
Editorials 

Reaching Beyond the Borders 
John L. Cameron, M.D., Keith A. Kelly, M.D., Co-Editors 

The  JOURNAL OF GASTROINTESTINAL SURGERY 
began two years ago with a primary goal of dissemi- 
nating knowledge in the diagnosis and management 
of alimentary tract diseases. We aimed to reach not 
only members of our own Society, The  Society for 
Surgery of the Alimentary Tract, but also surgeons, 
gastroenterologists, basic scientists, residents, and 
other students of surgical gastroenterology beyond 
the borders of our Society. We wanted to create not 
just another "American" journal, but a journal that 
would be read world wide. Indeed, we established an 
Editorial Board to reflect this international perspec- 
tive. 

We have recently learned that our new JOURNAL 
has gained a benchmark that will greatly help in 
achieving our goal. The  JOURNAL OF GASTROIN- 
TESTINAL SURGERY will now be listed in Index 
Medicus ® /MED LINE ® . Index Medicus ®/MED LINE ® 
is an index of biomedical work compiled by the Na- 
tional Library of Medicine. Inclusion in the Index is 
dependent on a number of factors that include a rig- 
orous process of peer review of the material submitted 
to the JOURNAL, the originality and scientific quality 
of papers published in the JOURNAL, and the excel- 
lence of the printed publication. The first seven issues 
of our JOURNAL were carefully reviewed by Index 
Medicus®/MEDLINE ®. We recently learned that the 
JOURNAL received a favorable review and was ac- 
cepted for inclusion in the Index. 

Inclusion in Index Medicus®/MEDLINE ® means 
that persons searching the biomedical literature from 
all over the world will have ready access to the mate- 

rial printed in our JOURNAL. Clearly, we will reach be- 
yond our borders. The authors who wrote the superb 
papers, the Editorial Board along with others who re- 
viewed the papers and offered suggestions for im- 
provement, and the publisher who brought forth each 
outstanding issue deserve credit for the recognition 
achieved. Your editors thank all involved. 

What additional borders do we have yet to cross? 
In regard to size, the JOURNAL is adding more pages 
to each issue beginning with the present issue. Some- 
time in the future we will begin to publish monthly 
instead of bimonthly. In regard to format, we find 
most readers still prefer the printed page to the com- 
puter disc. Our subscribers like the ease of reading the 
printed page and prefer to have those pages stored in 
a repository on their own bookshelves. Nonetheless, 
the addition of sight, sound, and movement to the 
words on an electronic disc offers an exciting option 
for the future. Video is especially attractive in surgery 
where the live operation has such a key role in the 
field. What better way to communicate advances in 
operative technique to others than via the voice and 
video of the presenting surgeon! Although these 
techniques are currently beyond our present ap- 
proach, your editors and publisher are aware of them 
and will be ready to implement them when the time is 
right. 

The important message today is that papers from 
our JOURNAL will now be cited in Index Medicus®/ 
MEDLINE ®. Our thanks to all involved in making 
this possible. We look forward to the future. 
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Use of Controlled Randomized Trials to Evaluate 
New Technologies and New Operative 
Procedures in Surgery 

Simon Law, M.B., B.Chir., ER.C.S. (Ed), John Wong, Ph.D., ER.A.C.S., EA.C.S. 

Modern  surgery has been driven by numerous  
technologic advances. New operations are devised 
and old operations performed with new instruments. 
But are we as surgeons embracing these innovations 
with too much haste? Most  of all, have our patients 
benefited? In this era of evidence-based medicine, we 
are forced to examine our beliefs and results critically, 
and new operations and innovations should only be 
popularized when their value has been proved. 

In the evaluation of new procedures and treat- 
ments, the most  reliable evidence no doubt should 
come from properly conducted randomized con- 
trolled trials. This method is superior to the nonran- 
domized concurrent or historical cohort comparisons 
or the simple case series. It is less subject to bias in 
case selection and changes in techniques and man- 
agement over time. These latter investigations can be 
regarded as hypothesis generating, to be proved or 
disproved in the more vigorous context of the ran- 
domized controlled trial. T h e  surgical community,  
however, has been accused of poor quality research 
output  in recent  years. 1 Few randomized trials are 
carried out and even when performed, they are often 
flawed. The  finding that much of the surgical litera- 
ture is based on second-rate evidence has prompted 
us to rethink our scientific research methodology. 

The  article by Hor ton  1 entitled "Surgical research 
or comic opera: Questions, but few answers" demon- 
strated to us our ability to raise important questions 
but showed that we lack the appropriate means to an- 
swer them. Even in major surgical journals, only 7% 
of papers are randomized controlled trials, 46% are 
case series, and 18% are laboratory animal experi- 
mentsY It has been estimated that 40% of surgical 
procedures could be evaluated by randomized con- 
trolled trials, yet such trials are performed by sur- 
geons in only one third of cases, and different surgical 

therapies are compared in only one fourth of stud- 
ies.2, 3 

Why are clinical trials not performed more often? 
Surgeons are not  unaware of the importance of ran- 
domized controlled trials, but there are inherent dif- 
ficulties, especially in surgical trials that deter their 
employment, such as blinding, preference by patients 
and surgeons of certain t reatment  options, uncom- 
mon conditions, and lack of funding, as well as legal, 
ethical, and political issues. 3,4 In addition, the unique 
difficulty in a surgical trial as compared to a medical 
trial is the variability of the surgical procedure itself. A 
learning curve invariably exists for any new proce- 
dure, and for procedures that demand great expertise 
and experience, few centers may reach the level of 
competency needed for quality control. Thus  "infe- 
rior" laparoscopic fundoplication may be compared 
to standard "optimal" therapy for gastroesophageal 
reflux disease. Multicenter trials are often needed to 
generate enough statistical power for analysis. But it is 
precisely problems such as the difficulty in control- 
ling surgical technique inherent in surgical trials that 
make multicenter trials difficult to conduct. The  or- 
ganization needed to coordinate such activity also 
adds to the cost. New technology changes rapidly. 
It takes considerable time to recruit sufficient patients 
in a randomized trial, and such a trial may become 
obsolete by the time its fruits are reaped. 

Even if randomized controlled trials are per- 
formed, quality in the design and reporting is often 
lacking. 5,6 Clinicians, epidemiologists, biostatisticians, 
and journal editors have made a valiant effort to im- 
plement the C O N S O R T  (Consolidated Standards of 
Reporting Trials) statement, which sets forth guide- 
lines (perhaps ideal) for the reporting of randomized 
controlled trials. 7-1° T h e  title of the manuscript  
should identify the study as a randomized controlled 
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trial. The  summary must be structured. A checklist of  
21 points states what should be included in the report, 
for instance, study population, end points, method of 
masking, statistical analysis, and sample size calcula- 
tion. A flow diagram depicting the progress through 
the various stages of a trial, including flow of partici- 
pants, withdrawals, and timing of primary and sec- 
ondary outcome measures is also a necessity. All man- 
useripts report ing on randomized controlled trials 
submitted to Lancet and the Journal of the American 
Medical Association (~AMA) are now required to ad- 
here to the C O N S O R T  guidelines. 

How well have randomized controlled trials been 
utilized to evaluate modern surgical technologic ad- 
vances? New instruments are usually greeted with 
zeal. The  advent of surgical staplers was claimed to 
markedly reduce anastomotic leaks for esophageal 
anastomosis. It was only through a randomized con- 
trolled trial that its value could be ascertained as com- 
pared to the traditional hand-sewn method. Although 
similar leakage rates were found, staplers resulted in a 
much higher rate of stricture, which was technique 
rather than size dependent. The  hand-sewn technique 
was also found to be the most cost-effective. H 

Minimal access surgery has been embraced with 
enthusiasm by the surgical community. Less morbid- 
ity and mortality, a shorter hospital stay, earlier return 
to work, and improved cosmesis are aims and results 
claimed by advocates of this type of surgery. Few ran- 
domized controlled trials, however, have been per- 
formed to substantiate these conclusions. Beliefs may 
not stand up to appropriate investigations. One recent 
trial showed that laparoscopic cholecystectomy re- 
quired a longer operating time than small incision 
cholecystectomy, but resulted in no benefits. 12 It is tri- 
Ms such as these that help disprove myths believed by 
patients and surgeons alike. 

Another  report  analyzed published randomized 
controlled trials in laparoscopic surgery. 13 Forty trials 
were identified in leading surgical journals published 
between 1990 and 1996. More than half of these trials 
were poorly constructed or at least poorly reported. 
Two of the major outcomes of minimal access surgery 
(quality of life and cost-effectiveness) were addressed 
in only five and eight of  the 40 trials, respectively. 
Prospective calculation of sample size and unbiased 
assessment of outcome were also lacking. The  advent 
of  minimal access surgery has not  improved the qual- 
ity of randomized controlled trials. It is hoped that 
endeavors such as the C O N S O R T  statement will 
help to redress this balance. 

Randomized controlled trials are certainly not  a 
panace a for all deficiencies in surgical research. Ob- 

servational studies have their unquestionable values. 4 
The  two types of studies should complement  each 
other. What  surgeons need is more encouragement, 
education, and resources to take part in randomized 
controlled trials. Assistance from epidemiologists and 
biostatisticians is invaluable. Although laboratory ex- 
periments and case studies can easily generate results 
leading to rapid publication of findings, clinical prac- 
tice is ultimately influenced by the results of  the 
longer term randomized controlled trials. Patients' 
perceptions, the surgical community, and society as a 
whole are becoming increasingly technology and mass 
media driven. Therapies based on good evidence are 
also demanded. Good-quality randomized controlled 
trials are ever more essential to help support or refute 
claims. The  characteristics of a good clinical trial have 
been established by CONSORT. We can and should 
be critical in examining our own technologic innova- 
tions by putting them to the test. 
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Original Articles 

Role of Antibiotics in Acute Pancreatitis: 
A Meta-Analysis 

Robert Golub, M.D., Faizi Siddiqi, M.D., Dieter Pohl, M.D. 

In an attempt to decrease the infectious complications of acute pancreatitis and its high mortality, many 
investigators have conducted randomized prospective trials on the efficacy of prophylactic antibiotics. 
The results of these studies are conflicting, and many have called for a large multicenter study. Because 
multicenter trials are costly and difficult to organize, we believe that meta-analysis is a reasonable alter- 
native. A meta-analysis of all eight previously published trials of prophylactic antibiotics in acute pan- 
creatitis was performed. The end point was death. The Mantel-Haenszel statistic was used to summarize 
odds ratios across studies in a fixed effects model, after homogeneity was assessed. Sensitivity analysis 
was performed as appropriate. The meta-analysis of all eight trials showed a positive benefit for antibi- 
otics in reducing mortality. Sensitivity analysis showed that the advantage was limited to patients with se- 
vere pancreatitis who received broad-spectrum antibiotics that achieve therapeutic pancreatic tissue lev- 
els. It is recommended that all patients with severe pancreatitis be treated with broad-spectrum antibiotics 
that achieve therapeutic levels in pancreatic tissue. (J GASTROINTEST SURG 1998;2:496-503.) 

KEY WORDS: Pancreatitis, treatment, antibodies, meta-analysis 

The use of antibiotics in acute pancreatitis is con- 
troversial. Eight prospective randomized trials have 
examined this issue, but the results are conflicting. 1-s 
Only one trial was able to show a statistically signifi- 
cant decrease in mortality with the use of antibiotics. 6 
The small sample size of most of these reports, com- 
bined with a negligible incidence of mortality in the 
control population, may have contributed to a type II 
error in reporting significant reductions in mortality. 
We therefore conducted a meta-analysis of  all the 
prospective randomized trials to determine the role 
of  antibiotics in acute pancreatitis. 

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

Criteria for inclusion in the meta-analysis were 
prospective randomized trials of systemic or oral an- 
tibiotics in acute pancreatitis. A M E D L I N E  search 
was conducted from 1966 through June 1997, with 
various search terms including pancreatitis, antibi- 
otics, and randomized studies. A total of eight trials 
were identified. Additionally, the bibliographies of  
these trials, as well as other recent publications on the 
treatment of pancreatitis, were reviewed for evidence 

of  other randomized controlled studies. The  eight 
studies were critically reviewed by two independent 
investigators using a 10-point scale proposed by 
Solomon and McLeod. 9 Interobserver agreement was 
assessed by the intraclass correlation, l° Pertinent re- 
suits including demographic data, methods, and end 
points including death were extracted and coded by 
two of the authors, and any differences were arbi- 
trated by a third investigator. 

Differences between control and treatment groups 
in individual studies were determined by calculating 
log odds ratios with 95% confidence intervals as de- 
scribed by Fleiss.11 Because log odds ratios were used, 
0.5 was added to individual cells in the 2 × 2 tables 
to allow meaningful results. Treatment effects across 
multiple studies were summarized by calculating the 
Mantel-Haenszel s ta t i s t i c ,  12 as well as the standard er- 
ror 13 and corresponding 95% confidence intervals. 
Alternatively, the log odds ratio was calculated when 
totaling the results of 2 × 2 tables resulted in division 
by zero. 11 This meta-analysis used a fixed effects 
model, which assumes that there is a single true ef- 
fect, which is estimated by each of the published stud- 
ies. Homogeneity,  a measure of  the common true 

From the Department of Surgery, New York Flushing Hospital, Flushing, N.Y., and the Cornell University School of Medicine, New 
York, N.Y. 
Correspondence: Robert Golub, M.D., New York Flushing Hospital, 4500 Parsons Blvd., Flushing, NY 11355. 
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treatment effect across individual studies, was assessed 
by calculating the Q statistic. A Q statistic that is not 
significant is evidence of  a small degree of between- 
study variability and suggests that a fixed effects 
model is appropriate. Odds ratios are expressed 
followed by the 95% confidence intervals in paren- 
theses. Sensitivity analysis was performed when ap- 
propriate. 

R E S U L T S  

Demographic data and pertinent methodologic 
and outcome data from the eight trials are summa- 
rized in Table I. The average study quality score was 
7.5 with an intraclass correlation of 0.41 (P <0.0001). 
There  was 100% agreement on data extraction 
among the investigators. Three  distinct classes of  
trials are evident. Studies by Finch et al., 3 Howes et 
al., 1 and Craig et al. 2 were performed in the 1970s on 
patients with mild pancreatitis, and all treated patients 
received ampicillin. The trials by Delcenserie et al., 7 
Pederzoli et al., 4 Sainio et al., 6 and Schwarz et al. 8 
were conducted between 1993 and 1997 on patients 
with more severe pancreatitis, and broader spectrum 
antibiotics were used. The trial by Luiten at alJ was 
conducted on patients with severe pancreatitis, but 
the antibiotics were administered as a combination of 
parenteral, oral, and rectal routes. All control patients 
in the above-mentioned trials received standard care 
including pain medication, nasogastric suction, intra- 
venous hydration, and nutritional support, and some 
studies used atropine 1,3 or antiprotease drugs. 4 An- 
tibiotics were well tolerated in all trials, but one pa- 
tient in the study by Howes et al) had an anaphylac- 
tic reaction to ampicillin but made a full recovery. 

The odds ratios and 95% confidence intervals for 
all eight trials are summarized in Table II. Only the 
study by Sainio et al. 6 showed a significant decrease 
in mortality with antibiotics. The Mantel-Haenszel 

log odds ratio, which summarizes the mortality data 
across all eight trials, was -0 .77  ( - 0 . 1 4  to -1 .40 ,  
P = 0.016). This shows a significant decrease in mor- 
tality when prophylactic antibiotics are used (Fig. I). 
The probability of dying was 6.6% in the antibiotic- 
treated patients as compared with 13.3% in the con- 
trol subjects. The homogeneity of  variance was Q = 
3.60 (P = 0.82), which indicates that effect sizes do 
not differ excessively between individual study results, 
and it is appropriate to combine the trials in a fixed 
effects model. If  the study by Luiten et al. 5 using sys- 
temic and oral antibiotics is removed from the analy- 
sis, the Mantel-Haenszel log odds ratio was still sig- 
nificant (log odds ratio = -1 .16  [ -0 .19  to -2.15],  
P = 0.016, and the homogeneity Q = 3.19, P = 0.78). 
If the trial by Sainio et al. 6 is not considered with the 
remaining seven trials, the log odds ratio was -0 .56  
(0.12 to - 1.24), P = 0.10. 

The three early trials using ampicillin 1-3 were ana- 
lyzed as a separate group. None  of  these studies 
showed a significant decrease in mortality when ex- 
amined individually, and this was also the case when 
they were analyzed as a group (Fig. 2). The combined 
log odds ratio was 0.40 ( -  1.71 to 2.52), P = 0.71, and 
the homogeneity Q = 0.20 (P = 0.91). 

The  analysis of  the four studies 4,6-s that used 
broader spectrum antibiotics in sicker patients is il- 
lustrated in Fig. 3. There  is a significant beneficial 
treatment effect in the patients given prophylactic an- 
tibiotics (Mantel-Haenszel log odds ratio = -1 .38  
[ -0 .32  to -2 .44] ,  P = 0.008, and homogenei ty  
Q = 1.41, P -- 0.70). Patients who received antibi- 
otics had a 5.3% probability of dying compared to a 
18.2% incidence in the control group. 

If  the study of  Luiten et al., 5 using systemic and 
oral antibiotics is analyzed with the trials of Sainio et 
al., 6 Pederzoli et al., 4 Schwarz et al., 8 and Delcenserie 
et al., 7 there is a smaller but significant treatment 
effect in favor of antibiotics (Mantel-Haenszel odds 

Table H. Raw data and odds ratios from randomized prospective trials 

Control Antibiotics 

Mortality Mortality Log odds 95 % 
Reference Survived (%) Survived (%) ratio Confidence Interval P value 

Finch et al. 3 27 0 (0) 31 1 (3) .96 4.20 -2.28 .56 
Howes et al. 1 47 0 (0) 48 0 (0) -.02 3.92 -3.96 .99 
Craig et al. 2 23 0 (0) 23 0 (0) 0 3.96 -3.96 I 
Delcenserie et al. 7 9 3 (25) 10 1 (9) -.95 1.16 -3.05 .38 
Pederzoli et al. 4 29 4 (12) 38 3 (7) -.52 .96 - 1.99 .49 
Sainio et al. 6 23 7 (23) 29 1 (3) - 1.84 0 -3.67 .05 
Luiten et alJ 52 18 (26) 50 11 (18) -.44 .39 -1.27 .30 
Schwarz et al. 8 11 2 (15) 13 0 (0) - 1.77 1.37 -4.91 .27 
All studies 221 34 (13) 242 17 (7) -0.77 -.14 - 1.40 0.016 



Vol. 2, No. 6 
1998 Antibiotics in Acute Pancreafitis 499 

Favors Antibiotics Favors Control 

Schwarz a, 

Howes 1 

Detcenserie 7 

Sainio s 

Pederzoli 4 

Craig 2 

Finch 3 

Luiten s : _ 

All  Stud ies  

, I ~ I r , I 

-4 -2 0 2 4 
Log odds ratio of mortality with 95% confidence interval 

NS 

NS 

NS 

P= .05 

NS 

NS 

• NS 

NS 

1==-.016 

Fig. 1. Meta-analysis of all randomized prospective trials showing a positive benefit for prophylactic an- 
tibiotics in reducing mortality. 
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Fig. 2. Meta-analysis of three early trials that used ampicillin for prophylaxis. No overall benefit is 
shown. 
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Fig. 3. Meta-analysis of four trials that used broad-spectrum antibiotics in patients with severe pancre- 
atitis. There is an overall reduction in mortality with antibiotics. 

ratio = -0 .84  [ -0 .19 to -1.49], P = 0.01, and ho- 
mogeneity Q = 2.42, P = 0.66). 

D I S C U S S I O N  

Most  patients with acute pancreatitis have a rela- 
tively benign course, and they recover with standard 
conservative therapy. 14 However, approximately 5% 
to 13 % of patients have severe disease with areas of 
pancreatic necrosis, 15,16 and up to 80% of these pa- 
tients will die of the disease. Is Because of advances in 
supportive care, most patients survive the initial meta- 
boric complications of pancreatitis, but many go on to 
die of infectious complications in the ensuing 
weeks .  17-19 T h e  mortali ty rate for patients with in- 
fected necrosis or pancreatic abscess is much higher 
than that for noninfected patients. 16,17,19 Although in- 
fection is more prevalent after the first week, Beger 
et al. 16 found a 23.8% infection rate in the first 7 days, 
and others have reported similar f igures .  19'20 It is cur- 
rently thought  that enteric bacteria translocate from 
the bowel and infect necrotic pancreatic tissue. 5'21-25 
In an attempt to prevent infection and reduce mor-  
tality, many clinicians use prophylactic antibiotics, 18,19 
which have been shown to be beneficial in several an- 
imal 21,26,27 and retrospective s tud ies .  19,28 

There have been eight randomized prospective tri- 
als that have examined the role of prophylactic an- 

tibiotics in acute pancreatitis.l-8 Three  trials using 
ampicillin were conducted in the 1970s,and all failed 
to show a beneficial therapeutic effect. 1-3 These stud- 
ies have been justifiably criticized because the patients 
had mild pancreatitis, as evidenced by a zero mortal- 
ity rate in the control group, and therefore they would 
be expected to do well with or without  antibiotics. 
Fur thermore  ampicillin is a poor  choice for use in 
prophylaxis because it has been demonstrated to have 
poor penetrance into pancreatic tissue, and its spec- 
t rum of activity is limited against the organisms most 
commonly found in infected necrosis. 18,29 

The  studies by Delcenserie et al., 7 Pederzoli et al., 4 
Schwarz et al., s and Sainio et al. 6 were conducted in 
patients with severe pancreatitis who were treated 
with broad-spectrum antibiotics. Ceftazidime, oflox- 
acin, and imipenem have been shown to achieve thera- 
peutic concentrations in pancreatic tissue, but there 
is less information about cefuroxime, ls,3°,31 Pederzoli 
et al., 4 found a significant decrease in nonpancreatic 
and pancreatic sepsis in patients treated with 
imipenem, and no pancreatic sepsis occurred in pa- 
tients when the necrosis was less than 50% of the pan- 
creatic volume. This  is especially significant because 
14 patients in the antibiotic group had severe necrosis 
as compared with only two patients in the control  
population. There  was no difference in the incidence 
ofmultiorgan failure or in the need for surgery. There 
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was no difference in mortality, but because of the 
small sample size the study had insufficient power to 
detect a significant difference. Additionally, the dose 
of imipenem was modest by most standards, and bet- 
ter results might be expected with higher doses. 32 
Delcenserie et al. 7 also showed a significant decrease 
in infectious complications in patients treated with 
multiple antibiotics, but the difference in mortality 
failed to achieve statistical significance, and there was 
no difference in the incidence of multiorgan failure. 

In the study of Sainio et al.,6 there was no differ- 
ence in pancreatic infections in the group treated with 
cefuroxime as compared with the control group, but 
there was a significant decrease in the mean number 
of infections per patient and in mortality in the treat- 
ment  group. Cefuroxime was chosen based on the 
hospital's sensitivity data, but little is known about its 
penetrance into pancreatic tissue. In fact, the antibi- 
otics had to be changed in two thirds of the treatment 
group at a mean of 9.2 days after admission. 

Schwarz et al. s found that antibiotics could not pre- 
vent sterile necrosis from becoming infected, but 
there were higher rates of sepsis in the control group, 
and the clinical condition, as measured by APACHE 
II scores, deteriorated significantly more in the con- 
trol group. There was a trend toward lower mortality 
in the antibiotic group, but because of the small sam- 
ple size this did not reach significance. 

A case can be made for early antibiotic interven- 
tion because 77% of the control patients in Sainio's 
study 6 and 54% in Sehwarz's trial s were ultimately 
treated with antibiotics. The  early timing of antibi- 
otic administration seems to have been the critical 
factor in outcome. 33 Recent experiments by Wang et 
al. 25 have demonstrated that acute pancreatitis results 
not only in bacterial transloeation, but also in sup- 
pression of host bacterial defense systems. This might 
account for the high incidence of secondary infections 
seen in neerotizing pancreatitis and could explain the 
diminution of nonpanereatie infections s4 in the trials 
by Sainio et al., 6 Pederzoli et al., 4 and Delcenserie et 
al.,7 and the improved clinical outcome in Schwarz's 
s tudy .  8 

One can question the inclusion of the trial by 
Luiten et al.s in this meta-analysis, as the treatment 
modality was selective decontamination of the gas- 
trointestinal tract. However, the patients also received 
systemic cefotaxime until gram-negative bacteria were 
eliminated from the oral cavity and rectum, and it is 
not stated for how long the patients received intra- 
venous antibiotics. As discussed earlier, it appears that 
early administration of systemic antibiotics may be an 
important component  in reducing morbidity and 
mortality. We therefore included this study in the 

analysis, but we also examined the data without this 
trial. There was a significant reduction in mortality 
whether the study was included or omitted. 

Meta-analysis is a useful technique to summarize 
and clarify controversial topics. It is especially appro- 
priate when the end point in question has a low inci- 
dence, and individual studies do not have the neces- 
sary number of patients or power to show a statisti- 
cally significant beneft  from a given treatment. Mul- 
ticenter prospective randomized trials would be 
preferable, but their logistic complexities and cost 
make them difficult to carry out. One well-recognized 
problem with meta-analysis is publication bias, which 
is concerned with the effect of unpublished studies on 
the results. There is evidence that most unpublished 
papers report negative results, and their exclusion 
could bias the conclusions of a meta-analysis. 35 We 
believe that publication bias is not evident in this sub- 
ject matter, because the majority of published reports 
on antibiotics in panereatitis showed no treatment ef- 
fect. It is reasonable to conclude that any prospective 
randomized trial on this controversial topic would be 
accepted for publication. 

The  results of the present meta-analysis suggest 
that the use of prophylactic antibiotics in acute pan- 
ereatitis significantly reduces mortality. The  odds ra- 
tio was -0.77 (-0.14 to -1.40), P =  0.016. Sensitiv- 
ity analysis revealed that the effect was only seen in 
patients with severe pancreatitis who were given 
broad-spectrum antibiotics. Patients in this subset had 
a Ranson score of 2.3 or greater, 36 or C T  evidence of 
advanced panereatitis as measured by a Balthazar 
grade o lD  or greater. 37 In this cohort 6.6% of the pa- 
tients who received prophylactic antibiotics died, 
compared to 13.3% of the patients in the control 
group. If the study by Sainio et al.6 is removed from 
consideration, the treatment effect is no longer sig- 
nificant. It is not apparent from this review if the 
diminution in mortality is secondary to an overall de- 
crease in nonpancreatic infections, as was noted by 
Pederzoli et al., 4 Sainio et al., 6 and Schwarz et al., s or 
by a decrease in pancreatic sepsis, as reported by Ped- 
erzoli et al. 4 and Luiten et al. s 

It should be noted that although these studies were 
all prospective and randomized, none of them were 
blinded, and therefore the possibility of investigator 
bias must be considered. The results are further ob- 
fuscated by the fact that considerable numbers of pa- 
tients in the control group ultimately received antibi- 
otics in the studies by Sainio e t  al . ,  6 Pederzoli e t  al . ,  4 
and Schwarz et al. s Nevertheless, we believe that the 
observed diminution in mortality cannot be dis- 
counted. At our hospital a 2-week course of imipenem 
and ofloxacin costs $798 and $364, respectively. 
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There  was only one serious complication (anaphy- 
laxis) from the routine use of antibiotics, and there- 
fore the risk-benefit ratio would seem to favor the use 
of prophylactic antibiotics. 

C O N C L U S I O N  

Strong consideration should be given to treating 
patients with severe pancreatitis with broad-spectrum 
antibiotics such as imipenem or one of the fluoro- 
quinolones, which have been shown to achieve thera- 
peutic concentrations in pancreatic tissue. 29,31 We be- 
lieve that this conclusion is supported by the current 
understanding of the pathophysiology of pancreatic 
infections in acute pancreatitis. What  constitutes se- 
vere pancreatitis is not specifically defined, but based 
on the randomized trials, patients with an Imrie or 
Ranson score greater than or equal to three, or a Bal- 
thazar grade of D or greater, should be considered for 
prophylaxis. 3s There is no consensus regarding dura- 
tion of treatment, but a 10- to 14-day course as was 
used in the most recent trials seems reasonable, al- 
though others have proposed longer regimens. 19,39,40 
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Presentation and Management of Cystic Neoplasms 
of the Pancreas 
Luis Hashimoto, M.D., R. Matthew Walsh, M.D., David Vogt, M.D., J. Michael Henderson, M.D., 
James Mayes, M.D., Robert Hermann, M.D. 

Pancreatic cystic neoplasms are uncommon, but it is important to differentiate them from pseudocysts 
and ductal adenocarcinoma. A retrospective review was performed to determine distinguishing charac- 
teristics and optimal treatment. In 51 patients operated on between 1981 and 1994 at a referral center, the 
following cystic neoplasms were found: 20 serous cystadenomas, 10 mucinous cystadenomas, 11 mucinous 
cystadenocarcinomas, five cases of mucinous ductal ectasia, and five papillary cystic neoplasms. Both mu- 
cinous ductal ectasia and papillary cystic neoplasms had distinguishing features when compared to other 
cystic neoplasms. Mucinous ductal ectasia was seen only in men, presented with typical symptoms, and 
had distinctive features on endoscopic retrograde cholangiopancreatography. Papillary cystic neoplasms 
occurred in young women (mean age 31 years) and were larger (mean 10.3 cm). Mucinous tumors were 
always symptomatic, whereas 55% of serous tumors were asymptomatic (P <0.001). The overall rate of 
resectability was 80%, and there was one operative death (2 %). Intraoperative biopsy was diagnostic in 
18 (78%) of 23 cases. An actuarial 5-year survival of 52% was found for resected mucinous cystadeno- 
carcinomas. 

In conclusion, papillary cystic neoplasms and mucinous ductal ectasia have distinct characteristics that 
differentiate them from other types of pancreatic cystic tumors. Serous cystadenoma should be consid- 
ered in asymptomatic patients and these patients should be closely observed. Symptomatic neoplasms 
should be resected with long-term survival expected for malignant forms. (J GASTROINTEST SURG 
1998;2:504-508.) 

KEY WORDS: Cystic neoplasms, pancreatic cysts, pancreatic resection 

Cystic neoplasms of the pancreas are uncommon, 
comprising 10% to 13% of all the pancreatic cysts 
and 1% of pancreatic cancers.1 Histologically they are 
epithelial-lined tumors with benign or malignant cy- 
topathology. The  nomenclature has recently been 
clarified and now includes serous and mucinous vari- 
eties. 2,3 Serous cystadenomas are truly benign, whereas 
mucinous cystadenomas, mucinous ductal ectasia, and 
papillary cystic neoplasms are considered premalig- 
nant. It is important that these pancreatic neoplasms 
be diagnosed, since their management and outcome 
differ from other cystic pancreatic diseases and the 
more common ductal adenocarcinomas. The  clinical 
challenges involve distinguishing these neoplasms 
from pancreatic pseudocysts, and benign from malig- 
nant or premalignant varieties. We retrospectively re- 
viewed our surgical experience with cystic neoplasms 

in an attempt to determine any differences in clinical 
characteristics between these pathologic groups. 

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

Fifty-one patients with cystic neoplasms of the pan- 
creas were operated on at The Cleveland Clinic Foun- 
dation between January 1981 and December 1994. 
The demographics, clinical presentation, diagnostic 
studies, surgical treatment, and outcome were analyzed 
retrospectively. Since the aim of the study was to de- 
fine clinical differences between pathologic groups, the 
clinical presentation of each type of cystic neoplasm 
was compared to that of other cystic tumors. A com- 
parison between the serous and mucinous varieties 
seemed the most clinically valuable. Mucinous tumors 
included the combination of mucinous cystadenomas 
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land, OH 44195. 

504 



Vol. 2, No. 6 
1998 Cystic Neoplasms of the Pancreas 505 

and mucinous cystadenocarcinomas because mucinous 
cystadenomas are considered premalignant. 2 

When not available from the medical records, fol- 
low-up information was obtained by telephone con- 
tact with patients or relatives. The size and location 
of the tumors were determined from pathology spec- 
imens or radiologic reports when a resection was not 
performed. The pathologic findings were reviewed to 
reconcile the original diagnosis with the current 
nomenclature--specifically, to identify all patients 
with mucinous ductal ectasia. The following variables 
were analyzed: age, sex, tumor size, symptoms, pre- 
operative diagnosis, appearance on C T  scan, intra- 
operative biopsy results, and resectability. Fisher's ex- 
act test was used to analyze differences in the cate- 
gorical variables, and the two-tailed t-test was used 
for the continuous variables. A P value <0.05 adjusted 
to 0.017 (0.05/3) was considered significant. Survival 
rates were calculated using life-table analysis. 4 

R E S U L T S  

The  following cystic neoplasms were found: 20 
serous cystadenomas, 10 mucinous cystadenomas, 11 
mucinous cystadenocarcinomas (a total of 21 muci- 
nous cystic tumors), five cases of mucinous ductal ec- 
tasia, and five papillary cystic neoplasms. Considering 
the total group, the mean age was 53 years, 38 pa- 
tients (75%) were female, 39 (79%) were sympto- 
matic, and 18 lesions (35 %) were primarily located in 
the pancreatic head. 

Table I summarizes the characteristics of the serous 
and mucinous cystic neoplasms. Two significant dif- 
ferences were found between serous cystadenomas 
and the mucinous tumors: on average, patients with 
mucinous tumors were younger (mean age 51 years, 
range 26 to 77 years) than patients with serous cyst- 
adenomas (mean age 65 years, range 25 to 86 years) 
(P <0.008), and the incidence of symptoms was 
100% in mucinous tumors and 45% in serous tumors 
(P <0.001). The  most frequent complaint among pa- 
tients with mucinous neoplasms was abdominal pain 
in 20 (95%). Five of 11 patients with mucinous cyst- 
adenocarcinoma presented with obstructive jaundice, 
significant weight loss (more than 10% over 6 
months), and/or steatorrhea--symptoms that were 
not seen in those with serous cystadenomas, except 
for weight loss in one patient. Among the nine symp- 
tomatic patients with serous cystadenomas, eight 
complained of abdominal pain. The  remaining I 1 
were incidentally discovered during laparotomy 
(n = 4) or on C T  scans (n = 7). 

All patients underwent surgical exploration. Intra- 
operative biopsies were performed in 2 3 patients and 
were diagnostic of cystic neoplasm in 18 (78%). 

Table I. Characteristics of serous and mucinous 
(benign and malignanO cystic pancreatic neoplasms 

Serous Mucinous 
Variable (n = 20) (n = 21) 

Age (mean _+ SD, yr) 64.9 _+ 17 51.3 +- 14" 
Size (mean -+ SD, cm) 6.3 -+ 3.3 5.3 -+ 2.5 
Female 15 (75%) 18 (86%) 
Symptomatic 9 (45%) 21 (100%)t 
Tumor location 

Head 11 (55%) 6 (29%) 
Body/tail 8 (40%) 15 (71%) 
Diffuse 1 (5%) 0 (0%) 

CT appearance 
Uniloculated 5 (28%) 7 (41%) 
Multiloculated 11 (61%) 6 (35%) 
Solid 2 (I 1%) 4 (24%) 

Preoperative diagnosis 14 (70%) 10 (48%) 
as cystic neoplasm 

Biopsy 
Diagnostic 8 (89%) 10 (71%) 
Nondiagnostic 1 (11%) 4 (29%) 

Resectability 14 (70%) 18 (86%) 

*P <0.008. 
tP <0.001. 

Fourteen (70%) of the 20 patients with serous 
cystadenomas underwent resection: four pylorus- 
preserving pancreatoduodenectomies (Whipple re- 
section), eight distal pancreatectomies, and two enu- 
cleations. Five underwent a biopsy only, and one had 
a biopsy combined with gastrojejunostomy. Five of 
the six patients who were not resected were elderly 
and would have required a Whipple procedure; the 
other patient was a 25-year-old who had yon Hippel- 
Lindau disease with diffuse pancreatic involvement. 
There was one operative death, and the remaining 
19 patients (95%) are alive and well 7 months to 12 
years after surgery. Nine (90%) of 10 patients with 
mucinous cystadenomas underwent resection: distal 
pancreatectomy in eight and enucleation in one. Four 
of these nine patients had undergone a cystojejunos- 
tomy at another institution 4 months to 3 years be- 
fore their definitive surgery. All nine of these patients 
recovered without complications and are well 8 
months to 7 years postoperatively. The remaining pa- 
tient had a cystojejunostomy based on the fact that a 
frozen-section biopsy was interpreted as a pseudocyst. 
This patient was not reoperated because she refused 
to undergo a Whipple resection; she is asymptomatic 
5 years after the operation. Nine (82%) of 11 patients 
with mucinous cystadenocarcinomas were resected. 
Two patients were deemed unresectable because of in- 
vasion of vascular structures and the presence of liver 
metastases; they died 5 and 13 months, respectively, 
after diagnosis. The patient with liver metastases had 
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undergone a cystojejunostomy 7 months earlier when 
there was no evidence of metastatic disease. Among 
the remaining nine patients who were resected, five 
had Whipple procedures and six had distal pancrea- 
tectomies performed (one patient underwent  three 
separate pancreatic resections for recurrences and 
died 9 years after the first operation). One patient 
who is alive 7 years after an en bloc distal pancreatec- 
tomy, gastrectomy, and colectomy underwent a cys- 
tojejunostomy 3 years before the definitive operation. 
The  overall actuarial survival rates at 1, 2, and 5 years 
were 79%, 40%, and 40%. T h e  actuarial survival 
rates for resected patients at 1, 2, and 5 years were 
87%, 52%, and 52%, respectively. The  median sur- 
vival for unresected patients was 9 months. A total of 
five patients with mucinous tumors underwent resec- 
tion following a prior cyst-enteric anastomosis at an- 
other institution. 

