okamura T, Fukao K, Nishimura A, Otsu H, 
Sato H, Iwasaki Y. Gross appearance of carcinoma of the main 
hepatic duct and its prognosis. Surg Gynecol Obstet 1980; 
150:33. 

14. Odaka M, Ryu M, Usui S, ~Vatanabe Y, Yamamoto ~t, Kolde Y, 
Yamamoto H, Ariga T, Nagashima T, Sato H. Surgical treat- 
ment of carcinoma of the hilar hepatic ducts. Jpn J Gastroen- 
terol Surg 1984;17:1698. 

15. Kimura V¢, Nagal H, Atomi ¥, Kuroda A, Muto T, Ya- 
mashiro M, Esaki Y. Clinicopathological characteristics of 
hepatic hilar bile duct carcinoma. Hepatogastroenterology 
1993;40:21. 

16. Suzuki M, Takahashi T, Ouchi K, Matsuno S. The develop- 
ment and extension of hepatohilar bile duct carcinoma--A 
three-dimensional visualized with the aid of a graphics com- 
puter system. Cancer 1989;64:658. 

17. Bhuiya MR, Nimura Y, Kamiya J. Clinicopathology studies 
on perineural invasion of bile duct carcinoma. Ann Surg 
1992;215:344. 

18. Mimura H, Kim H, Ochiai Y, Takakura N, Hamazaki K, 
Tsuge H, Sakagami K, Orita K. Radical block resection ofhe- 
patoduodenal ligament for carcinoma of the bile duct with 
double catheter b}q)ass for portal circulation. Surg Gynecol 
Obstet 1988;167:527. 

19. Mimura H, Takakura N, Kim H, Hamazaki K, Tsuge H, 
Ochiai ~L Block reseetmn of the hepatoduodenal ligament 
for carcinoma of the bile duct and gallbladder. Surgical tech- 
nique and a report of 11 cases. Hepatogastroenterology 1991; 
38:561. 

20. Tenmoku S, Miyata M, Fukumoto T, Ochiai S, Kasahara K, 
Kashii A, Kanazawa K, Iwamoto Y. Endocrine and exoerine 
pancreatic functions following partial pancreatectomy + par- 
tial hepatectomy. Acta Chir Scand 1986;152:675. 

21. Kurashlta K. Serial change of pancreatic hormone and its in- 
fluence on lwer regeneration after simultaneous resection of 
the liver and pancreas [in Japanese with English abstr.]. 
Ryukyu Igakukai Zasshi (Ryukyu MedJ) 1993;13:267. 



Vol. 3, No. 6 
1999 Inhibition of Liver Regeneration After Hepatectomy and Panereatectomy 661 

22. Kyprianidin KG, Mykoniatis MG, Papadimitriou DG, Val- 
samidou A. Effect of subtotal pancreatectomy on the rate of 
liver regeneration: The role of hepatic stimulator substance. J 
Surg Res 1996;62:267. 

23. Katsumoto F, Miyazald K, Nakayama E Stimulation of DNA 
synthesis in hepatocytes by Kupffer cells after partial hepatee- 
tomy. Hepatology 1989;9:405. 

24. Dieter HM, Max GB, Axel MG. Bidirectional effects of Kupf- 
fer cells on hepatocyte proliferation in vitro. FEBS Lett 
1991;283:150. 

25. Nakamura T, Tomita Y, Hirai R. Inhibitory effect of trans- 
forming growth factor-J3 on DNA synthesis of adult rat hepa- 

tocytes in primary culture. Biochem Biophys Res Commun 
1985;133:1042. 

26. Russell WE, Coffey RJ, Ouellette AJ, Moses HL. Type 13 
transforming growth factor reversibly inhibits the early pro- 
liferative response to partial hepatectomy in the rat. Proc Natl 
Acad Sci USA 1988;86:5126. 

27. Yasuda H, Mine T, Shibata H, Eto Y, Takeuchi T, Asano S, 
Kojima I. Activin A, an autocrine inhibitor of initiation of 
DNA synthesis in rat hepatocytes. J Clin Invest 1993;92:1491. 

28. Nakamura T, Arakaki R, Ichihara A. Interleukin-1 beta is a 
potent growth inhibitor of adult rat hepatocytes in primary 
culture. Exp Cell Res 1988;179:488. 



Difluoromethylornithine Inhibits Crypt Fission 
Jon S. Thompson, M.D., Shailendra K. Saxena, M.D., Ph.D., John G. Sharp, Ph.D. 

Crypt fission is a physiologic mechanism of crypt reproduction. It increases in pathophysiologic situations 
where intestinal regeneration is required (e.g., radiation injury). Polyamine metabolism is important in 
the regulation of intestinal growth and recover 3, from injury in response to a variety of stimuli. Our aim 
was to determine whether inhibition of polyamine synthesis by difluoromethylornithine (DFMO) influ- 
enced crypt fission. Forty-eight rabbits underwent patch enteroplasty in the terminal ileum. One group 
served as a control group and the other took 2 % DFMO orally. Animals (n = 6) from each group were 
killed at 7, 14, 21, and 28 days. Normal ileum adjacent to the enteroplasty was studied. Crypt dissection 
was performed 2 hours after vincristine was administered intravenously to determine crypt cell produc- 
tion rate, crypt depth, and proportion of bifurcating crypts (fission). DFMO administration decreased 
crypt fission (4 ± 2% vs. 11 _ 2% and 13 ± 1% vs. 34 ± 4% at 7 and 14 days) compared to control an- 
imals. There was a corresponding increase in crypt depth at 14 and 21 days. Crypt cell production rate 
was similar in both groups and did not change with time. Mucosal ornithine decarboxylase activity (11.9 
± 2.2 vs. 1.2 ± 0.3 specific acti~fty at 21 days; P <0.05) and polyamine content (323 ± 32 vs. 17 ± 8 and 
382 ± 89 vs. 160 ± 47 pmol/mg at 14 and 21 days, control vs. DFMO; P <0.05) were significantly lower 
in the DFMO group. The following conclusions were drawn: (I) DFMO administration inhibits crypt fis- 
sion in stimulated intestinal epithelium; (2) this effect correlates temporally with reduced polyamine pro- 
duction; and (3) reduced crypt fission is another potential mechanism of inhibition of intestinal growth 
by altered polyamine metabolism. (J GASTROINTEST SURG 1999;3:662-667.) 