The  clinical characteristics of patients with muci- 
nous ductal ectasia are summarized in Table II. All 
patients with mucinous ductal ectasia were male, a 
feature that was unique to this particular cystic neo- 
plasm, and they presented with a history of recurrent 
pancreatitis and/or  steatorrhea. C T  scans were ob- 
tained in three patients; in one patient only pancre- 
atic duct dilatation was found, and cystic neoplasms 
were detected in the remaining two. Endoscopic ret- 
rograde cholangiopancreatography (ERCP) was per- 
formed in all of these patients and revealed a patulous 
papilla exuding mucin, a diffusely or localized dilated 
pancreatic duct communicating with cysts, and filling 
defects secondary to mucin plugs. This  was the only 
group in which a correct preoperative diagnosis was 
made in all patients. One patient underwent  only a 
sphincteroplasty because he refused a total pancrea- 
tectomy. The  other four underwent successful resec- 
tions: two total pancreatectomies, one distal pancrea- 
tectomy, and one Whipple  procedure. One patient 
died 2 years after surgery of  unrelated causes; the 
other four are alive and well at 1 to 3 years, including 
the patient who was not resected. 

The  clinical characteristics of the five patients with 
papillary cystic neoplasms are summarized in Table II. 
Papillary cystic neoplasms were large (mean size 10.3 
cm), they were seen only in women, and the mean age 
of these women was 31 years. All the patients were 
treated with distal pancreatectomy and are alive with 
no recurrence of disease at 1 to 11 years, including 
one patient who underwent hepatic wedge resection 
for an isolated metastasis (alive for 10 years). One pa- 
t ient underwent  definitive resection for persistent 
symptoms 9 months after a partial excision at another 
institution. 

ERCP was performed in the five patients with mu- 
cinous ductal ectasia and in another  eight patients 

Table II. Characteristics of mucinous ductal ectasia 
(MDE) and papillary cystic neoplasm (PCN) 

/VIDE PCN 
Variable (n = 5) (n = 5) 

Age (mean -+ SD, yr) 64 -+ 6 31 + 5 
Female 0 5 (100%) 
Symptomatic 5 (100%) 4 (80%) 
Tumor location 

Head 1 (20%) 0 
Body/tail 1 (20%) 5 (100%) 
Diffuse 3 (60%) 0 

Correct preoperative 5 (100%) 3 (60%) 
diagnosis 

Resectability 4 (80%) 5 (100%) 

(three with serous cystadenomas, three with mucinous 
cystadenomas, and two with mucinous cystadenocar- 
cinomas). Of  these latter patients, obstruction of the 
pancreatic duct was seen in three patients; two had 
normal  but  extrinsically displaced ducts, one with 
cyst-duct communication and cytologic findings sug- 
gestive of  mucinous neoplasm, and the three with 
serous cystadenomas were normal. 

D I S C U S S I O N  

Cystic pancreatic neoplasms are an infrequent but 
important  entity; they need to be recognized and 
treated differently from the more common neoplasms 
and cystic diseases of the pancreas. Despite the in- 
creased awareness of these neoplasms, they can be 
misdiagnosed and inappropriately treated as pseudo- 
cysts. Four teen percent  of our patients, and up to 
37% in other series, 1 were referred when the cystic 
lesion persisted or the patient had continuing symp- 
toms. T h e  diagnosis of a pancreatic pseudocyst is 
made primarily on the basis of a patient's history of 
an antecedent episode of pancreatitis with a recog- 
nized etiology. Findings on C T  scans, 5,6 ERCP, 7,s and 
intraoperative biopsy 1 are not always diagnostic and 
do not supplant an accurate clinical history. Pancreatic 
cysts should be treated as cystic neoplasms in the ab- 
sence of an etiology for pancreatitis. Patients with a 
previous cyst-enteric anastomosis should undergo re- 
exploration for resection if the final pathology speci- 
men reveals an epithelial-lined cyst or the patient has 
persistent pain or a mass. Definitive resection should 
be performed promptly, as one of our patients had de- 
veloped liver metastases at reexploration 7 months  
following enteric drainage of a mucinous neoplasm. 

Once a presumptive diagnosis of a cystic neoplasm 
is made, it would be valuable to determine the patho- 
logic type without resection. The  natural history of 
each type is distinct and ranges from a predictably be- 
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nign course for serous cystadenoma to poor survival 
with aggressive types of mucinous cystadenocarci- 
noma, and a favorable long-term outcome with the 
intermediate forms of mucinous cystadenoma and 
papillary cystic neoplasm. 2,3,9 The inability to distin- 
guish among the various types of cystic neoplasm 
could lead to a recommendation to resect all suspi- 
cious lesions. 1° This may be imprudent when more 
incidental lesions are now being diagnosed. 11 Eighty 
percent of the patients in our series had serous or mu- 
cinous tumors. Their differing clinical outcomes 
make it important to try and distinguish them. In this 
series only two variables were found to be significant 
in differentiating between serous and mucinous neo- 
plasms. Mucinous neoplasms, which should be con- 
sidered for resection, were found in younger patients 
(mean age 51 years vs. mean age 65 years), and all 
were symptomatic. Serous lesions were asymptomatic 
in 55% of patients. Symptoms included weight loss, 
jaundice, diarrhea, and/or abdominal pain. Despite 
being statistically different, the range within the clin- 
ical variables is wide, making the precise diagnosis in 
an individual patient difficult. It does appear reason- 
able to observe some patients with asymptomatic or 
incidental cystic lesions, presuming these represent a 
benign serous neoplasm. Other investigators have 
suggested additional endoscopic and radiologic find- 
ings that may aid in distinguishing these two entities. 
These include CT findings of calcifications, a "hon- 
eycomb" appearance, and multiple septations in pa- 
tents  with serous cystadenomas, s,6 ERCP findings 
in patients with malignant and premalignant lesions 
include changes in the main pancreatic duct such as 
displacement and stenoses or obstruction with or 
without communication between the cyst and the 
duct. 7,8 Although cyst aspiration was used infrequently 
in our experience, others have shown that biochemi- 
cal features, tumor markers, and cytologic analysis 
may aid in differentiating between serous and muci- 
nous lesions. 12-1s 

Mueinous neoplasms were considered as a group 
since resection is advised for all these lesions to elim- 
inate the malignant potential of mucinous cystade- 
noma and achieve long-term survival in patients with 
mucinous cystadenocarcinoma. The survival advan- 
tage conferred by resection ofinvasive mucinous cys- 
tadenocarcinoma as compared to ductal adenocarci- 
noma represents one of the advantages of making a 
correct preoperative diagnosis of a cystic neoplasm. 
Our actuarial survival of 52% for resected mucinous 
adenocarcinoma compares favorably with the recent 
survival rate of 8% to 21% reported for ductal ade- 
nocarcinoma. 16-19 Similar favorable 5-year survival 
rates ranging from 68% to 76% have been reported 
by other centers for cystic carcinomas. 1,2° These re- 

suits support an aggressive approach toward resection 
even for large lesions with local lymph node involve- 
ment. The outcome for patients with unresectable le- 
sions is expectedly dismal; the median survival for our 
two unresected patients was 9 months. 

Papillary cystic neoplasms and mucinous ductal ec- 
tasia are uncommon entities that presented with char- 
acteristic findings which can aid in correcdy identify- 
ing these neoplasms preoperatively. In our experience 
papillary cystic neoplasms were seen in younger 
women and were larger. These results concur with 
those from a recendy collected series of 292 patients. 9 
Despite the relatively large size of these lesions, all of 
our patients were resected with long-term survival of 
up to 11 years. These neoplasms demonstrate a vari- 
able malignant potential based on histologic crite- 
ria 9,21,22 and the presence of local invasion of sur- 
rounding structures, nodal and distant metastases. 9 
The presence of advanced disease again does not pre- 
clude resection, including concomitant liver resection, 
since long-term survival can be achieved. One of our 
patients underwent resection of a liver metastasis and 
is without recurrent disease 10 years later, and a sim- 
ilar experience has been reported by others. 9 The 
roles of chemotherapy, radiation therapy, hormonal 
manipulation, and chemoembolization are uncertain 
despite anecdotal reports. 21-25 

Mucinous ductal ectasia is a similarly uncommon 
neoplasm that has recently been recognized. 26 The 
presentation of our small cadre of patients is typical 
of other series in that this neoplasm occurs predomi- 
nantly in males with recurrent pancreatitis and/or 
steatorrhea. The ERCP findings of a patulous papilla 
draining mucin with diffuse cystic dilatation of the 
main pancreatic duct without strictures are character- 
istic. 27,28 The natural history of patients with muci- 
nous ductal ectasia is variable and it may follow a be- 
nign or malignant course. Cytologic evaluation of 
pancreatic duct secretions and endoscopic biopsy of 
the ductal mucosa may be beneficial in distinguishing 
benign from malignant lesions. 29,3° The appropriate 
treatment for all patients with mucinous ductal ecta- 
sia is unknown, but resection of the involved pancre- 
atic segments, including total pancreatectomy, is ad- 
vised. The extent of resection, including total pancre- 
atectomy when indicated by tumor extent, is tailored 
based on ERCP findings and frozen-section analysis 
of the resected ductal margin, which may show ma- 
lignant or premalignant ductal changes. 

C O N C L U S I O N  

Cystic pancreatic neoplasms are uncommon; only 
51 patients were operated over a 14-year period at 
a referral center. These tumors are usually distin- 
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guished from pancreatic pseudocysts by clinical his- 
tory, and in 12 % of our patients these neoplasms were 
initially erroneously treated as pseudocysts. Benign 
serous neoplasms are difficult to distinguish from 
other cystic neoplasms, but in general they tend to be 
asymptomatic and occur in older patients. Papillary 
cystic neoplasms are larger and are seen in younger 
women. Mucinous ductal ectasia typically is found in 
men with characteristic ERCP findings. Resection of 
premalignant and malignant lesions can be performed 
safely and is associated with long-term survival. 

REFERENCES 
1. Warshaw AL, Compton CC, Lewandrowski K, Cardenosa G, 

Mueller E Cystic umaors of the pancreas. New clinical, radi- 
ologic, and pathologic observations in 67 patients. Ann Surg 
1990;212:432-445. 

2. Compagno J, Oertel JE. Mucinous cystic neoplasms of the 
pancreas with overt and latent malignancy (cystadenocarci- 
noma and cystadenoma). AmJ Clin Pathol 1978;69:573-580. 

3. Compagno J, Oertel JE. Microcystic adenomas of the pan- 
creas (glycogen-rich cystadenomas). Am J Clin Pathol 
1978;69:289-298. 

4. Cutler SJ, Ederer E Maximum utilization of the life table 
method in analyzing survival. J Chron Dis 1958;8:699-712. 

5. Itai Y, Moss AA, Ohtomo IC Computed tomography of cys- 
tadenoma and cystadenocarcinoma of the pancreas. Radiology 
1982;145:419-425. 

6. Friedman AC, Lichtenstein JE, Dachman AH. Cystic neo- 
plasms of the pancreas. Radiological-pathologieal correlation. 
Radiology 1983;149:45-50. 

7. Pinson CW, Munson JL, Deveney CW. Endoscopic retro- 
grade cholangiopancreatography in the preoperative diagnosis 
of pancreatic neoplasms associated with cysts. Am J Surg 
1990;159:510-513. 

8. Ikeda M, Sato T, Ochiai M, Morozumi A, Nakamura T, Fu- 
jino M. Morphological changes of small pancreatic cysts in re- 
sponse to secretin stimulation. Dig Dis Sci 1993;38:648-652. 

9. Mao C, Guvendi M, Domenico DR, Kim K, Thomford NR, 
Howard JM. Papillary cystic and solid tumors of the pancreas: 
A pancreatic embryonic tumor? Studies of three cases and cu- 
mulative review of the world literature. Surgery 1995; 118:821- 
828. 

10. Fernandez-Del Castillo C, Warshaw AL. Cystic tumors of the 
pancreas. In Braasch JM, Tompkins RK, eds. Surgical Disease 
of the Biliary Tract and Pancreas. St. Louis: Mosby-Year 
Book, 1994. 

1 I. Pyke CM, Van Herden JA, Colby TV,, Sarr MG, Weaver AL. 
The spectrum of serous cystadenoma of the pancreas. Clinical, 
pathological, and surgical aspects. Ann Surg 1992;215:132- 
139. 

12. Lewandrowski KB, Southern JF, Pins MR, Compton CC, 
Warhsaw AL. Cyst fluid analysis in the differential diagnosis 
of pancreatic cysts. A comparison of pseudocysts, serous cyst- 
adenomas, mucinous cystic neoplasms, and mucinous cyst- 
adenocarcinoma. Ann Surg 1993 ;217:41-47. 

13. Iselin CE, Meyer P, Hauser H, Kurt AM, Vermeulen BJM, 
Rohner A. Computed tomography and fine-needle aspiration 
for preoperative evaluation of cystic tumors of the pancreas. 
BrJ Surg 1993;80:1166-1169. 

14. Pinto MM, Meriano FV.. Diagnosis of cystic pancreatic lesions 
by cytologic examination and carcinoembryonic antigen and 
amylase assays of cyst contents. Acta Cytol 1991;4:456-463. 

15. Sperti C, Pasquali C, Guolo P, Polvorsi R, Liessi G, Pedraz- 
zoli S. Serum tumor markers and cyst fluid analysis are useful 
for the diagnosis of pancreatic cystic tumors. Cancer 1996; 
78:237-243. 

16. CameronJL, Crist DW, SitzmanJV. Factors influencing sur- 
vival following pancreatoduodenectomy for pancreatic cancer. 
AmJ Surg 1991;161:120-125. 

17. Baumel H, Huguier M, MandershieldJC. Results of resection 
for cancer of the exocrine pancreas: A study from the French 
Association of Surgery. Br J Surg 1994;81:102-107. 

18. Nitecld SS, Sarr MG, Colby TV,, Van Herden JA. Long-term 
survival after resection for ductal adenocarcinoma of the pan- 
creas. Is it really improving? Ann Surg 1995;221:59-66. 

19. Wade TP, E1-Ghazzawy AG, Virgo KS. The Whipple resec- 
tion for cancer in U.S. Department of Veterans Affairs hospi- 
tals. Ann Surg 1995;221:241-248. 

20. Hodgkinsin DJ, Remine WH, Weiland LH. A clinicopatho- 
logic study of 21 cases of pancreatic cystadenocarcinoma. Ann 
Surg 1978;188:679-684. 

21. Nishihara K, Nagoshi M, Tsuneyoshi M, Yamaguchi K, 
Hayashi I. Papillary cystic tumors of the pancreas. Assessment 
of their malignant potential. Cancer 1993 ;71:82-92. 

22. Matsunou H, Konisihi E Papillary cystic neoplasm of the pan- 
creas. A clinicopathological study concerning the tumor ag- 
ing and malignancy of nine cases. Cancer 1990;65:283-291. 

23. Fried P, Cooper J, Balthazar E, Fazzini E, Newall J. A role for 
radiotherapy in the treatment of solid and papillary neoplasms 
of the pancreas. Cancer 1985;56:2783-2785. 

24. Scalfani LM, Reuter VE, Colt DG, Brennan ME The malig- 
nant nature of papillary and cystic neoplasm of the pancreas. 
Cancer 1991;68:153-158. 

25. Matsuda Y, Imai Y, Kawata S, Nishikawa M, Miyoshi S, Saito 
R, Minami Y, Tarui S. Papillary cystic neoplasm of the pan- 
creas with multiple hepatic metastases: A case report. Gas- 
troenterol Jap 1987;22:379-384. 

26. Ohashi K, Murakami M, Takekoshi T, Ohta H, Ohashi T. 
Four cases of mucous-secreting pancreatic cancer [in Japan- 
ese]. Prog Dig Endosc 1982;20:348-351. 

27. Obara T, Maguchi H, Saitoh Y, Itoh A, Arisato S, Ashida T, 
Nishino N, Ura H, Namiki M. Mucin-producing tumor of 
the pancreas: Natural history and serial pancreatogram 
changes. AmJ Gastroenterol 1993;88:564-569. 

28. Yamada M, Kozuka S, Yamao K, Nakazawa S, Naitoh Y, 
Tsukamoto Y. Mucin-producing tumor of the pancreas. Can- 
cer 1991;68:159-168. 

29. Obara T, Magnchi H, Saitoh Y, Ura H, Koike Y, Kitazawa S, 
Namild M. Mucin producing tumor of the pancreas: A unique 
clinical entity. AmJ Gastroenterol 1991;86:1619-1625. 

30. Uehara H, Nakaizumi A, Ishii H, Tatsuta M, Kitamura T, 
Okuda S, Ohigashi H, Isihikawa O, Takenaka A, Ishiguro S. 
Cytologic examination of pancreatic juice for differential di- 
agnosis of benign and malignant mucin producing tumors of 
the pancreas. Cancer 1994;74:826-833. 



Is There a Place for Central Pancreatectomy 
in Pancreatic Surgery? 

Calogero Iacono, M.D., Luca Bortolasi, M.D., Giovanni Serio, M.D. 

Tumors located in the neck of the pancreas that are not small and superficial enough to be enucleated are 
usually resected with a pancreaticoduodenectomy or left splenopancreatectomy. Such operations may 
cause digestive disorders, glucose intolerance, and late postsplenectomy infection. Central pancreatec- 
tomy is a segmental resection whereby the cephalic stump is sutured and the distal stump anastomosed 
with a Roux-en-Y jejunal loop. The purpose of this study was to evaluate whether central panereateetomy 
has a place in pancreatic surgery. Thirteen patients with the following tumors underwent central pan- 
createctomy: five endocrine tumors, one mueinous and six serous cystadenomas, and one solid cystic- 
papillary tumor. Mean operative time was 250 minutes. Operative mortality was zero. Complications oc- 
curred in three patients (23 %). At mean follow-up of 68 months, no recurrences were found. Postoper- 
ative oral glucose tolerance, pancreolauryl, and fecal fat excretion tests were normal in all patients. We be- 
lieve that central panereatectomy does have a place in pancreatic surgery; it is a reliable technique for be- 
nign or low-grade malignant tumors and has a surgical risk similar to that of standard operations. Its 
principal advantage is that it preserves pancreatic parenchyma and the anatomy of the upper gastroin- 
testinal and biliary tract and the spleen better than pancreatieoduodenectomy or distal pancreatic and 
splenic resection. (J GASTROINTEST SUgG 1998;2:509-517.) 

KEY WORDS: Pancreatic resection, segmental resection, pancreatectomy, benign pancreatic tumors 

Resection of benign tumors located in the neck or 
in the proximal portion of the body and the head of the 
pancreas creates technical problems when the tumor 
measures up to 2 cm or more in diameter or when it is 
encased within the pancreatic parenchyma. As a re- 
sult, enueleation, which might be the most obvious 
solution, may ultimately cause damage to Wirsung's 
duct through transection of the parenchyma. On the 
other hand, standard pancreatectomies (panereatico- 
duodenectomy and distal pancreateetomy) may result 
in impaired endocrine and exocrine function. 

A segmental resection (central panereatectomy) 
may therefore lower the risk of fimetional impairment 
of the pancreatic parenchyma, biliary tract, upper gas- 
trointestinal tract, and spleen in cases of benign and 
low-grade malignant tumors. 

The  technique was first described by one of us 
(G.S.) in 1984 after it had been used in 1982 to treat 
an insulinoma of the neck of the pancreas) After a 
central segmental resection of  the pancreas is per- 

formed (Fig. 1, A), a Roux-en-V jejunal loop is con- 
structed and anastomosed to the distal part of  the 
gland (Fig. 1, B), as described by Letton and Wilson 2 
in 1959 for two cases of traumatic transection of the 
pancreatic isthmus. Subsequently Beger et al. 3 in 
1985, Fagniez et al. 4 in 1988, Ikeda et al. s in 1990, 
Rotman et al. 6 in 1993, Asanuma et al. 7 in 1993, and 
Takada et al. 8 in 1993 reported cases of partial resec- 
tion of  the pancreas for chronic pancreatitis 3,8 or 
tumors 4-8 with jejunal anastomosis of both the proxi- 
mal and distal stumps 3 or of only the distal stump, 4-7 or 
with panereaticoduodenal anastomosis. 8 

The  purpose of  our study was to assess whether  
central pancreatectomy has a place in pancreatic 
surgery. 

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

During the period from January 1982 and Decem- 
ber 1996, 13 patients (11 males and 2 females; mean 
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Fig. 1. A, Drawing of central pancreatectomy technique. B, Management of the pancreatic head and 
body stumps. 

age 51 years [range 27 to 70 years]) underwent central 
pancreatectomy (Table I). All were symptomatic. 
Three patients with insulinomas complained of 
Whipple's triad.* The tumors were detected by means 
of abdominal ultrasound and CT scans in two cases 
and angiography in one. Ten patients complained of 
abdominal pain, dyspepsia, and weight loss. All of 
them underwent abdominal CT and ultrasound imag- 
ing; abdominal MRI and endoscopic retrograde 
cholangiopancreatography (ERCP) were performed 
in four patients and one patient, respectively. Imag- 
ing techniques identified the lesion in all patients, but 
a correct preoperative diagnosis was achieved in only 
seven cases (5 serous cystadenomas, 1 mucinous cyst- 
adenoma, and 1 nonfunctioning cystic tumor). The 
preoperative imaging studies were misleading in three 
cases. In two of these, fine-needle aspiration biopsy 
under ultrasound control, performed preoperatively 
in one case and intraoperatively in the other, revealed 
a nonfunctioning cystic tumor 9 and a solid cystic-pap- 
illary tumor, respectively. The latter was diagnosed 
preoperatively as a nonfunctioning endocrine tumor, 
and the definitive diagnosis of serous cystadenoma 
was made only after histologic assessment of the sur- 
gical specimen of the central pancreatectomy. 

* Neurologic/psychiatric disturbances during fasting or during ex- 
ercise, disappearing after ingestion or injection of sugar with fast- 
ing blood glucose levels below 50 mg/dl (275 mmol/L) on several 
occasions. 

Three patients underwent intraoperative ultra- 
sound imaging. Frozen-section analysis of the tumor 
and surgical margins was performed in all cases. 

Specimens were fixed and sections stained with 
hematoxylin and eosin. Testing for immunohisto- 
chemical detection of generic and specific markers 
was performed for the endocrine tumors. Proliferat- 
ing cell nuclear antigen (PCNA), Ki-67 antigen, and 
progesterone receptors were also evaluated as prog- 
nostic predictors; in fact, we showed that endocrine 
tumors of the pancreas with low levels of proliferative 
indexes (PCNA and Ki-67 antigen) and high level of 
progesterone receptors are correlated with a good 
prognosis.10,11 

Follow-up examinations were based on evaluation 
of laboratory data and abdominal ultrasound and 
Doppler ultrasound scans. Endocrine function was 
tested in 12 patients by means of the oral glucose tol- 
erance test (OGTT) from 6 months to 7 years after 
the operation and values were compared with those 
from 40 normal control subjects. Seven patients also 
underwent preoperative glucose tolerance evaluation. 

The areas under the glucose curves were calculated 
by a standard trapezoidal method. The results are 
presented as mean and 95% confidence interval (CI). 
Differences between groups were analyzed by means 
of two-tailed Student's t test. P value <0.05 was con- 
sidered significant. 

Exocrine function was evaluated by means of pan- 
creolauryl (normal value T/K >20%) and fecal fat ex- 
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Table I. Clinicopathologic data and follow-up of 13 patients undergoing central 
pancreatectomy 

Treatment of Length of 
Patient Age/Sex Tumor Size (mm) Complication complications follow-up (mo)* 

1 41/M Insulinoma 20 162 
2 70/F Insulinoma 25 111 
3 67/F Serous cystadenoma 30 Low-output T P N  + maintenance 100 

pancreatic fistula of intraoperatively 
placed drains 

4 64/F Serous cystadenoma 30 90 
5 42/M Insulinoma 12 79 
6 45/F Mucinous 35 Purulent drainage Maintenance of 82 

cystadenoma intraoperatively 
placed drain and 
transdrain lavage 

7 62/F Serous cystadenoma 25 68 
8 62/F Serous cystadenoma 20 Low-output TPN + somatostatin 67 

pancreatic fistula or analogues + 
and pulmonary maintenance of 
complications intraoperatively 

placed drain 
9 31/F Nonfunctioning 30 59 

endocrine tumor 
10 27/F Solid cystic-papillary 30 24 

tUlTIOr 

11 33/F Nonfunctioning 40 23 
endocrine tumor 

12 56/F Serous cystadenoma 50 12 
13 66/F Serous cystadenoma 25 5 

TPN = total parenteral nutrition. 
*All patients alive without evidence of disease. 

cretion (normal value <7 gnd24 hr) tests in 12 pa- 
tients from 6 months to 7 years after the operation. 
None of the patients received pancreatic enzyme re- 
placement. 

Surgical Techn ique  

A midline incision is used. The lesser sac is entered 
and the anterior aspect of the pancreas is exposed. 
The posterior peritoneum along the inferior and su- 
perior margin of the pancreatic segment to be re- 
sected is incised. The splenic artery is dissected free, 
and the dorsal pancreatic artery and some other mi- 
nor collaterals may be ligated. The posterior surface 
of the pancreas affected by the lesion is isolated from 
the portomesenteric axis and from the splenic vein 
with division of the collaterals. The segment ofparen- 
chyma harboring the tumor is transected along the 
margins of the head and the body. The cephalic stump 
is sutured with interrupted stitches after elective liga- 
tion of Wirsung's duct (10 cases) or by means ofa sta- 

pier (3 cases), whereas the body-tail stump is anasto- 
mosed end to end (12 cases) or end to side (1 case) 
with a Roux-en-Y jejunal loop without a stent. Two 
closed-system suction drains are used to drain the 
cephalic stump of the pancreas and the pancreaticoje- 
junostomy. 

RESULTS 

Mean operating time was 250 minutes (range 210 
to 300 minutes). Five patients (38.4%) required in- 
traoperative blood transfusion (2 to 3 units). Postop- 
erative mortality was zero. The postoperative course 
was complicated in three patients (23 %): two had 
low-output pancreatic fistulas and one had purttlent 
drainage due to an infection of the peritoneal drain 
site. One patient also had pneumonia and pleural 
effusion (Table I). Mean length of postoperative 
hospital stay was 19 days (range 10 to 38 days). 

The mean diameter of the resected lesions was 28.9 
mm (range 12 to 50 mm) (see Table I). Five patients 



had endocrine tumors (three insulinomas and two 
nonfunctioning endocrine tumors), whereas six had 
serous cystadenomas, one had a mucinous cystade- 
noma, and one had a solid cystic-papillary tumor (see 
Table I). 

Histologic examination showed the resection mar- 
gins to be free of disease. None of the sections dem- 
onstrated cytohistologic features of malignancy. All 
of the endocrine tumors had PCNA and Ki-67 anti- 
gen values below 5 % and a positive progesterone re- 

A 

ceptor assay indicating a benign evolution of the 
tumor.10,11 

All of the patients were doing well at a mean fol- 
low-up of 68 months (range 5 to 162 months) with no 
evidence of disease (none of the three patients with 
insulinoma complained of endocrine syndromes (see 
Table I). Abdominal ultrasound revealed no alter- 
ations of the remaining pancreatic parenchyma and 
spleen. The portomesenteric axis, splenic artery, and 
vein appeared normal on Doppler ultrasound scans. 
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Fig. 2. Mean and 95% confidence interval for serum glucose (A) and serum insulin (B) levels during oral 
glucose tolerance tests in patients undergoing central pancreatectomy (CP) and in 40 normal control 
subjects. 
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O G T T  findings were within the normal range in 
all but one of the patients examined; this patient who 
presented with preoperative glucose intolerance did 
not  show O G T T  deterioration after the operation. A 
comparison between patients undergoing central pan- 
createctomy and a control group, in terms of glucose 
tolerance and insulinemia, showed no significant dif- 
ference. T h e  means for the area under  the glucose 
curve during O G T T  in the central pancreatectomy 
group vs. the control  group were 120.5 mg/d l /min  

(95% CI: 127.9 to 86.4) and 109.7 mg/dl /min  (95% 
CI: 121.5 to 97.9), respectively, and the difference was 
not  significant (Fig. 2). 

In the six patients who underwent O G T T  pre- and 
postoperatively, there was no significant difference 
before and after central pancreatectomy (Fig. 3). T h e  
postoperative pancreolauryl test and fecal fat assay 
showed normal  exocrine function in those patients 
tested who were not  on pancreatic enzyme replace- 
ment  (Fig. 4). 
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Fig. 3. Mean and 95% confidence interval for serum glucose (A) and serum insulin (B) levels during oral 
glucose tolerance tests in six patients before and after central pancreatectomy. 
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after central pancreatectomy in 12 patients. 

D I S C U S S I O N  

Tumors located in the neck or in the contiguous 
portion of the head or body of the pancreas that are 
not small and superficial enough to be enucleated are 
usually resected with a pancreaticoduodenectomy or 
left splenopancreatectomy, even when they are be- 
nign. Such wide resections have a low operative mor-  
tality rate when performed by experienced sur- 
geons, 12,20 yet this type of surgery may cause digestive 
disorders (e.g., delayed gastric emptying, dumping  
syndrome, exocrine deficiency), glucose intolerance, 
and late postsplenectomy infection. 21-27 Central pan- 
createctomy, by contrast, permits sparing of pancre- 
atic parenchyma and the anatomy of the upper gas- 
trointestinal tract, biliary tract, and spleen, z 

The  literature reports 42 cases of central pancrea- 
tectomy4-7,28.29; 14 have been described by Rotman et 
al., 6 two of which had previously been reported by 
Fagniez et al., 4 two by Asanuma et al., 7 two by Takada 
et al., 28 and 24 by Ikeda et al. 29 

Specific indications for the use of this technique in- 
clude the following: (i) small lesions (<5 cm in diam- 
eter); (2) benign (serous and mucinous cystadenoma, 
insulinoma) or low-grade malignant tumors (insulin- 

oma, mucinous tumor, nonfunct ioning islet cell tu- 
mor, solid cystic-papillary tumor); (3) lesions in the 
neck of the pancreas or in its contiguous portion; and 
(4) a distal pancreatic s tump that is at least 5 cm in 
length. 

An accurate preoperative diagnosis is indispensable 
for the application of these criteria. An intraoperative 
ultrasound scan is helpful to determine the location 
and extent of the tumor and to rule out metastases or 
multiple lesions. Frozen-section examination is es- 
sential to confirm that the lesion is benign and to ver- 
ify the existence of a free resection margin. In cases 
of malignancy, distal splenopancreatectomy or a pan- 
creaticoduodenectomy is carried out, as in the case re- 
ported by Rotman et al. 6 for cystadenocarcinoma. 

The  main step is the mobilization of the pancreatic 
segment harboring the tumor. Freeing the posterior 
surface of the pancreas f rom the splenic vessels is 
much more difficult than freeing it from the portal- 
mesenteric axis. T h e  splenic artery is cleared and a 
number  of collaterals and the dorsal pancreatic artery 
are ligated. This may prove difficult if the tumor in- 
volves the splenic artery or if this artery is within the 
pancreatic parenchyma. 30,31 

The  splenic vein is cleared and very gently sepa- 
rated from the posterior surface, tying all the numer- 
ous fragile collaterals 32 and taking care to avoid dam- 
aging the vessels that could cause splenic infarction, 
as reported by Rotman et al., 6 or require splenopan- 
createctomy. 

The  extent of the resection depends on the size of 
the tumor. The  cephalic pancreatic stump is stapled 
or sutured with a row of interrupted nonabsorbable 
sutures after Wirsung's duct is ligated. 

A Roux-en-Y jejunal loop is anastomosed end to 
end, which is our preference, or end to side, to the 
body of the pancreas in a retrocolic fashion. Unlike 
other authors, we do not  place a stent in the pancre- 
atic duct. 7,29 

A central pancreatectomy is not  performed when 
the body-tail of the pancreas receives its arterial blood 
supply exclusively f rom the transverse pancreatic 
artery (left branch of the dorsal pancreatic artery); this 
variation, which can be clearly seen on angiography, is 
defined by Melli~re and Moull633 as type III and was 
present in 2 5 % of their cases. Division of these vessels 
can cause necrosis of the body-tail of the pancreas34; 
to avoid this complication a left pancreatectomy (with 
splenic preservation if possible) instead of a central 
pancreatectomy is indicated. Angiography, however, 
is not essential, since this anatomic variation is sus- 
pected whenever the absence of  collaterals from the 
splenic artery or a large dorsal pancreatic artery is de- 
tected during the operation. 
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The  operative mortality was zero both in our study 
and in the cases reported in the literature. 4-7,28,29 
One major complicat ion is pancreatic fistula, as is 
true of  other surgical pancreatic procedures 12,35,36: 
2 of 14 cases in the study by Rotman et al., 6 both of 
which required reoperat ion because of  peritoneal 
fluid collection, 1 of 24 cases in the study by Ikeda et 
al., 29 and 2 of 12 cases in our own experience, both 
treated conservatively (see Table 1). Additional com- 
plications reported in the literature are one case of 
biliary tract stenosis and one cephalic pseudocyst. 29 

We believe that central pancreatectomy is a meticu- 
lous procedure with very precise applications, but one 
that yields good results in terms of lower mortality and 
morbidity compared to major resection techniques. 

Endocrine function was evaluated by means of the 
OGTT.  The  operation induced no change in glucose 
tolerance in any of our patients, as it did in the cases 
reported by Rotman et al. 6 and Ikeda et al.29 Asanuma 
et al. 7 reported one case of borderline glucose toler- 
ance after surgery, but values returned to within nor- 
mal range 3 6 months later. 

In contrast, pancreat icoduodenectomy and left 
splenopancreatectomy affect endocrine function in a 
substantial percentage of cases. 37-4s These data, how- 
ever, may have been affected by the pathology for 
which the operation was performed (tumor, chronic 
pancreatitis). A recent study by Kendall et al. 46 has 
shown that  in healthy donors of  pancreatic grafts, 
hemipancreatectomy resulted in a deterioration of in- 
sulin secretion and glucose tolerance 1 year after the 
operation. 

Alteration of exocrine function depends on the 
type of resection performed (pancreaticoduodenec- 
tomy or distal splenopancreatectomy) and the amount 
of pancreatic tissue removed. 37,39,44 Central pancre- 
atectomy, however, did not cause impairment of exo- 
crine function in our series or in those of other au- 
thors, 7,8 except in one case reported by Rotman et al. 6 
and two cases of  chronic pancreatitis reported by 
Ikeda et al. 29 

C O N C L U S I O N  

We believe that central pancreatectomy does have 
a place in pancreatic surgery; it is a reliable technique 
for treating benign or low-grade malignant tumors of 
the neck of the pancreas and its contiguous portions. 
It constitutes a valid alternative to major pancreatic 
resections. Central pancreatectomy can be used as a 
curative technique when properly applied with a sur- 
gical risk similar to that of standard procedures. The  
main advantage is it allows the surgeon to preserve 
more  of the pancreatic parenchyma along with the 

anatomy of  the upper  gastrointestinal tract, biliary 
tract, and spleen. 
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Discussion 
Dr. T. Gadacz (Augusta, Ga.). In managing these pa- 

tients, did you use octreotide to control any of  the compli- 
cations from the two ends of  the pancreas? 

Dr. C. Iacono. At our institution we do not use somato- 
statin prophylaxis. We use it with total parenteral nutrition 
only if a pancreatic fistula develops. 

Dr. A. Warsbaw (Boston, Mass.). We have had experi- 
ence with 10 of  these operations with almost identical indi- 

cations for the endocrine tumors and the cystic tumors. We 
tend to stent our anastomoses. We have had one fistula, 
which was from the head of  the gland that healed sponta- 
neously. Be advised that it might not be possible in all cases 
to determine whether the tumor is malignant at the time of  
the operation. One of  our neuroendocrine tumors was an 
insulinoma that we thought  was benign. There  was evi- 
dence of  vascular invasion on the final pathology report. 
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Subsequently that patient has not had a local recurrence but 
has developed liver metastases. So the operation, per se, ap- 
pears to have been adequate. 

D~. B. Langer (Toronto, Ontario, Canada). It may be a 
good operation but I have coneern about the real indica- 
tions. From one of your CT  scan slides, it appeared to me 
that there was a very small amount of tail that was going to 
be preserved. I am not convinced that the benefit of using 
this procedure rather than a distal pancreatectomy is worth 
the potential risk. In a couple of small series that we just 
heard about today, there were no deaths reported, but we 
know that the major problem in patients undergoing a 
pancreatic head resection is pancreatic fistula, pancreatitis, 
and death. There are some data suggesting that glucose tol- 
erance becomes abnormal; however, we have not yet quan- 
titated what that means to the patient in terms of the long- 
term risk of having a total left-sided pancreatectomy rather 
than a partial left-sided pancreatectomy. 

Dr. Iacono. The CT  scan slide that I presented shows 
only the lesion and not all the volume of the pancreatic 
body-tail, which has to be evaluated on the series of subse- 
quent scans. On the other hand, the amount of pancreatic 
parenchyma that is left is assessed intraoperatively, and the 
portion of body-tail must be at least 5 cm. 

I think that this operation has two goals: (1) to save the 
pancreatic parenchyma and (2) preserve the spleen. The re- 
suits in the literature regarding pancreatic insufficiency af- 
ter major pancreatic resections are controversial. Never- 
theless, three different studies have shown specifically en- 
docrine pancreatic insufficiency after distal pancreatectomy. 
The other aim is to preserve the spleen as its role has been 
shown by the effort to spare it after traumatic rupture. You 
are correct about the risk of pancreatic fistula; however, the 
mortality rate related to the fistula is presently very low and 
the treatment is mainly conservative. 



Intestinal Microcirculation and Gut Permeability 
in Acute Pancreatitis: Early Changes and 
Therapeutic Implications 
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Micbael Fromm, M.D., Norbert S.E Runkel, M.D., Heinz J. Bubr, M.D., EA.C.S. 

Translocation of bacteria from the intestine causes local and systemic infection in severe acute pancre- 
atitis. Increased intestinal permeability is considered a promoter of bacterial translocation. The mecha- 
nism leading to increased gut permeability may involve impaired intestinal capillary blood flow. The aim 
of this study was to evaluate and correlate early changes in capillary blood flow and permeability of the 
colon in acute rodent pancreatitis of graded severity. Edematous pancreatitis was induced by intravenous 
cerulein; necrotizing pancreatitis by intravenous cerulein and intraductal glycodeoxycholic acid. Six hours 
after induction of pancreatitis, the permeability of the ascending colon was assessed by the Ussing cham- 
ber technique; capillary perfusion of the pancreas and colon (mucosal and subserosal) was determined 
by intravital microscopy. In mild pancreatitis, pancreatic capillary perfusion remained unchanged (2.13 -+ 
0.06 vs. 1.98 + 0.04 nl-min-l.cap -1 [control]; P = NS), whereas mucosal (1.59 _+ 0.03 vs. 2.28 -+ 0.03 
nl.min-l.cap -1 [control]; P <0.01) and subserosal (2.47 _+ 0.04 vs. 3.74 + 0.05 nl-min-l.cap -1 [control]; 
P <0.01) colonic capillary blood flow was significantly reduced. Severe pancreatitis was associated with a 
marked reduction in both pancreatic (1.06 + 0.03 vs. 1.98 + 0.04 nl'min-ncap -1 [control]; P <0.01) and 
colonic (mucosal: 0.59 + 0.01 vs. 2.28 + 0.03 nl.min-l.cap -1 [control], P <0.01; subserosal: 1.96 _+ 0.05 
vs. 3.74 -+ 0.05 nl.min-l.cap -1 [control], P <0.01) capillary perfusion. Colon permeability tended to in- 
crease with the severity of the disease (control: 147 _+ 19 nmol.hr-l.cm 2; mild pancreatitis: 158 + 23 
nmol-hr-l.cm-2; severe pancreatitis: 181 _+ 33 nmol.hr-l.cm-2; P = NS). Impairment of colonic capil- 
lary perfusion correlates with the severity of pancreatitis. A decrease in capillary blood flow in the colon, 
even in mild pancreatitis not associated with significant protease activation and acinar cell necrosis or 
impairment of pancreatic capillary perfusion, suggests that colonic microcirculation is especially suscep- 
tible to inflammatory injury. There was no significant change in intestinal permeability in the early stage 
of pancreatitis, suggesting a window of opportunity for therapeutic interventions to prevent the later- 
observed increase in gut permeability, which could result in improved intestinal microcirculation. 
(J GASTROINTEST SURG 1998;2:518-525.) 

KEY WORDS: Acute pancreatifis, colon, microcirculation, permeability, bacterial translocation 

Death from acute pancreatitis occurs biphasically 
from two different causes) With in  the first week it is 
usually a consequence of  the systemic inf lammatory 
response syndrome,  which develops as an over- 
whelming reaction to proteases, cytokines, and other 
yet  unknown vasoactive mediators released at the on- 
set of  acute pancreatitis, whereas later death occurs 
largely as a result of  septic complications. 2,3 At pres- 
ent, septic complications have emerged as the major 
cause of  morbidi ty and mortality, and it has been rec- 

ognized that  patients with infected pancreatic and 
peripancreatic tissue have an increased risk of  devel- 
oping septic complications. 2,4-6 

T h e  bacteria identified in infected pancreatic tis- 
sue resemble common gastrointestinal flora and have 
been demonstrated to reach the pancreas by translo- 
cation from the gut.  4'7-9 The  mechanism leading to in- 
creased bacterial translocation is not  completely un- 
derstood but it is believed to involve (1) disturbances 
in the ecologic balance of  the gut microflora, (2) dis- 
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ruption of the local and the systemic immune system, 
and (3) alterations in the morphologic and/or func- 
tional integrity of the bowel wall. 1° In acute panere- 
atitis all these factors are present, and it has been 
shown that intravenous antibiotic prophylaxis, 11,12 se- 
lective decontamination of pathologic bacteria from 
the gnt ,  13'14 therapy with immunomodulators, is and 
stabilization of increased gut permeability 16 reduce 
pancreatic infections in experimental and human set-  
tings. The finding that intestinal permeability facili- 
tates bacterial translocation, which has also been ob- 
served in other diseases, 17 has prompted further re- 
search on the mechanism leading to increased gut 
permeability. The underlying hypothesis of the pres- 
ent study is that mierocirculatory disorders play an 
important role in the functional impairment of the 
colon in severe acute pancreatitis. Although the re- 
duction of pancreatic capillary blood flow has been 
shown to be a hallmark of severe acute pancreatitis 18,19 
and to occur despite stable cardiorespiratory function, 
colonic capillary blood flow has not yet been investi- 
gated. We speculated that the colon is also susceptible 
to microcirculatory disorders in early acute pancre- 
atitis and that there may be a correlation between 
colonic capillary blood flow impairment and increased 
colon permeability. To further substantiate this hy- 
pothesis, we measured capillary blood flow in the mu- 
cosal and subserosal (muscular) layer of the ascending 
colon by intravital microseopy and permeability in ad- 
jacent colon segments by means of the Ussing cham- 
ber technique in two well-established models of acute 
pancreatitis in the rat. 

MATERIAL A N D  M E T H O D S  

All experiments were conducted in accordance with 
the national guidelines for the care and use of labora- 
tory animals, and the experimental protocol was ap- 
proved by the Subcommittee on Research and Ani- 
mal Care of the Berlin Senate. 

Experiments were performed in 44 male Sprague- 
Dawley rats (350 to 400 g) housed individually in 
rooms maintained at 21 ° _ 1 ° C using a 12-hour dark 
cycle. The animals were given standard rat chow and 
fasted overnight with water allowed ad libitum prior 
to the experiment. Surgical anesthesia was induced 
with vaporized ether followed by intraperitoneal pen- 
tobarbital (20 mg/kg; Nembutal, Pharmazeutische 
Handelsgesellschaft, Garbsen, Germany) and intra- 
muscular ketamine (40 mg/kg; Ketanest, Parke, Davis 
& Company, Berlin, Germany). The right internal 
jugular vein and the left carotid artery were cannulated 
with catheters for blood sampling and blood pressure 
measurements as described elsewhere. 2° Both catheters 
were subcutaneously tunneled to the suprascapular 

area and brought out through a steel tether to monitor 
the unrestrained animal. Animals received continuous 
ketamine (2.5 mg.kg-l.hr -1) for analgesia. 

Induction of Pancreatitis and 
Experimental  Protocol 

Edematous acute pancreatitis was induced in 12 
rats by an intravenous infusion of 5 p~g'kg-l-hr -1 
eerulein (Farmitalia, Freiburg, Germany) over 6 
hours. Necrotizing acute pancreatitis was induced in 
12 animals using the same procedure superimposed 
on a standardized infusion of 10 mmol/L glycodeoxy- 
cholic acid (GDOC; Sigma, St. Louis, MoO into the 
biliopancreatic duct after clamping the hepatic duct 
as described elsewhere. 21 As an innovation of this 
technique, a special infusion pump (model 770, Ivae 
Corp., San Diego, Calif.) was used for volume (1.25 
ml/kg)-, pressure (30 ram Hg)-, and time (10 min- 
utes)-controlled intraductal GDOC infusion. Twelve 
sham-operated animals (intraductal and intravenous 
saline infusion) served as a control group. A continu- 
ous intravenous infusion of 2 ml-kg-l.hr -1 Ringer's 
solution was given to all animals during the first 6 
hours .  

After acute pancreatitis induction (or sham opera- 
tion), six animals per group were randomly assigned 
to one of two experimental procedures. The first set 
of animals were killed, and a segment of the ascending 
colon was excised and mounted in a Ussing chamber 
to determine colon permeability. The pancreas was 
fixed for histologic examination. In the second set of 
experiments, animals underwent laparotomy to quan- 
tify pancreatic and colonic capillary blood flow by in- 
travital microscopy. 

Quantification of Colon Permeability 

Electrophysiologic experiments for determining 
colon permeability were performed in Ussing cham- 
bers as described previously. 22-24 A segment of the as- 
cending colon was harvested, opened along the 
mesenteric border, and washed in cool medium to re- 
move the luminal contents. The serosal side of the tis- 
sue was glued (Histoacryl, B. Braun AG, Melsungen, 
Germany) on a plastic ring (inside diameter 9 ram, 
outside diameter 11 ram) and inserted between the 
two halves of a Ussing-type chamber. Sealing was 
provided at a diameter of 6 mm by soft silicone rubber 
seals? 2 Effective chamber area was of 0.28 cm 2. 

The bathing fluid consisted of the following (in 
retool/L): Na + 140.5, K + 5.4, Ca 2+ 1.2, Mg e+ 1.2, 
C1- 123.8, HCO 3- 21, HPO42- 2.4, H2PO4- 0.6, 
D(+)-glucose 10, j3-hydroxy-butyrate 0.5, glutamine 
2.5, and D(+)-mannose 10. A combination of 50 
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mg/L azlocillin (Securopen, Bayer AG, Leverkusen, 
Germany) and 10 mg/L imipenem (Zienam, MSD 
Sharp & Dohme, Munich, Germany) was added to 
the bathing solutions, which was found to be most 
effective against bacterial growth in the course of 
this study. Solutions were gassed with a mixture of 
95% oxygen and 5% carbon dioxide and had a pH 
of 7.4. All Ussing chamber experiments were per- 
formed at 37 ° C. Unidirectional 3H-mannitol flux 
studies from mucosa to serosa were performed un- 
der short circuit conditions. Mannitol flux as a para- 
meter of colonic permeability was calculated using 
a standard formula. 

Quantification of Pancreatic and 
Colonic  Capillary Blood Flow 

Animals were reanesthetized with intravenous ke- 
tamine and pentobarbital and placed on a warming 
tray to maintain body temperature at 37 ° -+ 1 ° C. The 
abdominal incision was reopened, and the ascending 
colon was gently exteriorized, fixed with four sutures 
on a Plexiglas slide, and continuously moistened with 
Ringer's solution at 37 ° _+ 1 ° C. After determination 
of subserosal (muscular) colonic capillary perfusion, 
the colon was opened at the antimesenteric border 
with a microscissors. Special care was taken to avoid 
any bleeding or mechanical damage to the mucosa. 
Subsequently capillary perfusion of the colonic mu- 
cosa was assessed opposite the incision line. 

To determine pancreatic capillary blood flow, the 
duodenum with the head of the pancreas was exteri- 
orized and placed in an immersion chamber contain- 
ing Ringer's solution maintained at 37 ° _+ 1 ° C by a 
feedback-controlled heating system. 

Pancreatic and colonic capillary blood flow was 
quantified by intravital microscopy according to the 
methods described by Mith6fer et al. 25 Homologous 
erythrocytes were labeled with fluorescein isothio- 
cyanate (FITC isomer I; No. F-7250, Sigma Chemical, 
Deisenhofen, Germany). All animals received an in- 
travenous injection of 0.5 ml/kg FITC-labeled eryth- 
rocytes (hematocrit 50%) and were allowed to stabi- 
lize for at least 30 minutes. The animals were placed 
under a fluorescence microscope (Leitz, Wetzlar, 
Germany). Epi-illumination was achieved with a 
short-arc xenon lamp (XBO 100W/2, Osram, Berlin, 
Germany) in the presence of a heat-protecting and an 
excitation (450 to 490 nm) filter. Ten different regions 
(each 400 x 325 Ixm) of the colonic mucosa, colonic 
subserosa, and the pancreas were analyzed, each with 
an average number of 25 -+ 5 capillaries. The micro- 
scopic image was transferred to a monitor by video 
camera (model CCD-4810; Cohu Inc., San Diego, 

Calif.) and recorded on standard VHS video tape 
(Panasonic AG 7350; Panasonic Broadcast Deutsch- 
land, Wiesbaden-Biebrich, Germany) for subsequent 
analysis. 

Off-line analysis of video recordings was per- 
formed in a blinded fashion by an independent ob- 
server. Blood flow in each capillary was calculated by 
correlating the number of passing labeled erythro- 
cytes with the labeled fraction of capillary hemat- 
ocrit.25 The concentration of fluorescent erythrocytes 
per unit of arterial blood was measured in all animals 
at the time of each video recording by counting them 
in 50 different fields of a Neubauer chamber. Since 
previous capillary studies described a capillary/sys- 
temic hematocrit ratio of 0.76 for pancreas-sized cap- 
illaries, 26 capillary hematocrit could be calculated by 
multiplying systemic hematocrit by 0.76. 

His topa tho log ic  Analysis 

Histopathologic analysis of the pancreas was per- 
formed according to a scoring system as described 
previously. 27 Briefly, the entire pancreas was removed 
and fixed in 10% buffered formalin in anatomic ori- 
entation. The  organ was divided into a duodenal 
(pancreatic head) and a splenic (pancreatic tail) seg- 
ment; each portion was embedded in paraffin, and a 
longitudinal section through each of the two parts was 
stained with hematoxylin and eosin. Morphometric 
documentation of acinar necrosis was obtained by 
mapping the entire surface of the pancreas into 20 
geographic fields and evaluating each field separately. 
The histopathologic evaluation was performed by a 
pathologist who had no knowledge of the experimen- 
tal protocol. 

Systemic H e m o d y n a m i c  and 
Laboratory Parameters 

Mean arterial pressure was continuously monitored 
during intravital microscopy with an electronic 
sphygmomanometer (Hellige GmbH, Freiburg, Ger- 
many). Six hours after induction of pancreatitis (or 
sham operation), hematocrit was measured and blood 
samples were taken for determination of arterial 
blood gases (IL 1610; Instrumentation Laboratory, 
Kirchheim, Germany). 

Trypsinogen activation peptides (TAP) are gener- 
ated when inactive trypsinogen is cleaved and con- 
verted to active trypsin. TAP levels have been shown 
to correlate with acinar necrosis and death in our 
model. 2s Therefore TAP in plasma was measured ac- 
cording to the method of Hurley et al. 29,3° to confirm 
the homogeneity of disease severity within the exper- 
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imental groups in all animals 6 hours after pancreati- 
tis induction or sham operation. 

Exclus ion Cri te r i a  

Animals were excluded from the study when one 
of  the following criteria was present: surgical trauma 
to the preparation as described previously 31 and/or 
cardiorespiratory derangement as indicated by mean 
arterial pressure <80 mm Hg, pco2 >50 mm Hg, po2 
<80 mm Hg, or p H  <7.3 or >7.5 at any point during 
the experiment. Eight animals were excluded accord- 
ing to these criteria. The  remaining 36 animals were 
entered into the statistical analysis. 

Stat is t ical  Analysis  

Data are presented as means _ standard error of  
the mean. Continuous variables were tested for group 
differences by a one-way analysis of  variance. A 5% 
probability of type I experimental error (P ---0.05) was 
accepted for statistical significance. 

R E S U L T S  
H e m o d y n a m i c  and L a b o r a t o r y  Parameters  

Mean arterial pressure and arterial blood gases 
measured 6 hours after pancreatitis induction or sham 
operation, respectively, confirmed a stable cardiores- 

piratory condition in all animals included in the study 
(Table 1). 

H i s topa tho logy ,  P r o t e a s e  Act ivat ion,  
and Hematocr i t  

Animals with mild edematous pancreatitis had sig- 
nificandy higher hematocrit values in comparison to 
healthy control rats. Increases in plasma TAP and aci- 
nar cell necrosis were not  statistically significant. An- 
imals with severe necrotizing pancreatitis showed a 
significant increase in all target parameters (Table LO. 

Pancreatic  Capillary Blood F low (Fig. 1) 

Rats with mild edematous pancreatitis, demon- 
strated pancreatic capillary blood flow that was 
slightly but not statistically significantly increased as 
compared to healthy control animals (2.13 -+ 0.06 vs. 
1.98 - 0.04 nl-min-l.cap-1; P = NS). Severe necro- 
tiring pancreatitis was associated with a significant re- 
duction in pancreatic capillary blood flow (1.06 -+ 
0.03 nl'min-1"cap-1). 

Colonic  Capillary Blood Flow (Fig. 1) 

Subserosal capillary blood flow was significantly re- 
duced in animals with edematous (2.47 -+ 0.04 vs. 
3.74 -+ 0.05 nl 'min- l 'cap -1 [control]; P <0.01) and 

Table I. Mean arterial pressure and arterial blood gases 6 hours after pancreatitis induction 
or sham operation (control) 

Control Edematous AP Necrotlzing AP 

MAP (mm Hg) 130 -+ 4 120 -+ 8 128 - 4 
pH 7.40 -+ 0.03 7.41 - 0.02 7.44 _+ 0.02 
po2 (mm Hg) 100 -+ 5 108 + 10 110 + 8 
pco2 (mm Hg) 39 -+ 4 42 +- 2 40 _+ 3 

MAP = mean medal pressure; AP = acute pancreatitis. 

Table II. Acinar cell necrosis, trypsinogen activation peptides, and hematocrit 6 hours 
after pancreatitis induction or sham operation (control) 

Control Edematous AP Necrotizing AP 

Necrosis 0.3 - 0.1 0.6 -+ 0.1 1.7 _+ 0.2* 
Trypsinogen activation 0.2 -+ 0.05 0.4 -+ 0.1 2.8 -+ 0.2* 

peptides (nmol/L) 
Hematocrit (%) 47.8 -+ 0.9 54.3 -+ 0.9t 57.3 +- 1.6t 

*P <0.01 necrotizing vs. edematous acute pancreatitis (AP). 
tP <0.01 vs. control. 
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Fig. 1. Capillary blood flow (CBF) of the pancreas and the colonic mucosa and subserosa 6 hours after 
induction of acute pancreatitis (AP) or sham operation (control). Pancreatic CBF remained unchanged in 
mild edematous AP, whereas mucosal and subserosal colonic CBF were significantly reduced. Severe 
necrotizing AP was associated with a reduction in both pancreatic and colonic CBF and a more pro- 
nounced reduction in colonic mucosal CBF than in subserosal CBE * = P <0.01 vs. control; t = P 
<0.01 necrotizing vs. edematous AP. 

nmol/h/cm 2 rco ,ro, I Edematous AP 
200 Necrotizing AP 

180 

160 

140 

120 

100 

Mannitol flux Colon 

Fig. 2. Colon permeability (mannitol flux J~_~) 6 hours after acute pancreatitis (AP) or sham operation 
(control). J ~  tended toward increased permeability in animals with pancreatitis. Differences were not sta- 
tistically significant. 

necrotizing (1.96 + 0.05 vs. 3.74 + 0.05 
nl .min-l-cap -1 [contro]; P <0.01) pancreatitis. The  
decrease in subserosal capillary blood flow was signif- 
icandy more pronounced in necrotizing as compared 
to edematous acute pancreatitis (P <0.05). The  same 
observations were made for the colonic mucosa (con- 
trol: 2.28 +_ 0.03 nl .min- l .cap-1;  edematous acute 
pancreatitis: 1.59 _+ 0.03 nl.min-~.cap-1; necrotizing 
acute pancreatitis: 0.59 __+ 0.01 nl .min- l .cap-1;  P 

<0.01 between all groups). In necrotizing acute pan- 
creatitis, the reduction in mucosal capillary blood flow 
was more  pronounced  than that  in the subserosa 
(74.1% vs. 47.6%; P <0.01). 

C o l o n  P e r m e a b i l i t y  (Fig. 2) 

Paracellular permeabili ty of the colon from the 
mucosal to the serosal side of the tissues, as indicated 
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by mannitol flux J ~ ,  tended toward increased per- 
meability in animals with pancreatitis (control: 147 _+ 
19 nmol.hr-l.cm-2; edematous pancreatitis: 158 _+ 23 
nmol'hr-l .cm-2; severe pancreatitis: 181 _+ 33 
nmol'hr-l'cm-2). Differences did not reach statistical 
significance. 

DISCUSSION 

Secondary pancreatic infection and subsequent 
septic complications have emerged as the major 
causes of morbidity and mortality in severe acute pan- 
creatitis. 2 Bacteria isolated from infected pancreatic 
tissue resemble common gastrointestinal flora, sug- 
gesting that they reach the pancreas by translocation 
from the gut. 3-5 The mechanisms leading to bacterial 
translocation are not completely understood and may 
involve (1) disturbed enteric bacterial ecology with 
subsequent overgrowth of facultative pathogenic bac- 
teria, (2) impaired local and systemic host immune de- 
fense, and (3) injured integrity of the gut mucosa, re- 
sulting in compromised intestinal barrier func- 
tion. 5,1°,32 All these factors are involved in severe acute 
pancreatitis. Consequently there have been numerous 
experimental and clinical efforts aimed at improving 
these disorders. Early intravenous antibiotic prophy- 
laxis could reduce infectious complications in patients 
with necrotizing pancreatitis.11,12 Selective decontam- 
ination of the gut with orally administered nonab- 
sorbable antibiotics has been shown to prevent bacte- 
rial overgrowth, reduce the incidence of pancreatic 
in fec t ion ,  13'14 and improve survival in patients with se- 
vere acute pancreatitis.14 Interleukin- 10 averted the 
lethal course of nerotizing pancreatitis in mice ,  33 tu -  
m o r  necrosis factor antibody improved survival and 
ameliorated the pathophysiologic sequelae in rodents 
with severe acute pancreatitis, 34 and levamisol reduced 
pancreatic infections in a cat model of acute pancre- 
atitis. 15 

Efforts to stabilize impaired integrity of the gut 
mucosa have been hampered by the fact that the func- 
tional components of gut integrity are not known. 
Ryan et al. 35 were the first to demonstrate increased 
gut permeability as one possible factor for intestinal 
barrier failure in acute pancreatitis. Using the same 
models of edematous and necrotizing pancreatitis as 
applied herein, they found increased gut permeabil- 
ity for the macromolecule polyethylene glycol, which 
correlated with disease severity, and they speculated 
that these changes were due to direct injury of the 
mucosa by inflammatory mediators such as tumor 
necrosis factor or interleukin-1 leaking from mucosal 
capillaries. However, they did not find any inflamma- 
tory changes in the bowel wall on light or electron 
microscopy. This led us to the hypothesis that it is 
probably a systemic vascular effect or microcircula- 

tory disturbance secondary to vasoactive mediators 
that causes functional impairment of mucosal in- 
tegrity. 

To our knowledge this is the first study to evaluate 
colonic capillary blood flow in acute necrotizing pan- 
creatitis by intravital microscopy, differentiating be- 
tween mucosal and subserosal capillary blood flow. 
The term subserosal capillary blood flow describes 
the capillary perfusion in the longitudinal and trans- 
verse capillaries of the two muscle layers of the 
colon. 36 To correlate microcirculation with perme- 
ability, we simultaneously assessed the permeability of 
the colonic wall by measuring mannitol flux in a mod- 
ified Ussing chamber, which is a well-established 
method for studying transport across flat epithelia. 17,22 

Our results demonstrate that impairment of colonic 
capillary blood flow occurred early in our model of 
acute pancreatitis and correlated with disease sever- 
ity. Microcirculatory changes were not due to an al- 
teration of systemic arterial pressure, since all animals 
included in the study maintained a stable cardiorespi- 
ratory condition. A reduction in colonic capillary 
blood flow was even observed in mild edematous pan- 
creatitis not associated with significant protease acti- 
vation, acinar necrosis, or impaired pancreatic capil- 
lary blood flow. In necrotizing pancreatitis, the re- 
duction in capillary blood flow was more pronounced 
in the mucosa (74% reduction) than in the subserosal 
colonic layers (48% reduction) or the pancreas (46% 
reduction). These data imply that colonic microcir- 
culation, especially of the mucosa, is particularly vul- 
nerable in early acute pancreatitis. This agrees with 
the observations of Andersson et al., 37 who proposed 
that the colon may be the most susceptible part of the 
gastrointestinal tract in acute pancreatitis, resulting in 
a spectrum of morphologic changes ranging from 
pericolitis to ischemic necrosis of the colon. 3s-4° 

The colons of animals with severe acute pancreati- 
tis tended toward increased permeability (see Fig. 2). 
Differences between the three groups 6 hours after in- 
duction of acute pancreatitis did not, however, reach 
statistical significance. In contrast to our findings, 
Ryan et al. 35 described significantly increased perme- 
ability for macromolecules in the same model of acute 
pancreatitis after 24 hours, suggesting that the increase 
in colon permeability develops over a period exceed- 
ing the 6-hour observation period of the present ex- 
periment. This is in accordance with the observations 
of Andersson et  al., 37 who studied intestinal perme- 
ability for radiolabeled albumin in another rat model 
of (less severe) acute pancreatitis and found that an in- 
crease in mucosal permeability in the colon begins 6 
hours after induction of pancreatitis. In additional ex- 
periments assessing colon permeability and capillary 
blood flow after 24 hours, we found a further increase 
in colon permeability (thereby confirming the results 
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and conclusions discussed earlier), whereas there was 
a significant improvement in mucosal capillary blood 
flow compared to the values assessed at 6 hours (but 
blood flow was still significantly decreased as com- 
pared to healthy control animals). Our finding that a 
reduction in colonic capillary blood flow precedes in- 
creased permeability (and subsequent bacterial trans- 
location) also agrees with the bacteriologic data ob- 
tained from the same model, that is, vital bacteria in 
the pancreas were never found earlier than 12 hours 
after induction of pancreatitis. 41 

The hypothesis that the reduction of colonic capil- 
lary blood flow is an important contributor to in- 
creased gut permeability (thereby promoting bacterial 
translocation) and our observation that it precedes in- 
creased gut permeability are intriguing because they 
open up a new opportunity for therapeutic interven- 
tions aimed at stabilizing gut integrity by improving 
impaired mucosal capillary blood flow. Klar et al. 42 
have previously demonstrated that isovolemic he- 
modilution and infusion therapy with dextran signif- 
icandy increased pancreatic capillary blood flow, lim- 
ited the spread of pancreatic necrosis, and improved 
survival in experimental acute pancreatitis. We con- 
cluded that this beneficial effect, also seen in patients 
with severe acute pancreatitis, 43 was due to the im- 
proved capillary perfusion in the pancreas and the 
subsequent limitation of pancreatic necrosis. In light 
of  the present results and a recent report by Banks et 
al., 44 who could not confirm the correlation between 
pancreatic necrosis and outcome in a series of 47 pa- 
tients, it is also conceivable that the beneficial action 
of dextran is due to its effect not only on pancreatic 
but also on colonic capillary blood flow. Further ex- 
perimental work is warranted to determine whether 
an improvement in colonic capillary blood flow, that 
is, by infusion therapy with dextran or other colloids, 
reduces increased intestinal wall permeability and 
subsequent bacterial translocation. Second, the mech- 
anisms leading to microcirculatory disorders in acute 
pancreatitis need to be investigated further, including 
analysis of  the role of vasoactive mediators such as 
bradykinin, 4s platelet-activating factor, and endo- 
thelin. 46 

In summary, we have shown that a significant re- 
duction in colonic capillary blood flow, most pro- 
nounced in the mucosa, occurs early in acute pancre- 
atitis, correlates with the severity of the disease, and 
precedes the development of increased intestinal wall 
permeability. A reduction in colonic capillary blood 
flow, even in mild pancreatitis not associated with sig- 
nificant protease activation, acinar cell necrosis, or 
impaired pancreatic capillary perfusion, suggests that 
colonic microcirculation is particularly vulnerable in 
acute pancreatitis. Our hypothesis that improving im- 

paired colonic capillary blood flow may stabilize the 
impaired gut barrier in severe acute pancreatitis, 
thereby reducing bacterial translocation and sec- 
ondary pancreatic infection, is intriguing and warrants 
further evaluation. 

We thank Mrs. Birgit Hotz and Mrs. Anja Fromm for their excel- 
lent technical assistance. We dedicate this publication to Stefan Hotz 
for his steadfast guidance. 
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Pancreatic Polypeptide Islet Cell Tumor: 
Case Report and Review of the Literature 

Charles Bellows, M.D., Salima Haque, M.D., Bernard Jaffe, M.D. 

Pure pancreatic polypeptide-containing tumors (PPomas) are quite rare. Only 20 cases have been de- 
scribed. In this article we report a 75-year-old woman with such an endocrine islet cell tumor. The pa- 
tient had no specific symptoms that could be ascribed to the tumor. An abdominal CT scan revealed a 3 
cm soft tissue mass arising inferiorly from the tail of the pancreas. Local resection by way of a distal pan- 
createctomy was performed. A well-circumscribed hemorrhagic multiloculated mass, 3.7 cm in greatest 
dimension, was present in the tail of the pancreas. The patient has remained well and tumor free for the 
past 22 months. The endocrine characterization of the tumor was achieved by means of immunohisto- 
chemical analysis. Staining specific for insulin, ghicagon, somatostatin, and gastrin was negative. In con- 
trash staining of the tumor for pancreatic polypeptide was strongly positive. A number of nonfunction- 
ing islet cell tumors of the pancreas have been described. The lack of fimction has previously been sug- 
gested to indicate the lack of secretion of an endocrine product. This report documents that islet cell tu- 
mors may function by secreting pancreatic polypeptide but not cause symptoms. (J GASTROINTEST SURG 
1998;2:526-532.) 

KEY WORDS: Pancreatic polypeptide, islet cell tumor, pancreatic endocrine tumor 

Pancreat ic  polypept ide (PP) was discovered 
serendipitously nearly three decades ago. 1 However, 
very little is known about its physiologic function or 
the clinical implications of  elevated circulating levels 
of  PP. H u m a n  pancreatic polypeptide (hPP) is com- 
posed of  36 amino acids. It has been localized within 
distinct cells in the islet of  Langerhans  of  the pan- 
creas, the F cells that  store and secrete PP into the 
bloodstream. 2 Histologically, F cells are abundant in 
the head and uncinate process of  the pancreas. 2,3 

T h e  release of  hPP  from the normal  pancreas is 
mediated by the cholinergic nerve fibers that inner- 
vate the pancreas. Plasma levels of this linear polypep- 
tide have been shown to increase after a meal, with 
increasing age, in chronic renal failure, and in patients 
with islet cell tumors. 4-7 

Neoplasms or iginat ing in islet cells c o m m o n l y  
contain more than one type of  endocrine cell. PP is 
most  commonly  associated with vasoactive intestinal 
polypeptide-containing tumors (VIPomas) and glu- 
cagonomas7; however, endocrine tumors composed 
ent irely of  hPP  immunoreact ive  cells (i.e., pure 
PPomas) are very rare. Pure PPomas are still enig- 
matic, since no distinct clinical symptoms have been 
solely ascribed to the presence of this neoplasm. This  

report describes a patient with an asymptomatic pure 
PPoma and reviews the world experience with this tu- 
mor. 

C A S E  R E P O R T  

A 75-year-old African-American woman was first seen 
with complaints of left flank and abdominal pain of 2 days' 
duration. She stated that the pain was nonradiating and col- 
icky in nature. The patient also admitted to nausea, vomit- 
ing, and inability to eat. However, she denied having diar- 
rhea, fever, chills, clay-colored stools, dark urine, or stea- 
torrhea. Her medical history was significant for microhe- 
maturia, abnormal urine cytology, and filling defects in- 
volving the upper poles of both kidneys. One week prior to 
admission, she had undergone CT imaging of the abdomen 
as part of a urologic workup. This imaging study revealed 
bilateral renal calculi with a large nonobstructive calculus 
within the left renal pelvis as well as bilateral parapelvic and 
parenchymal renal cysts. Interestingly, however, a 3 cm soft 
tissue mass arising inferiorly from the tail of the pancreas 
was also serendipidously identified (Fig. 1). 

On admission, the physical examination revealed a thin 
female in no acute distress. She was significantly dehydrated 
with marked left costovertebral angle tenderness. No sig- 
nificant lymphadenopathy was noted. 
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Fig. 1. Contrast-enhanced images demonstrate a 3 cm soft tis- 
sue mass arising from the tail of the pancreas inferiorly (arrow). 
No significant para-aortic lymphadenopathy is identified. 

Fig. 2. Partial pancreatectomy specimen consisting of the 
body and tail of the pancreas. A single well-demarcated hem- 
orrhagie mass, 3.7 cm in greatest dimension, is present in the 
tail of the pancreas. Note that the tumor is multiloculated with 
a well-defined capsule (arrow). 

A B 

Fig. 3. Histologic appearance of the pancreatic endocrine tumor showing the neoplasm to be composed 
of small cells with centrally placed round to slightly elongated hyperchromatic nuclei. A, Tumor has a 
solid growth pattern with a vascular stroma (arrow). B, Other areas of the tumor have a gyriform growth 
pattern with ribbons of tumor cells separated by vascular stroma. Note the normal pancreas and pan- 
creatic islet (arrow) on the right side. (Hematoxylin and eosin stain; magnification ×350.) 

Significant laboratory data included a creafinine level of 
1.6 mg/dl (normal 0.6 to 1.0 mg/dl) and an alkaline phos- 
phate level of 142 U/L (normal 40 to 120 U/L). Aspartate 
aminotransferase and alanine aminotransferase levels were 
all normal as were total bilirubin, serum albumin, hemat- 
ocrit, leukocyte and platelet counts, serum electrolytes, and 
coagulation studies. Urinalysis revealed only moderate oc- 
cult blood with nine red blood cells and two white blood 
cells per high-power field. Nitrates, leukoesterase, and bac- 
teria were absent. Endoscopic ultrasound examination con- 

firmed the presence of a hypereehoic complex mass in the 
region of the body and tail of the pancreas. 

An exploratory eeliotomy was performed and a 3 cm 
solid mass was identified in the tail of the pancreas. Distal 
pancreatectomy and splenectomy were performed with a 
3 can margin of normal pancreas. Further exploration of the 
abdomen revealed no evidence of metastatic disease. No 
lymph nodes were involved with the tumor. The postoper- 
ative course was uneventful, and the patient has remained 
well and tumor free for the past 7 months. 
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Fig. 4. Chromogranin, an immunohistochemical marker for neuroendocrine diferentiafion, strongly 
staining the endocrine tumorlet found away from the main tumor mass. Note that the normal pancreas 
islets are also positive for the stain (arrow). (Immunoperoxidase staining; magnification x 175.) 

Fig. 5. Immunohistochemical staining for PP strongly and dif- 
fusely staining the tumor cells. (Immunoperoxidase staining; 
magnification x 175.) 

Her most recent serum PP level, after removal of the 
tumor, was 162 pg/ml. The age-matched normal range of 
serum PP is less than 332 pg/ml. Serum PP levels are to be 
checked on a regular basis. 

H i s t o p a t h o l o g i c  E x a m i n a t i o n  

T he  partial pancreatectomy specimen consisted of 
the body and tail of the pancreas measuring 13 x 5.2 
x 2.7 cm. A well-circumscribed hemorrhagic multi- 
loculated mass, 3.7 cm in greatest dimension, was pres- 
ent in the tail of the pancreas (Fig. 2). Microscopically 

the neoplasm was an endocrine tumor with a very vas- 
cular stroma. It had a well-defined capsule and was 
made up of small cuboidal to slightly elongated cells 
with round nuclei and clear to eosinophilic cytoplasm. 
The  tumor cells were arranged in various patterns, a 
characteristic feature of islet cell tumors. These in- 
cluded solid, ribbon-like or gyriform, and glandular 
growth patterns (Fig. 3). A single separate micro- 
scopic focus of endocrine tumor, which may represent 
a second primary tumor, was present in the tail of the 
pancreas several centimeters away from the primary 
tumor mass (Fig. 4). Multiple islet cell tumors are rel- 
atively common, so this is not  an unexpected finding. 
Results of immunohistochemical staining specific for 
insulin, glucagon, somatostatin, and gastrin were neg- 
ative. However, staining for pancreatic polypeptide 
was strongly positive in the main tumor mass (Fig. 5) 
as well as the tumorlet (see Fig. 4). 

D I S C U S S I O N  

Isolation and characterization of a contaminant  
found during the purification of avian insulin resulted 
in a new 36 amino acid straight-chain polypeptide 
with a molecular weight of 4240 daltons, 1,8 avian pan- 
creatic polypeptide. Six years later, Chance and Jones 9 
isolated and sequenced a homologous linear polypep- 
tide from the human pancreas. 

hPP is produced in F cells of the islets of Langer- 
han, 2 which are located on the periphery of the islets. 
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The full spectrum of physiologic actions of PP re- 
mains incompletely defined. To date, circulating PP 
has been shown to induce a general splanchnic vaso- 
constriction 1° and exert an inhibitory effect on pan- 
creatic and biliary secretions in humans. 11 Other ef- 
fects include stimulation of gastric motility in rats. 12 

Recent studies in animals have shown that blood- 
borne PP crosses the blood-brain barrier and acts on 
PP receptors, resulting in both a feedback inhibition 
of pancreatic secretion and activation of gastric motil- 
ity via vagal-dependent p a t h w a y .  12-15 Additional PP 
receptors have been discovered on rat hepatic mem- 
branes; however, the functional significance of these 
receptors is unknown. 16 

Secretion ofhPP from normal pancreatic islet cells 
is governed by nutrient, neural, and hormonal factors. 
Ingestion of a meal, primarily one rich in protein, is a 
potent stimulus for hPP release. 4 Cholinergic fibers 
directly mediate this response and muscadnic recep- 
tor blockade inhibits it. Hormonal stimulation also 
plays a role in hPP release. Infusion of cholecys- 
tokinin and secretin results in a substantial increase in 
plasma levels of hPP during fasting. 4 

There are a number of conditions that cause ele- 
vation in circulating levels of hPP including increased 
age, 5 alcohol abuse, 17 consumption of laxatives, is duo- 
denal ulcers, 19 medications (e.g., erythromycin, cis- 
apride), 2°,21 chronic renal failure, 6 diabetes mellitus, 
and insulin-induced hypoglycemia. 22 

Unlike other islet cell tumors, in which elevated 
levels of insulin, glucagon, somatostatin, and VIP are 
heralded by definite clinical symptoms, no striking 
physiologic characteristics have been ascribed to ele- 
vated levels of plasma PE In fact, the majority of tu- 
mors that secrete hPP are considered clinically non- 
functional. Because of its silent nature, the diagnosis 
of PPoma is elusive and rarely made preoperatively. 
The definite diagnosis of an authentic pure PPoma 
can only be made by immunohistochemical analysis 
of the tumor. 