KEY ~,VORDS: Polyamines, intestinal crypts, intestinal growth 

Homeostasis is maintained in the intestinal mucosa 
when the cellular output from the crypts matches the 
loss of  enterocytes from the villus associated with 
those crypts. Total cell production by the crypts is in- 
fluenced not only by proliferation rates in individual 
crypts but also by the number of crypts feeding the 
villus, l The crypt to villus ratio increases with age, is 
influenced by fasting and feeding, and decreases along 
the length of the gastrointestinal tract. 2,3 There is a 
low rate of ongoing crypt replication in steady state 
epithelium.l There is some evidence to suggest that 
the crypt size is regulated and when a certain crypt 
size is attained, bifurcation occurs, l However, crypt 
fission might also be induced as an independent 
process for increasing cellular output from the crypt, 
especially at times of stress-induced enterocyte de- 
mand. 

Polyamine metabolism is an important regulator of 
cellular growth in the small intestine. 4-7 The poly- 

amines stimulate growth by enhancing enterocyte 
proliferation, differentiation, and migration. 4,-~ Or- 
nithine decarboxylase, the rate-limiting enzyme of 
polyamine biosynthesis, and diamine oxidase, an en- 
zyme that degrades polyamines, are the primary reg- 
ulators of polyamine content. Both stimulation of or- 
nithine decarboxylase activity and suppression of di- 
amine oxidase activity increase polyamine production 
and enhance cellular growth. 4,6-12 Difluoromethylor- 
nithine (DFMO),  an irreversible inhibitor of or- 
nithine decarboxyline, reduces polyamine synthesis 
and inhibits cellular growth. 8-13 In a previous study, 
the effects of D F M O  on intestinal regeneration were 
evaluated and no significant effects were noted despite 
decreased polyamine synthesis, villus height, and 
crypt cell production. ~4 Consequently it was con- 
cluded that the lack of an effect on regeneration was 
due to unaltered cell migration, which is important in 
intestinal regeneration. However, effects, if any, of  
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DFMO on intestinal growth due to alterations in 
crypt fission were not addressed in previous studies. 
Because crypt fission represents another mechanism 
for intestinal growth, the aim of the present study was 
to determine whether inhibition of polyamine syn- 
thesis by DFMO would influence the rate of crypt fis- 
sion. 

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

Forty-eight male New Zealand white rabbits (2 to 
4 kg) were included in the study. Two 2 × 5 cm ileal 
defects were patched with the adjacent colon serosal 
surface in each animal. One half of the animals were 
given water and rabbit chow ad libitum. The other 
half were given 2 % DFMO (kindly supplied by Mer- 
rell Dow Research Institute) in drinking water and 
rabbit chow ad libitum. These animals drank an aver- 
age of 190 ml water per day with an average dose of 
DFMO of 1426 mg/kg/day. Six animals in each group 
were killed 7, 14, 21, and 28 days after operation. Tis- 
sue ornithine decarboxylase activity, diarnine oxidase 
activity, and polyamine levels were measured to assess 
polyamine metabolism. Crypt dissection was per- 
formed to determine crypt depth, crypt cell produc- 
tion rates, and proportion of bifurcating crypts. 

Operations were performed after an overnight 
fast using sterile technique. Anesthesia was achieved 
with intramuscular ketamine (35 mg/kg) and xylazine 
(7 mg/kg). Intestinal patching was performed by iden- 
tifying the distal ileum and making two 5 cm incisions 
on the antimesenteric border, the first beginning 20 
cm proximal to the ileocecal junction and the second 
beginning 10 cm proximal to the ileocecal junction. 
The defects were closed with a 2 × 5 cm patch of ad- 
jacent colon serosal surface with a continuous invert- 
ing 4-0 silk suture. The abdomen was irrigated with 
10 ml of sterile water containing 10 mg ampicillin, 
and the incision was closed. The animals received 100 
mg of ampicillin intramuscularly preoperatively and 
twice daily for 3 days after operation. One hundred 
milliliters of 5 % dextrose water was administered sub- 
cutaneously following the operation. The  animals 
took nothing by mouth the first postoperative day, re- 
ceived fluids the second day, and took full alimenta- 
tion after the third postoperative day. 

Crypt cell production rate was determined using 
a metaphase arrest technique. 15 Vincristine sulfate 
(1 rag) was administered by intraperitoneal injection 
2 hours before the animals ~vere killed. The mucosal 
sample was fixed in Carnoy's fixative and then hy- 
drolyzed at 60 ° C for 5 minutes with Schiff's reagent. 
Crypts and villi were separated from the underlying 
connective tissue and the crypts were dissected free 
using a dissecting microscope. Samples of crypts were 

transferred to a glass slide in 15 % glacial acetic acid 
and squashed for determination of the number of 
metaphases per crypt in a minimum of 10 crypts. The 
mean of the metaphase counts of the crypts was taken 
as the reading for each sample. Crypt cell production 
was calculated assuming a linear accumulation for 2 
hours. The proportion of bifurcated crypts was also 
determined (Fig. 1). 

Polyamine levels were assayed in a mucosal homog- 
enate containing 100 mg of mucosa in 50 mmol/L 
potassium phosphate. The  polyamines (putrescine 
and spermidine) were separated by reverse-phase, ion- 
pair, high-performance liquid chromatography using 
a C18 column and quantitated by fluorescent detec- 
tion after postcolumn derivatization with ophthal- 
aldehyde. 7 The  mobile phases used in this separation 
consisted of two buffers: buffer A contained 85% 0.1 
mol/L acetic acid, 15% methyl alcohol, and 10 
mmol/L heptanesnlfonie acid; buffer B contained 
75 % 0.25 mol/L acetic acid and 25% methyl alcohol. 
The program was 2 minutes of 100% buffer B, which 
pumped for an additional 20 minutes. The height of 
the peak at the appropriate retention time was deter- 
mined and concentrations were calculated based on a 

Fig. 1. Bifurcated crypts determined by crypt dissection. A 
crypt bifurcated for a third of its length is shown to the right of 
two nonbifurcating crypts. 
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standard curve. Polyamine levels were expressed as pi- 
comoles per milligram mucosa. 

Ornithine decarboxylase activity was determined 
by a radiometric technique in which the amount of  
[14C} ornithine was estimated. 70rnithine decarboxyl- 
ase activity was expressed in picomoles of  carbon 
dioxide per milligram mucosa per 30 minutes. Di-  
amine oxidase activity was determined using [14C] 
putrescine as the substrate and quantitating the ra- 
diolabeled pyrroline produced. 7 One unit of  diamine 
oxidase activity equals 1 × 10 -~° mole putrescine me- 
tabolized per hour at 37EC and pH 7.2. 

Data are expressed as the mean - standard error 
of the mean. Analysis of  variance with the Bonferonni 
correction as appropriate was used for comparisons. 
Correlations were evaluated by linear regression 
analysis. Statistical significance was ascribed to P val- 
ues <0.05.  

R E S U L T S  

Animals in both groups exhibited normal behavior. 
Control animals maintained body weight during the 
study. Animals receiving D F M O  lost 10% to 15% 
body weight (P <0.05) during the 14 days following 
operation, and body weight remained consistently be- 
low preoperative levels. Bowel movements were of  
normal consistency in all animals. 

Patch enteroplasty resulted in a peak in crypt fis- 
sion, crypt cell production rate, and crypt depth at 14 
days (Fig. 2). D F M O  administration decreased crypt 
fission at 7 and 14 days after operation, but the pro- 
portion of  bifurcated crypts was similar to that in the 
control group at 21 and 28 days. Crypt depth in- 
creased significantly in DFMO-treated animals at 14 
days and remained greater compared to control values 
at 21 days before returning to more normal levels. 
Crypt cell production rate was similar in both groups 
throughout the 28-day study period. 

There was a significant positive correlation be- 
tween crypt fission and crypt depth in the control 
group ( r = 0.451, P = 0.043) (Fig. 3). There was not 
a significant correlation between these parameters in 
the DFMO-treated animals (r = -0 .159;  P = 0.508). 

D F M O  administration reduced polyamine content 
and enzyme activity associated with polyamine me- 
tabolism (Table I). Mucosal ornithine decarboxylase 
activity was lower in DFMO-treated animals at all 
time points, significantly so at 21 and 28 days. Mu- 
cosal diamine oxidase activity increased significantly 
at 14, 21, and 28 days in the control group. This in- 
crease was inhibited by DFMO with reduced diamine 
oxidase activity. Mucosal polyamine content increased 
significantly in the control group at 14, 21, and 28 
days compared to 7 days. In DFMO-treated animals, 
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polyamine content decreased significantly at 14 days 
but then increased above 7-day values at 21 and 28 
days. However, all values were significantly lower than 
values in the control group. 

D I S C U S S I O N  

Increased crypt cell production rate is usually the 
primary mechanism for increasing cellular output to 
the villus but in some situations of increased cellular 
demand, bifurcation of existing crypts O c c u r s .  1,16,17 

Patch enteroplasty transiently increased crypt fission 
and crypt cell production rate in the normal mucosa 
adjacent to the serosal patch in the present study. In- 
creased crypt fission has been documented in several 
other circumstances as well, including the regenera- 
tive response to irradiation injury and after intestinal 
resec t ion .  1A6,17 However, Hanson et al. 18 did not find 
increased crypt production in the intestinal remnant 
after resection but did note increased bifurcation ad- 
jacent to the anastomosis. Whether  trophic stimuli 
such as polyamines or growth factors stimulate crypt 
fission is not clear. Although hypophysectomy de- 
creases the ratio of crypts to villus, administration of 
growth hormone does not stimulate crypt fission. 19,20 
We found previously that epidermal growth factor in- 
creased crypt fission in stimulated epithelium. 21 Crypt 
fission may play a role in abnormal tissue growth as 
well. Germline mutations of the APC gene result in 
an increased number of normally dividing crypts .  22 In 
this situation, crypt branching occurs on the lateral 
side of the crypt rather than the base, where bifurca- 
tion usually commences. 

We sought to determine whether diminished poly- 
amine production would inhibit crypt fission. In the 
present study, DFMO administration at a dose that 
reduced ornithine decarboxylase activity and mucosal 
polyamine levels inhibited rates of crypt fission in in- 
testinal epithelium stimulated by patch enteroplasty. 
This effect was transient, however. This finding is 
consistent with previous reports and suggests that 
adaptation occurs despite the reduction in ornithine 
decarboxylase-ornithine decarboxylase mediated poly- 
amine production. 1°,14 Thus reduced crypt fission is 
another potential mechanism of inhibition of intesti- 
nal growth by altered polyamine metabolism. The  
present study does not clarify whether this is a spe- 
cific effect of  D F M O  or is related to the reduced 
polyamine production. However, it emphasizes that 
this component of the adaptive mechanism must be 
considered in future studies of intestinal regeneration 
and adaptation. 

Crypt fission did not increase until 14 days after 
patch enteroplas .ty. Similarly, Cheng et al. 16 found that 
crypt fission was increased at 3 weeks but not 1 week 

after 30% intestinal resection in mice. It has been 
suggested that crypt fission occurs in response to in- 
creased c .rypt depth, maintaining the size of crypts 
within some normal range. 1 Thus changes in rates of 
crypt bifurcation might not change until crypts elon- 
gate. There was a significant positive correlation be- 
tween crypt depth and proportion of branching crypts 
in the present study. Crypt depth in DFMO-treated 
animals increased in parallel with reduced rates of 
crypt fission. This crypt elongation after DFMO ad- 
ministration has been reported by others, s,23 This 
finding suggests that DFMO might block a normal 
signal to crypt progenitor cells or the crypt fission 
process itself. There was not a significant correlation 
between crypt depth and crypt fission in DFMO-  
treated animals. 

An alternative explanation for the delayed response 
in crypt fission is that DFMO did not have a signifi- 
cant impact on ornithine decarboxylase activity and 
polyamine concentrations until 14 days. The reason 
for the delayed effect is not clear. Other investigators 
have reported a fairly prompt reduction of ornithine 
decarboxylase activity and polyamine synthesis with- 
in the first few days of administratiion. 9-12 Impaired 
absorption of DFMO in the early postoperative pe- 
riod is one possibility. The effects of DFMO are dose 
dependent. 9 

In summary, DFMO administration inhibits crypt 
fission in stimulated intestinal epithelium. This effect 
correlates temporally with reduced polyamine pro- 
duction. Reduced crypt fission is another potential 
mechanism of inhibition of intestinal growth by al- 
tered polyamine metabolism. 
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Paraplegia Following Intraoperative 
Plexus Injection 
Eddie K. Abdalla, M.D., Scott R. Schell, 3,I.D., Ph.D. 