Immunohistochemical analysis of our patient's tu- 
mor revealed positive staining for pancreatic polypep- 
tide, whereas staining for giucagon, insulin, somato- 
statin, and gastrin was negative. Several studies have 
shown a good association between pancreatic tumors 
that contain a high concentration of VIP and the 
presence of watery diarrhea (Verner-Morrison syn- 
drome or W D H A  s y n d r o m e ) .  23,24 Thus, in the ab- 
sence of severe watery diarrhea and hypokalemia, the 
possibility of VIPoma was excluded. 

Review of the literature has revealed only 10 other 
documented cases of pancreatic islet cell tumors 
that display solely PP immunoreactivity (Table I). 
In addition, Heitz et al. 32 reported 10 endocrine tu- 
mors composed entirely of immunoreactive PP 

cells but provided no clinical data concerning these 
patients. On the other hand, Welbourn et al. 33 men- 
tioned the "pure PPomas" among 79 tumors. How- 
ever, since no specific immunocytochemical infor- 
mation was reported, they were not included in our 
table. 

The vast majority of PPomas are found within the 
pancreas. However, a few cases of neoplasms harbor- 
ing hPP cells have been described in other organs in- 
cluding the liver, 34 papilla of Vater with duodenal wall 
involvement, 3s and stomach. 36 

PP islet cells (or F cells) are relatively abundant in 
both the murine ventral and dorsal pancreatic buds by 
day 15.5 of gestation) 7 Subsequently, at day 18.5 of 
gestation, the total number of PP cells in the ventral 
bud has doubled, whereas the number in the dorsal 
bud has essentially remained unchanged. 3y This non- 
homogeneous distribution of PP cells can also be seen 
in the human neonate. Indeed, PP cells are consider- 
ably more numerous in the posterior-inferior (unci- 
nate) part of the head region (ventral bud) than in the 
body and tail and superior head of the pancreas (dor- 
sal bud). 3s This anatomic distribution of PP cells is 
also present in the adult human pancreas, z,3 

Based on these findings, it is not surprising that 
Howard et al.39 confirmed that PP-secreting islet cell 
tumors tended to have a predilection for the regions 
of the pancreas rich in F cells. Nevertheless, the islet 
cell tumor described in this study originated in the 
pancreatic tail, a site where the F cells are scarce. At 
least six other cases of pure PPomas (see Table I) have 
also been reported to arise from this region of the 
pancreas. 

Patients affected with pure PPomas have presented 
with such atypical tumor symptoms as abdominal 
pain, 2s,31 skin rash, 29 weight lOSS, 25'27 and the WDHA 
syndrome. 26 The patients have ranged in age from 20 
to 67 years (mean 54 years). A few have occurred as 
part of the multiple endocrine neoplasia, MEN- l ,  
syndrome, 27 but the majority of tumors are sporadic. 
Benign tumors are more frequent; however, malig- 
nancy, as defined by the presence of metastatic dis- 
ease, has been reported, zs-3x 

It has been estimated from the reported cases that 
excessive hPP secretion into the peripheral blood 
does not cause any life-threatening metabolic or clin- 
ical consequences. However, the malignant tendency 
for these tumors has not yet been defined. Thus the 
appropriate treatment for patients with islet cell tu- 
mors is surgical resection. Pancreatectomy with en 
bloc lymphadenectomy can be curative in many cases, 
even in the face of lymph node metastases from islet 
cell tumors. 27 Although the presence of metastatic foci 
is associated with a worse prognosis, long-term sur- 
vival is possible when the patients are suitably man- 
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aged. In  patients who are poor  operative candidates, 
or  pat ients  with advanced or  nonresect ib le  disease, 
nonope ra t ive  m a n a g e m e n t  wi th  specific pha rma-  
cotherapy or rumor  embolization may be useful)  6,4°,41 
Moer t e l  et  al. 42 repor ted  that  s t reptozocin  alone or  
combined with fluorouracil  is beneficial. 

N o n f u n c t i o n a l  pancrea t ic  tumors  should be re-  
moved regardless of  the plasma PP  levels. T h e  finding 
o f  elevated PP  levels, as compared  to levels in age- 
matched subjects, only serves to confirm the diagno- 
sis. However ,  plasma levels within the normal  range 
do no t  exclude the presence of  this endocrine tumor.  
T h e r e f o r e  the preoperat ive determinat ion o f  plasma 
h P P  levels has l imited clinical utility. Moreover ,  no  
correlat ion has ever been conclusively demonstra ted 
between plasma hPP  concentrat ions and resectability 
or clinical outcome.  O n  the o ther  hand, once the di- 
agnosis of  P P oma  is made and t rea tment  is achieved, 
plasma hP P  levels should be moni tored.  Resurgence 
o f  plasma levels o f  hPP  after t umor  excision should 
be regarded as evidence of  the recrudescence of  the 
disease. 4° Increased basal hPP  concentrat ion after sur- 
gical excision o f  the tumor  may also reflect ei ther  in- 
complete  resection o f  all endocrine islet cell tumor  or 
the presence  o f  hyperplast ic ,  no t  neoplast ic ,  h P P  
cells. 4s In our  patient,  postoperative levels of  pancre-  
atic polypeptide were within normal  limits, implying 
a good prognosis. 
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Cystic Glucagonoma: A Rare Variant of an 
Uncommon Neuroendocrine Pancreas Tumor 

Kimberly Brown, M.D., Theresa Kristopaitis, M.D., Sherri Yong, M.D., 
Gregorio Chejfec, M.D., Jack Pickleman, M.D. 

Glucagon-producing neuroendocrine tumors typically present with a characteristic constellation of symp- 
toms including necrolytic migratory erythema, non-insulin-dependent diabetes, weight loss, anemia, 
glossifis, and an increased thrombotic tendency. Most ghicagonomas are solid and arise in the body or tail 
of the pancreas. We report two cases of cystic glucagonoma, one found incidentally in an asymptomatic 
patient and one in a patient with weight loss and diabetes but no rash. In the first patient, distal pancre- 
atectomy and splenectomy were curative, whereas the second patient continued to exhibit elevated serum 
glucagon levels and symptoms of glucose intolerance in the absence of demonstrable metastases. Cystic 
glucagonoma is a unique variant of classic glucagonoma and should be considered in the differential di- 
agnosis of cystic pancreatic neoplasms. (J GASTROINTEST SURG 1998;2:533-536.) 

KEY WORDS: Glucagonoma, cystic pancreatic neoplasm 

McGavran et aL 1 first described a patient with a 
glucagon-producing islet cell tumor in association 
with glucose intolerance, normochromic anemia, and 
a characteristic skin rash, later termed necrolytic mi- 
gratory erythema. 2 Subsequent reports further char- 
acterized the glucagonoma syndrome to include 
weight loss, glossitis, hypoaminoacidemia, and a ten- 
dency for thrombosis. 3-5 T h e  majority of reported 
glucagonomas are solid tumors with only individual 
case reports of  six patients with cystic glucagonomas 
described in the English literature. 6-11 Like other pan- 
creatic neuroendocrine tumors, glucagonomas are 
highly vascular, a characteristic believed to be re- 
sponsible for the infrequency of  cystic degenerative 
changes. 9 We describe two patients with cystic 
glucagonomas and consider the unique pathologic 
findings and pathogenesis in this rare variant of an un- 
common pancreatic tumor. 

C A S E  R E P O R T S  
Case  1 

A 37-year-old man was referred for evaluation of a cys- 
tic lesion of the pancreas found incidentally on an abdomi- 
nal ultrasound examination. The patient had sustained a 
right rib fi'acture at work several weeks prior to referral and 
complained of persistent abdominal pain for which abdom- 

inal ultrasonography was performed. This examination was 
followed by an abdominal CT scan, which demonstrated a 
cystic lesion of the pancreas (Fig. 1). His medical history 
was significant only for a motor vehicle accident 4 years 
previously, in which the patient sustained lower chest and 
abdominal injuries requiting hospitalization for 2 days. No 
CT imaging was performed at that time. Results of physical 
examination were normal. Laboratory values were as fol- 
lows: hemoglobin 13.1 g/dl, glucose 96 mg/dl, and amylase 
298 U/L. No preoperative serum ghicagon levels were ob- 
tained. It was assumed that the patient harbored a cystic 
pancreatic neoplasm, and he underwent a distal pancreatec- 
tomy and spleneetomy with closed-suction drainage of the 
pancreatic bed. The patient recovered uneventfully with 
hospital discharge on postoperative day 5. Following patho- 
logic diagnosis, a serum glucagon level obtained 1 month 
postoperatively was 59 pg/ml (normal <200 pg/ml). 

Within the reseeted segment of pancreas was a I0 × 10 × 
8 cm cyst (Fig. 2). Grossly the cyst cavity was filled with 
thick red-brown necrotic debris, whereas the cavity lining 
was smooth and focally ulcerated. The cyst wall was exten- 
sively sampled and microscopically consisted of dense colla- 
gen devoid of an epithelial lining. There was one single 
microscopic focus of tumor protruding into the cavity lu- 
men (Fig. 3). This neoplasm was composed of monoto- 
nous euboidal to oval cells with round nuclei, occasional 
prominent nudeoli, and eosinophilic cytoplasm arranged in 
trabeeulae separated by thin bands of connective tissue and 
capillaries. 
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Fig. 1. Case 1. CT scan showing cystic tumor in body of 
pancreas. 

Fig. 2. Case 1. Cross section of 10 cm pancreatic tumor show- 
ing a thick-walled cavity filled with adherent intracystic 
necrotic-appearing debris. 

Fig. 3. Case 1. Neoplastic epithelial cells arranged in a gyri- 
form pattern surrounded by a dense collagenous capsule. 
(I-Iematoxylin and eosin stain; × 100.) 

Fig. 4. Case 1. Neoplastic cells with strong immunopositivity 
for glucagon. (Formalin-fixed, paraffin-embedded tissue; 
x400.) 

Immunohistochemical staining was performed using a 
modified streptavidin-biotin system. The tumor cells showed 
diffuse reactivity for glucagon, neuron-specific enolase, 
synaptophysin, chromogranin, and alpha-l-antitrypsin 
(Fig. 4). The  tumor cells stained focally positive for pan- 
creatic polypeptide and keratin. There was no staining with 
insulin, vasoactive intestinal polypeptide, gastrin, somato- 
statin, or serotonin. The diagnosis of cystic glucagonoma 
was made. The uninvolved resected pancreas showed aber- 
rant distribution of glucagon immunoreactive cells. 

Case 2 

A 48-year-old man with no history of diabetes presented 
to his primary care physician 6 months prior to admission 
with a 3-month history of fatigue, polyuria, polydipsia, and 

weight loss. Despite treatment with insulin and oral hypo- 
glycemic agents, his weight loss continued, and an abdom- 
inal ultrasound examination was performed, which demon- 
strated a cystic mass in the body of the pancreas. An ab- 
dominal CT scan confirmed the finding and the patient was 
referred for surgical consultation (Fig. 5). Physical exami- 
nation findings were unremarkable with no evidence of a 
rash and no palpable abdominal mass. Hemoglobin was 11 
g/dl, serum glucose 215 mg/dl, and serum glucagon 4200 
pg/ml (normal <200 pg/ml). 

At laparotomy, no evidence of metastatic disease was 
found, and the patient underwent a 70% distal pancreatec- 
tomy and splenectomy. He did well and was discharged on 
postoperative day 5. 

The patient's serum glucagon level remained elevated, 
with a value of 5700 pg/ml 1 month after the operation. 
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Fig. 5. Case 2. CT scan demonstrating cystic tumor (arrows) in 
body of pancreas. 

Fig. 6. Case 2. Trabecular arrangement of uniform tumor cells 
with granular cytoplasm. (Hematoxylin and eosin stain; ×400.) 

The patient is asymptomatic 26 months postoperatively, 
with a serum glucagon level of 3000 pg/ml, well-controlled 
diabetes, and a normal octreotide nuclear scan. He has, 
however, developed classic Grave's disease and is currently 
undergoing radioiodine therapy. 

Within the distal pancreatectomy specimen was a 4.5 × 
3 × 2 cm thick-walled cystic mass filled with hemorrhagic, 
necrotic debris. Grossly the cyst lining was irregular and 
focally ulcerated. Sections of the cyst wall revealed a neo- 
plasm encapsulated by a dense fibrous wall. The tumor cells 
were uniform with acidophilic granular cytoplasm and had 
round to oval nuclei with clumped chromatin and occa- 
sional prominent nucleoli arranged in a trabecular pattern 
(Fig. 6). The tumor cells stained profusely with glucagon, 
synaptophysin, chromogranin, neuron-specific enolase, al- 
pha-l-antitrypsin, and keratin. The tumor cells did not dis- 
play reactivity with insulin, somatostatin, or serotonin. The 
diagnosis of cystic glucagonoma was made. Within the re- 
mainder of the resected pancreas, the islet cells were dif- 
fusely hyperplastic with an aberrant distribution pattern 
that has been described as nesidiodysplasia. The majority 
of islet cells stained positively for glucagon, synaptophysin, 
neuron-specific enolase, and to a lesser extent chromo- 
granin. Insulin staining was present in scattered cells and 
was decreased overall. 

D I S C U S S I O N  

Glucagonomas are rare pancreatic neoplasms gen- 
erally found in the body and tail of the pancreas, the 
areas of maximum alpha cell concentration. Difficul- 
ties in diagnosis related to nonspecific symptoms may 
contribute to an underestimation of the actual inci- 
dence of these tumors.12,13 Presenting symptoms may 
include adult-onset diabetes, a migratory necrolytic 
skin rash with typical histologic changes, weight loss, 
glossitis, and abdominal pain or a mass. 3,4,14 Other tu- 

mors are asymptomatic and found incidentally on 
imaging studies. Laboratory findings include hyper- 
glycemia, anemia, hypoaminoacidemia,  and an ele- 
vated serum glucagon level. 3,1° Imaging studies most  
helpful in the diagnosis include ultrasonography, C T  
scans, and more recently endoscopic ultrasonography 
and radiolabeled octreotide scans. 6,15,16 Despite this, 
delayed diagnosis of  these lesions is the rule, with 
most  reports not ing the presence of symptoms for 
years before the diagnosis is finally made. 4,14,17 

Sixty to 80% ofglucagonomas are either malignant 
or metastatic at the time of diagnosis, with regional 
lymph nodes and liver being the preferred sites of  
spread. 3,1s As with other  neuroendocr ine  tumors,  
glucagonomas are slow growing, and excision or sur- 
gical debulldng of primary or metastatic tumors may 
result in significant palliation of  symptoms. 19-21 For 
patients with symptomatic  recurrent  disease not  
amenable to excision, chemotherapy may provide pal- 
liation. Initially, s treptozotocin was the drug of 
choice, but more recently dimethyltriazenylimidazole 
(DTIC) or somatostatin analogues are being used to 
manage refractory s y m p t o m s .  22,23 

Only six patients with cystic glucagonomas could 
be found in the English literature. 6-11 Cyst formation 
in glucagonomas may result from vascular compro- 
mise of the normally abundant vascular supply found 
in neuroendocrine tumors, resulting in central necro- 
sis and cyst formation. 24 It has also been hypothesized 
that  the slow growth of  glucagonomas allows a 
desmoplastic response to form surrounding the tu- 
mor, and that this may compromise tumor blood sup- 
ply. 9,25 T h e  presentation of our second patient was 
typical for glucagonoma with adult-onset diabetes and 
weight loss. However, his serum glucagon levels re- 
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mained elevated postoperatively, because of either oc- 
cult metastatic disease, diffuse islet cell hyperplasia, 
or aberrant distribution of glucagon immunoreaetive 
cells, known as nesidiodysplasia, z6 

As with other cystic neoplasms of the pancreas, cys- 
tic neuroendoerine tumors may initially be diagnosed 
as pseudocysts, leading to either inappropriate obser- 
vation or internal drainage. In some series, as many as 
one third of patients with cystic tumors have been so 
treated. 9,27-29 Both patients presented here were origi- 
nally believed to harbor inflammatory pseudocysts, but 
the absence of a history of panereatitis in either ren- 
dered this only a remote possibility. In our first patient 
the vast majority of the cyst wall was composed of fi- 
brous tissue devoid of epithelial lining, but careful 
pathologic examination revealed a small focus of vi- 
able tumor. This case underscores the difficulty in dif- 
ferentiating pseudocysts from cystic pancreatic tumors 
in which up to three fourths of patients may have sig- 
nificant denuding of the neoplastic epithelial lining. 29 
Clearly in such an instance, percutaneous or operative 
biopsy of the cyst wall could give rise to false informa- 
tion leading to inappropriate therapy. 

Cystic glueagonomas are very rare tumors and 
must be considered in the differential diagnosis of any 
patient presenting with a cystic lesion of the pancreas 
and no history of pancreatitis. Complete excision will 
be curative in many patients. 
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Mucosal Production of Complement C3 and Serum 
Amyloid A Is Differentially Regulated in Different 
Parts of the Gastrointestinal Tract During 
Endotoxemia in Mice 
Quan Wang, M.D., ]ing ying Wang, M.D., ]osef E. Fischer, M.D., Per-Olof Hasselgren, M.D. 

The effect of endotoxemia and sepsis on mucosal production of the acute-phase proteins complement 
component C3 and serum amyloid A (SAA) was studied in mice. In addition, the role of the proinflam- 
matory cytokines tumor necrosis factor-alpha, interleukin (IL)-lfl, and IL-6 on mucosal C3 and SAA 
production was examined. Endotoxemia was induced by the subcutaneous injection of 250 ~g/mouse of 
lipopolysaccharide. Control mice were injected with corresponding volumes of sterile saline solution. 
Sepsis was induced by cecal ligation and puncture, and sham-operated mice served as controls. Endo- 
toxemia resulted in increased mucosal C3 levels in all parts of the gastrointestinal tract examined, from 
the stomach to the colon, with the most pronounced effects noticed in the proximal gastrointestinal tract. 
The influence of endotoxemia on mucosal SAA production was more differentiated with increased lev- 
els noted in the jejunum and ileum, and no changes seen in gastric and colonic mucosa. Sepsis resulted 
in similar changes in mucosal C3 and SAA levels as seen in endotoxemic mice, except that SAA levels were 
increased in colonic mucosa of septic mice. Among the cytokines, IL-113 resulted in the most pronounced 
changes in mucosal acute-phase proteins. The increase in C3 and SAA levels in the mucosa of the small 
intestine during endotoxemia was partially blocked by IL-1 receptor antagonist. The results suggest that 
endotoxemia is associated with increased mucosal C3 production in different parts of the gastrointestinal 
tract and increased SAA production in the mucosa of the small intestine. Mucosal acute-phase protein 
synthesis may, at least in part, be regulated by IL-I~. (J GASTROINTEST SURG 1998;2:537-546.) 

KEY WORDS: Acute phase, proteins, intestine, sepsis 

The  acute-phase response is an important compo- 
nent of  the host defense during infection and follow- 
ing tissue injury. 1,2 Although the majority of acute- 
phase proteins are synthesized in the liver, recent ev- 
idence suggests that extrahepatic tissues may con- 
tribute to the production of  acute-phase proteins. 
Acute-phase proteins synthesized outside the liver 
may be more important for the local than for the sys- 
temic effects, although that is somewhat unclear at 
present. 

Among extrahepatic tissues that produce acute- 
phase proteins, the intestinal mucosa is particularly 
important considering its essential immune and bar- 
rier functions during sepsis and other critical illness. 
In recent studies, cultured enterocytes expressed a 

number of  acute-phase proteins, including alpha-1- 
antitrypsin and complement components C3, C4, and 
factor B. 3-7 In other studies, mucosal protein synthe- 
sis in vivo was increased during both local 8 and sys- 
temic inflammation. 9-11 

In recent studies in our laboratory, the production 
of complement component C3 and serum amyloid A 
(SAA) was increased in the mucosa of the jejunum 
during endotoxemia in mice, and increased mucosal 
messenger RNA (mRNA) levels suggested that the 
C3 and SAA production was regulated at the tran- 
scriptional level. 12 C3 is an important  acute-phase 
protein involved in the local defense against invading 
bacteria, is SAA is one of the most abundant acute- 
phase proteins in mice 14 and although its functions are 
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not  completely understood, there is evidence that 
SAA participates in the clearance of high-density 
lipoproteins, is 

It is not known from our previous results 12 whether 
increased mucosal C3 and SAA production is unique 
for the jejunum or if other parts of the gastrointestinal 
tract participate in the acute-phase response as well. 
In addition, mediators ofmucosal acute-phase protein 
synthesis during sepsis and endotoxemia have not 
been defined. In the present study, we examined the 
influence of endotoxemia and sepsis in mice on mu- 
cosal levels of C3 and SAA in different parts of the 
gastrointestinal tract, from the stomach to the colon. 
In addition, we tested the role of the proinflammatory 
cytokines tumor necrosis factor-alpha (TNF-c0, in- 
terleukin (IL)-113, and IL-6 in the regulation of mu- 
cosal C3 and SAA production. Proinflammatory cy- 
tokines regulate acute-phase protein synthesis in the 
liver 16 and in cultured enterocytes, 3-7 but the role of 
the cytokines in mucosal acute-phase protein synthe- 
sis in vivo is not known. 

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

Male A/J mice (20 to 27 g) were purchased from 
Jackson Laboratory (Bar Harbor, Maine) and housed 
at a temperature of 22 ° C in a room with a 12-hour 
light/dark cycle for 1 week before experiments. Four 
series of experiments were performed. In the first se- 
ries of experiments, endotoxemia was induced by the 
subcutaneous injection of 250 txg/mouse of lipopoly- 
saccharide (Escberichia coli 011 l:B4, Calbiochem, 
LaJolla, Calif.). Control mice were injected with a 
corresponding volume of sterile saline solution. The 
dose of endotoxin used in these experiments was 
based on a recent report in which the same dose re- 
sulted in increased C3 and SAA levels in the mucosa 
of the Je junum.  12 Water was provided ad libitum but 
food was withheld after the injection of endotoxin or 
saline solution, to avoid the influence of any differ- 
ences in food intake between the groups on metabolic 
changes in the intestinal mucosa. 

Sixteen hours after injection of endotoxin or saline, 
mice were anesthetized with pentobarbital (40 mg/kg 
intraperitoneally) and blood was collected by heart 
puncture for determination of plasma C3 and SAA 
levels. The left lobe of the liver, 10 cm segments of 
the jejunum and ileum, and the entire stomach and 
colon were excised. Mucosa was harvested by scraping 
the luminal side with a microscopic slide. The mucosa 
and the liver specimen were immediately frozen in 
liquid nitrogen and stored at - 70  ° C until analysis. 
The time point of 16 hours was chosen based on pre- 

vious studies in which metabolic changes were ob- 
served in intestinal mucosa for 16 hours after the in- 
duction of sepsis or injection of endotoxin or proin- 
flammatory cytokines in rats or mice. 9-12,17 

In the second series of experiments, the infuence 
of sepsis on mucosal C3 and SAA production was ex- 
amined. Sepsis was induced in mice by cecal ligation 
and puncture (CLP), as described previously.9-n, 17 
Control mice were sham operated, that is, they un- 
derwent laparotomy and manipulation, but no liga- 
tion or puncture, of the cecum. All mice were resus- 
citated with 100 ml/kg body weight of normal sa- 
line administered subcutaneously on the back at 
the time of surgery. Food was withheld but drinking 
water was provided ad libitum after the surgical 
procedures. Sixteen hours after sham operation or 
CLP, blood and tissues were harvested and stored as 
previously described for subsequent determination 
of C3 and SAA. 

In the third series of experiments, mice were in- 
jected intraperitoneally with 100 I~g/kg of human re- 
combinant TNF-ot (Endogen Inc., Woburn, Mass.) 
and an identical dose was repeated after 8 hours. Con- 
trol mice received corresponding volumes of solvent 
(phosphate-buffered saline, pH 7.4). Sixteen hours af- 
ter the first injection, blood and tissue samples were 
harvested as described earlier. Using an identical pro- 
tocol, mice were also injected with human recombi- 
nant IL-113 (Endogen Inc.) or IL-6 (Endogen Inc.). 
The  doses of cytokines used here were similar to 
those used in previous reports from our laboratory 
and in which cytokines induced increased mucosal to- 
tal protein synthesis .  9 

Because results in the third series of experiments 
suggested that IL- 113, but not T N F - a  or IL-6, stim- 
ulated mucosal C3 and SAA production, a fourth ex- 
periment was performed to test the role of IL-1 in en- 
dotoxin-induced protein synthesis. This was done by 
treating mice with 15 mg/kg intraperitoneally of re- 
combinant IL- 1 receptor antagonist (IL- 1 ra) (Amgen, 
Boulder, Colo.) 15 minutes before endotoxin or saline 
injection. An identical dose was administered after 8 
hours. Control mice received corresponding volumes 
of phosphate-buffered saline (pH 7.4). Sixteen hours 
after endotoxin or saline injection, blood and tissue 
samples were harvested as previously described. The 
protocol for treatment with IL- l ra  used here was 
based on a previous study from our laboratory in 
which IL-lra  prevented endotoxin-induced muscle 
proteolysis. 18 

All experiments were performed and the animals 
were cared for according to the "Guide for the Care 
and Use of Laboratory Animals" published by the 
National Research Council. The experimental proto- 
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cols were approved by the University of Cincinnati 
Institutional Animal Care and Use Committee. 

Measurement of Complement Component 
C3 and SAA 

Plasma and tissue levels of C3 and SAA were 
measured by enzyme-linked immunosorbent assay 
(ELISA). For determination of complement C3 and 
SAA in mueosa and liver, tissue was ultrasonieated for 
20 seconds in 1 ml of phosphate-buffered saline con- 
raining 2 ~g/ml each of the protease inhibitors leu- 
peptin, aprotinin, pepstatin A, and Antipain (Sigma, 
St. Louis, Mo.) and 2 mmol/L phenylmethylsulfonyl 
fluoride (Sigma) and then centrifuged at 12,000 g at 
4 ° C for 30 minutes. The supernates were used for 
determination of complement C3 and SAA. Comple- 
ment C3 was determined as previously described 19 us- 
ing a goat antimouse C3 antibody (IgG fraction 
55463, Chappel, Durham, N.C.). SAA was measured 
with a commercially available ELISA kit (Biosource 
International, Camarillo, Calif.). The lower limits of 
detection were 10 ng/ml for complement C3 and 0.23 
~g/ml for SAA. 

C3 and SAA mRNA Levels 

Northern blot analysis was employed to determine 
the expression of mucosal and hepatic C3 and SAA 
mRNA. Mucosal samples were harvested as previ- 
ously described and samples from three mice were 
pooled for each time point. RNA was extracted by 
the gnanidinium thiocyanate-phenolchloroform 
method 2° using an RNA Stat-60 kit (Tel-Test "B" 
Inc., Friendswood, Tex.). 

For Northern blot analysis, RNA was denatured 
and separated by electrophoresis on 1% agarose gel 
containing formaldehyde. The RNA was transferred 
from the gel to nylon membranes (Micron Separa- 
tions Inc., Westboro, Mass.) by capillary action in 25< 
SSC (1× SSC = 0.15 mol/L NaC1, 15 mmol/L 
sodium citrate) overnight. RNA was immobilized 
either by baking at 80 ° C for 2 hours or by ultraviolet 
cross-linking. The blots were hybridized at 42 ° C 
for 4 hours in 50% formaldehyde and 6× SSPE (1 × 
SSPE = 0.15 mol/L NaC1, 10 mmol/L NaHzPO4, 
and 1 mol/L EDTA), 5× Denhardt's solution, 0.5% 
SDS, and 100 o.g/ml salmon sperm DNA. cDNA 
probes for C3 and SAA were labeled by random 
priming with [32p] dATP or  [32p] dCTP (Stratagene, 
LaJolla, Calif.). The blots were hybridized with 
the 32p-labeled cDNA probes at 42 ° C overnight. The 
blots were then washed twice in 1× SSC and 
0.1% SDS, once in 0.1 × SSC and 0.1% SDS at room 

temperature, and autoradiographed at - 7 0  ° C. 
The blots were stripped and rehybridized with an 
18S oligonucleotide probe to control for equal load- 
ing of RNA. 

Statistics 

Results are presented as means _ standard error of 
the mean. Analysis of variance followed by Tukey's 
test was used for statistical comparisons. 

RESULTS 

There were no deaths among the endotoxemic or 
saline-injected mice, similar to a previous report in 
which an identical dose of endotoxin was injected into 
mice. 17 However, endotoxemic mice exhibited signs 
of illness in the form of piloerection and moderate 
lethargy 16 hours after injection of endotoxin. Several 
of the mice had diarrhea as well. 

The C3 concentration was increased approxi- 
mately 1.5-fold in jejunal mucosa 16 hours after in- 
duction of endotoxemia (Fig. 1), similar to a recent 
report from this laboratory. 12 The present study ex- 
panded our previous observations by determining the 
influence of endotoxemia on mucosal C3 levels in 
other parts of the gastrointestinal tract in addition to 
the jejunum. Endotoxemia resulted in increased C3 
levels in all parts of the gastrointestinal tract exam- 
ined, with the most pronounced effect noticed proxi- 
mally (more than a twofold increase in gastric mu- 
cosa) and a smaller increase in the ileum and colon 
(50% and 80% increase, respectively) (see Fig. 1). 
The increased liver and plasma levels of C3 noted in 
Fig. 1 are consistent with an acute-phase response in 
the endotoxemic mice. 

In contrast to C3, mucosal levels of SAA were not 
consistently elevated throughout the gastrointestinal 
tract (Fig. 2). The increased SAA levels in the mucosa 
of the jejunum are similar to the results in a recent re- 
port from this laboratory) 2 The elevated SAA levels 
in the ileum suggest that different segments of the 
small intestine respond similarly to endotoxin. In con- 
trast, no significant changes in SAA levels were noted 
in the mucosa of the stomach or the large bowel (see 
Fig. 2). The almost fourfold and approximately five- 
fold increases in liver and plasma SAA levels, respec- 
tively, illustrate the fact that SAA is a strong acute- 
phase reactant in m i c e .  14 

To test whether the changes in mucosal C3 and 
SAA levels were specific to endotoxemia, we next in- 
duced sepsis in mice by CLP. Septic mice exhibited 
lethargy, piloerection, and diarrhea 16 hours after 
CLP and had a mortality rate of approximately 2 5 %, 
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lution. C3 was determined by ELISA 16 hours after induction of endotoxemia or saline injection, n = 6 
per group. * = P <0.05 vs. control. 

20 , 120 

16 

== 
"~ 12 

=L 8 

[ / 2  
4 

I I Cont ro l  
LPS 

I I I I 

Stomach Jejunum Ileum Colon 
I 

Liver 

100 

8o 

6o ,~ 

40 r~ 

20 

F o 
I 

Plasma 

Fig. 2. Effect of endotoxemia in mice on mucosal SAA levels in different parts of the gastrointestinal tract 
and in the liver and plasma. Experimental conditions and symbols were identical to those in Fig. 1. 

similar to a previous report. 17 Mucosal C3 levels were 
increased in all segments of the gastrointestinal tract 
examined 16 hours after CLP (Fig. 3), similar to the 
response to endotoxemia (see above). Mucosal SAA 
levels were unchanged in the stomach and were in- 
creased in the jejunum and ileum (Fig. 4), similar to 
the response to endotoxemia. In contrast, the re- 
sponse to sepsis in the colon of SAA was different 
than the response to endotoxemia, with an approxi- 
mately 50% increase in large bowel SAA levels noted 
in septic mice (Fig. 4) and no changes noted in endo- 
toxemic mice (compare with Fig. 2). The somewhat 

higher basal C3 and SAA mucosal levels noted in the 
second compared to in the first series of experiments 
may reflect the fact that control mice underwent 
sham operation (laparotomy) in the second series of 
experiments, whereas in the first experiment control 
mice only received a subcutaneous injection of saline 
solution. 

In a previous report, the increased mucosal levels 
of C3 and SAA in the jejunum of endotoxemic mice 
were associated with increased expression of mRNA 
for the proteins. 12 Because C3 mRNA concentrations 
were too low to be detected by Northern blot analy- 
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termined by ELISA 16 hours after CLP or sham operation, n = 6 per group. * = P <0.05 vs. control. 

40 ~ 400 [ - - I  S h a m  
CLP 

30 
= 

I I I 

Stomach Jejunum Ileum 
I 

Colon 

rl 
Liver 

I 

300 

200 '~  

100 

0 
Plasma 

Fig. 4. Effect of sepsis in mice on mucosal SAA levels in different parts of the gastrointestinal tract and 
in the liver and plasma. Experimental conditions and symbols were identical to those in Fig. 3. 

sis, polymerase chain reaction (PCR) was performed 
in that study. In the present experiments, no signal for 
C3 mRNA was detected by Northern blot analysis in 
any part of the gastrointestinal tract in control or en- 
dotoxemic mice, similar to our previous report, 12 
whereas C3 mRNA levels were detected in the liver of 
control mice and were increased during endotoxemia 
(Fig. 5). 

SAA mRNA was not expressed in the mucosa of 
the stomach, jejunum, and ileum of saline-injected 
control mice but was induced in the mucosa of the je- 
junum and ileum of endotoxemic mice (Fig. 6). The 

SAA transcript was strongly expressed in colonic mu- 
cosa of control mice and was increased during endo- 
toxemia. Liver tissue expressed SAA mRNA constitu- 
tively and a massive increase in SAA mRNA concen- 
trations was noted in the liver of endotoxemic mice 
(Fig. 6). Thus some of the changes in SAA mRNA 
levels paralleled changes in protein levels (increased 
SAA protein and mRNA levels in the jejunum, ileum, 
and liver), whereas the unchanged SAA protein levels 
in colonic mucosa were associated with increased 
mRNA levels. In gastric mucosa, no changes in pro- 
rein or mRNA levels were noted in endotoxemic mice. 
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analysis of variance. 

To test the role of  proinf lammatory  cytokines in 
the regulation of  mucosal C3 and SAA production,  
mice were injected with T N F - a ,  IL-113, or IL-6.  
Treatment  of  mice with IL-113 resulted in increased 
mucosal C3 levels in the jejunum, ileum, and colon 
(Fig. 7) TNF-c~ increased C3 product ion in the je- 
junum. A small (but statistically significant) increase 
in C3 levels in the mucosa of the colon was noted fol- 

lowing inject ion of  TNF-e t  or IL-6.  All three cy- 
tokines stimulated C3 production in the liver, which 
probably also explains why plasma C3 levels were in- 
creased by all cytokines. 

Mucosal SAA levels increased in the ileum follow- 
ing t reatment  with IL-113 (Fig. 8). N o  other changes 
in mucosal SAA levels were seen in any part of  the 
gastrointestinal tract after injection of either cytokine. 



Vol. 2, No. 6 
1998 Acute-Phase Proteins in Intestinal Mucosa 543 

== 

~o =L 
-¢ 

20 
I I Saline 

IL-1 p 
16 ~ TNF ~t 

IL-6 

12 

8 

4 

orN  
! I 

stomach jejunum 
I 

ileum colon 
I 

liver 

j 
~lasma 

120 

100 

80 ,-, 
m 

6o 

4o 

20 

Fig. 8. SAA levels in mucosa of different parts of the gastrointestinal tract and in the liver and plasma fol- 
lowing injection of mice with saline or one of the proinflammatory cytokines: IL- 113, TNF-et, or IL-6. 
Experimental conditions and symbols were identical to those in Fig. 7. 

== 

=L 

60 

50 

40 

30 

20 

10 

0 

=k 
I I Saline 

IL-1 ra + Saline ~,~ 

~ ILPSra + LPS 

I I 

stomach jejunum 
I 

ileum 
I 

colon 

Fig. 9. Effect of IL-lra on end0toxin-induced changes in mucosal C3 levels. Groups of saline-injected 
or endotoxemie mice were treated with repeated injections of IL-lra or corresponding volumes of sol- 
vent (phosphate-buffered saline, pH 7.4). n = 6 per group. * = P <0.05 vs. corresponding saline- 
injected group; t = P <0.05 vs. lipopolysaccharide (LPS). 

Liver and plasma levels of  SAA were increased b y  IL- 
l 13 but  no t  by TNF-~t  or IL-6 (Fig. 8). 

Because the results in the third series~ofie~peri- 
ments suggested that IL-113 may be partier~|irly im- 
portant among the proinflanunatory cytokin~fin reg- 
d a t i n g  mucosal C3 and SAA production, t l~trole of  
IL-1 in endotoxin-induced mucosal C3 and SAA pro- 
duction was tested by treating endotoxemic mice with 

IL- l ra .  Treatment  of  mice with I L - l r a  did not  influ- 
ence basal C3 levels but  blocked the endotoxin-  
induced increase in C3 levels in the mucosa o f  the 
jejunum and ileum (Fig. 9), suggesting that  IL-1 par- 
ticipates in the regulation of  mucosal C3 production 
dur ing  endotoxemia  in these parts of  the gastro- 
intestinal tract. Similar results were noted  for SAA 
following t reatment  with I L - l r a  (Fig. I0). 
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DISCUSSION 

Results of the present study suggest that endotox- 
emia in mice is associated with increased mucosal C3 
production in all parts of the gastrointestinal tract and 
with a selective increase in small intestinal SAA pro- 
duction. The effect of endotoxemia on C3 production 
was most pronounced in the mucosa of the stomach 
and jejunum and least pronounced in the colon, which 
is consistent with a proximal-distal gradient of C3 
production during endotoxemia. The response to en- 
dotoxin of SAA production was even more differenti- 
ated with no changes seen in gastric or colonic mu- 
cosa, but increased production was noted in the mu- 
cosa of the jejunum and ileum. Although the response 
of colonic SAA to endotoxemia and sepsis was differ- 
ent, other changes in mucosal SAA and C3 were sim- 
ilar in endotoxemic and septic mice, indicating that 
changes observed after injection of endotoxin re- 
flected changes in a clinically relevant model of sepsis. 
The results from the experiments in which normal 
mice were treated with cytokines and endotoxemic 
mice were treated with IL-lra  suggest that C3 and 
SAA production may, at least in part, be regulated by 
IL-113 in the mucosa of the small intestine. It should 
be noted that although biologic effects of repeated in- 
jections of IL-lra were seen here and in a previous re- 
port from our laboratory, is it is possible that the role 
of IL- 1 is underestimated with this protocol. Because 
of the short half-life of 1L-lra, 18 a constant infusion of 
IL- l ra  may be necessary to fully assess the role of 
IL-1 in a metabolic response. 