Celiac 

The technique for percutaneous and open neurolytic celiac plexus injection, using ethanol or phenol, for 
relief of intractable pancreatic cancer pain has been well described. Prospective randomized studies, 
demonstrating safety and efficacy with few complications, have led to widespread acceptance and use of 
this palliative procedure. The complications of neurolytic celiac plexus injection are rare, and are usu- 
ally minor. However, transient or permanent paraplegia has been reported previously in 10 cases. The 
case described herein represents the third reported case of permanent paraplegia following open intra- 
operative neurolytic celiac plexus injection using 50% ethanol. The literature surveying the indications 
for this procedure, routes of administration, known complications, and their pathophysiology are re- 
viewed. (J GASTROINTEST SURG 1999; 3:668-671.) 

KEY WORDS: Celiac plexus injection, chemical splanchnicectomy, pancreatic cancer, cancer pain, para- 
plegia 

Neurolytic celiac plexus injection (NCPI) for pal- 
liation of pain in patients with unresectable pancre- 
atic cancer was first described by Copping et al. 1 
Open and percutaneous approaches to NCPI  were 
developed and gained increasing support as this tech- 
nique was perfected for the treatment of patients with 
intractable pain resulting from pancreatic cancer. 2 A 
number of studies, 3-5 including a prospective ran- 
domized trial, 6 established the safety and efficacy, of 
the procedure and its ability to decrease patients' re- 
quirements for opiate analgesics and their attendant 
adverse side effects. The elegant study by Lillemoe et 
al. 6 clearly established the ability of this procedure to 
improve actuarial survival for patients with unre- 
sectable pancreatic cancer. 

Few complications have been reported following 
this procedure when it is performed in combination 
with exploratory laparotomy and biliary bypass, gas- 
tric bypass, or tumor biopsy. Major complications are 
extremely rare and usually involve transient or per- 
manent paraplegia. The world literature reports only 
10 cases of paraplegia following NCPI, eight of which 
involved permanent loss of motor function. Of  these 
ten reports, only two have occurred following NCPI  
when performed as an open operative procedure. 

Table I presents a review of the world literature of re- 
ported temporary or permanent paraplegia following 
percutaneous or open NCPI. To date, the existence 
and frequency of these complications have not been 
reported in the surgical literature. This article de- 
scribes the third reported case of permanent paraple- 
gia following open NCPI, in order to increase aware- 
ness of this devastating potential complication, ex- 
plore its pathophysiology, and reaffirm the role of this 
technique of palliation in the management of patients 
with unresectable pancreatic cancer. 

CASE R E P O R T  

A 42-year-old woman presented to her primary care 
physician with painless jaundice; CT scan showed a mass in 
the head of the pancreas. She subsequently underwent ex- 
ploratory laparotomy, and at the time of operation was 
judged to have an unresectable pancreatic carcinoma com- 
pressing the distal common bile duct. A cholecystojejunos- 
tomy was performed to bypass the biliary obstruction, and 
biopsy specimens of the pancreatic mass showed adeno- 
carcinoma of the pancreas. Following operation, she had a 
4-month symptom-free interval and was thereafter referred 
to our practice with progressive symptoms of gastric outlet 
obstruction and intractable abdominal pain radiating to the 
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back and left flank. The  abdominal pain was not adequately 
controlled with increasing dosages of  oral narcotic anal- 
gesics, and these further worsened the nausea and vomit- 
ing associated with the gastric outlet obstruction. CT  scans 
were obtained, which showed a large mass involving the 
head and proximal body of the pancreas, with no evidence 
of obvious direct or nodal metastases. It was our recom- 
mendation that she proceed with exploratory laparotomy 
for an attempted Whipple procedure versus a gastric by- 
pass procedure combined with a palliative NCPI. Informed 
consent was obtained for the above-mentioned procedures, 
following a detailed discussion of the relative risks of com- 
plications usually associated with the recommended opera- 
five procedures. 

The patient subsequently underwent exploratory lapa- 
rotomy, which revealed a sizable pancreatic mass that was 
firmly fixed to the retroperitoneum and encased the supe- 
rior mesenteric vein. The tumor mass partially compressed 
the proximal duodenum, and a gastrojejunostomy was cre- 

ated to bypass the gastric outlet obstruction. NCPI was per- 
formed using the technique described by Lillemoe et al, 6 
which employed a total volume of  50 ml of 50% ethanol 
divided equally betweert the left and right para-aortic re- 
g'ions adjacent to the takeoffof the celiac artet'~ The gastric 
bypass, NCPI,  and remainder of the operation proceeded 
without difficulty, and following extubation the patient was 
transferred to the recovery room in stable condition. 

Approximately 6 hours postoperatively the patient was 
alert and conversant, stating that her preoperative back and 
flank pain was entirely relieved. However, her bilateral 
lower extremities were noted to be flaccid and areflexic. 
Careful neurologic examination revealed loss of movement, 
pinprick, and temperature sensation below the T I 0  level, 
while light touch and proprioception were preserved. 
Emergent MRI was obtained and revealed images consis- 
tent with anterior spinal cord ischemia and infarction at the 
T9-10 level (Fig. 1). The  anterior spinal artery was noted 
to be intact (Fig. 2) at levels superior to the T9-10 lesion 

Table I. Previous reported cases of  temporary or permanent paralysis following celiac plexus neurolytic injection 

Reference 'Date Tumor type Technique Fluoroscopy Neurolytic agent Duration 

Jabhal and Hunton t4 1992 Pancreatic Percutaneous Yes 50% ethanol Temporary 
0.25% bupivicaine 

Wong and Brown 2° 1995 Pancreatic Percutaneous No 50% ethanol Temporary 
0.25% bupivicaine 

Galizia and Lahiri 13 1974 Pancreatic Percutaneous No 5% phenol Permanent 
Cherry and Lamberry 16 1984 Pancreatic Percutaneous Yes 100% ethanol Permanent 
Woodham and Hanna l~ 1989  Not reported Percutaneous Yes 90% ethanol Permanent 
van Dongen and CruP t 1991  Colon Percutaneous Yes 96% ethanol Permanent 

1% lidocaine 
DeConno et al. ts 1993 Pancreatic Percutaneous Yes 50% and 95% ethanol Permanent 
Takeda et al.~9 1996 Gastric Percutaneous Yes Ethanol Permanent 
Kinoshita et al. 21 1996 Pancreatic Intraoperative N/A Ethanol Permanent 
Hayakawa et al.lr 1997 Gastric Intraoperative N/A 9915 % ethanol Permanent 
Present case 1998 Pancreatic Intraoperative N/A 50% ethanol Permanent 

Fig. 1. T2-weighted MR/of  the thoracic spine at the T9-10 
level. This image shows anterior spinal artery isehemia with 
infarction seen as characteristic "H" pattern (arrow). 
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Fig. 2. T_,-weighted MRI of the upper thoracic spine in the 
same patient with anterior spinal artery ischemia and infarc- 
tion. Arrow indicates flow through the anterior spinal artery 
of Adamkiewicz. 

seen on these studies. Neurosurgical consultation was ob- 
tained, and the presumptive diagnosis was anterior spinal 
cord infarction secondary to spasm of the spinal artery of 
Adamkiewicz. Despite aggressive steroid pulse therapy dur- 
ing the ensuing 72 hours, the patient experienced no im- 
provement in neurologic function following the operation. 
She remains pain free, and the gastric outlet obstruction 
symptoms have entirely resolved. 

DISCUSSION 

Serious complications following NCPI  are rare. 4,~ 
Observed complications include paresis, temporary 
paralysis, seizures, and temporary unconsciousness 
following injection with phenol, ethanol, or various 
local anesthetic agents, s The  world fiterature contains 
reports of 10 previous cases of paraplegia following 
N B H ,  in which eight patients experienced permanent 
paraplegia. Only ~ 'o  of these eight cases occurred fol- 
lowing N C P I  performed as an open procedure com- 
bined with an abdominal operation, and the case pre- 
sented in this article represents the third such case. 

The  etiology of this rare and devastating compli- 
cation of NCPI  remains uncertain. Patients in whom 
these symptoms develop demonstrate  neurologic 
symptoms consistent with anterior spinal cord syn- 
drome. This syndrome is characterized by loss of pin- 

prick and temperature sensation, intact light touch 
sensation, complete loss of motor  function, and radi- 
ographic findings consistent with ischemic injury to 
the anterior columns of the spinal cord. The  isehemic 
injury to the cord is believed to follow transient or 
permanent reduction in flow from the anterior spinal 
artery of Adamkiewicz. The  artery of Adamkiewicz 
typically originates from the aorta at the vertebral 
levels T9  to T11, although its origin has been vari- 
ably described between T7 and L4. 9 

N C P I  is performed at the level oft_he celiac artery, 
which originates from the aorta between the T12 
and L1 vertebrae. T h e  neurolytie agents preferred 
for NCPI----~thanol and phenol--are known to cause 
concentra t ion-dependent  contraction of vascular 
smooth muscle. 10 

Direct arterial injection or mechanical injury is of 
concern during NCPI ,  and most authors advocate as- 
piration prior to injection to ensure the absence of 
blood. When  performing NCP[  using the percuta- 
neous approach, injecting a small amount  of contrast 
material before the ethanol or phenol verifies that the 
needle tip is extravascular, but this has not eliminated 
the complication of paraplegia.ll 

Dur ing injection of the celiac plexus, Hardy and 
Wells 12 demonstrated that  injected fluid typically 
spreads superiorly as high as the midthoracic and cer- 
vical levels. Thus  the etiology proposed for develop- 
ment  of paraplegia is spasm or thrombosis of the an- 
terior spinal artery of Adamkiewicz, resulting from 
superior spread of injected ethanol or phenol, and in- 
duced vascular smooth muscle spasm, it,13-19 

Direct  spinal cord injection, injection into the 
cerebrospina] fluid or epidural space, and hematoma 
have been raised as possible causes of paraplegia fol- 
lowing NCPI .  However, the selective neurologie 
deficits resulting from anterior spinal column injury 
could not  be created by these potential injuries. 

The  risk of paralysis following NCPI  is impossible 
to determine precisely, since the total number  ofpro-  
ce&ares performed annually remains unknown. This 
certainly is an extremely rare complicat ion when 
N C P I  is performed as an open procedure by sur- 
geons, as this report  represents only the third re- 
ported case in the world literature. The  existence of 
paraplegia following NCPI  should be recognized as a 
potential complication by surgeons who perform this 
procedure. Since risk of paraplegia following this pro- 
cedure is so low, there may be institutional biases as to 
whether to discuss this risk when obtaining informed 
consent. In our practice we now include discussion of 
the potential risk of temporary or permanent paraly- 
sis with patients who are likely to require this proce- 
dure. During this discussion we stress the extremely 
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low risk of  this complication and emphasize the sig- 
nificant benefits in terms of  quality of  life and survival 
for patients who receive this treatment.  

T h e  risk of  temporary or permanent  paralysis fol- 
lowing N C P I  represents a catastrophic potent ial  
complication. However, it is extremely important  for 
surgeons not  to lose sight of  the clear scientific data 
that  demonst ra te  excellent pall iat ion of  pain, im- 
proved quality of  life, and increased survival 3,5,6,20 for 
patients undergoing this procedure. These  benefits, 
and no t  the extremely small risk o f  complications,  
should support surgical practice to continue offering 
this procedure to all patients with unresectable pan- 
creatic cancer. 
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Effects of Intestinal Resection on Enterocyte Apoptosis 

Jon S. Thompson, M.D., Bet~ Barent, B.S. 