The influence of endotoxemia on mucosal C3 pro- 
duction was examined in the present study because C3 
is particularly important for the inflammatory re- 
sponse in the intestine. Complement C3 causes the 

classical and alternative pathways to converge into a 
final common pathway in the complement cascade, 
which participates in the local defense against invad- 
ing microorganisms and may cause lysis of bacteria. 13 
SAA was studied because it is the major acute-phase 
protein in mice. 14,21 Although the exact biologic role 
of SAA in the acute-phase response is unidentified, 
SAA is an apoprotein of high-density lipoprotein and 
may influence the formation and clearance of high- 
density lipoproteins.15 

Although we interpreted our results of changes in 
mucosal C3 and SAA levels as indicative of changes 
in mucosal production of the proteins, this interpre- 
tation should be viewed with caution for several rea- 
sons. First, increased mucosal levels of the acute- 
phase proteins may represent local deposition of cir- 
culating proteins. This was less likely in the present 
study, however, because the increase in mucosal con- 
centrations of C3 was different in different parts of 
the gastrointestinal tract and SAA levels were un- 
changed in gastric and colonic mucosa, despite a sub- 
stantial increase in circulating SAA levels. In addition, 
we recently found that the increased C3 and SAA 
levels in jejunal mucosa of endotoxemic mice were not 
influenced by perfusion of the intestinal vasculature 
prior to harvesting of the mucosa .  12 

Second, increased mucosal C3 and SAA levels do 
not necessarily reflect increased production but may 
also be caused by reduced degradation and/or secre- 
tion of the proteins from the mucosa. The increased 
mRNA levels for SAA noted here in the mucosa of 
the jejunum and ileum and for C3 determined by 
PCR in jejunal mucosa in our previous report 12 sup- 
port (but do not prove) the concept ofupregulated lo- 
cal production of C3 and SAA. 
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Third, the cellular origin of the acute-phase pro- 
teins is not known from the current study. Mucosa 
harvested by means of the present technique contains 
multiple cell types from both the lamina propria and 
submucosa, including enterocytes, macrophages, lym- 
phocytes, endothelial cells, and smooth muscle cells. 
Previous studies using cultured enterocytes in vitro 3-7 
or immunohistochemistry in vivo 12 suggest that the 
enterocyte may be a source of acute-phase proteins 
during endotoxemia, although other cell types in the 
mucosa may also contribute to the acute-phase re- 
sponse. 

In a previous report, we examined the influence 
of sepsis on total protein synthesis in different parts 
of the gastrointestinal tract. 1° Mucosal protein syn- 
thesis, measured in vivo following a flooding dose of 
14C-leucine, was increased during sepsis in the small 
and large intestine and was decreased in the stomach. 
Thus total protein synthesis as well was differentially 
regulated in different parts of the gastrointestinal 
tract, although the changes in total protein synthesis 
and C3 and SAA levels were not identical. Changes 
in total protein synthesis reflect changes in the mu- 
cosal production of a number of different proteins in 
addition to C3 and SAA, and changes in the produc- 
tion rate of individual proteins may not be reflected 
in total protein synthesis. 

The present finding of a regulatory role for IL- 1 [3 
in mucosal C3 and SAA production is similar to re- 
suits of recent in vitro studies in which cultured Caco- 
2 cells were treated with different cytokines. 3-7 Al- 
though TNF and IL-6 stimulated C3 production in 
the cultured enterocytes, IL-113 was the most potent 
mediator resulting in more than a threefold increase 
in C3 production. 7 The stimulatory effect of IL-113 
on acute-phase protein synthesis in cultured Caco-2 
cells suggests that the effect noted here following ad- 
ministration of IL- 1 13 in vivo may reflect a direct ef- 
fect of the cytokine. The regulatory effect of IL-1 on 
enterocyte acute-phase protein synthesis is particu- 
larly interesting in light of previous reports of in- 
creased mucosal levels of IL-1 in endotoxemic mice. 22 
It remains to be determined whether enterocyte 
acute-phase protein synthesis is regulated in vivo in 
an autocrine or a paracrine fashion by cytokines lo- 
cally produced in the mucosa or by cytokines pro- 
duced elsewhere in the body and reaching the entero- 
cyte through the circulation. 

The upregulated C3 production in the mucosa of 
the jejunum and ileum after treatment of mice with 
IL-113 and the inhibited C3 production in endotox- 
emic mice by IL-1 ra strongly support a role for IL-1 
in C3 production in these parts of the gastrointesti- 
nal tract. Similar conditions were found for SAA in 
the mucosa of the ileum. The reason for the appar- 

ently contradictory results regarding SAA levels in the 
mucosa of the jejunum (unchanged SAA levels fol- 
lowing injection of IL-113 and reduced SAA levels 
following treatment of endotoxemic mice with IL-lra) 
is not known at present. It may be speculated that 
SAA production is less sensitive to IL-113 in the je- 
junum than in the ileum, and a higher dose of IL-113 
may be needed to induce SAA production in the mu- 
cosa of the jejunum. Further experiments will be 
needed to test that possibility. 

The lack of effect of IL-6 on mucosal C3 and SAA 
production noted here and in previous in vitro exper- 
iments 7 is noteworthy because IL-6 is the most 
prominent regulator of acute-phase protein synthesis 
in the liver. ~6 This finding suggests that the produc- 
tion of certain acute-phase proteins may be regulated 
by different mediators and mechanisms in different 
cell types. 

The mechanism of the differential regulation of C3 
and SAA production along the gastrointestinal tract 
during endotoxemia and sepsis is not known from t h e  
present study. It may be speculated that the respon- 
siveness to cytokines or other endotoxin-induced 
mediators may be different in enterocytes from dif- 
ferent regions of the intestine. Alternatively, the mu- 
cosal production of regulatory cytokine(s) may vary 
along the gastrointestinal tract. It is also possible that 
the time course of the mueosal acute-phase protein 
synthesis during sepsis and endotoxemia may be dif- 
ferent in different parts of the gastrointestinal tract, 
something that would not be appreciated if only one 
time point is studied, as in the present report. It will 
be important in future studies to determine the bio- 
logic significance of mucosal acute-phase proteins and 
their differential expression at different levels of the 
gastrointestinal tract. 
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Gastroesophageal Reflux Disease and Mucosal Injury 
With Emphasis on Short-Segment Barrett's 
Esophagus and Duodenogastroesophageal Reflux 
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Rodney 07. Mason, M.D., Michael Gadenstdtter, M.D., Cedric G. Bremno;, M.D., 
Jeffrey H. Peters, M.D., Tom R. DeMeest~ M.D. 

Gastroeosphageal reflux disease has been associated with long segments of Barrett's esophagus (->3 cm), 
but tittle is known about its association with shorter segments. The aim of this study was to evaluate 
anatomic and physiologic alterations of the cardia and esophageal exposure to gastric and duodenal juice 
in patients with short and long segments of Barrett's esophagus. Furthermore, these patients were com- 
pared to each other and to patients with erosive esophagitis and those with no mucosal injury. Two hun- 
dred sixty-two consecutive patients with foregut symptoms were divided into the following four groups 
based on endoscopic and histologic findings: group 1, no mucosal injury; group 2, erosive esophagitis; 
group 3, short-segment Barrett's esophagus; and group 4, long-segment Barrett's esophagus. Esophageal 
exposure time to acid and bilirubin, lower esophageal sphincter characteristics, and endoscopic anatomy 
of the cardia were compared between the groups. Patients with short-segment Barrett's esophagus had el- 
evated esophageal acid and bilirubin exposure, decreased lower esophageal sphincter pressure and length, 
and a high incidence of hiatal hernia. These abnormalities were similar to those in patients with esophagi- 
tis and in general less profound than those found in patients with long-segment Barrett's esophagus. The 
length of intestinal metaplasia was higher in patients with a defective lower esophageal sphincter. Short- 
segment Barrett's esophagus is a complication of severe gastroesophageal reflux disease and is associated 
with the reflux of both gastric and duodenal juice similar to that seen in patients with long-segment 
Barrett's esophagus. (J GASTROINTEST SURG 1998;2:547-554.) 

KEY WORDS: Barrett's esophagus, short-segment Barrett's 

Traditionally Barrett's esophagus has been defined 
by the presence of columnar lining of 3 cm or more in 
the distal esophagus. This defining measurement was 
arbitrary. Later it was recognized that the presence of 
intestinal metaplasia in the colunmar-lined segment 
was associated with the risk of adenocarcinoma2 -3 
Consequently the current  definition of Barrett's 
esophagus is the presence of a columnar-lined esoph- 
agus of any length, in which intestinal metaplasia is 
confirmed histologically. It has been subsequently 
shown that adenocarcinoma may arise in both short 
and long segments of intestinal metaplasia. 4,5 This 
provides an explanation for the parallel increase in the 
incidence of adenocarcinoma of the esophagus and 
the gastroesophageal junction. 6-s 

The association of duodenogastroesophageal reflux 
with long segments of Barrett's esophagus is now well 

established, 9-13 and has been suggested to play a role 
in the development of Barrett's esophagus and its pro- 
gression to malignancy. 9-15 Litde is known of the 
composition of reflux in patients with segments of in- 
testinal metaplasia less than 3 cm in length. The  aim 
of this study was to evaluate esophageal exposure to 
gastric and duodenal juice in patients with short and 
long segments of Barrett's esophagus, and to compare 
them to each other and to patients with esophagitis 
and those with no mucosal injury. The  status of the 
lower esophageal sphincter was also compared. 

P A T I E N T S  A N D  M E T H O D S  
Pa t i en t  Population 

Between April 1993 and April 1997, 281 consecu- 
tive patients (177 males and 104 females; median age 
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53.4 years [range 18 to 89 years]) with symptoms of 
foregut disease and no previous history of gastric or 
esophageal surgery were examined. Patients with a 
named motility disorder were excluded. The foregut 
symptoms consisted of heartburn, regurgitation, dys- 
phagia, chest pain, epigastric pain, or symptoms sug- 
gestive of aspiration such as recurrent pneumonia, 
wheezing, and persistent cough. All patients under- 
went upper gastrointestinal endoscopy with biopsy, 
standard esophageal manometry to evaluate the lower 
esophageal sphincter, and 24-hour esophageal pH and 
spectrophotometric bilirubin monitoring to measure 
esophageal exposure time to gastric and duodenal 
juice. Nineteen patients were excluded because of 
technical problems with bilirubin monitoring. In the 
remaining 262 patients, esophageal acid and bilirubin 
exposure time, lower esophageal sphincter character- 
istics, and the anatomy of the cardia as seen on en- 
doscopy were analyzed. Medications known to affect 
gastrointestinal motility or acid secretion were dis- 
continued 3 days before testing, except for omepra- 
zole, which was discontinued at least 2 weeks earlier. 

Diagnostic Methods 
Stationary Manometry. Standard stationary mo- 

tility was performed after an overnight fast. Lower 
esophageal sphincter resting pressure was measured 
at the respiratory inversion point as previously de- 
scribed. ~6 The resting pressure, overall length, and 
abdominal length were calculated from the mean of 
five recordings. A structurally defective sphincter was 
defined by the presence of one or more of the follow- 
ing: a resting pressure of less than 6 mm Hg, overall 
sphincter length of less than 2 cm, or abdominal 
length of less than 1 cm. 

Ambulatory 24-Hour Esophageal pH Monitoring. 
Esophageal pH monitoring was performed using a 
glass electrode (Ingold Inc., Urdorf, Switzerland) 
placed 5 cm above the upper border of the manomet- 
rically defined lower esophageal sphincter. Esoph- 
ageal pH was recorded on a portable digital data 
recorder and analyzed as previously described. 17 The 
subjects were instructed to carry out their normal 
daily activities but to avoid strenuous exertion. A diary 
was kept of food and fluid intake, symptoms, and time 
spent in the supine and upright positions. Patients 
with esophageal pH <4 for more than 4.4% of the 
recording time were classified as having increased 
esophageal acid exposure. 

Ambulatory 24-Hour Spectropbotometric Biliru- 
bin Monitoring. A fiberoptic probe designed to de- 
tect bilirubin 18-2° (Bilitec 2000, Medtronic-Synectics, 
Shoreview, Minn.) was passed transnasally and posi- 

tioned at the same level as the pH electrode. Esoph- 
ageal bilirubin exposure was measured by spec- 
trophotometry based on the specific light absorption 
of bilirubin at a wavelength of 453 nm and recorded 
on a portable optoelectric data logger. 18-2° An ab- 
sorbance threshold of 0.2 was selected and bilirubin 
exposure was quantified as the percentage of time 
above this threshold. 2°-21 The fiberoptic probe was cal- 
ibrated in water before and after monitoring. Records 
with a bilirubin absorbance drift equal to or greater 
than 0.15 were discarded. The patients were in- 
structed to follow a special diet, which involved re- 
striction to three meals a day and no food with an ab- 
sorbance similar to that of bilirubin. 13 Twenty-four- 
hour bilirubin absorbance data were analyzed with a 
software program (Gastrosoft, Irving, Tex.) to calcu- 
late the total percentage of time the bilirubin ab- 
sorbance was greater than 0.2 during the total moni- 
tored period. Based on the study of 35 healthy volun- 
teers, the upper limit of normal for bilirubin exposure 
above the absorbance threshold of 0.2 was 1.7% of 
the total time. ~2,2°,21 Patients with increased esoph- 
ageal acid exposure and normal bilirubin exposure 
were classified as having gastric reflux, and those with 
an increase in both acid and bilirubin exposure were 
classified as having duodenogastric reflux. 

Endoscopy. Three endoscopic measurements were 
made in all patients. First was the location of the di- 
aphragmatic crura, identified by having the patient 
sniff. Second was the location of the gastroesophageal 
junction, defined by the proximal extent of the gastric 
rugal folds. Third was the squamocolumnar junction, 
identified by the change from pink-appearing glan- 
dular mucosa to the white, pearly appearing squamous 
mucosa. Patients with an irregular squamocolumnar 
junction that coincided with the gastroesophageal 
junction had biopsies obtained from the pink tongues 
that extended up into the squamous epithelium. In pa- 
tients whose squamocolumnar junction was separated 
from the gastroesophageal junction, biopsies were ob- 
tained from four quadrants of the gastroesophageal 
junction and at every 2 cm interval up to the squamo- 
columnar junction. The location of each biopsy was 
recorded. A hiatal hernia was diagnosed when the dif- 
ference between the position of the crural impression 
and the gastroesophageal junction was 2 cm or more. 
The presence of erosive esophagitis was noted. 

Histology. All biopsy specimens underwent rou- 
tine fixation and staining with hematoxylin and eosin. 
Patients were identified as having Barrett's esophagus 
by the presence of intestinal metaplasia in an esopha- 
gus lined by columnar mucosa. Specialized intestinal 
metaplasia was identified by the presence of well- 
defined goblet cells within columnar epithelium. 



Vol. 2, No. 6 
1998 Duodenogastroesophageal Reflux in Short-Segment Barrett's Esophagus 549 

When there was any doubt, goblet cells were con- 
firmed by Alcian blue staining at pH 2.5. The extent 
of Barrett's esophagus was defined as the distance 
from the gastroesophageal junction to the location of 
the highest point of the squamocolumnar junction. 

Definition of Study Groups. The patients were di- 
vided into the following groups: (1) patients with an 
endoscopically normal-appearing esophagus and car- 
dia or those with an irregular squamocolumnar junc- 
tion in whom no intestinal metaplasia could be found" 
on histolologic examination; (2) patients similar to 
group 1 except for the presence of erosive esophagitis; 
(3) patients with columnar lining of the esophagus 
and intestinal metaplasia on histologic examination, 
extending less than 3 cm up into the esophagus; and 
(4) patients with endoscopic evidence of esophageal 
columnar lining and intestinal metaplasia, extending 3 
cm or more into the esophagus. 

Statistics 

Fisher's exact test was used to compare proportions 
between individual groups. Comparisons of propor- 
tions between more than two groups were performed 
using the chi-square test. The Kruskal-Wallis test was 
used to compare continuous data between more than 
two groups, and the Mann-Whitney U test was used 
to compare continuous data between individual 
groups. Values are expressed as medians and in- 

terquartile ranges unless otherwise stated. A P value of 
less than 0.05 was accepted as significant. 

R E S U L T S  

Demographic data for each of the four study 
groups are shown in Table I. There was no differ- 
enee in age distribution, but there was a tendency to- 
ward male predominance in all groups with mueosal 
injury. Thirty (11.5%) of the 262 patients had seg- 
ments of Barrett's esophagus shorter than 3 em. The 
mean length was 1.6 em and ranged from 1 to 2 cm. 
Thirty-two patients (12.2%) had segments of Bar- 
rett's esophagus longer than 3 cm. Thei r  mean 
length was 6.2 em and ranged from 3 to 14 em. This 
resulted in an overall prevalence of Barrett's eso- 
phagus of 23.7%. 

Table II compares the median time and the preva- 
lence of increased esophageal acid and bilirubin ex- 
posure. Both progressively increased from patients 
with no mucosal injury to patients with esophagitis 
and Barrett's esophagus. Esophageal exposure to acid 
was significantly higher in patients with short seg- 
ments of Barrett's esophagus when compared to pa- 
tients with no mucosal injury, but did not differ from 
values in the group with esophagitis. Patients with 
long-segment Barrett's esophagus had the highest acid 
exposure and were significantly different from all 
other groups. 

Table I. Demographic data 

Group No. of  patients 
A~e ty0 

Male : Female ratio Median Range 

l--No mucosal injury 
2--Esophagitis 

3--Barret t 's  esophagus <3 cm 
4--Barre t t ' s  esophagus >3 cm 

130 
70 
30 
32 

69:61 51 18-89 
48:22* 53 25-80 
22:8 50 22-74 
23:9 53 33-83 

*P <0.05 vs. no mucosal injury. 

Table II. Esophageal acid and bilirubin exposure 

Group 

% Tune Prevalence of  % Time b'dirubin Prevalence of  
pH <4 increased absorbance >0.2 increased 
(range) acid exposure (range) b'flirubin exposure 

1--No mucosal injury 
2--Esophagitis 
3--Short-segment Barrett's esophagus 
4--Long-segment Barrett's esophagus 

3.0 (0.6-6.0) 
8.0 (6.0-11.6)* 
9.4 (6.1-14.8)* 

27.1 (15.7-41.0)t 

35.4 0.1 (0.0-2.6) 
80.0* 4.2 (0.2-21.7)* 
93.3* 7.9 (1.2-18.4)* 
96.9¢ 15.7 (4.2-30.5), 

30.0 
61.4* 
73.3* 
84.4* 

Values expressed as medians and interquartile ranges. 
*P <0.05 vs. group 1. 
tP  <0.05 vs. all groups. 
~P <0.05 vs. groups 1 and 2. 
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Fig. 1. Prevalence of normal esophageal acid and bihrubin exposure, increased esophageal acid exposure 
only, increased esophageal bilirubin exposure only, and increases in both acid and bilirubin exposure in 
patients with no mucosal injury (A), erosive esophagitis (B), and short (C) and long (D) segments of Bar- 
rett's esophagus. 
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T a b l e  I I I .  Lower  esophageal sphincter  (LES) characteristics 

LES pressure Abdominal Prevalence of  
Group (mm Hg) length (cm) defective LES 

1--No mucosal injury 
2--Esophagitis 
3--Short-segment Barrett's esophagus 
4--Long-segrnent Barrett's esophagus 

11.0 (5.6-16.5) 1.2 (0.6-1.8) 51.5 
5.8 (3.4-8.4)* 0.6 (0.2-1.0)* 85.7* 
5.8 (3.4-10.2)* 0.8 (0.2-1.4)* 73.3* 
4.7 (1.7-6.7)~ 0.2 (0.0-0.8)¢ 93.8~ 

Values expressed as medians and interquartile ranges. 
*P <0.05 vs. group 1. 
tP <0.05 vs. all groups. 
tP <0.05 vs. groups 1 and 3. 
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Fig. 2. Length of intestinal metaplasia (medians and interquartile ranges) in the presence of a normal 
and a defective lower esophageal sphincter (LES). * = P <0.05 vs. patients with a normal LES. 

There was also a similar progressive increase in the 
median time of esophageal bilirubin exposure and 
the prevalence of abnormal bilirubin exposure from 
patients with no mucosal injury to those with esoph- 
agitis and Barrett's esophagus. Patients with short- 
segment Barrett's esophagus had a significantly higher 
prevalence of abnormal exposure and a higher median 
time of bilirubin exposure compared to patients with 
no mucosal injury but did not differ from those with 
esophagitis or long-segment Barrett's esophagus. 

The composition of the juice refluxed into the 
esophagus can be acid, bile, or both. These compo- 
nents are related to mucosal injury in Fig. 1. The re- 
flux of bilirubin alone was uncommon. Fifty-three 
percent of the patients with no mucosal injury had 
normal esophageal acid and bilirubin exposure sug- 
gesting that they did not have gastroesophageal reflux 
disease. By contrast, in all groups demonstrating mu- 
cosal injury, the combination of abnormal esophageal 
acid and bilirubin exposure had a high prevalence; this 
was particularly true of patients with long-segment 
Barrett's esophagus. 

Lower esophageal sphincter characteristics are re- 
lated to mucosal injury in Table III. There was a 
progressive loss of lower esophageal sphincter pres- 
sure and abdominal length as the degree of mucosal 
injury progressed from no injury to esophagitis, to 
short- and long-segment Barrett's esophagus. Of in- 
terest, when all patients with Barrett's esophagus 
were classified according to the presence of a nor- 
mal or a defective sphincter, those with the latter had 
a significantly greater length of Barrett's mucosa 
(Fig. 2). 
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Fig. 3. Prevalence of hiatal hernia in patients with no mucosal 
injury, erosive esophagitis, and short and long segments of Bar- 
rett's esophagus. * = P <0.05 vs. patients with no mucosal in- 
jury; t = P <0.05 vs. patients with no mucosal injury and 
esophagitis. 

Fig. 3 relates the prevalence of altered anatomy of 
the cardia, as reflected endoscopically by the presence 
of a hiatal hernia, to the degree of esophageal mucosal 
injury. A hiatal hernia was very common in all groups 
with mucosal injury. 

D I S C U S S I O N  

This is the first study of esophageal acid and biliru- 
bin exposure in patients with short segments of Bar- 
rett's esophagus. A major observation was that pa- 
tients with short-segment Barrett's esophagus have 
increased esophageal exposure not only to acid but 
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also to duodenal juice. The magnitude of this expo- 
sure is comparable to that observed in patients with 
esophagitis but less than that observed in patients 
with traditional long-segment Barrett's esophagus. 
This emphasizes that even a short segment of Bar- 
rett's esophagus is a manifestation of severe reflux dis- 
ease and suggests that its underlying etiology is simi- 
lar to that of the traditional long-segment Barrett's 
esophagus. 

The mechanism by which duodenal reflux pro- 
duces injury to esophageal mucosa has been exten- 
sively studied both experimentally and clinically. Acid 
alone, at physiologic concentrations, is relatively 
harmless but facilitates the action of pepsin. 22-24 Both 
pepsin and trypsin, in the appropriate pH environ- 
ment, affect intercellular substances causing shedding 
of epithelial cells. 24,25 Bile acids affect primarily cell 
membranes and intracellular organelles. 26 It appears 
that an acidic environment is needed to augment the 
ability of bile salts to penetrate into the m u c o s a .  27 

This is consistent with the observation that combined 
reflux of both acid and duodenal juice results in a high 
prevalence of esophageal mucosal injury. 

In parallel with the abnormalities in esophageal 
acid and bilirubin exposure found in patients with 
short-segment Barrett's esophagus, mechanical alter- 
ations were also observed. These were manifested 
anatomically by the presence of hiatal hernias and 
physiologically by deterioration in the length and 
resting pressure of the lower esophageal sphincter. 
The degrees to which both occurred were comparable 
to the findings in patients with esophagitis but were 
less profound than what was observed in patients with 
long-segment Barrett's esophagus. These data, along 
with the observation that the length of Barrett's mu- 
cosa was longer in the presence of a structurally de- 
fective lower esophageal sphincter, suggest that short 
segments of Barrett's mueosa are an intermediate step 
in the development of longer segments. According to 
this theory, when the sphincter completely deterio- 
rates, the length of Barrett's mucosa rapidly increases. 
However, this hypothesis would require a longitudinal 
study to be tested. 

The similarities in the composition of the regurgi- 
tated gastric juice and in the lower esophageal sphinc- 
ter profile in patients with short segments of Barrett's 
esophagus and those with esophagitis raises the ques- 
tion of why one group develops intestinal metaplasia 
and the other does not. Possible explanations for the 
pathogenesis of Barrett's mucosa in this context in- 
clude the duration of reflux disease, the composition 
of the refluxate, and/or underlying genetic traits. The 
development of Barrett's mucosa, in contrast to 
esophagitis, may require a more prolonged exposure 
to gastric and duodenal juice than esophagitis. An- 

other possibility is a difference in the composition of 
the refluxed juice that is not detected by simple pH 
and bilirubin monitoring. The amount and type of 
the individual bile acids, pancreatic enzymes, and 
lysolecithin are not measured by this technology. One 
important distinction is that erosive esophagitis may 
heal with treatment, whereas Barrett's esophagus gen- 
erally persists. Consequently short-segment Barrett's 
esophagus represents premanent mucosal injury and 
is a reliable marker of reflux disease. 

The propensity for short segments of Barrett's 
esophagus to undergo malignant transformation is 
obviously of great relevance. Direct evidence for this 
possibility comes from individual reports where can- 
cer was seen to develop in persons with short-segment 
Barrett's esophagus. 4,5 Indirect evidence may be found 
in the similar epidemiologic characteristics of adeno- 
carcinoma of the esophagus and of the cardia. 7,8 Both 
predominate in white males and are increasing at the 
same rate. Although this evidence suggests that the 
risk of malignant change in short-segment Barrett's 
esophagus is significant, its magnitude is not known 
at present. 

The recognition that short-segment Barrett's 
esophagus is a manifestation of the same underlying 
disease process as long-segment Barrett's esophagus 
has important epidemiologic implications. One of 
the most striking observations in this study was that 
the overall prevalence of Barrett's esophagus almost 
doubled from 12.2% to 23.7% when patients with 
short segments were included in the population with 
Barrett's esophagus. This implies that the incidence 
of Barrett's esophagus in patients with gastroe- 
sophageal reflux disease is far greater than tradition- 
ally reported. 

We conclude that patients with segments of in- 
testinal metaplasia, regardless of its length, have a 
high prevalence of structurally defective lower 
esophageal sphincters and increased esophageal expo- 
sure to both gastric and duodenal juices. Both are 
complications of gastroesophageal reflux disease. 
Consequently there is no rationale for the arbitrary 
distinction between long and short segments of Bar- 
rett's esophagus based solely on the length of the 
metaplastic epithelium. 
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Discussion 
Dr. J. Hunter (Adanta, Ga.). This draws on much 

of the superb research from the University of  Southern 
California on the role of  bile in the etiology of Barrett's 
esophagus. Have you made any effort to sort out the role of 
proton pump inhibitors by examining the effects of long- 
term acid suppression and determining its role in patients 
with defective sphincters? 

Dr. S. Obcrg. We have no data on the role of long-term 
acid suppression, as most of the patients had antireflux 
surgery. 

Dr. M. Patti (San Francisco, Calif.). You have estab- 
lished a relationship between the length of the lower esoph- 
ageal sphincter or the contents and the length of the Bar- 

rett's metaplasia. Have you tried to establish a similar rela- 
tionship between the length of metaplasia and esophageal 
peristalsis or esophageal acid clearance? 

Dr. Oberg. No, but we have noted that patients with 
longer segments of Barrett's esophagus have decreased am- 
plitude of their esophageal contractions. 

Dr:. G. l_arson (Louisville, Ky.). Do you consider Bar- 
rett's esophagus to be a progressive disease that worsens 
over time if left untreated? I ask this because there are data 
which suggest that neither the duration of symptoms nor 
the age of the patient seems to correlate with the length of 
the Barrett's esophagus. Therefore it would be helpful to 
know how long these patients have been symptomatic and 
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whether there is a correlation between the duration of 
symptoms and your findings, and between the age of the 
patient and the length of the Barrett's esophagus. 

Dr. Oberg. We do not have any data on the duration of 
the disease in the different groups. There is no difference in 
age among various groups with no injury and with short 
and long segments of Barrett's esophagus. 

There are data to suggest that if the sphincter deterio- 
rates and the exposure reaches further up into the esopha- 

gus, the extent of Barrett's disease may increase; however, 
proof of this would require longitudinal studies and we have 
not done them. 

Dr. C. Pellegrini (Seattle, IVasb.). What is the apparent 
relationship between the use of proton pump inhibitors and 
the potential for developing esophagitis? 

Dr. Oberg. I cannot say how many of these patients 
were receiving proton pump inhibitors. 



Laparoscopic Fundoplication for Dysphagia 
and Peptic Esophageal Stricture 
Hadar Spivak, M.D., Timothy M. Farrell, M.D., Ted L. Trus, M.D., Gene D. Branum, M.D., 
.7. Patrick VVaring, M.D.,John G. Hunter, M.D., EA.C.S. 

Peptic esophageal stricture with dysphagia is a late manifestation of severe gastroesophageal reflux disease 
(GERD). Although laparoscopic fundoplication is an effective antireflux operation, its efficacy for persons 
with peptic esophageal stricture and dysphagia has not been well defined. The aim of this study was to 
evaluate outcomes after fundoplication in this subgroup of GERD patients. Forty GERD patients with 
moderate, severe, or incapacitating dysphagia and peptic esophageal stricture were compared to a control 
group of 121 GERD patients without significant dysphagia or stricture. Reflux symptom severity was 
scored by each patient preoperatively and at most recent follow-up postoperatively (mean 1.5 years) us- 
ing a scale ranging from 0 to 4 (0 = symptoms absent; 4 = symptoms incapacitating). Symptom scores 
were compared by the Wilcoxon rank-sum test. Postoperative redilation and fundoplication failure rates 
were also determined. At a mean follow-up of 1.5 years after fundoplication, the median dysphagia score 
had improved from 3 to 0 (P <0.001) in stricture patients and remained low (score 0) in the control 
group. The median heartburn score also improved from 3 to 0 (P <0.001) in stricture patients, with an 
identical response in the control group (P <0.001). Among dysphagia/stricture patients, 35 (87.5%) re- 
ported overall satisfaction and have not required secondary medical treatment or esophageal dilation. 
Four patients (10%) have required endoscopic redilation for residual dysphagia and one (2.5%) had re- 
operation for fundoplication herniation shortly after operation. Laparoscopic fundoplication is an effec- 
tive therapy for patients with dysphagia and peptic esophageal stricture. (J GASTROINTEST SURG 1998; 
2:555-560.) 

KEY WORDS: Esophageal stricture, dilation, laparoscopic fundoplication 

Peptic esophageal stricture is a consequence of 
severe gastroesophageal reflux disease (GERD). 
Chronic exposure of the distal esophagus to gastric 
refluxate incites inflammation that may manifest as a 
constricting mucosal band (Schatzki's ring) or, if 
deeper esophageal erosions or ulcerations develop, a 
circumferential peptic stricture. 

Although laparoscopic fundoplication is an effec- 
tive treatment for symptomatic GERD, 1 the manage- 
ment of patients with peptic esophageal strictures is 
controversial. Results of surgical management of pep- 
tic strictures have been inferior to those for uncom- 
plicated reflux disease. Periesophagitis and esophageal 
shortening may place the surgical repair under exces- 

sive tension, which may impair esophageal propulsion 
or increase the likelihood of fundoplication disrup- 
tion, herniation, or slippage) 

Several years ago, "open" antireflux surgery was 
found to be more effective than antacids and H2-re- 
ceptor antagonists for controlling GERD in patients 
with peptic esophageal strictures, because it elimi- 
nates duodenogastric reflux and provides more con- 
sistent control of  esophageal pH than do H2 block- 
ers. 3-6 However, the morbidity, mortality, and dis- 
comfort associated with open antireflux surgery lim- 
ited its widespread application. 7 The  development of 
laparoscopic antireflux procedures and the advent of 
proton pump inhibitors have redefined the surgical 
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and medical management of GERD, and have created 
an obligation for detailed evaluation of these new 
therapies to optimize clinical decision making. Our 
aim was to evaluate the effectiveness of laparoscopic 
fundoplication for patients with dysphagia and peptic 
esophageal stricture, and to compare these outcomes 
to results in GERD patients without stricture or dys- 
phagia undergoing laparoscopic fundoplication by the 
same surgeon in the same time period. 

M E T H O D S  
Study Design 

From 1992 to 1996, 458 patients with GERD un- 
derwent laparoscopic fundoplication at Emory Uni- 
versity Hospital. Typical symptoms of GERD (heart- 
burn, regurgitation, dysphagia) were scored by all pa- 
tients at initial surgical evaluation and at postopera- 
tive visits using a symptom severity scale (SSS) of 0 to 
4. Forty patients (8.7%) with preoperative dysphagia 
scores of 2, 3, or 4 ("moderate," "severe," or "inca- 
pacitating," respectively) and endoscopically con- 
firmed peptic esophageal stricture comprised the 
study group. The median duration of dysphagia was 5 
years (range 0.8 to 30 years). 

The control group consisted of all patients with 
uncomplicated GERD (but similar reflux scores) who 
had no stricture, and preoperative dysphagia scores of 
0 or 1 ("none" or "mild"), and who underwent oper- 
ation during the same time period. One hundred 
twenty-one patients fulfilled these criteria. Most of 
the remaining patients, who were not included in the 
study, had preoperative dysphagia scores of greater 
than 1 and no stricture. 

For both groups, success was defined as significant 
and meaningful reduction of reflux symptoms includ- 
ing dysphagia, without the need for postoperative 
esophageal dilation or medical therapy. Continuous 
normally distributed demographic variables were 
compared by Student's t-test. Nonparametric data, 
such as pre- and postoperative symptom scores, were 
compared using the Wilcoxon rank-sum test. 

Diagnosis of  GERD/St r ie tu re  

Patients with Barrett's esophagus and evidence of 
severe dysplasia were excluded from the study. The 
diagnosis of GERD was confirmed by detailed 
anatomic and physiologic foregut evaluation before 
operation. 1 Esophagogastroduodenoscopy was per- 
formed in all patients to demonstrate structural ab- 
normalities associated with GERD, such as stricture 
and hiatal hernia, and to allow mucosal survey for 
esophagitis, unrecognized malignancy, or gastric 

pathology. A barium swallow test was performed in all 
patients preoperatively. The diagnosis of stricture or 
Schatski's ring was derived from this study. 

Patients in the study group had either peptic 
esophageal stricture (n = 34) or Schatzki's ring 
(n = 6) diagnosed by endoscopy and barium con- 
trast study 7,8 during the preoperative evaluation, and 
in all cases peptic stricture was confirmed by resis- 
tance to dilation at endoscopy or operation. All 
strictures were less than 3 cm in length, and neo- 
plasm or dysplasia was excluded by biopsy. Preop- 
eratively 19 patients underwent one or two endo- 
scopic dilations, seven had three to five dilations, 
and 10 required more than five dilations. Four pa- 
tients did not undergo dilation before operation. 
Twenty-seven patients underwent dilation during 
the 4 months prior to operation. 

An esophageal motility study 9 was used to charac- 
terize lower esophageal sphincter function and to de- 
tect unsuspected functional disorders that might hin- 
der propulsion of food through a surgical fundoplica- 
tion. Among the 40 patients with dysphagia and stric- 
ture, mean lower esophageal sphincter pressure was 
not significantly different from control values (14 -- 
11 mm Hg vs. 12 + 8 mm Hg). Patients with diffuse 
esophageal spasm, achalasia, or scleroderma were ex- 
cluded from the study. In the study group, 36 patients 
(90%) had normal esophageal motility and four pa- 
tients (10%) had impaired peristalsis (mean esoph- 
ageal body pressure <30 mm Hg or fewer than 70% 
of wet swallows induced peristalsis). In the control 
group, 426 patients (93%) had normal esophageal 
motility and 32 patients (7%) had mildly impaired 
peristalsis (P = not significant [NS]). Those with im- 
paired motility underwent Toupet (270-degree) fun- 
doplication. 

Operative Technique  

Laparoscopic fundoplications were performed as 
previously reported. 1° In the dysphagia/stricture 
group, intraoperative dilation was performed using 
Maloney dilators. Intraoperative dilation strategy was 
tailored for each patient. Generally three dilators 
were passed, starting with the largest size of preoper- 
ative dilation and proceeding to 10 Fr larger. In all 
but one case it was possible to dilate the esophagus to 
more than 50 Fr. The fundoplication was then cre- 
ated over the dilator. The mean bougie size was 56 Fr 
(range 46 to 60 Fr). Nissen fundoplication was per- 
formed in 34 patients, Toupet fundoplication in four 
patients, and two patients with esophageal shortening 
underwent Collis-Nissen fundoplication performed 
laparoscopically.ll 
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RESULTS 

Patients with dysphagia and stricture were, on av- 
erage, 5 years older than control subjects (P <0.01). 
Other demographic and perioperative data were sim- 
ilar (Table 1). Operative morbidity in the study group 
consisted of pneumothorax in one patient. One pa- 
t en t  developed herniation of the fundoplicadon after 
an episode of retching required to relieve early post- 
operative food impaction. A "redo" laparoscopic fun- 
doplicadon was performed in this patient 2.5 months 
postoperatively. 