Intestinal resection results in increased numbers of villus and crypt enterocytes. This adaptive response 
occurs secondary to increased c .rypt cell proliferation early after resection. Apoptosis also increases in 
both crypt and villus compartments early after resection. Our aim was to evaluate change in proliferation 
and apoptosis later during the adaptive period. Eighteen rabbits undergoing 50% proximal intestinal re- 
section were killed 7, 14, or 21 days after resection. Intestine at the resection margin was evaluated be- 
fore and after resection for morphometry, crypt cell production rate (CCPR), and in situ end labeling of 
DNA fragmentation. Apoptotic cells were identified by morphologic evaluation. Villus height (382 _+ 51 
~tm vs. 505 -+ 131 ~m) and crypt depth (121 +- 10 ~m vs. 163 _+ 21 I~m; P <0.05) were significantly in- 
creased at 21 days. CCPR was also increased compared to preoperative values (5.8 z 1.2 cells/hr vs. 8.6 
_+ 0.3, 7.9 +-- 0.3, and 8.3 +-- 1.6 cells/hr at 7, 14, and 21 days; P <0.05). Apoptotic index (apoptotic cells 
per 100 cells) was significantly increased in cells at the tip of the villus at 21 days (32 _+ 7% vs. 19 -+ 7%; 
P <0.05) but not in the lateral villus or total villus. Total cells per ~fillus (83 -+ 6 vs. 65 +_ 3) and apoptotic 
cells per villus (9.2 _+ 1.6 vs. 4.5 _+_ 2.5; P <0.05) were also greater at 21 days. Mean DNA fragmentation 
scores were similar before and after resection. The cDq3t apoptotic index was increased only in the lateral 
crypt at 14 days. Total cells per crypt increased after resection, and the number of apoptotic cells per 
cr~q3t was  increased at 7 and 14 days (2.5 -+ 1.7 and 2.3 -+ 1.1 vs. 0.6 - 0.6 days; P <0.05). Thus the fol- 
lowing conclusions were reached: (1) Apoptosis of villus tip cells remains elevated late in postresection 
adaptation; (2) cr).q3t cell apoptosis returns to preoperative levels during the time interval when cr).qpt cell 
proliferation is still stimulated; and (3) apoptosis in the c ry-pt and villus compartments appears to be reg- 
ulated independently. (J GASTROINTEST SURG 1999;3:672-677.) 

KFY WORDS: Apoptosis, intestinal adaptation 

Intestinal resection results in increased numbers of  
villus and c .rypt entero .cytes.l,2 This  adaptive response 
occurs primarily because of increased crypt cell pro- 
duction after resection. Both an increased number  of 
crypts per villus and stimulated crypt cell production 
in the individual crypts contribute to this enhanced 
cell production. 1-4 However, because enterocyte mass 
results from the balance between cell production and 
survival, alterations in rates of programmed cell death, 
or apoptosis, might  also influence this adaptive re- 
sponse to resection. 

A recent study in mice demonstrated that the num- 
ber of  apoptotic cells per crypt and villus increases 
early after resection, s However, the size of both crypts 
and villi increases after resection. 1,2 Thus  it is no t  
clear if the increased number of apoptotic cells simply 
reflects the expanded number  of cells in these corn- 

partments  or represents an actual increased rate of  
apoptosis. Apoptosis might increase in response to the 
stimulated proliferation in an attempt to maintain tis- 
sue homeostasis. Alternatively, changes in apoptosis 
may represent  an independent  process regulat ing 
adaptation. Fur thermore ,  these observations in the 
earlier study were made during the early postopera- 
tive period. The  aim of the present study was to eval- 
uate changes in proliferation, apoptosis, and mucosal 
adaptation later during the adaptive period following 
intestinal resection. 

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

Eighteen male New Zealand white rabbits (3 to 
4 kg) were included in the study. Animals (n = 6) were 
killed at 7, 14, and 21 days and the ileum was studied. 
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Six preoperative specimens were used as control sam- 
pies. Intestinal structure was assessed by morphomet-  
ric measurements on histologic sections. Proliferative 
activity of the mucosa was evaluated by measuring 
mucosal crypt cell production rate (CCPR). Apopto- 
sis was estimated by in situ end labeling of DNA frag- 
mentation and morphologic assessment. The  proto- 
col was approved by the Omaha Veterans Adminis- 
tration Medical Center animal research committee. 

Operative Procedure 

Operat ions  were per formed after an overnight  
fast using sterile technique. Anesthesia was achieved 
with intramuscular  ketamine (35 mg/kg)  and xy- 
lazine (7 mg/kg) and maintained with halothane by 
inhalation. Th rough  a midline incision, 50% of the 
small intestine was resected ending 20 cm proximal 
to the ileocolonic junction. Continui ty  was restored 
with a one-layer end-to-end anastomosis. The  ani- 
mals received perioperative ampicillin and supple- 
mental  subcutaneous fluid until  they resumed oral 
intake on postoperative day 2. The  rabbits were ac- 
five, ate normally, and maintained body weight dur- 
ing the study. 

Morphologic and Biochemical Measurements 

Ileal segments were excised at sacrifice. Samples 
were processed histologically, and transverse sections 
were stained with hematoxylin and eosin. Villus height 
and crypt depth were measured at 10 sites around the 
circumference with the aid of an eyepiece micrometer. 

C C P R  was determined using the metaphase arrest 
technique with vincristine sulfate. 6 One mill igram 
of vincristine sulfate was injected intraperitoneally 
2 hours before sacrifice. The  mucosal samples were 
fixed in Carnoy's fixative, hydrolyzed in acid at 60 ° C 
for 5 minutes, and stained with Schiff's reagent. The  
crypts were dissected free using a dissecting micro- 
scope. Samples of crypts were transferred to a glass 
slide in 15 % glacial acetic acid and squashed for de- 
termination of the number of metaphases per crypt in 
a min imum of 10 crypts. C C P R  was calculated as- 
suming a linear accumulation for 2 hours. 

In Situ End Labeling 

In sitn end labeling was performed using Klenow 
polymerase with detection of biotinylated nucleofides 
using a streptavidin-horseradish peroxidase conjugate 
(Frag EL, Oncogene Research Products, Cambridge, 
Mass.). 7 Paraffin sections (3 Ixm) were dewaxed with 
xylene and taken through alcohol (100% to 70%). 
The  sections were rendered permeable with 40 Ixg/ml 

proteinase K in 10 mmol /L  Tris, pH 8, for 60 min- 
utes at room temperature  and rinsed with Tris- 
buffered saline. Endogenous peroxidases were inacti- 
vated by incubation with 3 % HzO2 for 5 minutes. La- 
beling was carried out after a 30-minute incubation in 
diluted Klenow equilibration buffer (0.5 mol /L Tris 
[pH 8], 0.5 mol/L NaC1, and 0.1 mol/L MgCI2). Sixty 
microliters of labeling reaction mix (58.4 ~1 labeling 
reaction mix with 1.6 ~1 Klenow enzyme) was applied 
to each specimen, and the slides were incubated in a 
humidified chamber for 1.5 hours at 37 ° C. The  reac- 
tion was terminated by incubation with 0.5 mol /L  
ethylenediaminetetracetic acid (pH 8) for 5 minutes. 
Sections were covered with 4% bovine serum albu- 
min in phosphate-buffered saline for 10 minutes. Per- 
oxidase streptavidin conjugate was applied for visual- 
ization of the avidin-biotin complex, and the section 
was incubated at room temperature for 30 minutes. 
Slides were rinsed and developed in 3.3 diaminoben- 
zidine and lightly counterstained with methyl green. 