Preoperative heartburn scores were similar in 
dysphagia/stricture patients and control subjects 
(P = NS). At median follow-up of 1.5 years (range 
0.5 to 4 years), heartburn scores improved signifi- 
cantly in the dysphagia/stricture group (P <0.001) 
and in the control group (P <0.001) (Fig. 1). Dys- 
phagia scores also improved in the study group 
(P <0.001) and remained low in the control group 
(P = NS) (Fig. 2). 

In the study group, 27 patients (including the pa- 
tient requiring early reoperation) reported no residual 
dysphagia (SSS = 0) and six others reported only rare 
or mild dysphagia after operation (SSS = 1). Seven 
patients reported moderate dysphagia (SSS = 2), four 
of whom (10%) have required at least one rediladon. 
The other three patients who reported residual dys- 
phagia were sufficiently satisfied with their improve- 
ment in swallowing to decline further dilations. Ex- 
cluding the patient with early reoperation (although 
he was cured of his GERD), and the four patents re- 
quiring repeat dilation, 35 patients (87.5 %) were free 
of significant reflux symptoms and required no fur- 

ther dilation after operation. Among GERD patients 
without dysphagia (control group), 93 % had satisfac- 
tory postoperative outcome, defined as relief of symp- 
toms and elimination of medication requirements af- 
ter operation. 

On late follow-up, two patients with mild postop- 
erative dysphagia and one patient with moderate post- 
operative dysphagia were found to have radiologic 
suggestion of transhiatal fundoplicadon herniation. 
None of these patients is sufficiently symptomatic to 
request or require reoperation. 

DISCUSSION 

Peptic esophageal stricture is one of the most mor- 
bid and difficult to manage complications of chronic 
gastroesophageal reflux. Stricture occurs in 1% to 5% 
of patents with esophagitis, compared to only 0.01% 
of the overall population. 7 Although aggressive anti- 
secretory therapy lessens stricture recurrence after di- 
lation, 12,13 30% of patients require repeat dilation 
within 1 year. 12 A recent study of 58 patients with 
peptic esophageal stricture reported an average of 4.5 
dilations the year after stricture diagnosis and 2.4 di- 
lations per year thereafter, despite ongoing aggressive 
therapy with proton pump inhibitors. 14 Earlier studies 
reported similar findings among patents treated with 
H2 blockers. 12A3'15 Thus patients managed without 
surgery require regular surveillance and sometimes 
repeat dilations, in addition to long-term pharmaco- 
logic therapy. 

Since its development in the early 1990s, laparo- 
scopic fundoplication has proved to be an excellent 

Table I. Comparison of stricture and control groups 

Stricture (n = 40) No stricture (n = 121) Pvalue* 

Demographics  
Mean age (yr) 52 (range 27-74) 44 (range 17-79) <0.01 
Males/females 25/15 76/45 NS 

Preoperative 
Mean LES resting 14 -+ 11 12 + 8 NS 

pressure (mm Hg) 
Operative 

No. of NissenfFoupet/ 34/4/2 108/13/0 NS 
Collis-Nissen fundoplications 

Postoperative 
Dilations 4 --  
Reoperations 1 1 NS 

LES = lower esophageal sphincter; NS = not significant. 
*Comparisons performed using Student's t test. 
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Fig. 1. Preoperative (A) and postoperative (B) comparison of heartburn severity scores in patients with 
gastroesophageal reflux (GER) with and without dysphagia/stricture. Heartburn scores were similar pre- 
operatively (P = 0.10), and both dysphagia/stricture patients and GER control subjects showed signifi- 
cant improvement after operation (P <0.001). 
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Fig. 2. Preoperative (A) and postoperative (B) comparison of dysphagia severity scores in patients with 
gastroesophageal reflux (GER) with and without stricture. Dysphagia improved significantly in stricture 
patients (P <0.001) and remained low in GER control subjects. 
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Table II. Treatment of peptic esophageal stricture 

Treatment Reference Year No. Follow-up (yr) Effectiveness* Morbidity Mortality 

H 2 blockers Hands et al. Is 1989 195 4.8 46% 3.6% perforation 0% 
+ dilations Smith et al. 12 1994 185 1.0 54% - -  0% 

Omeprazole Smith et al. 12 1994 180 1.0 70% --  0% 
+ dilations Agnew et al. 14 1996 58 5.5 84%f - -  - -  

Mercer et al. s 1986 160 4.0 45%-90% 10% splenectomy 2.5% 

Open surgery Little et al. 3 1988 34 4.3 82% 
Vollan et al. 16 1992 43 0.2-12 53% 
Bonavina et al. 17 1993 46 2.0 75% 

Laparoscopic surgery Spivak et al. 1997 40 1.5 88% 
(present study) 

- -  0 %  

9% spleneetomy 0% 
2 % leakage 2 % 

2.5% pneumo- 0% 
thorax 

*No further dilations after initial treatment except where indicated. 
tOne year of dilations. 

treatment modality for GERD. However, the role of 
antireflux surgery for patients with advanced esoph- 
ageal disease, including Barrett's esophagus or peptic 
esophageal stricture, is more controversial. 16 Our 
findings suggest that laparoscopic fundoplication and 
intraoperative esophageal dilation is an effective and 
durable therapy for GERD patients with dysphagia 
and stricture, with 87.5% of patients requiring no fur- 
ther intervention at a mean follow-up of 1.5 years. 
Obviously, longer follow-up is needed but these re- 
sults are superior to the 1-year primary efficacy of di- 
lation and H2 blockers (54%) or dilation and proton 
pump inhibitors (70%) in the treatment of peptic 
esophageal stricture 12 (Table II). 

Although the definition of a "true stricture" is de- 
batable, patients were not enrolled in the study group 
unless a stricture was seen radiographically and 
esophageal narrowing was confirmed by resistance to 
dilation. As well, protracted dysphagia relieved with 
dilation was required for entry to the study group. Six 
patients who carried a preoperative radiographic or 
endoscopic diagnosis of Schatzld's ring fulfilled these 
criteria and were included in the study group. 
Schatzki's rings are a result of gastroesophageal reflux 
and frequently progress to circumferential s t r i c t u r e ,  7 

so their characterization is better defined by the de- 
gree of attendant dysphagia and its responsiveness to 
dilation. 

Three patients with residual dysphagia were found 
to have evidence of fundoplication herniation by bar- 
ium swallow; however, none has incurred sufficient 
symptoms to warrant reoperation. We speculate that 
postoperative herniation may be related to the pres- 

ence of unrecognized esophageal shortening. Al- 
though two (5%) of our study patients underwent an 
esophageal lengthening procedure before fundoplica- 
tion, the 10% incidence of postoperative wrap herni- 
ation may indicate the presence of longitudinal ten- 
sion on the fundoplication. 17 A short esophagus may 
produce an abnormally high gastroesophageal junc- 
tion at endoscopy, a proximally displaced physiologic 
sphincter at manometry, or dissociation between the 
gastroesophageal junction and the diaphragm with a 
straight esophagus on barium swallow. Although the 
need for esophageal lengthening by Collis gastro- 
plasty is still debated among surgeons,L7 we are cur- 
rently performing the Collis-Nissen procedure if in- 
traoperative esophageal mobilization does not allow 
at least 2 cm of esophagus to reside in the abdomen 
without tension. Preoperative discussion of gastro- 
plasty occurs in all patients with Barrett's metaplasia, 
stricture, or severe esophagitis, but only 16% of these 
patients require lengthening after thorough esoph- 
ageal mobilization. H 

C O N C L U S I O N  

Peptic esophageal stricture is a late complication of 
GERD. Although pharmacologic therapy and dilation 
are initially effective, many patients receive only tem- 
porary relief. Laparoscopic fundoplication is an effec- 
tive therapy for patients whose medical therapy is un- 
successful and should be considered as a primary 
treatment option for patients who are otherwise ac- 
ceptable surgical candidates. Preoperative treatment 
with proton pump inhibitors and dilation is recom- 
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mended. Collis gastroplasty should be used for esoph- 
ageal shortening, and esophageal resection should be 
considered for patients with undilatable strictures, 
especially when associated with poor esophageal peri- 
stalsis. 
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Comparison of Thoracoscopic and Laparoscopic 
Heller Myotomy for Achalasia 
Marco G. Patti, M.D., Massimo Arcerito, M.D., Mario De Pinto, M.D., Carlo V. Feo, M.D., 
Jenny Tong, M.D., Walter Gantert, M.D., Lawrence IV.. Way, M.D. 

For more than three decades experts have debated the relative merits of thoracoscopic Heller myotomy 
(no antireflux procedure) vs. laparoscopic Heller myotomy plus Dor fundoplication for treatment of 
achalasia. The aim of this study was to compare the results of these two methods with respect to (1) re- 
lief of dysphagia, (2) incidence of postoperative gastroesophageal reflux, and (3) hospital course. Sixty 
patients with esophageal achalasia were operated on between 1991 and 1996. Thirty underwent a thora- 
coscopic Heller myotomy and 30 had a laparoscopic HeUer myotomy with a Dor fundoplication. The two 
groups were similar with respect to demographic characteristics, clinical findings, and extent of mano- 
metric abnormalities. Preoperative pH monitoring showed abnormal reflux in two patents in the lapa- 
roscopic group. Average hospital stay was 84 hours for the thoracoscopic group and 42 hours for the lap- 
aroscopic group. Excellent (no dysphagia) or good (dysphagia less than once a week) results were ob- 
tained in 87% of patients in the thoracoscopic group and in 90% of patients in the laparoscopic group. 
Postoperative pH monitoring showed abnormal reflux in 6 (60%) of 10 patients in the thoracoscopic 
group and in 1 (10%) of 10 patients in the laparoscopic group. The two patients in the laparoscopic 
group who had reflux preoperatively had normal reflux scores postoperatively. Laparoscopic Heller my- 
otomy with Dor fundoplication was found to be superior to thoracoscopic Heller myotomy. Both oper- 
ations relieved dysphagia, but the laparoscopic approach avoided postoperative reflux and even corrected 
reflux present preoperatively. In addition, the patients were more comfortable and left the hospital ear- 
lier following a laparoscopic myotomy. Whether it is truly possible to perform a Heller myotomy with- 
out an antireflux procedure in a way that relieves dysphagia and regularly avoids reflux remains ques- 
tionable. (J GASTROINTEST SURG 1998;2:561-566.) 

KEY WORDS: Achalasia, esophageal myotomy, Dor fundoplication, minimally invasive surgery, 
gastroesophageal reflux 

For more than three decades experts have debated 
the relative merits of  two techniques for performing 
Heller myotomy for achalasia: (1) a myotomy that ex- 
tends for only a few millimeters onto the stomach, 
without an antireflux procedure1,2; and (2) a myotomy 
that extends farther (1.5 cm) onto the stomach, ac- 
companied by an antireflux procedure. 3-6 The  princi- 
pal questions have been whether these operations re- 
lieved dysphagia and whether  a fundoplication was 
necessary as an adjunct to avoid postoperative gas- 
troesophageal reflux. The  debate continues today, at a 
time when thoracoscopic and laparoscopic techniques 
have replaced open surgery, and myotomy is now be- 
ing recommended much more often. 

The  aim of this study was to compare the results 
of  thoracoscopic Heller myotomy with those of lapa- 
roscopie Heller myotomy plus Dor fundoplieation in 
the treatment of esophageal achalasia. We evaluated 
the following: (1) resolution of dysphagia, (2) inci- 
dence of postoperative gastroesophageal reflux, and 
(3) hospital course. 

P A T I E N T S  A N D  M E T H O D S  
T h o r a c o s c o p i c  H e l l e r  M y o t o m y  

As previously reported, between January 1991 and 
October 1993, 30 consecutive patients with esoph- 
ageal achalasia underwent thoracoscopic Heller my- 
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o tomy at the University of California San Fran- 
cisco. 7,8 There  were 15 men and 15 women whose 
mean age was 48 years (range 28 to 90 years). The  pa- 
tients had been symptomatic  for an average of  81 
months (range 4 to 200 months) and had a dysphagia 
score of 3.5 + 0.4 (on a scale of 0 to 4). Twenty pa- 
tients (66%) had undergone pneumatic dilatation (13 
patients once; 7 patients twice or more). All patients 
had the same preoperative workup, which consisted 
of a barium swallow, endoscopy, esophageal manom- 
etry, and ambulatory pH monitoring. 

Operative Technique. The  operation consisted of a 
myotomy performed through a left thoracoscopic ap- 
proach, as previously described. 7,s The  myotomy was 
6 to 7 cm long and extended 5 m m  onto the gastric 
wall. Intraoperative endoscopy was used in all patients 
to facilitate locating the esophagus at the beginning 
of the mediastinal dissection, and more important, to 
assess the distal extent of the myotomy. 

The  patients were examined 2 and 6 weeks post- 
operatively and were subsequently followed up at 
4-month  intervals by telephone. The  average dura- 
tion of follow-up was 52 months  (range 40 to 70 
months).  Esophageal manomet ry  and 24-hour  pH 
monitoring were performed 2 to 3 months postoper- 
atively in 10 patients. 

Laparoscopic Heller Myotomy 
With Dor Fundoplication 

Between October 1993 and March 1997, 30 con- 
secutive patients with esophageal achalasia underwent 
laparoscopic Heller myotomy with Dor fundoplica- 
tion. There  were 15 men and 15 women; the mean 
age was 47 years (range 15 to 77 years). The  patients 
had been symptomatic for an average of 71 months 
(range 6 to 300 months) and had a dysphagia score of 
3.6 + 0.6 (on a scale of 0 to 4). Twenty patients (66%) 
had previously undergone pneumatic dilatation (9 pa- 
tients once; 11 patients twice or more), and four pa- 
tients had had intrasphincteric injections of  botu- 
linum toxin (3 patients once; one patient three times). 
The  preoperative workup consisted of a barium swal- 
low, endoscopy, esophageal manometry, and ambula- 
tory p H  monitor ing.  Ambulatory pH moni tor ing  
showed the presence of abnormal gastroesophageal 
reflux preoperatively in 2 of the 30 patients: one pa- 
tient (De Meester score = 49; normal < 15) had un- 
dergone two pneumatic dilatations, and the other pa- 
tient (DeMeester score = 50; normal <15) had had 
three pneumatic dilatations and three intrasphincteric 
injections of botulinum toxin. 

Operative Technique. T h e  patient was placed 
supine on the operating table with his or her legs in 
stirrups, and the surgeon stood between the patient's 

legs. Five 10 m m  trocars were used (Fig. 1). Port  1 
was for the camera; port  2 for a Babcock clamp and 
the laparosonic coagulating shears (LCS, Vetracision, 
Smithfield, R.I.); port  3 for the liver retractor; and 
ports 4 and 5 for performing the dissection and the 
myotomy, and for suturing. The  dissection was simi- 
lar to but less extensive than that used for laparoscopic 
Nissen fundoplication, since only the anterior portion 
of the right and left crural pillars and the anterior 
lower 7 cm of the esophagus were exposed (Fig. 2, A). 
The  esophagus was not mobilized posteriorly because 
this is not  required for a Dor fundoplication (anterior 
180-degree fundoplication). 9,a° T h e  myo tomy was 
performed either at the 2 o'clock (to the left of the 
anterior vagus nerve) or the 11 o'clock position (to 
the right of the anterior vagus nerve) in regard to the 
esophageal circumference. The  myotomy was 7 cm 
long and extended 1.0 to 1.5 cm onto the gastric wall 
(Fig. 2, B and C). 

A Dot  fundoplication was constructed in a manner 
similar to that described by Rosati et al. 1° In addition, 
the short gastric vessels were divided with the LCS 
beginning midway along the greater curvature and ex- 
tending up to the angle of His. Two rows of sutures 
were placed, each row consisting of three stitches of 
2-0 silk. The  first row secured the gastric fundus to 
the left side of myotomy; the uppermost stitch incor- 
porated the adjacent crus as well as the esophagus 
(Fig. 2, D and E). The  gastric fundus was then folded 
over to the right, so that it covered the myotomy, and 
a second row of sutures was placed between the fun- 
dus and the right side of the myotomy; the uppermost 
stitch also incorporated the right side of the crus (Fig. 
2, F and G). Finally, two sutures were placed between 

Fig. 1. Position of trocars for laparoscopic esophagomyotomy. 
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Fig. 2. A-G, Laparoscopic Heller myotomy and Dor fundoplicafion. 

the superior aspect of the fundoplication and the an- 
terior rim of the hiatus; these did not include the un- 
derlying esophagus. 

The follow-up regimen was the same as that for 
the thoracoscopic procedure. The average duration 
of follow-up was 13 months (range 1 to 36 months). 
Ten patients had postoperative manometry and 
24-hour pH monitoring performed 2 to 3 months 
postoperatively. 

RESULTS 
Thoracoscopic Heller Myotomy 

Operation. The mean duration of the operation 
was 150 minutes (range 45 to 210 minutes). Esoph- 
ageal perforation occurred in three pati~ts,  which 
was managed by converting to a thoracot~my for re- 
pair in two; in the third patient the perforation was 
repaired with an intracorporeal stitch. No complica- 
tions developed as a result of these repaired perfora- 
tions. 

Hospital Course. The patients were given an unre- 
stricted diet an average of 44 hours postoperatively 
(range 24 to 96 hours) and left the hospital after an 
average of 84 hours (range 48 to 140 hours). 

Postoperative Functional Evaluation. Esophageal 
manometry and pH monitoring were repeated post- 

operatively in 10 patients. Manometry showed that 
the lower esophageal sphincter (LES) pressure de- 
creased from 3 0 -+ 5 mm Hg preoperatively to 15 -+ 2 
mm Hg postoperatively. No changes in esophageal 
body motility were noted. Ambulatory pH monitor- 
ing revealed an abnormal reflux score in 6 of 10 pa- 
tients, all of whom had had normal scores preopera- 
tively. One of these six patients had heartburn, 
whereas the other five were asymptomatic. In the six 
patients with gastroesophageal reflux, the LES pres- 
sure ranged from 4 to 9 mm Hg. Three of the four 
patients without gastroesophageal reflux experienced 
residual dysphagia and had resting LES pressures of 
15, 16, and 3 5 mm Hg, respectively. 

Symptomatic Evaluation. The mean -+ standard 
deviation dysphagia score in this group went from 3.5 
--- 0.4 preoperatively to 0.6 +- 1.1 postoperatively 
(P <0.05). Eighty-seven percent of patients had either 
excellent (70%) or good (17%) results. 

A second myotomy was performed laparoscopically 
in the three patients who had persistent dysphagia. 
Two obtained complete relief, whereas the third pa- 
tient who had an advanced megaesophagus eventually 
underwent a transhiatal esophagectomy. A para- 
esophageal hernia developed in one patient, which 
was repaired 6 months following the Heller myotomy. 
Three of the six patients with postoperative gastro- 
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Fig. 3. A, Real gastroesophageal reflux. B, False gastroesophageal reflux. 

esophageal reflux are presently being treated with 
acid-suppressing agents; one of them is being consid- 
ered for a laparoscopic Dor fundoplication. 

L a p a r o s c o p i c  Hel le r  M y o t o m y  W i t h  D o r  
Fundopl ica t ion  

Operation. The mean duration of the operation 
was 166 minutes (range 90 to 300 minutes). 
Esophageal perforation occurred in three patients and 
was repaired laparoscopically in all three without 
complications. Intraoperative endoscopy was used in 
15 of the 30 operations, being discontinued as a rou- 
tine step in the last half of the series. A left pneu- 
mothorax developed in one patient, which was treated 
by tube drainage. 

Hospital Course. The patients were given an un- 
restricted diet after an average of 23 hours (range 7 
to 120 hours) and left the hospital after an average 
of 42 hours (range 23 to 168 hours). Three patients 
had a prolonged hospital stay: one patient had aspi- 
ration of gastric contents at the time of extubation 
in the operating room (hospital stay 120 hours); 
one patient with severe coronary artery disease had 
recurrent episodes of supraventricular tachycardia 
(hospital stay 96 hours); and one patient required 
prolonged mechanical ventilation because of pre- 
existing lung disease (hospital stay 7 days). Overall 
18 (60%) of the 30 patients left the hospital within 
23 hours. 

Postoperative Functional Evaluation. Esophageal 
manometry and pH monitoring were repeated post- 

operatively in 10 patients. Esophageal manometry 
showed that LES pressure decreased from 16 -+ 8 mm 
Hg preoperatively to 8 -+ 1 mm Hg postoperatively. 
No changes in esophageal body motility were noted. 

Ambulatory pH monitoring revealed an abnormal 
reflux score (DeMeester score = 19; normal < 15) in 
1 of the 10 patients. This woman had had a normal 
score preoperatively. Although asymptomatic, she was 
given H2-receptor-blocking agents. The postopera- 
tive reflux score was normal in the two patients in 
whom reflux had been present preoperatively. 

Symptomatic Evaluation. The mean _+ standard 
deviation dysphagia score in this group went from 3.6 
--- 0.6 preoperatively to 0.4 - 0.7 postoperatively 
(P <0.05). Ninety percent of the patients had either 
excellent (77%) or good (13 %) results. 

R e a l  R e f l u x  vs .  F a l s e  R e f l u x  

The tracing of each pH monitoring study was care- 
fully reviewed to distinguish between real gastro- 
esophageal reflux and false reflux due to stasis and fer- 
mentation. 11,12 Fig. 3, A shows an example of a pa- 
tient who had gastroesophageal reflux after thoraco- 
scopic myotomy. Each episode of reflux was charac- 
terized by a drop in the pH to 2 or 3 followed by acid 
clearance. Fig. 3, B shows the pH recording from a 
patient with a positive score before a myotomy. In this 
case, however, it was due to fermentation secondary 
to stasis. Instead of sharp drops in the pH as seen with 
reflux, the pH more gradually declines to 4 and re- 
mains unchanged for several hours. 
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DISCUSSION 

The results of this study suggest that a laparoscopic 
Heller myotomy plus fundoplication should be con- 
sidered the operation of choice for esophageal acha- 
lasia. Even though relief of dysphagia was similar af- 
ter thoraeoscopie and laparoseopic Heller myotomy, 
the latter offered the following advantages: (1) it was 
simpler to perform, (2) the hospital course was 
shorter, (3) the incidence of postoperative gastro- 
esophageal reflux was lower, and (4) the fundoplica- 
tion corrected reflux that was present preoperatively. 

Technical Aspects 

Overall the thoracoscopic approach was slightly 
more cumbersome for the following reasons: (1) it re- 
qnired the use of a double-lumen endotracheal tube 
and the lateral decuhitus position, and (2) intraopera- 
tive endoscopy was necessary to make sure that the 
myotomy had divided the entire sphincter. The lapa- 
roseopic approach had neither of these disadvantages. 
In addition, the myotomy was simpler to perform 
laparoscopically, particularly the distal extent on the 
gastric wall. 

We used intraoperative endoscopy routinely dur- 
ing thoracoscopic myotomy to ensure that the LES 
had been completely divided. As reported previ- 
ously, 7'13 making this judgment based on the thoraeo- 
scopic view alone was incorrect in several of our first 
few patients, which resulted in an incomplete my- 
otomy and persistent dysphagia requiring another op- 
eration. This problem was solved by using endoscopy 
as an ancillary means of assessing completeness. 

On the other hand, intraoperative endoscopy was 
found to be unnecessary during laparoscopic my- 
otomy. The location of the esophagogastric junction 
was more obvious, thanks to the better exposure, and 
the myotomy was deliberately longer and virtually 
certain to be complete. Although some surgeons use 
operative esophagoscopy to help look for a suspected 
mucosal perforation, we prefer to avoid endoscopy in 
this situation. Even a tiny perforation can be detected 
when saline solution is forcefully injected through a 
tube into the esophageal lumen, so any risk of ex- 
tending the lesion by trauma from an endoscope can 
be avoided. 

Hospital Course 

The hospital course was simpler and recovery was 
faster after the laparoscopic approach. The patients 
were allowed an unrestricted diet sooner after laparo- 
scopic myotomy, although this may partly have re- 
fleeted growing confidence that the patients could ac- 
tually tolerate immediate feeding. Nevertheless, the 
patients appeared more comfortable after the laparo- 

scopic operation and they could be discharged earlier, 
principally because a chest tube was not used. Sixty 
percent of patients who had a laparoscopic Heller my- 
otomy plus Dor fundoplication were discharged 
within 2 3 hours of surgery, and their postoperative 
course was as simple as that of patients undergoing 
lap-aroscopic cholecystectomy. 

Relief of Dysphagia 

There is no disagreement that a Heller myotomy 
is the preferred surgical treatment for achalasia, but 
the details are still disputed. In previous studies the 
transthoracic and transabdominal approaches have 
been compared with and without an antireflux pro- 
cedure. The results have suggested that both meth- 
ods relieve dysphagia in approximately 80% of pa- 
tients, and surgical treatment is superior to pneu- 
matic dilatation. 4,14,15 We and others have shown 
that thoracoscopic and laparoscopic myotomies are 
equivalent with regard to their ability to relieve 
dysphagia.7-10,13,16-20 

Postoperative Gastroesophageal Reflux 

Our study represents the first "head-to-head" com- 
parison of Heller myotomy with and without a fundo- 
plieation, not only in relieving dysphagia but also in 
preventing the development of gastroesophageal reflux. 
Even though our patients were not assigned randomly 
to the two procedures, they were similar with respect to 
demographic characteristics, clinical findings, and ex- 
tent of manometric abnormalities. Before this series 
was begun, the surgical team was thoroughly experi- 
enced in the surgical treatment of this disease, and the 
technical steps of the respective open operations were 
precisely reproduced in the laparoscopic versions. 

Postoperative gastroesophageal reflux was assessed 
by ambulatory pH monitoring because we knew that 
symptoms are an unreliable index of reflux. 11 The 
postoperative pH monitoring data showed that reflux 
was common (60%) after thoracoscopic myotomy, 
but it was uncommon (10%) when a concomitant 
fundoplication was used following a laparoseopic 
myotomy. The gastroesophageal reflux that developed 
after myotomy was principally subclinical; six (86%) 
of the seven affected patients were asymptomatic. 
That only one third of the patients in each group 
were tested, however, limits somewhat the strength of 
the conclusions. 

Transthoraeic myotomy without fundoplieation 
has been recommended by Ellis et al., 1,2 who reported 
that dysphagia was improved in 90% of patients, with 
only a 5% incidence of heartburn. However, in an- 
other report, the same group found gastroesophageal 
reflux postoperatively in 4 (29%) of 14 patients 21 sub- 
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jected to pH monitoring. Similarly, others found a 
25 % incidence of gastroesophageal reflux following 
thoracoscopic Heller myotomy.12 

The value of an antireflux operation in additon to 
the esophagomyotomy has been studied by several 
groups.  6,9,16 For instance, with the use of pH moni- 
toring Bonavina et al. 6 and Ancona et al. 9 found re- 
flux in 9% of patients after open abdominal Heller 
myotomy plus Dot fundoplication and in 6% of pa- 
tients after laparoscopic Heller myotomy plus Dor 
fundoplication, respectively. A Dor fundoplication 
(anterior 180-degree fimdoplication) is the antireflux 
procedure most commonly used with a Heller my- 
otomy,  6,9,17,18 but a posterior partial (240-degree) or a 
complete (360-degree) fundoplication has also been 
tried with success. 16,22 Thus the evidence supports the 
contention that pH monitoring is required to judge 
the presence or absence of reflux after these opera- 
tions and that a fundoplication is essential to prevent 
reflux. 11,21,22 

This study strongly suggests the need for an an- 
tire flux operation in addition to the myotomy. Besides 
avoiding reflux, fundoplication corrected preexisting 
reflux when present. This is of genuine importance 
because many patients come to surgery only after 
pneumatic dilatation has failed, and reflux has been 
shown to be present in many such patients. 1~ 

In conclusion, laparoscopic Heller myotomy with 
Dor fundoplication was superior to thoracoscopic 
Heller myotomy in the treatment of achalasia. Both 
operations relieved dysphagia, but the laparoscopic 
approach prevented reflux. In addition, the patients 
were more comfortable and left the hospital sooner 
after a laparoscopic myotomy. 
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Outcome After Laparoscopic Fundoplication 
Is Not Dependent on a Structurally Defective 
Lower Esophageal Sphincter 
Mantled P Ritter, M.D., Jeffrey H. Peters, M.D., Tom R. DeMeester, M.D., 
Peter E Crookes, M.D., Rodney J. Mason, M.D., Lydia Green, Lemeneh Tefera, 
Cedric G. Bremner, M.D. 

With the advent of laparoscopic surgery and the recognition that gastroesophageal reflux disease often re- 
quires lifelong medication, patients with normal resting sphincter characteristics are now being consid- 
ered for surgery. The outcome of these patients after fundoplication is unknown and formed the basis of 
this study. The study population consisted of 123 patients undergoing laparoscopic Nissen fundoplication 
between 1992 and 1996. All patients had increased esophageal acid exposure on 24-hour esophageal pH 
monitoring. Patients were divided into those with a normal (n = 36) and those with a structurally defec- 
tive (n = 87) lower esophageal sphincter (LES), based on LES resting pressure (normal >6 mm Hg), 
overall length (normal >2 cm), and abdominal length (normal > 1 cm), and their outcomes were assessed. 
Each group was subsequently divided into patients presenting with a primary symptom that was "typical" 
(heartburn, regurgitation, or dysphagia) or "atypical" (gastric, respiratory, or chest pain) of gastro- 
esophageal reflux, and outcome was assessed. Median duration of follow-up was 18 months after surgery. 
Overall, laparoscopic fundoplication was successful in relieving symptoms of gastroesophageal reflux in 
90% of patients. Patients with a typical primary symptom had an excellent outcome irrespective of the 
resting status of the LES (95% and 97%, respectively). Atypical primary symptoms were significantly 
more common in patients with a normal LES (29%) than in those with a structurally defective LES 
(10%; P <0.05), and these symptoms were less likely (50%) to be relieved by antireflux surgery. Laparo- 
scopic antireflux surgery is highly successful and not dependent on the status of the resting LES in pa- 
tients with increased esophageal acid exposure and primary symptoms "typical" of gastroesophageal re- 
flux. Antireflux surgery should be applied cautiously in patients with atypical primary symptoms. (J GAS- 
TROtNTEST SURG 1998; 2:567-572.) 

KEY WORDS: Gastroesophageal reflux, lower esophageal sphincter, laparoscopy, Nissen fundoplication, 
outcome 

Prior to the introduction of laparoscopic fundopli- 
cation, surgical treatment of gastroesophageal reflux 
disease was generally reserved for patients with severe 
esophagitis, stricture, or those refractory to medical 
therapy. Physiologic studies of  this population de- 
monstrated permanent structural defects of  the lower 
esophageal sphincter (LES) in the vast majority. 1 The  
presence of a mechanically defective sphincter became 
a criterion for surgery because of its association with 
severe disease, the fact that Nissen fundoplication re- 
stored normal function in the structurally defective 

LES, and the fact that it identified patients at a stage 
of  disease that merited open surgery. 2 The  introduc- 
tion and success of  minimally invasive antireflux 
surgery shifted the balance such that patients with less 
severe disease were considered surgical candidates. 3-5 
These patients, characterized by severe symptoms of 
gastroesophageal reflux and a low prevalence of mu- 
cosal injury, often have normal LES characteristics at 
rest. In this group of  patients reflux occurs during 
temporary loss of  the gastroesophageal barrier. 6-9 
These shifting referral patterns, together with an im- 
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proved understanding of LES failure, led us to reeval- 
uate the traditional concept that  antireflux surgery 
should be reserved for patients with a structurally de- 
fective LES. 

M E T H O D S  
Charac te r i s t i c s  o f  t he  S tudy  P o p u l a t i o n  

The  study population consisted of 123 consecutive 
patients treated with laparoscopic Nissen fundoplica- 
t ion between 1992 and 1996. All patients had in- 
creased esophageal acid exposure on 24-hour  pH 
monitor ing.  1° The re  were 91 men and 32 women,  
with a median age of 49 years (range 18 to 80 years). 
All patients underwent upper endoscopy, stationary 
esophageal manometry, and 24-hour esophageal pH 
monitoring. The  most  prominent  symptom present 
at the time of surgical referral was taken as the pri- 
mary symptom for analyses. Heartburn,  regurgita- 
tion, and dysphagia were considered typical, and 
cough, asthma, chest pain, and any other complaint 
atypical symptoms of  gastroesophageal refux.  T h e  
majority of patients (85%; 104/123) had a typical pri- 
mary symptom as the reason for antireflux surgery 
(Table I). 

M a n o m e t r y  

Stationary esophageal manomet ry  studies were 
performed using a single catheter assembly consisting 
of five polythene tubes bonded together with five lat- 
eral openings spaced 5 cm apart from each other and 
radially oriented around the circumference of the 
catheter. The  catheter was perfused with distilled wa- 
ter at a constant rate of 0.6 ml/min using a pneumo- 
hydraulic low-compliance perfusion pump (Arndor- 
fer Medical Specialties, Greendale, Wis.). The  three 
structural characteristics of the LES--res t ing  pres- 
sure, intra-abdominal length, and overall l eng th - -  
were measured using a stationary pull-through tech- 
nique. Based on the structural characteristics of the 
LES, patients were divided into those with a struc- 
turally normal (n = 36) and those with a structurally 
defective (n -- 87) LES. A structurally defective LES 
was defined in the presence of any one or a combina- 
tion of the following LES characteristics: resting pres- 
sure of less than 6 m m  Hg, overall length of less than 
2 cm, or intra-abdominal length of less than 1 cm. 1 

Cl inical  O u t c o m e  

Clinical outcome was obtained from all patients 
at a median follow-up of 18 months  after surgery 
(range 6 to 58 months). Symptomatic follow-up was 

Table I. Primary symptom responsible for surgical 
treatment 

No. of patients 
Symptom (%) 

Heartburn 87 (71) 
Regurgitation 10 (8.1) 
Dysphagia 7 (5.7) 
Gastric (nausea, vomiting, 7 (5.7) 

epigastric pain) 
Respiratory (cough, 6 (4.9) 

asthma, pneumonia) 
Chest pain 6 (4.9) 

T a b l e  II. Symptom grading 

Heartburn 
0 = none 
1 = minimal, identifiable symptom, occasional episodes, 

no prior medical visit 
2 = moderate; primary reason for visit, medical problem 
3 = severe; constant, daily, disability in activities of daily 

life 
Regurgitation 

0 = none 
1 = mild; after straining and/or large meals 
2 = moderate; predictable with position change, straining, 

or lying down 
3 = severe; constant regurgitation, presence of aspiration 

Dysphagia 
0 = none 
1 = mild; occasionally with coarse foods (meat sandwich, 

hard roll) lasting a few seconds 
2 = moderate; requiring clearing with liquids, frequently 

but not with every meal 
3 = severe; semiliquid diet, history of meat impaction, 

difficulty with every meal 

complete in 103 (84%) of the 123 patients. A physi- 
cian other than the surgeon who performed the op- 
eration assessed the outcome via telephone or per- 
sonal interview and completion of  a standard ques- 
tionnaire. The  outcome was considered excellent if 
the patient was completely asymptomatic. Patients 
whose symptoms were relieved, but who complained 
of  minor  gastrointestinal discomfort such as bloat- 
ing or flatulence, were considered to have a good re- 
sult. Patients whose symptoms were improved but  
still required additional therapy were considered to 
have a fair result. Patients were graded as having a 
poor  outcome if symptoms were not  improved or 
long-term dysphagia developed as a consequence of 
operative therapy. 
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Table m .  Symptomatic outcome in patients with and without a structurally defective lower 
esophageal sphincter (LES) 

Structurally Structurally 
defective LES normal LES Total 

No. (%) No. (%) No. (%) 

Typical primary symptom 63/65 (97) 23/24 (95) 86/89 (97) 
Atypical primary symptom 3/5 (60) 4/9 (44) 7/14 (50) 

TOTAL 66/70 (94) 27/33 (82) 93/103 (90) 

The symptomatic outcome was compared in pa- 
tients with structurally normal and defective LES, and 
they were further subdivided depending on the type t00 
of primary symptom at presentation (i.e., typical or 
atypical). Symptoms were scored between zero and 80 
three. A symptom score of one signified that the 
symptom was associated with minimal discomfort, a S0 
score of two meant that it caused moderate discom- 

4O 
fort, and a score of three indicated that it led to se- 
vere discomfort on a daily basis (Table II). 20 

Statistics 

Data are reported as mean +_ standard deviation 
unless otherwise stated. Fisher's exact test was used to 
compare proportions between two groups. W~flcoxon's 
rank test was used to compare continuous data. A P 
value <0.05 was considered significant. 

R E S U L T S  

Symptomatic follow-up was obtained in 103 of the 
123 patients. Overall, an excellent or good outcome 
was achieved in 90% (93/103) of the patients. The  
LES was structurally defective in 70 (68%) of the 103 
patients and normal in 33. Table m shows the preva- 
lence of excellent/good outcome in patients with and 
without a structurally defective sphincter. Sixty-six 
(94%) of the 70 patients with a structurally defective 
sphincter and 27 (82%) of the 33 with a normal rest- 
ing sphincter had an excellent or good outcome. 
There was no significant difference between patients 
with and without a defective sphincter. 

Of the 89 patients presenting with a typical pri- 
mary symptom, 86 (97%) had an excellent or good 
outcome. There was no difference between patients 
with typical symptoms and a structurally normal 
(n = 24) or structurally defective (n = 65) LES (Fig. 
1). In contrast, the outcome of patients with atypical 
primary symptoms was significantly less good than 
that of patients with a typical primary symptom. This 
was true irrespective of the status of the sphincter. 

Excellent/good symptomatic outcome [%] 
120 

0 
Typical primary symptom Atypical primary symptom 

(n--88) (n=14) 
ImDefective LES E]Normal LES I 

Fig. 1. Symptomatic outcome following laparoscopic fundo- 
plication in patients with structurally normal and structurally 
defective LES in relation to the primary symptom at presenta- 
tion. The operation was less effective in patients with an atyp- 
ical primary symptom. 

Failure in the majority (70%; 5/7) of these patients 
was due to the persistence of the atypical primary 
symptom. The  poorest outcome (44% excellent/ 
good) was in the nine patients with a normal sphinc- 
ter and atypical primary symptoms. 

To test whether the excellent/good outcome in pa- 
tients with typical primary symptoms and normal 
sphincters was due to a difference in the severity of 
disease, the pre- and postoperative symptom scores 
were compared between the two groups. The severity 
of symptoms in the two groups was identical and the 
scores were dramatically reduced in both groups (Fig. 
2). There  was no difference in the prevalence of 
heartburn, regurgitation, and dysphagia between pa- 
tients with a structurally normal and defective LES. 
The  prevalence of atypical primary symptoms was 
higher in patients with a structurally normal LES 
(28%; 10/36) when compared to patients with a struc- 
turally defective LES (10%; 9/87; P <0.05). 
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Heartburn Regurgitation Dysphagia Heartburn Regurgitation Dysphagia 

Fig. 2. A, Mean pre- and postoperative symptom scores in patients undergoing laparoscopic fimdopli- 
cation with a structurally defective LES. B, Mean pre- and postoperative symptom scores in patients 
undergoing laparoscopic fundoplication with structurally normal LES. * = P <0.01. 

D I S C U S S I O N  

T h e  results of this study show that laparoscopic 
Nissen fundoplication is highly successful in provid- 
ing symptomatic relief for patients presenting with 
the primary symptoms of heartburn, regurgitation, or 
dysphagia and increased esophageal acid exposure on 
24-hour  pH monitoring.  The  success of antireflux 
surgery in these patients was not  dependent  on the 
presence or absence of an abnormal resting LES pres- 
sure or length. The  outcome was less predictable in 
patients presenting with atypical primary symptoms, 
with or without incompetent LES measurements. 

Symptomatic  gastroesophageal reflux is a very 
c o m m o n  problem. Prevalence data would indicate 
that as much as 10% of the population of most West- 
ern countries has heartburn on a daily basis. Since the 
advent of manometric studies, it has become clear that 
there is a propor t ion of patients who have severe 
symptoms but still have a normal LES at rest. Until 
recently these patients were uncommonly  seen in a 
typical surgical practice, because antireflux surgery 
was generally reserved for patients with advanced dis- 
ease in which a defective sphincter was commonly  
present. With the advent of laparoscopic fundoplica- 
tion, patients with less severe disease, often with a 
normal LES, were considered for antireflux surgery. It 
soon became evident that an excellent outcome could 
be obtained in these patients as well. 

Coinciding with the clinical observations of the 
benefits of fundoplication in patients with early dis- 
ease and a normal resting LES, new insights into the 
possible mechanism of reflux in these patients have 

emerged. The  common denominator for virtually all 
episodes of gastroesophageal reflux in both patients 
and normal subjects is the loss of the normal gastro- 
esophageal barrier to reflux. This is usually secondary 
to low or reduced LES resistance, which may be ei- 
ther permanent or transient. A structurally defective 
sphincter results in a persistent loss of LES resistance 
and permits reflux of gastric contents into the esoph- 
agus throughout  the circadian cycle. 1 This  is borne 
out by the increased prevalence of supine reflux ob- 
served in the patients with a defective LES. Transient 
loss of the gastroesophageal barrier is usually sec- 
ondary to gastric abnormalities including gastric dis- 
tention with air or food, increased intragastric or in- 
tra-abdominal pressure, and delayed gastric empty- 
i ng .  6-9 These patients typically have upright or post- 
prandial reflux and less esophageal mucosal injury. 
Both groups of patients may be equally symptomatic. 

In support  of  these concepts, we have recently 
shown in animal studies that gastric distention results 
in progressive shortening of the LES ultimately lead- 
ing to equalization of esophageal and gastric pres- 
sures, that is, reflux. 8,11 Dent  et al. 12 have suggested 
that transient LES relaxation is an important mecha- 
nism in symptomatic  gastroesophageal reflux and 
that these short episodes of LES incompetency can 
be tr iggered by postprandial gastric distention. 7 
Whether  LES failure during these episodes is due to 
neurologically mediated relaxation 13,14 or to mechan- 
ical unfolding of the sphincter with resultant loss of 
cardiac competency is unknown, although we favor 
the latter. This "dynamic" incompetency of the LES 
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is of course associated with normal resting LES char- 
acteristics when measured under resting conditions. 

Constructing a Nissen fundoplication around the 
lower esophagus is effective in preventing reflux in 
both groups of patients. It is well documented that a 
Nissen fundoplication augments the LES pressure 
and length in patients with a structurally defective 
LES. 3-5,15,16 Recently studies have also shown that the 
fundoplication will also prevent both LES unfolding 
during gastric distention s,9 and transient LES relax- 
ation.17, is 

Patients with gastroesophageal reflux can be di- 
vided into those with "typical" symptoms of heart- 
burn, regurgitation, and dysphagia and those with 
"atypical" symptoms such as respiratory or gastric 
symptoms and noncardiac chest pain. Typical symp- 
toms are a more reliable and precise guide to gastro- 
esophageal reflux as a cause of the patient's symptom. 
In contrast, it is often more difficult to identify a 
cause-and-effect relationship between atypical symp- 
toms and gastroesophageal reflux, and the results of 
surgical therapy have been correspondingly less 
good. 19 That is not to say that patients with atypical 
symptoms are not good candidates for antireflux 
surgery, as many will benefit greatly, but that in these 
patients it should be applied cautiously. In the present 
study only half of the patients whose primary pre- 
senting symptoms were atypical achieved good or ex- 
cellent outcome, despite the objective evidence of in- 
creased esophageal acid exposure on 24-hour pH 
monitoring. In the majority of these patients, failure 
was due to the persistence of the atypical primary 
symptom. Further testing to improve the under- 
standing of the underlying foregut physiology may be 
necessary. Patients with primary gastric symptoms 
may benefit from preoperative gastric emptying stud- 
ies to detect abnormalities of gastric function. The ex- 
act time relation between a reflux event and respira- 
tory symptom may be assessed in patients with pri- 
mary respiratory symptoms by simultaneous ambula- 
tory motility and esophageal pH studies. Ambulatory 
motility studies also allow for a detailed assessment of 
esophageal motor function, which may help to pre- 
dict the outcome of surgical treatment in this group of 
patients. 2° Often a trial of high-dose proton pump in- 
hibitors is helpful. Given atypical symptoms, the out- 
come of antireflux surgery is optimal in patients with 
a good response to medical treatment rather than in 
those who fail to respond. 

In summary, laparoscopic Nissen fundoplication is 
highly successful, and is not dependent on the status 
of the resting LES, in patients presenting with a pri- 
mary symptom typical for gastroesophageal reflux dis- 
ease and increased esophageal acid exposure on 24- 

hour pH monitoring. Antireflux surgery must be ap- 
plied carefully in patients presenting with an atypical 
primary symptom. In this group, further diagnostic 
studies may help to improve the selection of patients 
for antireflux surgery. 
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Magnetic Resonance Cholangiopancreatography 
Accurately Predicts the Presence or Absence 
of Choledocholithiasis 
Steven N. Hochwald, M.D., Michael Dobryamky, B.A., Neil M. Rofsky, M.D, 
Kathy S. Naik, M.D., Peter Shamamian, M.D., Gene Coppa, M.D., 
Stuart G. Marcus, M.D. 

Accurate common bile duct (CBD) imaging in patients with biliary calculi is an important determinant 
of specific therapy. Noninvasive methods to evaluate calculi in the CBD have limited accuracy and rely 
mainly on ultrasonography and computed tomography. Magnetic resonance cholangiopancreatography 
(MRCP) is a new noninvasive modality available to evaluate the biliary system. This study was undertaken 
to assess the accuracy of MRCP in predicting the presence or absence of CBD stones in patients at in- 
creased risk for choledocholithiasis. The medical records of 48 patients with a final diagnosis of biliary 
calculous disease undergoing MRCP between November 1995 and April 1997 were retrospectively 
reviewed. Three groups were identified: choledocholithiasis (n = 19), gallstone pancreatitis (n = 11), 
and uncomplicated cholelithiasis (n = 18). In all patients the presence or absence of CBD calculi, as 
determined by MRCP, was correlated with the final diagnosis obtained from endoscopic retrograde 
cholangiopancreatography (ERCP) (n = 19), intraoperative cholangiography (n = 6), CBD exploration 
(n = 13), or clinical follow-up (n = 10). Sensitivity, specificity, and accuracy of MRCP were determined. 
The major clinical indications for MRCP in the 48 patients ware abnormal liver function tests followed 
by hyperamylasemia. Twenty patients were diagnosed with CBD stones and 28 were not. MRCP correctly 
predicted the presence of CBD stones in 19 of 20 patients and failed to detect CBD stones in one patient 
with gallstone pancreatitis. MRCP incorrectly predicted the presence of CBD stones in 3 of 28 patients 
ultimately found to have gallstones and no CBD stones. MRCP correctly predicted the absence of CBD 
stones in the other 25 patients including 10 patients with gallstone pancreatitis. Overall, MRCP had a 
sensitivity of 95 %, a specificity of 89%, and an accuracy of 92 %. MRCP is an accurate, noninvasive test 
for evaluating the CBD duct for the presence or absence of calculi in patients suspected of having CBD 
stones. Our data support the use of MRCP in the preoperative evaluation of these patients as findings may 
influence therapeutic decisions. (J GASTROINTEST SURG 1998;2:573-579.) 

KEY WORDS: MRI, choledocholithiasis, common bile duct, gallstone pancreatitis, ERCP 

Calculous disease is the most  common surgical 
disease of the biliary system. Choledocholithiasis is 
found in a small percentage of  patients with uncom- 
plicated, symptomatic cholelithiasis. Certain groups 
of  patients, such as those presenting with abnormal 
liver function tests, are at much greater risk of  having 
choledocholithiasis.l,2 The  advent of laparoscopic bil- 
iary surgery has demanded accurate preoperative bile 
duct imaging since cholangiography and common 
bile duct (CBD) exploration may be difficult to per- 

form laparoscopically and operative time is increased 
with these additional procedures. 3-5 Accurate preop- 
erative biliary imaging is helpful in determining spe- 
cific therapy. 

Among the imaging techniques currently advo- 
cated for evaluating the biliary tree, ultrasonography 
and computed tomography (CT) are the most fie- 
quendy used in the initial evaluation of patients with 
symptoms and signs referable to the pancreaticobil- 
iary system. Despite the great sensitivity of  ultrasound 
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imaging in the detection of gallbladder calculi, chole- 
dochal stones may remain undetected in a large per- 
centage of patients. 6-s 

Other techniques for direct visualization of the bil- 
iary tree include endoscopic retrograde cholangi- 
opancreatography (ERCP) and, to a lesser extent, 
percutaneous transhepatic cholangiography (PTC). 
Advantages of ERCP include the resolution obtained 
with the technique and the ability to perform thera- 
peutic measures during the procedure.  However, 
ERCP, the current standard of reference for biliary 
imaging, has a 10% complication rate. 9 For most pa- 
tients with elevated liver function tests or hyperamy- 
lasemia at presentation, results of ERCP will be nor- 
mal. to Improved noninvasive biliary imaging would 
allow more selective use of therapeutic ERCP and 
thus decrease the number  of unnecessary procedures 
and associated morbidity. 

Magnetic  resonance cholangiopancreatography 
(MRCP) is an emerging radiologic tool for the evalu- 
ation of the biliary tree. It was first described in 1991 
in a series of patients with obstructive jaundice. 11 Its 
advantages are that it is a noninvasive technique and 
no intravenous contrast is necessary. The  use of mag- 
netic resonance imaging of the CBD has been re- 
ported in several small series of patients with pre- 
dominantly malignant bile duct obstruction 11-1s and 
more recently in two small series of patients with 
choledocholithiasis. 16,17 The  clinical utility of M R C P  
in the management of biliary calculous disease has not 
been well described. In addition, the role of M R C P  
in patients with gallstone pancreatitis has not  been 
well documented. Our goal was to evaluate the accu- 
racy of MRCP in patients at increased risk for chole- 
docholithiasis. 

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

We retrospectively reviewed the medical records of 
48 patients undergoing M R C P  for biliary calculous 
disease at New York University Medical Center be- 
tween November  1995 and April 1997. During this 
period a total of 183 M R C P  studies were performed. 
Studies done to evaluate biliary strictures and peri- 
ampullary or biliary neoplasms were excluded from 
this analysis. Only patients with a final diagnosis of 
biliary calculous disease were included in this study. 
Three groups were identified based on final diagnosis: 
(1) uncomplicated cholelithiasis (n = 18), consisting 
of patients with gallstones only; (2) choledocholithia- 
sis (n = 19), consisting of patients with CBD stones 
either with or without concomitant gallstones; and (3) 
gallstone pancreatitis (n = 11), consisting of patients 
with acute presentations of hyperamylasemia and ev- 
idence of cholecystitis on pathologic evaluation of 
their gallbladders. 

In 3 8 patients, findings from MRCP were correlated 
with other CBD diagnostic studies including ERCP 
(n -- 18), P T C  (n = 1), intraoperative eholangiogra- 
phy (n = 6), or operative CBD exploration (n = 13). 
In the remaining 10 patients, M R C P  findings were 
correlated with clinical follow-up obtained by tele- 
phone contact with both patients and their attend- 
ing physicians. Median follow-up in these 10 patients, 
from the time of MRCP, was 12 months. The  sensitiv- 
ity, specificity, and accuracy of M R C P  in predicting 
the presence or absence of choledocholithiasis were 
determined. 

A comparison of CBD size between ERCP and 
M R C P  was performed. In 15 patients in which both 
ERCP and M R C P  studies were available for review, 
caliber measurements of the CBD were taken at the 
widest point. F o r E R C P  studies, CBD measurements 
were made directly on the film and magnification ef- 
fects were accounted for based on the known and 
measured diameters of the endoscope on the same 
film. For M R C P  studies, CBD measurements were 
made relative to an electronically calibrated scale in- 
corporated into the side of each image. Correlations 
of CBD size from ERCP and M R C P  studies were de- 
termined with Spearman's rank correlation coeffi- 
cient. In addition, the size of the smallest CBD stone 
as determined by M R C P  was recorded for all cases 
that were rendered as true positives (n -- 19). 

M R C P  T e c h n i q u e  

All M R C P  examinations were performed on a 1.5 
Tesla machine (Vision, Siemens Componen ts  Inc., 
Iselin, N.J.), utilizing heavily T2-weighted images and 
a body phased-array coil. Coronal and axial 4 nun sec- 
tions were obtained using a Half-Fourier, Acquisition 
Single-shot Turbo  spin Echo (HASTE) sequenceJ 8 
The  matrix size was 160"256 and the field of view was 
->40 cm in all cases. Therefore in-plane spatial reso- 
lution was -<2.5 m m  × 1.5 ram. The  repetition time 
was infinite, the echo time was 60 msec, and 160- 
degree refocusing pulses were used. With  these pa- 
rameters, 20 slices could be obtained in 18 seconds. 
In patients who could cooperate for a breath hold, an 
additional coronal projection sequence was used that 
generates images similar in appearance to conven- 
tional cholangiograms. This  is a single-shot turbo 
spin echo with infinite reception time, an echo time of 
1100 msec, and a matrix of 240"256. Five 10 m m  sec- 
tions were obtained in a 20-second breath hold. Two 
separate sets of images were acquired. Both individual 
sections and maximum intensity projection data were 
used in the initial interpretations. 

Direct cholangiography was performed in 25 pa- 
tients consisting of either ERCP (n = 18), P T C  (n = 
1), or intraoperative cholangiography (n = 6). 
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The initial MRCP interpretations were compared 
with the initial ERCP and PTC interpretations. 
These data were obtained from the medical records 
of patients. Clinical data were obtained from medical 
records and patient and clinician telephone contact. 
Chart review was also performed to record findings 
at intraoperative cholangiography and CBD explo- 
ration. 

RESULTS 

The median age of 48 patients undergoing MRCP 
was 53 years (range 20 to 90 years). There were 27 fe- 
males and 21 males. The clinical indication for 
MRCP was abnormal liver function tests without the 
presence of jaundice in 23 patients, hyperamylasemia 
in 11 patients, clinical jaundice in eight patients, ab- 
dominal pain in three patients, and abnormal findings 
on ultrasound or CT scan in three patients (Table I). 

Correlative studies of the CBD were obtained in 
38 of 48 patients (Table I1). Of 19 patients with a final 
diagnosis of choledocholithiasis, eight underwent 
successful CBD exploration, 10 underwent ERCP 
with stone removal, and one patient had PTC stone 
extraction. Twelve of 18 patients with uncomplicated 
cholelithiasis had normal CBD images with ERCP 
(n = 7) or intraoperative cholangiography (n = 5). In 

six patients with uncomplicated cholelithiasis, clinical 
follow-up revealed no evidence of CBD calculi. Of 11 
patients with gallstone pancreatitis, five underwent 
CBD exploration, the results of which were positive 
in one, one patient underwent ERCP, and one patient 
underwent intraoperative cholangiography. In four of 
these patients, no other imaging studies of the CBD 
were performed, and no evidence of CBD stones be- 
came evident with clinical follow-up. 

Twenty (42 %) of the 48 patients had CBD stones, 
19 in the choledocholithiasis group and one in the 
gallstone pancreatitis group (Table Ill). MRCP cor- 
rectly predicted the presence of CBD calculi in 19 of 
these 20 patients. The one false negative result was in 
a patient with severe gallstone pancreatitis who had 
CBD stones found at CBD exploration. Twenty-eight 
patients (58%) were found not to have CBD stones. 
MRCP incorrectly predicted the presence of stones 
in three of these patients. One patient thought to have 
a single distal stone was found to have a mucosal 
bulge at ERCP performed the next day. One patient 
each underwent ERCP and intraoperative cholan- 
giography performed 6 weeks following MRCP. Both 
of the studies were normal. Although it is possible 
that CBD stones could have passed in the interim, 
both cases are being considered as false positives. Re- 
sults of MRCP were truly normal in 25 of 28 patients, 

Table I. Demographics and indications for MRCP in 48 patients 

Uncomplicated Gallstone 
cholelithiasis Choledocholithiasis pancreatitis 

Male 6 10 5 
Female 12 9 6 
Median age (yr) 50 (range 22-88) 61 (range 40-79) 52 (range 20-90) 
Indications for MRCP 

Clinical jaundice 3 5 0 
Abnormal liver function tests 11 12 0 
Abdominal pain 3 0 0 
Abnormal radiologie study 1 2 0 
Acute pancreatitis 0 0 11 

Table II. Correlative studies in patients undergoing MRCP 

ERCP/ Clinical 
CBDE PTC IOC follow-up 

Uncomplicated cholelithiasis 0 7/0 5 6 
Choledocholithiasis 8 10/1 0 0 
Gallstone pancreatitis 5 1/0 1 4 

CBDE = Common bile duct exploration; ERCP = endoscopic retrograde cholangiopancreatography; PTC = percutaneous transhepatic cholan- 
giography; IOC = intraoperative cholang4ography. 
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Table HI. MRCP findings in patient groups 

Common bile Uncomplicated Gallstone MRCP MRCP 
duct stones No. eholelithiasis Choledochofithiasis panereatitis positive negative 

Positive 2 0 0 19 1 19 1 
Negative 2 8 18 0 10 3 2 5 

2 

1.6 ~J 

1.2 
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r~ 0.4 
~J 
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/ • •  r = 0.94, p < 0.001 
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Duct size: MRCP (cm) 
Fig. 1. Comparison of common bile duct diameter determined 
by MRCP and ERCP (r = 0.94; P <0.001). 

including 10 patients with gallstone pancreatitis who 
did not have CBD stones. Overall, M R C P  had a sen- 
sitivity of 95%, a specificity of  89%, and an accuracy 
of  92 % for the detection of CBD stones. 

CBD size determined by M R C P  was correlated 
with findings from ERCP. There  was a significant 
positive correlation (r = 0.94; P <0.001) between 
CBD size from M R C P  (median 0.80 cm; range 0.25 
to 2.0 cm) and from ERCP (median 0.81 cm; range 
0.25 to 2.0 cm). An X-Y scatter plot of  CBD sizes 
from ERCP and M R C P  is shown in Fig. 1. 

For true positive cases, the median size for the 
smallest stone detected at M R C P  was 4.6 mm (range 
3.0 to 15.0 mm). In seven patients the smallest stone 
seen was less than 4 mm. 

Representative ERCP and MRCP comparisons are 
shown in Figs. 2 and 3. The  patient represented by 
Fig. 2 presented with abdominal pain and abnormal 
liver function tests. M R C P  was performed first and 
revealed a distal CBD stone (Fig. 2, A). The  same 
stone is seen on E R C P  at the time of  endoscopic 
sphincterotomy and stone extraction (Fig. 2, B). The  
patient represented by Fig. 3 had a history of  jaundice 
that had resolved. M R C P  (Fig. 3) revealed multiple 
CBD stones with duodenal diverticulae. These stones 
were removed via endoscopic sphincterotomy. Subse- 
quently the patient underwent a laparoscopic chole- 
cystectomy. 

A 

B 

Fig. 2. A, MRCP study of a patient with a single common bile 
duct stone. Open arrow indicates gallbladder; closed arrow indi- 
cates stone in common bile duct. B, ERCP study of same pa- 
tient. Arrow indicates stone in common bile duct. 

D I S C U S S I O N  

We found that M R C P  had a 95% sensitivity and 
89% specificity in the diagnosis of CBD stones. In ad- 
dition, there was an excellent correlation of  CBD size 
between M R C P  and ERCP (r = 0.94; P <0.001). 
This study is consistent with the results of  previous 



Vol. 2, No. 6 
1998 MRCP Predicts Choledocholithiasis 577 

Fig. 3. MRCP study of patient with multiple common bile 
duct stones and duodenal diverticulae. Open arrow indicates 
gallbladder; long white arrows indicate stones in common bile 
duct; short black arrows indicate duodenal diverticulae. 

studies in the literature, which have revealed excellent 
correlation between ERCP findings and MRCP. In a 
prospective comparison of 46 patients undergoing 
MRCP followed by ERCP, sensitivity for the detec- 
tion of bile duct dilatation, biliary strictures, and in- 
traductal abnormalities was 96%, 90%, and 100%, re- 
spectively. 19 Another study comparing MRCP with 
ERCP in patients suspected of having choledocho- 
lithiasis demonstrated strong agreement between the 
two studies in regard to the absence or presence of 
ductal dilatation. In that study MRCP correctly iden- 
tified 18 of 19 patients with choledocholithiasis and 
22 of 2 6 patients without choledocholithiasis.17 How- 
ever, in that study from Hong Kong, recurrent pyo- 
genic cholangitis with jaundice was the predominant 
clinical presentation. In our series, clinical jaundice 
was present in only 8 of 48 patients. Most patients in 
our series had abnormal liver function tests without 
jaundice or hyperamylasemia, which is more repre- 
sentative of biliary calculous disease in the United 
States and other Western countries. 

There were no complications from MRCP in any 
of our patients. MRCP is a completely noninvasive 
modality for evaluating the CBD. MRCP relies on vi- 
sualizing fluid present in the biliary system, which is 
seen on heavily T2-weighted images. No contrast is 
necessary for the study and the onTy side effect is 
claustrophobia, which can usually be controlled with 
pharmacologic sedation. MRCP is safe in pregnant 
patients, and in those with pancreatitis, previous gas- 
tric surgery, or coagulopathy, all relative contraindi- 
cations to ERCE 

Noninvasive methods for evaluating the CBD have 
most often relied on ultrasonography and CT. Al- 
though both have excellent specificity, these modali- 
ties have been demonstrated to be inaccurate because 
of low sensitivity. 6-8 More invasive techniques for 
evaluating the CBD include endoscopic ultrasonog- 
raphy, intravenous cholangiography, and ERCP. En- 
doscopic ultrasonography is a new modality that has 
been shown to be accurate in the diagnosis of CBD 
stones. 2° However, it is time consuming, operator 
dependent, and its usefulness is limited in patients 
with previous gastric surgery. Since no therapy can be 
offered with this modality, if it is indicated, ERCP 
must be performed as an additional procedure. In- 
travenous cholangiography has been compared to 
MRCP in the depiction of the biliary tract prior to 
biliary surgery. Sixty patients with biliary calculi were 
compared prospectively. M1 patients with CBD 
stones had their stones visualized by both MRCP 
and intravenous cholangiography. The authors con- 
cluded that MRCP offered the following advan- 
tages: (1) higher rate of bile duct delineation, (2) faster 
study time, (3) it was not limited by impaired bile ex- 
cretion, and (4) it did not bear any risk of contrast 
material-related side effects as compared to intra- 
venous cholangiography, zl 

Laparoscopic cholecystectomy has become the new 
therapeutic "gold standard" in symptomatic chole- 
lithiasis and at least 80% of all patients are now 
treated in this manner. 22 Although clinical parameters 
have been helpful in predicting the presence or ab- 
sence of choledocholithiasis, imaging modalities in- 
crease the accuracy of preoperative assessment. 1 In 
the laparoscopic era, determining the status of the 
CBD has a direct impact on specific therapy. Al- 
though some surgeons are comfortable clearing the 
CBD laparoscopically and thus are not as reliant on 
preoperative assessment, many other surgeons rely on 
preoperative CBD imaging and subsequent endo- 
scopic clearance if stones are found to be present. Un- 
fortunately many ERCP studies are performed un- 
necessarily given the current limitations of noninva- 
sive bile duct imaging. It is important to develop ac- 
curate, noninvasive techniques for imaging the CBD 
to decrease the number of unnecessary ERCPs. En- 
doscopic sphincterotomy and stone extraction carries 
a 1% mortality rate and approximately 10% of pa- 
tients will have complications including pancreatitis 
in 5.4% and hemorrhage in 2 %.9,23 Our study demon- 
strates that MRCP is a safe, accurate imaging modal- 
ity to evaluate the CBD duct for the presence or ab- 
sence of calculi. The determination of CBD size by 
MRCP correlates well with that determined by 
ERCE In addition, MRCP is able to reliably image 
stones as small as 3 to 4 ram. 
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MRCP helped guide patient management in our 
series of 11 patients with gallstone pancreatitis. Six 
patients in this group underwent laparoscopic chole- 
cystectomy. Among these six patients, one had a pre- 
operative ERCP and one had an intraoperative 
cholangiogram. Four patients had no diagnostic stud- 
ies of their CBD other than MRCP. None of  these 
patients have had any findings of CBD stones on fol- 
low-up. MRCP was accurate in 10 of these 11 pa- 
tients. Our only false negative finding occurred early 
in our experience in a patient with grade E pancreati- 
tis by CT  who underwent open cholecystectomy with 
CBD exploration, at which time innumerable 4 to 5 
mm CBD stones were found. MRCP performed the 
day before surgery revealed a slightly dilated CBD but 
missed the stones in the CBD. 

MRCP also aided in the evaluation of our 18 pa- 
tients with uncomplicated cholelithiasis. Six of these 
patients had no other diagnostic studies of the CBD 
performed. Five of these six patients had abnormal 
liver function tests. None of these patients have been 
found to have CBD stones on follow-up. Invasive 
CBD imaging was avoided in these six patients. There 
were three false positive MRCP studies within this 
entire group of 18 patients. The average time delay 
from MRCP to ERCP in these three patients was 2 5 
days. False positive MRCPs have been attributed to 
technical artifacts and pneumobilia. 17 A long delay be- 
tween MRCP and invasive CBD imaging may also re- 
sult in a false positive MRCP because of spontaneous 
stone passage. This is difficult to prove unless the 
passed stone is subsequently retrieved. Nevertheless, 
we believe that the specificity of MRCP is not as clin- 
ically important as the sensitivity, since a positive re- 
sult can be further evaluated by the same methods 
that existed prior to the advent of MRCP. Our study 
demonstrates the strong negative predictive value of 
MRCP. 

According to various investigators, the presence of 
CBD stones can be predicted to some extent by uti- 
lizing clinical, biochemical, and structural crite- 
ria. 1,2,24,25 Three levels of relative risk can be distin- 
guished. High risk are those patients with recent acute 
cholangitis, severe pancreatitis, jaundice, or a very di- 
lated CBD with an elevated serum alkaline phos- 
phatase level. Low risk are those without any of the 
preceding characteristics and with normal liver func- 
tion tests. Intermediate risk are those with a history 
of acute cholangitis or pancreatitis, abnormal liver 
function tests, or a slightly dilated bile duct. 25 

Management varies depending on risk classifica- 
tion. Patients at low risk may undergo laparoscopic 
cholecystectomy without preoperative imaging of the 
CBD. For patients at high risk, several alternatives 
have been proposed including (1) preoperative ERCP 

and then laparoscopic cholecystectomy, 26,27 (2) lap- 
aroscopic cholecystectomy with either laparoscopic or 
open CBD exploration, 2s (3) laparoscopic cholecys- 
tectomy with intraoperative ERCP, 27 and (4) laparo- 
scopic cholecystectomy with postoperative ERCP. zs 
For patients at intermediate risk, similar therapeutic 
options are available as for high-risk patients; how- 
ever, the rate of negative ERCPs would be greater 
than 50%. 1° One commonly applied option is ERCP 
followed by laparoscopic cholecystectomy for inter- 
mediate-risk patients with the understanding that re- 
suits of most ERCP examinations will be normal. 

It is possible that the use of MRCP may lead to 
lower total cost since the current reimbursement rate 
based on Medicare's policy for MRCP is $672.00 and 
for ERCP is $92 5.00 (hospital charge $400.00, doctor 
fee $52 5.00). The  small but identifiable risk associ- 
ated with ERCP entails potential additional costs. 
The  relatively risk-free features of MRCP offer a 
safety advantage but warrant careful scrutiny. With- 
out risk, the potential for less stringent indications 
could emerge and eliminate any potential cost savings 
achieved when MRCP is used in a judicious fashion. 
Our approach identifies those patients with an inter- 
mediate risk for choledocholithiasis, based on symp- 
toms, structure, and blood chemistry, as being appro- 
priate candidates for MRCP. The  information ob- 
tained by MRCP in these patients can directly influ- 
ence patient care by improving the therapeutic yield 
of invasive CBD imaging and stone extraction tech- 
niques. Dedicated cost analysis studies will be useful 
to examine the cost implications in a variety of set- 
tings. 
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Detection of Aerosolized Cells 
Carbon Dioxide Laparoscopy 

During 

Sayeed Ikramuddin, M.D., Joel Lucas, M.D., E. Christopher Ellison, M.D., 
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Laparoscopic surgery for malignancy has been complicated by port-site recurrences. The exact mecha- 
nism has yet to be defined. In vitro studies suggest that carbon dioxide-induced tumor cell aerosolization 
may play a role. We have attempted to document this in a human model. Patients scheduled for elective 
laparoscopy underwent port placement and abdominal insufflation with carbon dioxide. A suction trap 
was then filled with 40 cc of normal saline solution and attached to an insufflation site on the port. The 
carbon dioxide effluent was directed through the saline. The specimen was concentrated, resuspended, 
and transferred to a slide. A Papanicolaou stain was used. Thirty-five specimens were obtained. Fifteen 
patients (3 7%) had malignant disease, which was metastatic in eight. Five patients had carcinomatosis. In 
two of those with carcinomatosis, staining revealed a large number of malignant cells. Malignant cells 
were not found in any other patients. In two patients, however, aerosolized mesothelial cells were iden- 
tified. Follow-up ranged from 2 to 7 months. One patient who displayed cellular aerosolization developed 
a port-site recurrence. We conclude that malignant cells are aerosolized but only during laparoscopy in 
the presence of carcinomatosis. It is unlikely that tumor cell aerosolization contributes significantly to 
port-site metastasis. (J GASTROINTEST SURG 1998;2:580-584.) 

KEY WORDS: Laparoscopy, tumor cell, aerosolization, pneumoperitoneum, carbon dioxide 

Trocar site recurrences can occur after laparoscopy 
for malignant disease. At least 152 cases have been re- 
ported in the literature. 1,2 To date, there has been no 
definitive explanation for this type of  recurrence. A 
number of plausible mechanisms have been proposed 
to explain these observations. First, port-site recur- 
rences may be caused by direct contamination of the 
fascial defect by instruments and trocars that come in 
contact with tumor cells. Second, port sites may be- 
come impregnated by tumor cells in fluid droplets 
during the time of desufflation. Third, port sites may 
be contaminated by viable tumor cells that have been 
aerosolized in the carbon dioxide (CO2) media. To 
our knowledge, tumor cell aerosolization in humans 
has not  been directly identified, and the sum of in 
vitro and in vivo data is equivocal. A technique has 
been described 3 and validated 4 that allows detection 
of  aerosolized cells during laparoscopy. We used a 

modification of this system to document the presence 
of  cellular aerosolization in a human model during 
laparoscopy. 

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

Potential subjects were identified by the attending 
physician either during outpatient workup or at the 
time of inpatient consultation. Informed consent was 
obtained. No  patients were immunodeficient. Patients 
undergoing radiation chemotherapy or those with 
acute inflammatory disorders were excluded. Prior 
approval was obtained from the institutional review 
board before the study was conducted. All patients 
were scheduled for elective laparoscopy. General 
anesthesia was used in all cases. Prophylaxis against ve- 
nous stasis and deep venous thrombosis was achieved 
using pneumatic compression devices. Patients were 
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Fig. 1. Saline trap filled with 40 cc of saline solution attached 
to a trocar. The trap is attached to the vent port of the trocar. 

Fig. 2. High-power view of aerosolized cells from a patient 
with careinomatosis. 

divided into a benign and a malignant group based on 
history and physical examination. Patients underwent 
port  placement with establishment of a pneumoperi- 
toneum, and additional ports were then placed as nec- 
essary. Samples were collected into a saline trap con- 
nected to an exhaust port on one of the trocars (Fig. 1). 

In patients with metastatic lesions, biopsies were 
performed intraoperatively. The  trap was filled with 
approximately 40 cc of normal  saline solution, and 
CO2 was directed through the saline at a rate at which 
discrete bubbling was observed. T h e  pneumoper i -  
toneum was maintained at 15 m m  Hg. The  insufflator 
was maintained on high flow (10 L/min) for the dura- 
t ion of the procedure.  This  allowed a continual of 
egress of CO2 through the trap. Samples were col- 
lected for the duration of the procedure. The  collec- 
t ion vessel was removed prior to desufflation of the 
abdomen and taken to the pathology laboratory for 
processing. Specimens were centrifuged at 600 ×g  for 
approximately 10 minutes.  T h e y  were then resus- 
pended and washed in Cytolyt  (Cytyc Corp.,  Nor-  
walk, Conn.) solution. After standing for 15 minutes, 
samples were captured on a slide after being suctioned 
through a Micropore filter. The  filter membrane used 
was biologically neutral  and porous to fluid. T h e  
specimens were Papanicolaou stained and then ana- 
lyzed by a cytopathologist. 

R E S U L T S  

A total of 35 patients were enrolled in the study. 
Among the 20 patients enrolled in the benign group, 
the following procedures were performed: laparo- 
scopic cholecystectomy in eight, diagnostic laparos- 

copy in five, Nissen fundoplication in four, splenec- 
tomy in two, and adrenalectomy in one. 

There  were 15 patients in the malignant group. 
Seven of them had nonmetastatic disease, which in- 
cluded lymphoma (3), hepatocellular carcinoma (2), 
and pancreatic tumors (2). There  were eight patients 
in the malignant group who had metastatic disease; in 
three, the metastases were limited to one organ. The  
remaining five patients had carcinomatosis secondary 
to one of the following: pancreatic cancer in two pa- 
tients, mesothel ioma in one, esophageal cancer in 
one, and gallbladder cancer in one. 

The  average sampling time was 30 minutes (range 
14 to 60 minutes). No  malignant disease was found at 
the time of laparoscopy in the benign group. There  
were no complications that were a result of the sam- 
piing procedure. The  pneumoperi toneum was main- 
tained throughout  the procedure except during suc- 
tioning or suturing. 

Cells were detected in four patients (11%). Among 
these four, a significant number of malignant cells were 
found in two patients with carcinomatosis (Fig. 2). One 
patient had an esophageal primary lesion, and the other 
patient had a pancreatic primary lesion. Two patients 
exhibited aerosolization of benign reactive mesothelial 
cells. One patient had hepatocellular carcinoma, and 
the other had biliary colic. Acellular debris was noted in 
a number of the remaining specimens. 

Follow-up ranged from 2 to 7 months. There  was 
one subcutaneous port-site recurrence in a patient 
with metastatic esophageal cancer. This  patient had 
demonstrated aerosolizafion of cells at the time of lap- 
aroscopy. T h e  recurrence was detectable both on 
physical examination and C T  scan (Fig. 3). 
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Fig. 3. C T  scan of the abdomen demonstrating a port-site re- 
currence. 

D I S C U S S I O N  

Recurrence at the wound site after a cancer opera- 
tion is not a new phenomenon.  The  incidence of 
wound recurrence was found to be 1% to 1.5% in a 
retrospective study of open colectomies for malig- 
nancy, s Since the advent of laparoscopic surgery, there 
have been many anecdotal reports linking laparos- 
copy, pneumoperi toneum, and trocar site recur- 
rences. 2 The  incidence of this disease is not  truly 
known but appears to be somewhere between 0.8% 
and 11% of patients undergoing laparoscopy for ma- 
lignancy, s-7 In a recent abstract by Egan et al. 1 re- 
viewing the incidence of port-site metastasis, 152 
cases over a 28-year time interval were reported. 

Several hypotheses exist to explain the contamina- 
tion of port sites by tumor cells. 9 First, tumor cells are 
aerosolized in CO2 gas, which contaminates the port 
site through leakage around the trocar or following 
trocar removal. Second, tumor cells can be spread to 
the open site via contaminated instruments and tro- 
cars. Third, tumor cells that have been suspended in 
droplets of  peritoneal fluid, blood, or irrigant may 
contaminate the open port site at the time of desuf- 
flation. 