Quantitation of Apoptosis 

Apoptosis was evaluated by a blinded observer grad- 
ing DNA fragmentation on the in sitn end- 
labeled sections as well as quantitating cells with mor- 
phologic characteristics of apoptosis. Fragmentation 
was graded on a scale of 1 to 3 as follows: 1 -- minimal 
staining and two or fewer densely stained nuclei/ 
villus; 2 = diffuse light staining and five or fewer 
densely stained nuclei/villus; and 3 = diffuse staining 
with more than five densely stained nuclei/villus as de- 
scribed previously. 8 Twenty consecutive villi were 
graded on each section. Under  high-power mi- 
croscopy, cell morphology was studied to determine 
the presence of chromafin condensation in the nucleus, 
separation of the cell from adjacent enterocytes, and 
the presence of apoptotic bodies. Intraepithelial lym- 
phocytes were excluded based on location and size. En- 
terocytes were counted in 10 consecutive axially ori- 
ented villi and apoptotie cells expressed as the number 
per 100 apical, lateral, and total villus cells. Enterocytes 
were similarly evaluated in 10 consecutive axially ori- 
ented crypts, and apoptotic cells expressed as the num- 
ber per 100 basal, lateral, and total crypt cells. Apical 
villus cells and basal crypt cells included the five cells in 
that position on either side of the crypt or villus. Ten 
crypt cross sections were also examined to determine 
the number of apoptotic cells. 

Stat is t ical  Analysis 

Data are expressed as the mean _ standard devia- 
tion. Analysis of variance with the Bonferonni correc- 
tion and the Mann-Whi tney rank test were used for 
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comparisons. Statistical significance was ascribed to 
P values <0.05, 

RESULTS 

'~qllus height and crypt depth were significantly in- 
creased after resection. Villus height was significantly 
increased in the resected animals 14 and 21 days after 

resection compared to preoperative values (Table I 
and Fig. 1). Crypt depth was significantly increased at 
all time points after resection. Villus height increased 
approximately 30% and crypt depth approximately 
35% compared to preoperative values at 21 days. 
Crypt cell production rate was also significantly in- 
creased approximately 40% above preoperative values 
at 7, 14, and 21 days. 

Table I. Comparison of intestinal mucosa 

Preoperative 7 days 14 days 21 days 

Villus height  (p,m) 382 ± 5l 438 + 169 496 _+ 104" 505 + 13I* 
Crypt  depth (Izm) 121 _ 10 [87 -+ 32* 159 ± 23* 163 + 21" 
C C P R  (cells/hr) 5.8 _ 1.2 8.6 -+ 0.3 ~ 7.9 : 0.3" 8.3 ± 1.6" 

CCPR - crypt cell production rate. 
"P <0.05 vs. preoperanve. 

A 

B 

Fig.  1. Compared m preoperative mucosa (A), villus height was significantly increased 21 days alter re- 
section {B). (Hemato~qin  and eosin stain, × 70.) 
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P a r a m e t e r s  o f  a p o p t o s i s  in vil lus e n t e r o c y t e s  are  
s h o w n  in Tab le  II .  T h e  n u m b e r  o f  a p o p t o t i c  cells pe r  
100 cells ( apop to t i c  index)  did n o t  increase  in villus 
en t e rocy t e s  overall .  Villus t ip cells, however ,  did have  
an inc reased  a p o p t o t i c  index  a t  21 days.  T h e  a p o p -  
to t ic  index was s ignif icant ly  increased  at  the  villus t ip 
c o m p a r e d  to  the  lateral  villus (Fig. 2). T h e  n u m b e r  o f  

Table  I I .  C o m p a r i s o n  o f  apoptosis in villus enterocytes  

cells a long  the  longi tud ina l  axis o f  the  villi increased  
af ter  resect ion.  T h e  n u m b e r  o f  apop to t i c  cells pe r  vil-  
lus i n c r e a s e d  s ign i f i can t ly  a t  21 days.  M e a n  D N A  
f r a g m e n t a t i o n  scores  o f  the  villi we re  s imi lar  be fo r e  
and  af ter  resec t ion  (Fig. 3). 

P a r a m e t e r s  o f  a p o p t o s i s  in c r y p t  e n t e r o c y t e s  are  
s h o w n  in Tab le  I I I .  T h e  a p o p t o t i c  index at  the  base  

Apoptotic cells/100 cells Preoperative 7 days 14 days 21 days 

Villus tip 19 _+ 7* 20 _+ 12" 25 -+ 7* 32 + 7t 
Lateral villus 2 + 1 2 -+ 1 4 - 2 3 -+ 1 
Total villus 6 -+ 3 5 + 3 7 -+ 3 9 + 2 
Total cells/villus 65 -+ 3 73 -+ 7t 71 -+ 10 83 + 6t 
Apoptotic cells/villus 4.5 +- 2.5 6.0 -+ 3.0 7.0 + 3.1 9.2 +- 1.6t 

*P <0.05 vs. lateral villus. 
tP <0.05 vs. preoperative. 

Table  I l L  Compar i son  of  apoptosis  in crypt  enterocytes  

Apoptotic cells/100 cells Preoperative 7 days 14 days 21 days 

Crypt base 1.0 +_ 1.0 1.1 -+ 0.4 0.8 + 0.2 2.0 _+ 1.2 
Lateral crypt 0.1 +- 0. I 1.0 +- 0.9 1.0 + 0.6* 0.6 + 0.6 
Total crypt 1.1 -+ 1.0 2.5 - 1.7 2.3 _+ 1.2 2.5 -+ 1.3 
Total cells/crypt 16.5 + 0.6 20.0 -+ 0.7* 19.5 -+ 1.2" 20.2 z 0.3* 
Apoptotic cells/crypt 0.6 -+ 0.6 2.5 -+ 1.7" 2.3 _+ 1.1" 1.8 -+ 1.6 

*P <0.05 vs. preoperative. 

A 

Fig. 2. Number  of apoptotic enterocytes was increased at 
the villus tip, as reflected in the more densely stained nu- 
clei. This was observed in both preoperative (A) and post- 
operative (B) specimens. (In situ end labeling, x280.) 

B 
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Fig. 3. DNA fragmentation scores were similar before and 
after resection. 

of the crypt tended to be greater (P -- 0.07) than on 
the lateral crypt in the preoperative ileum but not fol- 
lowing resection. The apoptotic index was elevated 
only in the lateral crypt at 14 days. The number of 
cells along the longitudinal axis of the crypt increased 
significantly in all three resected groups. The num- 
ber of apoptotic cells per crypt on these sections was 
significantly increased at 7 and 14 days. On crypt 
cross sections the apoptotic index was significantly 
increased only at 14 days (18 _+ 7% vs. 10 _+ 4%, 
13 _+ 9%, and 11 _+ 5% at 14 days vs. preoperative, 
7 days, and 21 days, respectively, P <0.05). 

D I S C U S S I O N  

Apoptosis (programmed cell death) is a highly reg- 
ulated, genetically controlled process of cell deletion 
without any signs of inflammation or disruption of tis- 
sue architecture? Apoptosis may be an important 
mechanism of normal cell loss from the intestinal vil- 
lus. ~°-13 There is a persistent low rate of spontaneous 
apoptosis in the intestine that is triggered by normal 
physiologic stimuli. 13 In the rat, apoptosis has a circa- 
dian rhythm and is increased by fasting. [4 Changes in 
apoptosis can be induced by a variety of other stim- 
uli? ,13 Growth factor deprivation is an important ini- 
tiating factor that causes downregulation of survival 
genes and new gene expression leading to cell death. 15 
Conversely, administration of various growth factors 
(e.g., epidermal growth factor and glucagon-like pep- 
tide-2) inhibits apoptosis) 6,17 Several types of injury, 
for example, irradiation and ischemia-reperfusion, 
also trigger this process. 18,19 Thus it is reasonable to 
speculate that apoptosis might play a role in the adap- 
tive response to intestinal resection. 

We confirmed the observation made by Helmrath 
et al. 5 in mice that both enterocyte proliferation and 
the number of apoptotic cells per crypt and villus 
were increased following 50% proximal resection. In 

their study proliferation was 40% greater than after 
sham operation at 7 days, which was similar to the 
present study. However, they found that apoptosis in 
the crypt progressively increased compared to normal 
mucosa from a twofold increase at 12 hours to a six- 
fold increase at 7 days, and apoptosis in ileal villi was 
increased fivefold at 7 days. The changes in the pres- 
ent study were of similar magnitude in the crypts but 
not nearly as dramatic in the villi. However, although 
the number of apoptotic cells per crypt or villus in- 
creases after resection, so do the number of entero- 
cytes per crypt and villus. These observations are con- 
sistent with the changes in villus height and crypt 
depth. Expressing apoptosis as an index (apoptotic 
cells per 100 cells) reveals that relative rates of apop- 
tosis do not increase significantly in villus enterocytes 
at 7 or 14 days but are increased at 21 days in villus tip 
enterocytes. Apoptotic indices in the crypt, both on 
the longitudinal and transverse axis, are elevated at 
14 days but return toward normal at 21 days. The  
apoptosis index measurement can be influenced by 
the duration of the cell cycle and the apoptotic pro- 
cess, and also the mechanism of elimination of apop- 
totic cells, so it must be interpreted with caution. 2° 

In the present study we demonstrated that villus 
enterocyte apoptosis remains elevated in the late 
stages of intestinal adaptation when morphologic 
changes have occurred. Apoptotic cells were more fre- 
quent at the tip of the villus compared to the lateral 
surface in both preoperative and postoperative mu- 
cosa. This is consistent with our previous observations 
in growth factor-mediated apoptosis. 8J7 Hall et al. ~° 
also found that apoptotic cells were more frequent at 
the tip of the villus. In the present study the propor- 
tion of apical villus cells undergoing apoptosis was 
significantly elevated and correlated with villus height. 
These findings suggest that this higher rate of apop- 
tosis merely reflects the increased number of entero- 
cytes in the villus compartment with relatively more 
senescent villus tip cells. The relatively constant pro- 
portion of total villus cells undergoing apoptosis 
suggests that apoptosis is not an independent regula- 
tor of  the adaptive response. The  findings with 
DNA fragmentation were similar to those of cells 
with morphologic changes of apoptosis (i.e., chro- 
matin condensation). 

The  apoptotic index in crypts did increase early 
after resection but returned to more normal levels at 
21 days. This increased apoptosis occurred primarily 
in the cells localized to the lateral crypt rather than at 
the crypt base. This is similar to the observations of 
others. 13 This enhanced apoptosis followed the resec- 
tion-stimulated proliferation and increased crypt 
depth. However, crypt cell proliferation remained el- 
evated at 21 days, whereas apoptosis decreased to pre- 
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operat ive levels. Apoptosis  in the proliferat ive com-  
pa r tmen t  may  have a more  p rofound  and lasting in- 
f luence on  the size o f  the en te rocy te  c o m p a r t m e n t  
than apoptosis  o f  villus cells. 

Taken together  these findings suggest that  apopto-  
sis in the crypt  and villus compar tmen t s  are regulated 
independently.  Apoptosis in the crypt  enterocytes oc- 
curs in response  to increased pro l i fe ra t ion  and en- 
largement  of  the crypt  but  returns to more  normal  lev- 
els later after resection allowing a new steady state to 
occur  in the balance be tween  prol i fe ra t ion  and cell 
death in the crypts. Overall,  rates of  apoptosis do not  
increase in villus enterocytes. However,  as villus height 
increases, the propor t ion  of  cells at the 10 apical posi- 
t ions that  are p r o g r a m m e d  to die increases, perhaps  
ref lec t ing the increased mig ra t ion  t ime  a long  the 
lengthened villus. These  observations may  be related 
to the known differences in distribution of  apoptosis-  
regulat ing gene products  and adhesion factors along 
the crypt-villus axis. 2 L A bet ter  unders tanding of  these 
processes may  lead to the identification of  new strate- 
gies for enhancing the intestinal adaptive response. 22 
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