Aerosolization 

Aerosolization is demonstrated by identifying cells 
collected into a saline bath connected to a port site. 
Aerosolization of tumor cells during pneumoperi-  
toneum has not been consistently found. An in vitro 
model devised to detect aerosolization of b16 mel- 
anqma cells failed to confirm aerosolization of viable 
cells. 8 Knolmayer et al. 3 demonstrated in a swine 

model that during pneumoperitoneum there is a con- 
tinual egress of epithelial cells into a saline-filled 
chamber attached to a 14-gauge intravenous catheter. 
These investigators also demonstrated that aero- 
solization occurs in a closed plastic environment in 
which CO2 is allowed to bubble through a solution 
containing either murine ascites tumor cells or human 
cecal cancer cells. 4 Both types of cells were found to 
be aerosolized 38.5% and 50% of the time, respec- 
tively. These data validate our use of this technique as 
it appears to be an effective means of detecting cells if 
they are aerosolized. 

In vivo studies have also been attempted to estab- 
lish a relationship between CO2 pneumoperitoneum 
and cellular aerosolization. Hewett  et al. 9 reported 
contamination of a polycarbonate filter attached to an 
exhaust port, one of the trocars used in a porcine tu- 
mor model. This was observed after considerable ag- 
itation of the peritoneal contents. 9 Whelan et al. 1° 
were unable to demonstrate aerosolization of viable 
tumor cells in either in vivo or in vitro experiments 
with pressures up to 30 mm Hg. 

Detection of aerosolized cells during laparoscopy 
has been attempted in humans. Redmond et al. 11 ex- 
amined the effect of  pneumoperitoneum on human 
pancreatic cancer patients. Twelve patients were ana- 
lyzed who were undergoing staging laparoscopy. The 
authors collected CO2 into a bath containing culture 
medium. Polymerase chain reaction was used to look 
for the presence of mutated k-ras DNA in the sam- 
pies. The  authors reported the sensitivity of  poly- 
merase chain reaction to be less than 10 cells. Malig- 
nant calls were not directly observed in the CO2 spec- 
imens but restriction fragment length polymorphism 
indicated the presence of mutant DNA in four sam- 
pies. Bonjer et al. 8 performed a similar experiment in 
patients with pancreatic cancer. CO2 pneumoperi-  
toneum was created in 25 patients undergoing diag- 
nostic laparoscopy for pancreatic cancer. Eighty liters 
of CO2 was passed through the collection device. 
Specimens were analyzed for the presence of cells and 
carcinoembryonic antigen (CEA). There  were no 
cells in any of the CO2 traps, but the CEA level was 
elevated in three cases. 

Direct Contamination 

In a study of 15 patients undergoing laparoscopic 
cholecystectomy, cells were found on the instruments 
in six cases and glandular cells were found on two tro- 
cars. 12 In three cases the gallbladder was torn during 
the dissection. In another experiment designed to 
evaluate tumor cell distribution in a porcine model, 
laparoscopic colectomies were performed in the ani- 
mals after SlCr-labeled HeLa cells were injected into 
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the per i toneal  cavity. 13 T u m o r  cell deposi t ion was 
recorded at the port sites and on the instruments. The  
operations were performed using COz pneumoperi-  
toneum as well as gasless laparoscopy. Bouvy et al., 14 
in a rat tumor  model,  documented an increased inci- 
dence of  tumor recurrence at the port  site from which 
the tumor  was removed compared with the other tro- 
car sites. T h e r e  was no difference in this pat tern 
whether  CO2 or gasless techniques were used. 

Desufltation 

This  theory  is based on the premise that  t umor  
cells have been solubilized in fluid droplets, which 
lodge in the wound during desufflation. 1° T h e  pres- 
ence of  malignant cells in the peritoneal fluid of  pa- 
tients with advanced pancreatic cancer has been well 
documented .  T u m o r  cells have also been found in 
blood shed from the surgical field. 15-17 The  first group 
to study this issue in an in vitro model was Whelan  et 
al.l° A model was devised consisting of  a latex balloon 
insufflated with 1 to 2 liters of  CO2. b l 6  Tumor  cells 
in liquid suspension were placed inside the balloon, 
which was rapidly decompressed. In one group with 
maximal tumor  cell agitation within the balloon, five 
of  six experiments yielded viable tumor  cells, suggest- 
ing that rapid desufflation caused dispersion of  the tu- 
mor  cell solution. We did not  at tempt to compare cy- 
tologic findings of  peritoneal washings in our patients 
as this was a preliminary study. 

T h e  theory for port-site recurrence is that cells, re- 
gardless of  the mode by which they arrived at the port 
site, will become exposed to fibronectin, laminin, and 
other basement membrane components  within trocar 
sites and bind to these sites. 18 This  may provide a new 
nidus for tumor  growth. Local tissue trauma may po- 
tentiate this effect. Indirect  evidence for this comes 
f rom a repor t  by Bonjer  et al., 19 who per formed a 
study comparing tumor  recurrence of  "crushed" port  
sites. T h e y  found that  port  sites in rats whose inci- 
sions were crushed had a significantly increased mass 
o f  tumor  deposited. Noteably,  in this tumor  model  
there were recurrences at all port  sites. 

C O N C L U S I O N  

We conclude that  port-site recurrence after lapa- 
roscopy for malignant disease is a significant problem. 
T u m o r  cell aerosolization does occur but  has only  
been associated with Carcinomatosis. I t  is unlikely that 
tumor  cell aerosolization contributes significantly to 
port-si te metastasis. Therefore  abandoning the use of  
laparoscopic techniques for cancer surgery because of  
tumor  aerosolization does not  seem warranted at this 
time. 
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Discussion 
Dr. E Greene (Columbia, S.C.). This is a very eloquent 

way of describing a mechanical process. My one concern is 
that these cells are being examined on a macroscopic level. 
There are good data to show that protein fragments, viral 
particles, especially in HIV patients, may in fact be shed 
when CO2 is released, so I would urge you to probably 
switch from the macroscopic to a more microscopic 
method of studying these cells. The  other point to be made 
here is that tumor biology may be different in the various 
tumors that you described. You reported positive findings in 
pancreatic and esophageal cancer. The tumor biology in pa- 
tients with these two cancers may be very different. I think 
these differences are multifactorial and that length of time 
also plays a role. I wonder if you could describe the length 
of time that these patients were investigated and the length 
of their operations. I would certainly urge you to continue 
this work because I think that again the question is should 
we abandon the use of CO2 or other gases and go to lift 
techniques? What  is your final recommendation at this 
point given this information? 

Dr. Ikramuddin. You have raised a number of interest- 
ing points, As far as the time course is concerned, this was 
a preliminary study so we did not attempt to control for the 
time period. The mean length of the operations was about 
30 minutes, and the range was anywhere from 15 minutes 
to 1 hour. Your point about different tumors having differ- 
ent tumor biologies is well taken. We plan to expand the 
study on that basis. Regarding a final recommendation, in 
my opinion whether CO2 or helium is used is not the crit- 
ical issue. I think the way the tumor is handled is more im- 
por tant- that  is, every effort should be made to avoid direct 
handling of the tumor and/or crushing of the tumor. Fur- 
ther research needs to be done in analyzing biology at the 
port site itself in terms of regulation of adhesion molecules. 
The  beta-1 integrins, for example, and potential binding 
sites that may be provided in this injury model that may po- 
tentially be blocked should be considered. I think those are 
different areas of research, but my final recommendation is 
that use of CO2 should not be a concern. Paying more at- 
tendon to tumor handling and careful irrigation of the peri- 
toneal cavity are probably the more important issues. 

Dr. J. Milsom (Cleveland, Ohio). I am going to ask a 
similar question. How did you validate this method of gath- 
ering cells? In other words, have you conducted any stud- 
ies to look for positive controls when you are absolutely 

certain there would be cells in either a laboratory or a clin- 
ical setting. 

Dr. Ikrarauddin. The  three studies we cited speak to 
that issue. Knolmayer et al. placed tumor cells in a plastic 
container filled with saline, and they bubbled CO2 into the 
plastic container and hooked a saline trap up to the port. 
These were loose nonaggragated cells, and 30.5% to 50% 
of the time they were, in fact, recovered. 

Dr. Milsom. If you are going to continue with this type 
of study, you might want to consider how, at your own in- 
stitution, you would validate your test results. 

Dr. llrramuddin. I appreciate your comments. That  is- 
sue certainly needs to be addressed. 

Dr. W.P. Reed (Springfield, Mass.). The  thing that 
makes me curious about this whole issue is that tumor cells 
are released during open procedures too. We do not seem 
to encounter the same types of problems with implantation 
in open wounds that you described with the laparoscopic 
procedures. Do you think implantation could be related to 
the relative health of the tissues through which the tumor 
cells are drawn by the trocar, the small size of the wound, or 
the inability to irrigate it rather than the fact that cells are 
simply released? You mentioned earlier that you found that 
cells were released in the presence of carcinomatosis. When 
a patient with carcinomatosis undergoes open exploration, 
cells are scattered all over the wound as well. Perhaps im- 
plantation is related more to the relative integrity of the tis- 
sues in which those implanted cells are left and the inabil- 
ity to clear the cells out of the tissues at the end of the pro- 
cedure rather than to some mechanism of release. 

D~. Ikramuddin. That is a very interesting comment. I 
do not have a direct response, but your point is well taken. 
Certainly port sites are severely traumatized following lap- 
aroscopy. A study by Goldstein in 1993 (J Endurol) exam- 
ined the effects, in a mouse model, of irrigating the peri- 
toneal cavity with heparin and an RGD peptide to block- 
ade. They found that in the animals irrigated with heparin, 
there was a decrease in the number and volume of port-site 
metastases. This was an interesting finding because it sug- 
gests that there is something about the biology of the trau- 
matized port site that may have an upregulating effect with 
certain molecules, and they may create a more accepting 
environment for tumor cells. Heparin has been known to 
reconstitute the mucopolysaccharide layer on fibronectin 
and prevent binding of tumor cells. 



Small-Diameter Prosthetic H-Graft Portacaval Shunt: 
Definitive Therapy for Variceal Bleeding 
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Partial portal decompression has become a popular option in the treatment of complicated portal hy- 
pertension. This study was undertaken to report long-term follow-up after partial portal decompression 
obtained utilizing 8 mm prosthetic H-graft portacaval shunts. A total of 110 consecutive patients under- 
went H-graft portacaval shunting through a protocol that detailed care and studies t~om 1988 to 1996. 
Prospective follow-up recorded efficacy of partial portal decompression, shunt patency, morbidity of 
shunting, and survival. Seventy males and 40 females, whose average age was 54 + 12.7 years (standard 
deviation), underwent shunting. Cirrhosis was due to alcohol abuse in 64%. Fourteen percent were in 
Child's class A, 55% in Child's class B, and 31% in Child's class C. Shunts were undertaken as emer- 
gencies in 20%, urgently in 13 %, and electively in 67%. Shunting decreased portal pressure in all patients 
(30 _+ 5.3 mm Hg to 19.9 _+ 5.5 mm Hg; P <0.001). Early and late thrombosis was 6.4% and 3.6%, re- 
spectively. Late rebleeding occurred in 5.4%. Perioperative (30-day) mortality was 11.8%, and was high- 
est for patients in Child's class C. Three-year survival was 53 %. Five-year survival was 41%. Partial por- 
tal decompression is achieved with H-graft portacaval shunting. Rebleeding, shunt occlusion, and en- 
cephalopathy are uncommon. In this series of unselected older patients with alcoholic cirrhosis, 5-year 
survival after H-graft portacaval shunting was greater than 40% with minimal intervention. (J GAS- 
TROINTEST SURG 1998;2:585-591.) 
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Optimal surgical management  of variceal hemor-  
rhage due to cirrhosis and portal hypertension remains 
a topic of debate. The  goal of surgery is to relieve hem- 
orrhage through portal decompression while main- 
taining adequate liver function and avoiding en- 
cephalopathy. It  is purported that partial portal de- 
compression effectively controls gastrointestinal vari- 
ceal hemorrhage in patients with cirrhosis and pro- 
motes preservation of portal blood flow to the liver, 
lowering the incidence of postshunt hepatic dysfunc- 
tion and encephalopathy. 1-3 Because of its efficacy and 
safety, the partial portacaval shunt has emerged as a 
valuable tool for the surgeon confronted with a pa- 
tient with portal hypertension who is bleeding from 
esophagogastric varices in who nonoperat ive man- 
agement has failed. 

The  concept of partial portal decompression was 
first introduced by Bismuth et al. 4 in 1967. They  con- 
structed a narrow-diameter  side-to-side portacaval 

anastomosis aimed at lowering portal pressure below 
a threshold sufficient to stop variceal hemorrhage  
while maintaining prograde hepatic flow. They  found 
no differences, however, in the incidence of  enZ 
cephalopathy and liver failure between patients un- 
dergoing total or partial portal decompression and 
concluded that the size of the shunt stoma did not  in- 
fluence the postshunt  portal  hemodynamics.  4 On 
closer analysis of  these patients, the authors con- 
cluded that these results were related to the widen- 
ing of the shunt stoma, with equalization of portal and 
inferior vena caval pressures several months  after 
shunting. 1 

In the early 1980s Rypins et al. 2 reintroduced the 
concept of partial portal decompression by studying 
a series of  patients undergoing portacaval shunting 
utilizing a short small-diameter prosthetic graft be- 
tween the portal vein and the inferior vena cava. Early 
and late follow-up demonstrated the efficacy of this 
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technique in stopping variceal hemorrhage with ac- 
ceptable rates of encephalopathy and liver failure. 3 
Over the past 10 years, several centers have reported 
on partial portal decompression achieved by means of 
surgical shunts.  2,3,5,6 Although the techniques of 
shunting vary from one center to another, the results 
reported by each center encourage further study and 
evaluation of partial shunts, particularly in large num- 
bers of patients. 

In 1988 our institution began to prospectively eval- 
uate partial protal decompression achieved through a 
short small-diameter prosthetic H-graft portacaval 
shunt. We were initially attracted to this approach be- 
cause of the perceived technical ease of this procedure 
relative to other shunts and our growing dissatisfac- 
tion with conventional surgical shunts including the 
distal splenorenal shunt. Encouraged by our early re- 
sults, 7 we continued a large prospective trial to inves- 
tigate the efficacy of partial portal decompression in 
controlling variceal bleeding in patients with cirrhosis 
after failure of sclerotherapy or banding. In under- 
taking this trial we hypothesized that partial portal 
decompression would effectively control variceal he- 
morrhage with low morbidity and mortality. This 
study reports our experience with 110 consecutive pa- 
tients who underwent short small-diameter prosthetic 
H-graft portacaval shunting for bleeding varices not 
amenable to treatment or after failure of nonopera- 
five therapy. 

PATIENTS A N D  M E T H O D S  
Prospective Trial 

In early 1988 we began a prospective protocol to 
care for cirrhotic patients with bleeding varices or 
gastropathy not amenable to or having failed sclero- 
therapy or banding. Partial portal decompression was 
achieved with a short small-diameter interposition H- 
graft portacaval shunt utilizing 8 mm externally rein- 
forced polytetrafluoroethylene (PTFE; W.L. Gore, 
Flagstaff, Ariz.). In these patients shunting was un- 
dertaken as a definitive therapy, never as a bridge to 
transplantation. For each patient Child's class was de- 
termined before shunting. Operations were catego- 
rized as follows: elective (hemodynamicaUy stable pa- 
tients electively scheduled for shunting), urgent 
(shunting undertaken within 24 hours of determining 
the need for a shunt), and emergency (shunting un- 
dertaken immediately after deciding to place a shunt). 
Encephalopathy was assessed as nonexistent, mild 
(well palliated with lactulose and dietary protein re- 
striction), or severe (refractory to aggressive medical 
management and requiring hospitalization). Ascites 
was graded as absent (not clinically detectable), mild 
(controlled with sodium and water restrictions and di- 

uretics), or severe (intractable despite maximum med- 
ical management). Patients were not considered can- 
didates for shunting if portal vein thrombosis existed 
or when chances of survival were considered nil be- 
cause of profound ill health. 

Construction of H-Graft Shunt 

The technique of small-diameter PTFE H-graft 
portacaval shunt has been described in detail. 8 Briefly, 
with patients in the 30-degree left lateral decubitus 
position, all operations were undertaken through a 
transverse right upper quadrant abdominal incision. 
Intraoperatively, preshunt and postshunt pressures in 
the vena cava and portal vein were measured with a 
25-gauge needle and a calibrated transducer. Intraop- 
eratively, color-flow Doppler ultrasound assessment 
(Acuson 128 with linear array 5 MHz probe, Acuson 
Corp., Mountain View, Calif.) of the direction and ve- 
locity of portal vein blood flow was undertaken before 
and after shunting. After adequate exposure of the 
vena cava and portal vein, a prosthetic graft was sewn 
in place using nonabsorbable running monofilament 
sutures. The graft was an 8 mm externally supported 
PTFE graft with bevels at both ends oriented at 90 
degrees to each other. The graft was never longer 
than 3 cm toe-to-toe and 1.5 cm heel-to-heel. The 
graft was sewn near to the bifurcation of the portal 
vein, so as to minimally compromise any future at- 
tempts at liver transplantation. A portion of the can- 
date lobe was generally resected to facilitate place- 
ment of the graft. At the time of shunting, vigorous 
attempts were not made to ligate collateral vessels 
arising from the portal vein. We marked the caval end 
of the graft with radiopaque metal clips to aid post- 
operative transvenous cannulation. 

Follow-Up 

Patency was assessed by venography and pressure 
measurements on or about postoperative day 5 via 
transfemoral cannulation of the shunt and portal vein 
(Fig. 1). Similarly, direction and velocity of portal 
blood flow were assessed with color-flow Doppler ul- 
trasound. At a minimum, patients were seen in the 
outpatient clinic within 1 month after discharge and 
at 6-month intervals thereafter. 

Statistics and Protocol 

With full institutional review board approval, writ- 
ten consent was obtained from all patients prior to 
their enrollment in this trial. Data were entered into 
a computerized database (dBASE IV,, Borland Inter- 
national, Inc., Borland, Tex.), and statistical compar- 
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Fig. 1. Transfemoral cannulation of a shunt undertaken near postoperative day 5. In this patient the 
portal vein-vena cava gradient is higher than normal. 

isons were made using True Epistat (Epistat Service, 
Richardson, Tex.). Differences between preshunt and 
postshunt pressures and flows were compared using 
the paired Student's t test, and significance was ac- 
cepted with 95% confidence. Early deaths were de- 
fined as those occurring within 30 days of shunting; 
late deaths were those that occurred any time there- 
after. Patients undergoing liver transplantation after 
shunting were considered therapy failures and were 
thereby considered to have "died" on the date of 
transplantation. Survival rates are reported at 1, 3, and 
5 years after shunting. 

RESULTS 
Pat ient  Demographics  

There were 70 males and 40 females who under- 
went shunting; their mean age was 54 + 12.7 years 
(standard deviation) (range 23 to 81 years). All pa- 
tients had chronic portal hypertension due to cirrho- 
sis. Alcohol abuse was the cause of liver disease in 
65% of patients, hepatitis C virus in 12%, alcohol and 
hepatitis C virus combined in 4.5 %, idiopathic causes 
in 14.5%, methotrexate in 1.8%, biliary cirrhosis in 
0.9%, hemochromatosis in 0.9%, and autoimmune 
causes in 0.9%. Fourteen percent of the patients were 
designated Child's class A, 55% Child's class B, and 
31% Child's class C. Ascites was present in 68% of 
patients before shunting, and was mild in 80% and se- 
vere in 20% of these patients. Encephalopathy was 
detected in 19% of patients before shunting. En- 
cephalopathy was well palliated with dietary restric- 
tion and lactulose in 71% of these patients and was 
poorly controlled in 29%. Esophageal variceal hem- 

Table I. Direction of portal blood flow assessed 
by color-flow Doppler ultrasound before and 
after shunting 

Hepatopetal Hepatofugal Mixed 

Preshunting 78 6 1 
Postshunting 70 12 3 

orrhage was the indication for shunting in 48 patients 
(43.6%), gastric variceal hemorrhage in 12 (11%), 
esophagogastric variceal hemorrhage in 46 (41.8%), 
and intestinal variceal hemorrhage in three (2.6%). 
Portacaval shunts were undertaken as elective proce- 
dures in 74 patients (67%), as urgent procedures in 
15 (13 %), and as emergencies in 21 (20%). 

Direct ion o f  F low 

Intraoperative (both preshunt and postshunt) and 
postoperative color-flow Doppler ultrasound assess- 
ment of portal flow was available in 85 patients (77%). 
The first patients in this series, particularly those op- 
erated on as emergencies, were not studied using this 
technology. Color-flow Doppler ultrasound docu- 
mented that 8 (10.2 %) of the 78 patients studied had 
reversal of hepatopetal portal flow with shunting 
(Table 1). 

Pressure Measurement  

Intraoperatively, preshunt and postshunt portal 
vein pressures were measured and portal vein to infe- 
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Table II. Portal pressure before and after shunting 

Portal hemodynamics* Preshunt Postshunt P valuer 

P V  pressure (mm Hg)  30 -+ 5.3 20 -+ 5.5 <0.001 
IVC pressure (mm Hg)  12 z 5.2 14 + 5.0 <0.01 
PV- IVC gradient  (mm  Hg)  18 + 4.7 6 -+ 3.5 <0.001 

PV = portal vein; IVC = inferior vena cava. 
*Data are means _+ standard deviation. 
JPaired Student's t test 

rior vena cava pressure gradients were calculated in 
all patients. Significant reductions in the portal vein 
pressures and in the portal vein-inferior vena cava 
pressure gradients were achieved after portacaval 
shunting in all patients (Table II). 

Shunt Thrombosis 

Shunt thrombosis was documented in seven pa- 
tients (6.4%) during routine postoperative venogra- 
phy. Six of these patients underwent surgical shunt re- 
vision after failed thrombectomy and thrombolysis 
with regional streptokinase. One patient refused re- 
operation and left the hospital with a clotted shunt. 
Patency was documented in all after reoperation with 
transfemoral venography and pressure measurements. 
All patients discharged from the hospital had patent 
shunts except the patient who refused reoperation for 
a clotted shunt. 

Four additional shunt thromboses (3.6%) were 
recorded at various intervals during follow-up. Three 
patients developed shunt thrombosis within 6 months 
after shunting. Radiologic thrombectomy restored 
patency in two patients. Continued patency was doc- 
umented by venography months later in each. One 
patient suddenly developed ascites and thrombosis 
3 months after shunting and subsequently died of an 
apparently unrelated pulmonary embolus. The last 
patient developed thrombosis 3 years after shunting. 
She had rehemorrhaging from esophageal varices, was 
noted to have a clotted shunt, and soon thereafter un- 
derwent liver transplantation for progressive liver dys- 
function. Routine venography at 1, 3, and 5 years de- 
tected no unsuspected shunt thrombosis. 

Ascites and Encephalopathy 

By the time of discharge, ascites had clinically re- 
solved in 42 (56%) of 75 patients with ascites. The re- 
maining patients demonstrated considerable reduc- 
tion in ascites and were discharged on lower doses of 
diuretics or taken off of them altogether. Operative 
wound reclosure was necessary in five patients to con- 

trol postoperative ascitic leaks. Additionally, two mi- 
nor perioperative ascitic leaks were successfully man- 
aged with repeated paracentesis and diuretics. Two 
patients early after shunting and one patient during 
early follow-up required placement of peritoneove- 
nous shunts for persistence of ascites after failure of 
aggressive medical therapy. 

Six patients (5.4%) developed "new-onset" symp- 
toms of encephalopathy and three patients (2.7%) 
showed worsening of preexisting dysfunction after 
shunting. Alcoholic cirrhosis represented the under- 
lying liver disease in eight patients (89%). Preshunt 
Child's class was A in one, B in four, and C in four. 
Mean intraoperative portal vein pressure measure- 
ments in this subgroup of patients did not differ from 
those of other patients in this series: 29 mm Hg be- 
fore shunting and 22 mm Hg after shunting. Follow- 
up venography and color-flow Doppler ultrasound 
showed reversal of prograde liver flow in 50% of these 
patients. Among the nine patients with new onset or 
worsening of neurologic symptoms after shunting, 
four died within 3 years of shunting and the other five 
patients required readmission for adequate control of 
symptoms related to encephalopathy. All patients with 
encephalopathy before shunting were adequately 
managed after shunting with protein restriction (60 g 
protein/day) and lactulose, and none of them devel- 
oped encephalopathic coma after shunting. 

Rehemorrhage 

No patients had variceal rehemorrhage in the early 
postoperative period. Seven patients (6.4%) experi- 
enced repeat upper gastrointestinal hemorrhage late 
after shunting. In five patients the cause of late hem- 
orrhage was alcoholic gastritis, which was fatal in four 
patients at 1, 3, 4, and 5 years, respectively, after 
shunting. Alcoholic gastritis was easily distinguished 
from portal gastropathy in each patient with bleed- 
ing. In addition, the shunt in each patient was patent 
with a portal vein-inferior vena cava pressure gradient 
of less than 10 mm Hg. In an octogenarian bleeding 
from gastric varices, hemorrhage was successfully 
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Table III. Survival stratified by Child's class 

Child's class Perioperative (n = 110) 1 y r ( n =  108) 3 F ( n =  75) 5yr (n = 49) 

A 94% (15/16) 88% (14/16) 57% (4/7) 75% (3/4) 
B 92% (55/60) 79% (46/58) 60% (26/43) 43% (12/28) 
C 80% (27/34) 62% (21/34) 40% (10/25) 30% (5/17) 

P value* 0.17 0.08 0.26 0.23 

*Log likelihood ratio test. 

controlled with splenic artery embolization. Nonethe- 
less, he died 6 months later of old age, progressive 
liver decompensation, and multiorgan failure. The 
last patient developed shunt thrombosis at 3 years af- 
ter shunting and, after rebleeding, she underwent 
liver transplantation. 

Mortali ty 

Poor hepatic reserve contributed, at least in part, 
to a number of perioperative deaths. One patient died 
of a narcotic overdose 5 days after shunting. A second 
patient died of postoperative respiratory failure re- 
lated to the development of adult respiratory distress 
syndrome refractory to aggressive ventilatory support. 
A third patient died of gastric perforation on the day 
of planned discharge. This patient had undergone ill- 
advised sclerotherapy of gastric varices before shunt- 
ing and had perforation at the site of sclerotherapy. A 
fourth patient died of toxic epidermal necrolysis, a 
condition for which he had been treated for years with 
methotrexate, which was the cause of his cirrhosis. 
Acute liver failure was the sole cause of death in nine 
additional patients (8.1%) within 30 days of surgery. 
In all, there were 13 perioperative deaths (11.8%). 
Most patients who died had poor functional hepatic 
reserve before surgery (7 patients in Child's class C, 
5 in class B, and 1 in class A). 

One hundred ten patients were eligible for 1-year 
follow-up. Two patients were lost to follow-up. In the 
remaining 108 patients, documented survival at 1 year 
was 74%. Thirteen patients (11.8%) died within 30 
days of shunting, as previously described, and an ad- 
ditional 14 patients (14.7%) died over the course of 
the ensuing year. Progressive liver failure was the 
cause of death in nine patients during the periopera- 
five period and in 8 of 14 additional patients within 
the first year after shunting. Four of 14 deaths were 
related to the following (one case of each): hemor- 
rhagic alcoholic gastritis, sepsis, multiorgan failure, 
and pulmonary embolus. One patient died after liver 
transplantation and another patient died 3 months af- 
ter shunting in the angiography suite from splenic 

artery perforation and massive hemorrhage during 
elective embolization, undertaken to treat severe 
thrombocytopenia due to splenic sequestration. Six of 
14 deaths occurring within the first year a~er shunt- 
ing occurred in patients who were, at the time of 
shunting, considered Child's class C. Four of these six 
patients continued to drink alcohol excessively after 
shunting. 

Seventy-seven patients were eligible for 3-year 
follow-up. Two of these patients were lost to follow- 
up. Eight patients (10%) died within 30 days of 
shunting and an additional 13 (17%) died during the 
3-year follow-up period, all of them from progres- 
sive liver failure. In total, 57% of deaths occurring 
by 3 years after shunting were related to progressive 
liver failure. The remaining 12 deaths were due to 
various other causes: two patients died from is- 
chemic heart disease, two from alcoholic hemor- 
rhagic gastritis, two from trauma, two from cancer, 
one from a pulmonary embolus, one from complica- 
tion of diabetes, one from sepsis, and one from mul- 
tiorgan failure. None of the deaths was due to re- 
bleeding secondary to shunt occlusion. The overall 
survival at 3 years was 53 %. 

Fifty-three patients were available for 5-year 
follow-up. Four of these patients were lost to follow- 
up. Progressive liver failure was the cause of death 
in five patients (10 %) immediately postoperatively 
and in 15 patients (30%) during follow-up. Cancer, 
alcoholic hemorrhagic gastritis, car accidents, sepsis, 
and encephalopathy were responsible for the deaths 
of the remaining patients. Overall survival at 5 years 
was 41%. 

Survival stratified by Child's classification at 1, 3, 
and 5 years is depicted in Table III. Preoperative 
Child's classification was not a strong predictor of sur- 
vival during the perioperative period, or at 1, 3, and 5 
years (see Table III). 

DISCUSSION 

The ideal therapy for variceal hemorrhage in pa- 
tients with cirrhosis would definitively control variceal 
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hemorrhage while preserving liver function. With this 
in mind, partial portal decompression had gained con- 
siderable support in the management of complicated 
portal hypertension. Several techniques of shunting 
have been employed to achieve partial portal decom- 
pression. 2,5,6 Herein we report our experience with 
partial portal decompression in more than 100 pa- 
tients using an 8 mm prosthetic interposition H-graft 
portacaval shunt with follow-up of up to 5 years. 

This study portends outcomes to be expected with 
"all comers" after small-diameter prosthetic H-graft 
portacaval shunting, as only those patients whose per- 
ceived chances of survival were nil because of poor 
overall medical condition were excluded as candidates 
for shunting. The patients comprising this study were 
generally older alcoholic cirrhotic males with an ele- 
vated Child's classification. Shunting was undertaken, 
in general, to treat bleeding gastritis or esophagogas- 
tric variceal hemorrhage after failure of sclerotherapy 
and/or banding. More than half of the patients had 
ascites. Shunting was undertaken as an emergency or 
urgently in more than one third. 

Despite the preponderance of high-risk patients, 
we recorded a low incidence of shunt-related mor- 
bidity. Early graft thrombosis was approximately 5 %, 
with similar results having been reported by others. 3 
Perioperative shunt thrombosis seems to be a result 
of technical failure. Cutting the graft correctly, keep- 
ing the length of the graft less than 3 cm, and avoid- 
ing twisting of the graft when placing it represent cru- 
cial steps for achieving a favorable early outcome. 
The latter seems most important, although specific 
causes of early shunt failure were not identified, leav- 
ing explanations of early graft failure open to specu- 
lation. In addition, volume depletion and decreases in 
cardiac output in the early postoperative period may 
play a role in early shunt failure. We have not found 
radiologic thrombectomy with thrombolysis to be 
able to restore more than temporary patency in oc- 
cluded grafts and we would no longer continue this 
therapy for extended periods, preferring to promptly 
reshunt patients with early graft occlusion in whom 
balloon thrombectomy has failed. The success rates 
of salvage thrombectomy/thrombolysis vary from 
center to center, possibly depending on the experi- 
ence of the interventional radiologists, but more likely 
depending on the cause of thrombosis. In the series 
of Collins et al., 3 successful nonoperative salvage of 
graft occlusion was likely, whereas all our patients 
with perioperative graft thrombosis operative shunt 
revision. In our experience these patients, after reop- 
eration, experienced long-term graft patency rates 
comparable to those in patients without early graft pa- 
tency problems. This finding supports our belief that 
unidentified technical factors are the main causes of 

perioperative graft occlusion. We found that the best 
intraoperative predictors of postoperative graft pa- 
tency are a postshunt portal vein-inferior vena cava 
pressure gradient of less than 10 mm Hg, a decrease 
in portal pressure with shunting of at least I0 mm Hg, 
and a thrill in the inferior vena cava after shunting. 
Late shunt occlusion was uncommon, with follow-up 
now approaching 10 years for the first patients in this 
series. Detectable graft-inferior vena cava anasto- 
motic narrowing has been seen in only a few shunt- 
ograms obtained in late (more than 3 years) follow- 
up. Such narrowing has been remedied by balloon di- 
latation. Autopsy studies in a small number of patients 
have not documented notable neointimal hyperplasia. 

Early rebleeding after shunting did not occur. Late 
rebleeding after shunting was uncommon. When re- 
bleeding did occur, it resulted in significant morbidity 
and mortality. Gastritis due to alcohol recidivism was 
the most frequent cause of rehemorrhage. This obvi- 
ously is not a result of shunt malfunction but rather a 
consequence of social misbehavior in this population 
of patients. Alcohol recidivism has been a problem in 
our series of patients, and has had a significant impact 
on the morbidity and mortality in our patients. This 
seems to be a problem particularly in patients in 
Child's C class. Only one patient had bleeding as a re- 
sult of an occluded shunt. Thanldully, late shunt oc- 
clusion was very uncommon. 

After shunting, ascites was well palliated. Ascites 
quickly resolved in more than half of the patients af- 
ter shunting and at worst was generally well managed 
with diuretics and dietary restrictions in the remain- 
der. The need for large-volume paracentesis was very 
infrequent and occurred only in the early postshunt 
period. Very few patients required placement of peri- 
toneovenous shunts. Similar results were reported by 
Darling et al., 9 who noted that most of their patients 
with ascites postoperatively showed significant im- 
provement by late follow-up. 

Although encephalopathy has always been difficult 
to quantify, the incidence of new onset or worsening 
of preexisting clinical encephalopathy after shunting 
was uncommon in our patients. When it did occur, 
which was generally in the early postoperative period, 
it was temporary, not severe, and well managed with a 
diet restricted to 40 to 60 g of protein per day plus 
lactulose. 

Preshunt or postshunt portal vein pressures and 
portal vein to vena cava pressure gradients did not pre- 
dict encephalopathy. Encephalopathy in the early 
postoperative period either resolved by 6 to 8 months 
or was associated with progressive hepatic deteriora- 
tion and death by 1 year. Postshunt encephalopathy, 
even when intermittent, that did not improve over 
2 or 3 months was a sign of very poor outcome. Ifpos- 
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sible, these patients should undergo liver transplanta- 
tion. Collins et al. 3 documented postshunt enceph- 
alopathy requiting hospitalization in 13 % of their pa- 
tients after placement of 8 mm prosthetic H-graft por- 
tacaval shunts, a figure comparable to but higher than 
ours. In their series 90% of the patients with enceph- 
alopathy maintained hepatopetal flow) In a different 
study, comparing 8 mm vs. 16 mm prosthetic H-graft 
portacaval shunts, Rypins et al. 1° found that postshunt 
encephalopathy was far more frequent in patients with 
total shunts (i.e., 16 mm), and nutrient hepatic flow 
was better preserved in the patients who underwent 
partial (i.e., 8 mm) shunting. The etiology of en- 
cephalopathy after partial shunting remains unclear. 
In the experience ofRypins et al., 1° maintaining ade- 
quate nutrient hepatic blood flow was important in 
avoiding encephalopathy, whereas in our experience 
maintaining prograde portal flow seems to play a ques- 
tionable role in avoiding encephalopathy. 1° Possibly 
maintenance of a certain degree of mesenteric venous 
hypertension through partial portal decompression 
limits the absorption of neurotoxic substances from 
the gut while promoting hepatic perfusion, thereby 
discouraging postshunt encephalopathy. 11 

Perioperative mortality after partial portal decom- 
pression has been reported to range from 6% to 
13 %,3,9 and it is usually related to progressive liver fail- 
ure. Early mortality in our study was 12%. One third 
of the perioperative deaths were potentially pre- 
ventable, whereas the remaining patients died of un- 
preventable progressive liver failure. Child's class and 
circumstances of shunting correlated best with out- 
come, as the majority of early deaths were in patients 
with an elevated Child's classification, and they oc- 
curred after shunting under emergency circumstances. 

In evaluating the causes of late death, we found 
that progressive liver failure was responsible for 60% 
of the deaths occurring after 30 days and before 1 
year. Most of the patients dying of progression of liver 
dysfunction within the first year after shunting con- 
tinued to drink alcohol postoperatively. After this pe- 
riod, the incidence of liver failure-related mortality 
decreased substantially, with only 38% of the deaths 
at 3 years and 19% of those at 5 years after shunting 
due to progression of liver disease. Alcohol played a 
role in some of even the most remote deaths through 
progressive hepatic dysfunction as well as other causes 
such as trauma. In addition, hemorrhagic alcoholic 
gastritis was the principal cause of late rebleeding, and 
was often fatal. Many of the deaths were alcohol re- 

lated and thereby preventable, mostly being related 
to social misbehaviors typical of these patients. Dur- 
ing a mean follow-up of 24 months, progressive liver 
decompensation was also the main cause of late death 
in the study byJohansen. 6 Hepatic deterioration was 
not a problem in the study by Collins et al.,3 with no 
late deaths recorded during a mean follow-up of 43 
months. 

Small-diameter PTFE H-graft portacaval shunts 
have proved to be efficacious in managing complica- 
tions of portal hypertension following failure of emer- 
gency medical therapy at our institution. Partial por- 
tacaval shunting controls variceal hemorrhage, pre- 
serves portal hepatic perfusion, and palliates ascites, 
with a low incidence of postshunt encephalopathy and 
acceptable perioperative mortality. Our experience in 
a large number of patients demonstrates that small- 
diameter prosthetic H-graft portacaval shunting is a 
valuable alternative to conventional shunts in the 
treatment of massively hemorrhaging esophagogas- 
tric varices, providing immediate relief of the hemor- 
rhage and an acceptable long-term quality of life. 
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